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Abstract

Farming systems and management regimes of vineyaagsaffect local biodiversity of plants and
invertebrates. While most studies have focusedchenoverall biodiversity of vineyards, there has
been little consideration of the response of déferecological guilds to vineyard management, nor
to how vineyard management affects communitiesl#c@nt semi-natural habitats.

We study here two functional guilds of carabids &ine of spiders in Langa Astigiana (NW-Italy)
with the following aimsi) to assess the comparative effects of organic anglentional farming
systems, along with associated habitat and landseapables, on species richness and abundance
in vineyards; andii) to compare the same within forest patchsesrounding organic and
conventional vineyards.

The different guilds exhibited distinct preferendes habitat characteristics (i.e. grass cover),
landscape context and farming systems. Generalimeehr Mixed Models showed that spider
preferences mostly depended upon habitat variaeite carabid preferences depended on small-
scale landscape variables. In general, organicifgrncreased biodiversity and abundance of
arthropod predators, even though different guilisarabids and spiders responded differently.
Brachypterous carabids, ambush spiders, grouncchsptders and other hunters preferred organic
vineyards, whereas macropterous carabids, specpiders (mostly ant-eating spiders) and sheet
web weavers selected conventional vineyards. Téeareh we report here shows that preferences
for vineyards with different farming systems hasrmalriven by farming systemger se (i.e.
omission of synthetic pesticides), but also by tasbtharacteristics and small-scale landscape
structure. Arthropod diversity was greater in theeft patches adjacent to organic vineyards than to
conventional ones. This suggests that organic gst@ay sustain a higher diversity of carabids
and spiders both in vineyards and in the adjaamest patches as well. We conclude that although
conventional systems may promote the diversity @he guilds, organic systems should take

priority.
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1. Introduction

Agroecosystems are characterized by diverse inputsh as human labour and petrochemical
energy and products, which replace and supplentenfunctioning of many ecosystems. While
such substitutions may buffer some of these funstidhey also run the risk of damaging others.
For instance, the use of pesticides may contra@asiss that have negative impact on crops, but
these may also kill non-target organisms with othesitive functions such as pollination or soil
fertility enhancement (Swift and van Noordwijk, 2Q®ower, 2010).

The current intensification of agriculture is leaglito growing concern about the sustainability of
farming systems, since farmland biodiversity hagesay declined (Vickery et al., 2004; Kleijn et
al., 2011). Biodiversity is certainly important tbe functioning of ecosystems: insights from
Biodiversity and Ecosystem Function (BEF) experitaeare likely to underestimate, rather than
overestimate, the importance of biodiversity to sgsbem functioning and the provision of
ecosystem services (Duffy, 2009). One of the madjoeats to farmland biodiversity is the
simplification of landscape structure, with dimiimt of non-crop habitat deriving from the
expansion of intensive arable crops (Stoate ek@D]; Benton et al., 2003). Organisms at higher
trophic levels seem to be more vulnerable to distnce than those at the lower trophic levels
(Kruess and Tscharntke, 1994), suffering decredssb in their diversity and abundance.
Disturbance affects predatory arthropods both tireand indirectly through reduced densities of
their prey and hosts. This process in turn decse#senatural control of important crop pests
(Riechert and Lawrence, 1997; Schmidt et al., 20G8nsidering that many ecosystem services of
particular importance for agriculture such as pallion and natural pest control often depend on the
number of species in an ecosystem (Tilman et @d22Cardinale et al., 2012), the impoverishment
of natural communities by agriculture should be imined to avoid negative feedbacks on

production (Diaz et al., 2007).



Organic systems have been shown to support higioeliviersity than conventional ones across
many different taxa (Fuller et al., 2005; Bengtssbral., 2005). These systems aim to promote
beneficial organisms by prohibiting the use of bgtic pesticides, herbicides and mineral
fertilizers. Moreover, they minimize tillage in @dto reduce soil erosion. Studies on organic
farming in vineyards are particularly prominent fgge these agroecosystems are important not just
for agriculture, but for conservation as well. kemperate Europe, vineyards (which typically
occupy sites with particularly warm and dry clingtenay host rare and endangered species of
plants and invertebrates. General biodiversityls® aypically high (Costello and Daane, 1998;
Gliessman, 2000; Isaia et al., 2006).

