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Abstract

Agroscope Reckenholz-Tanikon Research Station ARVeldped a method for the integration of
biodiversity (organismal diversity) as an impactegary of Life Cycle Assessment (LCA) for
agricultural production (SALCA-Biodiversity). Thimethod is valid for grasslands and arable crops,
and integrates semi-natural habitats of the farnfmmglscape to estimate the impact of management
systems on biodiversity. First, a list of 11 indaraspecies groups (flora, birds, mammals, amphgjia
snails, spiders, carabids, butterflies, wild beasd grasshoppers) was established considering
ecological and life cycle assessment criteria. Bécmventory data about agricultural practiceshwit
detailed management options were specified. Thirscoring system estimated the reaction of every
indicator species group regarding management aptfoliowed by aggregation steps. In a case study,
biodiversity scores for grassland along an intgngiadient as well as winter wheat with differing
cropping systems were calculated. Results showeddtiminant influence of management and
production intensity on most indicators and managgnoptions from which large impacts on
biodiversity are to be expected. The use of 11catdr species groups allows a differential andréyfa
comprehensive estimation of the impacts of thecafitral practices on biodiversity. With SALCA-
Biodiversity, production systems can be comparegnding their potential impact on biodiversity,
and may therefore help in making recommendationgdod practices.

I ntroduction

Currently, the necessary integration of biodivgrsibhd/or land use as impact category in Life Cycle
Assessment (LCA) methodologies is recognized (SEHUNEP LCA Initiative, Mila i Canalst al.
2007). In this context, Agroscope Reckenholz-TamiResearch Station ART developed a method for
the integration of biodiversity as an impact catgdor Life Cycle Assessment (LCA) of agricultural
activities (SALCA-Biodiversity, Jeanneret al. 2006). Two approaches for evaluating the effetts o
agricultural activities (in a broad sense) on bredsity are found in the literature: (1) biodivéysis
included as a mid-point impact category in LCA likéher categories, e.g. the global warming
potential. This approach is essentially based ensgiecies diversity of vascular plants and includes
the impact of industry, agriculture and transpant & continent scale (e.g. Lindeijer al. 1998,
Muller-Wenk 1998, Kollner 2000, Mila i Canakt al. 2007) and also evaluates the rarity of the
ecosystems and their vulnerability (Weidema & Liijgte2001). (2) An environmental diagnosis
based on a biotope evaluation with indicators i$opmed (“ecological value” of farms, e.g. Frieben
1998, Brosson 1999). Our method is based on teedpproach but is more detailed and is designed
for use in Switzerland and adjoining regions.

On the one hand, complex biodiversity in the breadense of the Rio Convention cannot be totally
measured as such. On the other hand, a singleatndiés unlikely to be devised even in agro-
ecosystems that surrogate for all other organisitis iespect to reaction to farming operations (e.g.
Buchs 2003). Instead, groups of indicators showdsblected that are sensitive to environmental
conditions resulting from land use and farming agens, and give as representative a picture as
possible of biodiversity as a whole. The methods@néed aims at estimating and comparing the
impact of agricultural management systems on bargdity by using a set of indicator species groups.
In a specific case study, results of the applicatibthe method to several scenarios representid) f
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management options for grassland (intensity leaat) wheat (cropping system) were calculated for
illustration.

M aterials and methods

In the present method the choice of indicator gmegroups (ISGs) was made using a criteria table
based on the linking of the species to agricultactlvity, and general criteria such as the species
distribution in the cultivated landscapes, theibitets and their place in the food chain (Jeanrstret
al. 2006). Although recognized as a very importantithalfor biodiversity supporting a high number
of functions, soil and soil organisms have not beensidered in this method. The reason is that
impacts of agricultural practices on biodiversitysioil have not been sufficiently investigated. iThe
the following ISGs were selected: flowering plafgsassland and crop flora), birds, small mammals,
amphibians, snails, spiders, carabid beetles, fligte wild bees and grasshoppers. Furthermore, we
distinguished between the overall species diversityeach species group and the ecologically
demanding species (stenotopic species, red listeg)en the impact estimation.

The effect of the management activities on each W& estimated based on information from the
literature and expert knowledge. In this study,tladl typical management activities of grassland and
winter wheat fields such as manuring, mowing, ifisgte and fungicide applications were specified

with options, e.g. the type of fertiliser and thewng period, the type of insecticide and fungicide

and the application period (restricted to the SvWassiing). The impact of each management option on
ISGs was rated on a scale of O to 5 (raRnd@able 1).

Table 1. RatindR of management option impact on the selected italicgecies groups (ISG).

0: The species group is unaffected because it doescoat in the considered agricultural habitat.

1: The option leads to a severe impoverishment ofigpetiversity within the species group
considered and renders impossible the occurrenstepbtopic species and red list species.

2: The option leads to a slight impoverishment of sgggediversity within the species group
considered and renders impossible the occurrenstepbtopic species and red list species.

The option has no direct effect on the speciesgommsidered.

The option leads to a slight increase in speciesrsity within the species group considered and
makes possible the occurrence of stenotopic spaniksed list species.