Vineyards are an ancient crop of Mediterranean rarenvironments, cultivated on steep slopes
or terraces probably since the early middle agegl{gvek, 1991; Aldighieri et al., 2006; Cots-
Folch et al., 2006). Predicted northward shiftshie climate of European viticultural regions over
the coming decades (Kenny and Shao, 1992; Marat&ti, 2005) may alter both the spectrum and
the distribution of grape varieties currently ug&thultz, 2000; Metzger et al., 2008). Several
studies have shown that farming systems and regiofesineyards are important factors
determining biodiversity of plants and invertebsa{®i Giulio et al., 2001; Costello and Daane,
2003; Thomson and Hoffman, 2007; Bruggisser et2@l10; Trivellone at al., 2012). Carabids and
spiders are important components of the vineyarldsy are potentially important natural agents of
pest-control because of their predatory polyphadmlsts, and they may be helpful to maintain
ecosystem functions and services and promote sablaiagriculture (Kromp, 1999).

Vineyard landscapes of north-western ltaly reprepeculiar agroecosystems which deserve high
conservation priority because of ecological, hisdrand economic importance (high quality wine
production). The research we report here investdgdtow species richness and abundance of
spiders and carabids respond to organic and caowahfarming systems in the context of habitat
and landscape variables. We also studied the sftd¢hese systems on spider and carabid diversity

in the forest patches surrounding the vineyardsuss, to our knowledge, little attention has been



addressed to study the effect of management onwsuing habitats while more consideration has
been addressed to analyze how landscape contexnoés arthropod communities in organic and
conventional farms.

Furthermore, while most studies have focused on awerall biodiversity of vineyards, less
attention has addressed the effect of organic sersnventional systems on the different ecological
guilds (Krauss et al., 2011). Accordingly, we calesed functional guild identity of carabids and
spiders instead of the overall community, sincecgsewith varying ecological requirements may

respond differently to different farming systems.

2. Material and methods

2.1. Study area and sampling design

The study was carried out in the Langa Astigian&/(Kaly which ranges for about 28.000 ha), a
rural region where vineyards cover 19% of the teryi (5343 ha). The present landscape is the
result of centuries of historically documenteddti#s. Other main land uses include o&ki¢rcus
robur), chestnut Castanea sativa) and black locustRobinia pseudoacacia) groves/forests (28%,
7873 ha), hazelnut orchard areas and other frafsc(21%, 5905 ha), arable lands (16%, 4499 ha),
grasslands and pastures (9.5%, 2671 ha), shrub (@86, 843 ha), urban areas (3%, 843 ha), and
uncultivated lands (0.11%, 31 ha). The climate hgoto type Cfa (temperate, without dry season
and with hot summer), in terms of Koppen-Geigel&ssification (Peel et al., 2007). During the last
five years, annual precipitation ranged from 568% mm with minimum values in July, January
and February and with a maximum peak in April amav&mber. Total annual rainfall averaged
757.4 mm, while the mean annual temperature w& QC1(Loazzolo climatic station, 600 m a.s.l.).
We investigated 12 vineyards, of which 6 were &iedifor organic production whereby no
chemical treatments except sulphur and coppertsudfaraying were used. In some cases pyrethrum

was sprayed against the principal vectgraphoideus titanus) of flavescence doréeCéndidatus