5. The option promotes species diversity within thecsgs group considered and makes possible
the occurrence of stenotopic species and redolestiss.

Since agricultural habitats of the farming landscdgave not the same suitability with respect to
specific ISG, a coefficient ranging from 1 to 10.4f) was attributed to weight the rating of the
management options for each ISG specifically. irhyil a second coefficient from 0 to 10
(Cranagement) quantified the relative importance of managemactivities for a given habitat, e.g.
grazing and mowing in grasslands, manuring andgiéstapplication in winter wheat, for each ISG.
The final scoreS of a management option was the product of thegatf the management optiéh
and the mean value of the two weighting coeffi@e@tpia and Guanagement (S =R * Cs ; whereS =
final rating, R = impact rating of a management option and=Cinal coefficient = [Ganagement +
Chanitatl/ 2). In case of management activities repeatethduhe year (e.g. mowing) an annual average
was calculated when the ISG can recover from onieghéo another, or the most negative period was
considered in case of a permanent damage. Thel8@lscore of a given agricultural habitat was
calculated as the me&wover the management options. Furthermore, ISGesomere aggregated to a
biodiversity score taking into account rules ofptiic relations between I1SGs. Comparison of
management scenarios can then be made at fieldflestebut as ratings and coefficients were also
defined for semi-natural habitats, ISG and biodiitgrscores can also be calculated at farm level by
aggregation of the scores obtained for single afjual habitats (except vegetable, fruit and grape
crops).
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To illustrate use of the method and discuss resiilisipact calculation on biodiversity and parteul
ISGs, realistic scenarios of grassland and winteea¥ management systems for the Swiss lowlands
were defined (Table 2, Nemecek al., 2005). Scenarios addressed a large intensityiegrador
grasslands ranging from one utilization and naligation (2.7t DM/ha and year) to five utilizatien
and fertilizer applications (11t DM/ha and yeariniarly, various cropping systems were considered
for winter wheat along a gradient of productioremdity (3.5t DM/ha and year — 5.8t DM /ha and
year).

Table 2. Management characteristics and produdfignassland and winter wheat systems used to
test the method of impact calculation on ISGs.

Grassland systems (hay production) Management clieaistics and production

A Intensive grassland 5 cutsl/year, fertilised veitlrry; 11t DM/ha

B Fairly intensive grassland 4 cutslyear, fertdisdgth slurry; 9t DM/ha

C Low intensive grassland 3 cutsl/year, fertilisethwolid manure; 5.6t DM/ha
D Extensive grassland 1 cut/year; no fertilisat@t DM/ha

Winter wheat systems

E Conventional production 5.8t DM/ha
F Integrated production— intensive 5.5t DM/ha
G Integrated production — extensive 4.5t DM/ha
H Organic production 3.5t DM/ha
Results

Compared results of grassland and winter wheaesyssuggested that the crop was on average less
suitable for most of the ISGs (Table 3). The trthmsifrom conventional and intensive integrated
winter wheat systems (scenario E and F) to exten@negrated) and organic production (scenario G
and H) did not reveal the spectacular increasea@fes occurring from intensive and fairly intensive
(A and B) to low intensive and extensive grasslaystems (C and D). However, conventional and
integrated winter wheat systems (E and F) exhibiigghtly higher aggregated biodiversity scores
than the most intensive managed grasslands (A andtds difference was mainly due to higher
scores obtained by the crop flora (compared tgthssland flora) and the carabid beetles as shgwn b
detailed ISG results. The highest scores were leddmlifor butterflies in extensive grassland arel th
crop flora in winter wheat, 36.0 (D) and 17.3 (k9spectively, and the lowest for amphibians in
intensively managed grassland and winter wheat(A#&nd B) and 1.4 (F), respectively. For a rough
comparison, the aggregated biodiversity score nbthby a hedgerow with a standard management
(result not shown), as a typical semi-natural tzbif the agricultural landscape, is about 21, and
varies between 11 and 38 depending on ISG.

Calculated for the range of grassland types, sadeéinitely increased with decreasing management
intensity (scenarios A to D) for the aggregatedisiersity, the overall species diversity of mosttu
ISGs and for the ecologically demanding speciebléld). Scores for ecologically demanding species
were slightly lower than those of overall speci@gesity. An obvious inflection point occurred
between 4 and 3 cuts/year (fairly intensive and ilm@nsive grasslands) and a change of the manure
form. Indeed, aggregated biodiversity scores irsgddy 0.2 from intensive to fairly intensive, by 7
from fairly intensive to low intensive. Neverthedescores increased by an additional 7.5 from low
intensive to extensive grasslands. Snails werexegption to this pattern, the largest differendéntg
place between low intensive and extensive grasg@®®@% increase). No fertilization at all was then
more important than the fertilizer form for snaifs¢xtensive grasslands obtained higher biodiversity
scores than low intensive grasslands except formamwhich do not take advantage of one of both
types. The largest difference in percentage ocdubetween fairly intensive and low intensive
grasslands for the amphibian special life phaseabatvery low score level (aquatic life phase,t0.8
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2.9, 262.5%). The highest scores were obtaineduttetflies in extensive grasslands (36.0 for the
overall diversity and the ecologically demandingaps), followed by grasshoppers and wild bees.