Phytoplasma vitis IRPCM 2004) which is a bacterial disease of theevifihe other 6 vineyards
were cultivated according to conventional productioethods. These involved chemical treatments
with pre- and post-emergence herbicides, inseescignostly against flavescence doréee), anti-rot
compounds, sulphur, copper and zinc spraying, mtsdwith esaconazol and copper oxiclorur
sulphate against oidium and rots, carbamate pesticand fungicide, and the use of mineral
fertilizers with average concentration of P, K axdat 6.5 g/ha. In particular, during the study
period, conventional vineyards were treated with [lha of chlorpyrifos-ethyl and 1.5 I/ha of
chlorpyrifos-methyl against bacterial infectionaffescence doree) in the months of June and July
respectively. Treatment against downy mildew cdadi®f three treatments of copper oxychloride
(40%) and Dimetomorf 6% (3.5 kg/ha) in June andéhreatments of Bordeaux mixture (6 kg/ha).
Treatment against Oidium consisted of powdered hsulp(50 kg/ha), one treatment of
Trifloxystrobin (125 g/ha), and two treatments odtt@ble sulphur powder (3 kg/ha) in June and
two in July.

We placed five pitfall traps in the core of eacheyard and five in the last row of the vines at the
edge of the vineyards. For each vineyard, we sslettte closest, possibly adjacent, broad leaved
forest patch (mixed black locust-oak forest in esith), where we placed five traps as well. Traps
were arranged 10 m apart along line transectsalPithps were 7.5 cm in diameter and 9 cm deep,
filled with 150 ml of a standard mixture of wineneigar and saturated sodium chloride solution,
designed to preserve individuals. They were platdte beginning of July 2009 and emptied three
times at two-week intervals. Trapped arthropodsevgarted and identified, whenever possible, to
the species level using updated standard keys emiadst works. For spiders, only adults were
considered. Nomenclature follows Platnick, 2014 &miders and Vigna Taglianti, 2005 for
carabids.

Three habitat variables were recorded in vineyardsind each pitfall in a circular area of 5 meter
radius: the percentage of grass cover, leaf libeer (estimated by eye), and the mean grass height

(ten random measurements, in centimeters). Fividtatariables were recorded in the forests close



to the vineyards around each pitfall in a circildaea of 5 meter radius: the percentage of grass
cover, leaf litter cover, bare ground cover andddeaod cover (estimated by eye), and the mean

grass height (ten random measurements, in centighete

2.2. Data analysis

We used land cover data digitized from 1:10000ahgrhotographs to describe the landscape
composition and structure. We considered a smalles¢focused on the vineyard and forest
patches) and a large scale (focused on the lanelscapvineyard and adjacent land uses). At the
small scale, we created a buffer of 200 m of radiitls the center coincident with the third trag(i.

in the middle of the transect) of each transectth&tlarge scale, we created a buffer of 1500 m of
radius with the center coincident with the centroidhe triangle whose vertices coincided with the
third trap of each of the three transects (twdentineyard and one in the forest patch).

Thirteen local landscape variables were measurgt) Wdeographical Information System (ESRI,
2006): the area of forests, grasslands, shrubsyamds, croplands, hazelnut orchards, urban and
uncultivated patches, total number of patches, Sbramiversity index of patches, total mean area
of patches, the distance from the closest patcforest (in meters) and the largest patch index
(LPI). LPI corresponds to the area of the largasttp (nf) of the corresponding patch type divided
by total landscape area Ymand multiplied by 100. In other words, LP| equ#ie percentage of
the landscape comprised within the largest patble.fumber of collinear variables was reduced by
applying a Principal Component Analysis (PCA) wath/arimax rotation (Kaiser 1958). At large
scale we considered the areas of forests, grasslahdibs, vineyards, croplands, hazelnut orchards,

urban and uncultivated patches.

Differences in landscape and habitat between cdrorent and organic systems were tested using a

Kruskal-Wallis test due to evidence of a non- Ndrdistribution.



The diversity of carabid and spider assemblagesdessribed in terms of species richness and total
abundance. Two functional guilds were considered darabids: the macropterous and the
brachypterous. We identified seven functional guiltbr spiders according to the recent
classification provided by Cardoso et al., 2011ed&cally, we considered: ambush hunters
(namely Thomisids), ground hunters (dominated bghosids and Lycosids), sheet web weavers
(mostly Agelenids), space web weavers (Theridiidpecialists (mostly Zodariids - ant-eating
spiders), sensing web weavers (Atypids) and theechigroup of other hunters either runners and
stalkers (Philodromids and Salticids) or small datiers (Erigonids).