Regarding winter wheat systems, organic produatimtained the highest aggregated biodiversity and
ISG scores. Aggregated biodiversity scores inceasepwise slowly, from the intensive integrated
production (reference scenario), to the organidpcton, i.e. F to E, 0.2 (2.7%), E to G, 0.7 (9)1%

G to H, 0.3 (3.6%). Interestingly, spiders and dighowed the highest increase of scores from
conventional (E) to extensive integrated produc(i@éh with 2.3 (28%) and 0.9 (17%), respectively,
and 2.3 (28.8%) for ecologically demanding spideecses. The lowest scores were calculated for
amphibians, snails and mammals, for which changeraduction system only causes minor changes
of scores. Conventional production obtained a #iighigher score for wild bees at a relatively low
level (5.2), however. For grassland flora, buttesfland grasshoppers, no scores were calculated
because crop fields have no or negligible importaas habitat for these 1SGs.

Table 3. Results of SALCA-Biodiversity for grasafiaand winter wheat systems. ISG and biodiversity
scores are given per ha cultivated crop. Scorgsasisland system (A) and winter wheat system (F)
are set as reference scores. Scores with the smmatfare considered similar to the reference (95%<
score <104%). Scores underlined are consideredrtibttn the reference (105%< score <114%).
Scores double underlined and bold are considerexh inetter than the reference (score >115%).
Theoretical minimum score is 1 and maximum 50. Bwress means no relevance for the considered
system.

Biodiversity scores

Grassland Winter Wheat
Production systems A B C D E F G H
Overall species diversity
Aggregated 6.2 6.4 138 213 77 75 84 87
Grassland flora 3.739 114 185
Crop flora 15.2 15.1 16.0 17.3
Birds 6.4 6.7 138 220 53 50 62 64
Mammals 73 7.3 111 111 46 46 46 46
Amphibians 21 21 52 95 1.7 17 18 138
Snails 54 56 58 113 22 22 22 22
Spiders 9.1 93 158 224 82 8.0 105 107
Carabid Beetles 7074 136 210 10.9 10.6 11.7 11.9
Butterflies 6.8 7.0 20.0 36.0
Wild Bees 74 76 186 230 52 49 50 48
Grasshoppers 6.96.9 194 331
Ecocologically demanding species
Amphibians 0.8 0.8 29 48 15 14 16 1.6
Spiders 89 9.0 153 216 80 7.8 103 105
Carabid Beetles 7.07.3 134 20.6 10.6 101 11.2 11.3
Butterflies 6.7 6.8 194 36.0
Grasshoppers 6.86.8 193 329

|SG scores are aggregated taking into account mflésophic relations between indicator species
groups.

Discussion

Aggregated biodiversity and ISG scores suggest biadiversity is on average less impacted by
grassland than by winter wheat systems. This caexpkined by a higher wide-ranging disturbance
level usually occurring in crop fields compared gasslands. However, the difference between
grassland and winter wheat mainly occurred in lesxluctive systems, i.e. in extensive and low
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intensive grassland compared to extensive integrateorganic production of winter wheat. The
reason is that a crop field remains a monocultuith Yow habitat diversity even in extensively
managed systems. In the contrary, grasslands witngive management usually encompass large
habitat diversity by first providing species-ricegetation. The spectacular scores obtained by ofiost
the IGSs in the extensive grassland system showedimportance of this management for
biodiversity. The scores distinctly decreased i tsteps, first from extensive to low intensive
grassland, and then from low intensive to fairl{eimsive and intensive grassland, demonstrating that
impacts occurred due to the increasing number tf @uto 4-5 cuts/year and 1 to 3 cuts/year), which
directly affects the habitat, and the fertilisatfonm. The high scores for butterflies, grasshoperd
wild bees in extensively used grassland were maioly to the high habitat coefficients attributed to
grassland habitats reflecting their importance dtirthree ISGs in the agricultural landscape as
potential habitat. Detailed analysis of result©atowed that dramatic effect can be observed by
increasing the management intensity and increasiiegproduction level accordingly, from low
intensive to fairly intensive grasslands (115.6%rdase of the aggregated biodiversity score).

Although at a lower level than extensively manageabsland, organic production obtained the highest
scores for the aggregated biodiversity and ISG esc@among winter wheat systems. This is in
accordance with the management techniques thallyigalee place in this system, and their impact on
ISG, i.e. no application of chemical-synthetic prdes and lower fertilization rate. Compared ® it
extensive form, the intensive integrated productiegatively affected in particular spiders and $ird
because of the use of unselective pesticides amanthre frequent disturbances involved for usual
farming operations.

Conclusion

Although limited to agriculture, the method SALCAeliversity represents an important step toward
integration of biodiversity in LCA. With SALCA-Biddersity, impacts of the most important
agricultural practices and choices of farmers adiversity can be recognized. Impacts of agricaltur
practices on several indicator species groupseoatiove-ground habitats that take place in gragslan
and crop systems can be compared and recommerslationbe made accordingly. Results showed
that impacts are specific to indicator species gsoand cannot reliably be derived from one single
indicator.
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