The relative contribution of vineyard systems (camtional or organic), transect location (core or
edge of the vineyard), habitat variables (grasseograss height, leaf litter cover) and landscape
variables on species richness and abundantee vineyards were tested using generalized linear
mixed models, GLMMs (Zuur et al., 2009). Vineyar@é=12) and pitfalls inside each transect
(N=5) were considered as random factors. The fiaetbrs were represented by: farming systems
(organic or conventional), transect location (coreedge of the vineyard), sampling period, habitat
variables and landscape variables. Conditioningtescgplots were used to evaluate possible
interactions among these variables. The signifieaot factor levels in the models was tested
through maximum likelihood methods, and model sifigation was undertaken. Akaike's
information criteria (AIC) was used to test the doess of fit of the estimated statistical models,
and a model with a lower AIC was preferred to oni & higher AIC. Likelihood ratios were used
for testing the explanatory power of the models, arging thedropl function, we selected the
minimum adequate model best explaining the datav@y, 2002). A Poisson distribution of errors
was specified since variables were based on caitat All models were checked for overdispersion
via the ratio between Pearson residuals of the hautthe degrees of freedom. Observation level
was treated as a random factor when models showexdispersion (Elston et al., 2001).

The effects of farming systems, habitat and lanpiscdructureon the adjacent forest patches were

also tested on the abundance and species richheagbids and spiders using univariate GLMMs.



The farming system, habitat and landscape variakére set as fixed factors, while the vineyards
(N=12) and the pitfalls inside each transect (Na$Hyandom effects.

In all GLMM analyses, the pitfall was the basic gding unit, and the number of species and the
abundance of arthropods per trap was measured.

All statistical analyses were run using R pack&®€6re Team, 2013; Roberts, 2012).

3. Resaults

3.1. Assemblage composition

A total of 1541 carabids and 1204 adult spiderseveailected, corresponding to 49 and 95 species
respectively (Table. 1). Juveniles of spiders (28&j)e also collected; however, they were excluded
from the analyses because they could not be ideth@ft the species level.

In organic systems, the average number of indivgdpar pitfall was 3.73+£6.09 in vineyards and
5.62+7.5 in forest patches. In conventional systethe average number of individuals was
5.59+£14.69 in vineyards versus 1.33+£2.54 in fopasthes.

Most of the arthropods were collected inside theeyards (85% of individuals and 74% of
species), because the sampling effort was twidegisin vineyards (two transects, ten pitfall thaps
than in adjacent forest patches (one transect, tfiaes). Macropterous carabids were the most
abundant guild in vineyards with 64% of sampledivitihals. Calathus fuscipes graecus and
Brachinus crepitans were the predominant brachypterous species, Whalgalus dimidiatus was

the most abundant macropterous species.

Spiders were dominated by the ground hunters guitld 58% of sampled individuals, followed by
specialists (14.7%), space web weavers (8.8%), amhunters (8.3%), other hunters (5.8%) and
sheet web weavers (4.6%). Sensing web weaversweeygoorly represented (only one individual
found in a conventional vineyard) and were themefdiscarded from analysegdarion rubidum,

an ant-eating specialist, and the ground humieplodrassus dalmatensis, were the predominant



spider species. The lists of carabid and spidezispare given in supplementary material Appendix

A and B, respectively.
3.2. Landscape and habitat characterization of vineyards

On a large scale within the 1.5 km radius buffandscape variables did not differ significantly
between organic and conventional systems. On thgarg, on a small scale within a 200 m radius
buffer, the area of vineyards was smaller (Krudkalis chi-squared = 4.20, df = 1, residual
df=26, p-value = 0.04), while the area of adjadendsts (Kruskal-Wallis chi-squared = 10.17, df =
1, residual df=26, p-value = 0.001), and Shannomenéf diversity index (Kruskal-Wallis chi-
squared = 3.84, df = 1, residual df=26, p-value@5Pwere greater in organic than in conventional
landscapes.

Since organic and conventional vineyards were &xtat the same contexts, as shown by landscape
analysis on a large scale, only small scale vaegailere used to identify landscape factors affgctin
species richness and total abundance/trap in vidsydhe first four principal components (PC1,
PC2, PC3, PC4) accounted for 81.8% of the totahtian in the landscape structure matrix, with
eigenvalues > 1 (Table. 2). The Shannon diversidigx along with grassland, crop and shrubland
areas were positively correlated with PC1 whileeyards areas and largest patch index (LPI) were
negatively correlated with PC1. This shows a gradieom landscapes dominated by vineyards to
more diverse and rich landscapes. PC2 was cordelaggatively with woodland areas and
positively with the distance from woodland. PC3 wasitively correlated with patch richness,
urban and uncultivated areas, and PC4 was positteglelated with hazelnut orchards.

Habitat analyses showed that grass height (Krudkallis chi-squared = 12.27, df = 1, residual
df=26, p-value = 0.0005) and the percentage ofdeaér (Kruskal-Wallis chi-squared = 13.98, df =
1, residual df=26, p-value = 0.0002) were signifita higher in organic than in conventional

vineyards.



3.3. Factors affecting diversity in vineyards

GLMM models regarding the richness and abundanceardbid and spider species are shown in
Table 3a-3b. Sampling period was included in mdsthe models (with the exception of those

relative to spider specialists and sheet web wejveiith total abundance and species richness
higher in the first than in the second and thirdiqus. Carabid species richness and abundance
were higher in the core transect (fig. 1) and weegatively correlated with PC2, increasing

therefore when forests were larger and closerdoriheyards. Spider species richness was lower in
conventional vineyards, and increased accordingrass cover and PC3. That is, it increased with
urban and uncultivated areas and patch richnesdeiSpbundance responded in the same way as

the species richness (fig. 2), in addition to bejreater in the core transect.
Carabid functional guilds

Species richness and abundance of brachypterousespeere negatively correlated with PC2,
increasing therefore when forests were larger doskc to the vineyards. Also, the abundance was
significantly lower in the core than in the edgensect.

The number of macropterous species was highereircdine than in the edge transects. Abundance
of macropterous species was higher in conventithraad organic vineyards and in core than in edge
transects; it also increased with taller grass anbbwer percentage of grass cover. Finally,
abundance was positively correlated with PC1 arghineely correlated with PC4, meaning that it

increased with larger grassland, shrubland and areas and smaller hazelnut areas (Table. 3a).
Spider functional guilds

Species richness of ground hunters, ambush huemersther hunters was greater in organic than in
conventional vineyards as well as the abundangecaind and other hunters.
The abundance of ambush and other hunters incregisledarger grass cover. Ambush hunters

showed also a significant interaction ‘grass cdvi@arming system’, suggesting a negative effect of



grass cover in conventional vineyards. Speciesash of ground hunters also increased with taller
grass.

Species richness and abundance of specialists [haamg-eating spiders) were higher in
conventional than in organic vineyards, while specichness and abundance of sheet web weavers

were associated with grass height only, decreasgrgficantly with taller grasses (Table. 3b).
3.4. Differences between organic and conventional forest patches

Univariate GLMMs showed that diversity parametefdh® overall carabid community (species
richness and abundance of individuals), macropge(species richness) and brachypterous carabids
(species richness and abundance) were lower ifothet patches adjacent to conventional than in
the patches close to organic vineyards, and treures increased along with the size of the forest
patch (supplementary material Appendix C). Carapiecies richness was also positively correlated
with leaf litter and dead wood cover and negativebyrelated with grass cover and mean grass
height. Macropterous carabids were also positiwelgrelated with bare ground and dead wood
cover, shrub areas and heterogeneous landscamhyBtarous species richness was also positively
correlated with the size of the forest patch, lied dead wood cover, and negatively correlated

with grass cover and grass height.

Concerning spiders, the overall community (abundaand species richness), ambush hunters
(abundance) and specialists (abundance and speciegess) increased significantly in forest
patches adjacent to organic vineyards comparedhdset adjacent to conventional vineyards
(supplementary material Appendix D). The diverspggrameters of the overall community
(abundance and species richness) were also pbogitoerelated with grassland area, forest patch
area, heterogeneous landscape, and negativelyiatedewith LPI and vineyard area. Also, the

abundance of spiders significantly increased whttulsland area.



Species richness of ground hunters responded \ggitio bare ground cover, forest patch and
grassland area, while their abundance was positieetrelated with bare ground, grassland and
shrubland area, grass cover and Shannon patchsitjvérdex. Abundance was also negatively
correlated with the area of the vineyards, LPI grass height. Ambush hunters (species richness
and abundance) were positively correlated with lgmoeind, grass height, the area of shrubs and
heterogeneous landscape. Sheetweb weavers (sp@tiasess and abundance) were positively
correlated with grassland and shrub area and hlygremus landscape. The diversity parameters of
the specialist guild showed a positive correlatragth litter and dead wood cover and a negative

correlation with grassland cover, grass heighttammogenous landscapes (i.e. LPI).

4. Discussion

In our study, we considered carabid and spidertional guilds to monitor the effects of two
farming systems in addition to habitat charactessand landscape context. Our approach allowed
us to take into account the heterogeneity of tlodoggcal requirements of distinct functional groups
within carabid and spider assemblages (Cole e2@02, Clough et al., 2007, Negro et al., 2009,
Batary et al., 2012). Our results confirmed theustbess of this approach, because different guilds
of carabids and spiders responded in different wayhkabitat, landscape and farming systems.
Considering all the species of carabids or spitegether may be misleading in two ways: the
ecological preference of the dominant guild mayonee representative of the overall assemblage;
or the ecological preferences of different groupsymmask a potential trend in the community
response to a possible disturbance. As a caveatackeowledge that, by using pitfall traps,

sampling was not exhaustive for spiders, as we Ijndetected ground dwelling spiders.

4.1. Habitat variables

Habitat variables appeared to have minimal infleeron carabids. Only the abundance of

macropterous species were linked to grass covegeass$ height. On the contrary, spiders seemed



to be more dependent on habitat structure. Inqudati, species richness and abundance of ambush,
ground and other hunters were positively linkedytass cover and/or grass height, while species
richness and abundance of sheet web weavers wgativedy correlated with grass height. Higher
grass height and grass cover may provide protectiah favorable thermal conditions for prey,
which may attract a large number of spider specigarn. In particular, the preference of ambush
hunters for higher grass cover accords with theinting strategy, since they typically lie
motionless in ambush for prey. Ambush hunters wagnly represented b¥ysticus kochi
(Thomisidae) whose abundance has also been shoimorégase with higher litter and grass cover
in other studies (Clark et al. 1994, Zrubecz ef@D8). Ground hunters are dominated by species
such asHaplodrassus dalmatensis and Pardosa hortensis belonging to the Gnaphosidae and
Lycosidae families, respectively, while other huatare mainly represented Bianatus arenarius
(Philodromidae). This species is known to selegiclly open and dry habitats. The negative
correlation of sheet web weavers with grass hegg#ms to be related to their preference to

construct webs at low heights (Janetos, 1982).

4.2. Landscape structure

On a large scale, conventional and organic vineyalid not differ with respect to landscape
structure variables, suggesting that they weretéacan the same general landscape context.
Nonetheless, small scale analysis showed taadscape structure in organic farms differed
significantly from the conventional ones: the formere characterized by smaller vineyards, larger
forest areas and greater landscape heterogeneitredvier, organic systems favored the
maintenance of bushes, trees and small forest gmtdh this framework, carabids appeared to
depend on landscape structure, while no guild afesp seemed to be affected by the small scale
landscape. This result seems to contrast with lsa&., 2006, in which landscape heterogeneity
and distance from forest patches affected sigmfigahe composition of the spider assemblage,

both on the ground (pitfall trapped) and on theesifvisual standardized search).



Species richness and abundance of brachypteroalsidsiincreased with large forest patches close
to the vineyards; while abundance of macropteroasalids was linked to large grassland,
shrubland and crop areas and to small hazelnus.aBrachypterous species are mainly predators.
They are medium-large body size species, eithegless or with reduced wings, and hence
incapable of long movements or dispersal by flighen Boer, 1970; Negro et al. 2009). It is
sensible that they are mainly associated with negsaged sites (Ribera et al., 2001). Large forests
represented a potential source habitat for thistfanal guild. A greater proximity of the forests t
vineyards allowed them to disperse with short moatisiand reach areas with high availability of
prey. On the contrary, macropterous species ard &ody sized, flying, pioneer species which
prefer open and disturbed areas and are able ¢oizelnew habitats (Negro et al., 2009, Ribera et

al., 2001)
4.3. Farming systems

In general, organic farming exhibited greater bredsity and abundance of arthropod predators,
allowing us to assume a better top-down controhséct pests. However, it need to be considered
that generalist predators like several speciesaplids and spiders may strongly reduce pest
insects, but they may also act as an intraguildigieg, reducing the control by other specialist
predators or parasitoids (Snyder et al., 2001). different guilds of carabids and spiders showed
different preferences according to farming system.

For example, macropterous carabids were more abtindaconventional vineyards than the
organic ones. On the contrary, brachypterous spetthness and abundance were explained
mainly by landscape context in the models instdafhrming system (Table. 3a), suggesting that
the main driver influencing brachypterous carabwias the small scale landscape structure
surrounding the vineyards. Conventional vineyardisciv cover larger areas and have less ground
cover were selected by macropterous species. Tdwsmonly prefer disturbed habitat (Ribera et

al., 2001). Apart from differences in farming systemacropterous and brachytpterous species



showed different patterns of abundance accordintg tocation: the former were more abundant in
the core transect, while the latter in the edgaseat. The vineyard cores are probably the most
disturbed habitat in terms of natural vegetatiometlgpment. For this reason they might be more
attractive to macropterous species. Converselly #dges may have benefitted from lower farming
intensities and from edge effects from the foredtlpes close to the vineyards (Rand et al., 2006).
Our results showed that field edges and field coney often contain communities that vary in
diversity and abundance according to functionaligravith consequent provisioning of ecosystem
service varying in the edge compared to the coractd/pterous species are indeed predators, while
most of phytophagous carabids belong to macropsespacies.(Brandmayr et al., 2005). Moreover,
the surrounding landscape matrix, and specifidhkéydistance of forests to the vineyard edges, may
act as a source for farmland brachypterous carabitizat they provide refuges and corridors for

beetles dispersing between and across fields.

The effect of farming system in addition to habwariables was particularly evident in spiders
since variations in the community indices were akyd in most of the models by organic versus
conventional systems (Table. 3b). The influencéaahing system on spider communities implies
that some unmeasured factor such as pesticidesaffexy spiders. Omitting pesticides would both
directly reduce spider mortality, and increase fawdilability through a reduction in the mortality
of spider prey (Schmidt et al., 2005). However, dliféerent guilds of spiders exhibited opposite
preferences in relation to farming system. In patér, organic farming enhanced predators like
ground, ambush and other hunters, relevant forystas services. In contrast to our expectations,
specialists (mostly ant eating spiders) appearegutéter conventional vineyards. However such a
trend appears unclear: considering the negatieetelif conventional management on ants (Lobry
de Bryuyn 1999, Dauber 2001), a positive effecannspiders would have been expected. On the
other hand, conventional farming may favor antingdor two reasons: (1) the use of herbicides in

conventional vineyards may determine more opensoflace that is favorable for ants, strongly



depending on high soil temperatures; (2) mecharreatments for the weed control in organic
vineyards may increase soil disturbance. Lessdsstiirbance in conventional vineyards because of
the use of herbicides could favor the ground-nestsits.

The different farming systems, chemical treatmeantd habitats did not affect ambush hunter
abundance, but only species richness. This wasaplpbdue to the higher diversification of
microhabitats found in organic vineyards and tohliggh sensitivity of spiders to pesticides (Ripper
1956, Mansour 1987, Mansour & Nentwig 1988, Pelk@®8] Fountain et al. 2007). A similar
explanation can be given concerning ground hurfbeth diurnal and nocturnal spiders) and for the
mixed guild of other hunters (foliage dwellers atalkers).

Ecosystem services provided by the increasing amo®l and number of functional guilds in
organic fields may benefit farmers due to bettgr-down control of pest species (Krauss et al.,
2011).

The preference patterns of spiders for farmingesgstis strongly linked to the habitat features
characterizing organic and conventional vineyar@ganic vineyards, for instance, were
characterized by higher grass height and leaf cagch provide higher structural complexity and
hence refuges at the soil surface, and may polgntncrease the availability of herbivore prey
(Zrubecz et al., 2008 urtauf et al., 2005

The functional guild of the specialists showed @fgrence for conventional vineyards. Since most
of the specialists are ant-eating spiders (Zodaeld(Pekar, 2004), we hypothesize that the

conventional vineyards might have higher availapiif specialist prey.

A rather surprising result of this study was thpéges richness and abundance of carabids and
spiders were higher in forest patches adjacentrgaric than in patches close to conventional
vineyards, irrespective of functional guilds. Itoskd be noted that forest patches were usually
located below the vineyards. This result could btexnined by a possible leaching of chemicals

and fertilizers coming from conventional systemsl/an smaller forest patch areas surrounding



conventional vineyards. The possible leaching @naicals may have caused arthropod mortality
and/or a decrease of food availability for predatsuch as spiders and carabids in forest patches
adjacent to conventional vineyards. Other drivefieiencing the arthropod community in the forest
patches were characterized by habitat and landseapbles. In carabids, the flying macropterous
are strongly influenced by landscape features sasglpresence of bushes and patch richness,
showing the importance of the hedges for the maartee of good disperses in the agricultural
landscape (Fischer et al., 2013), which may enhdheebiological pest control for adjacent
agricultural crops via carabids’ colonisation pdt&@n(Niemeld, 2001). Conversely, brachypterous
which have a limited dispersal abilities are mainifyjuenced by habitat variables and by the size of
forest patches (Pearce et al., 2005). Howevermbeéels ranked based on the AIC value showed
that in most cases species richness in carabidsnaasy influenced by the farming system while
abundance of individuals responded to habitat/leayks variables. Moreover, our results showed
that spiders are strongly influenced by landscagierbgeneity and in particular by the presence of
grasslands (Lacasella et al., 2014).

Many studies have considered how landscape comtexganic and conventional farms influences
arthropod communities (Schimdt et al., 2005; Pdirgaal., 2005), but much less consideration has
been devoted to evaluating the effects of farmiygjesns on the communities of the surrounding
habitats and the spillover in the managed to nhtliraction (Blitzer et al., 2011).

Here, we evaluated both the effect of landscapéegbon arthropods sampled inside the vineyards,
and the effect of vineyard systems on the arthropmdmunities sampled outside the vineyards.
The preservation of forest patches surroundingfdh@aland is likely to be useful for biodiversity
conservation in all types of agro-ecosystems. &ip @cosystems, for instance, forest patches, field
margins and grasslands are important refuges feltesh breeding and dispersal, as well as for
hibernation, especially for spring breeding caralidolland & Luff, 2000; Wamser et al., 2011,

Jonason et al., 2013).



5. Conclusions

Vineyard landscapes of north-western ltaly (LangReero and Monferrato, in Piedmont region)
are included among World Heritage Sites listed BYE3CO. These areas form a spectacular
expanse of rolling hills where the various comhbmra of climate, cultivation techniques, type of
graft and grape variety determine the developméatwide range of agro-ecosystems. Our results
showed that organic farming systems enhance adhdrppedators belonging to several functional
guilds, and influence the diversity of carabids amiders in adjacent forest patches as well.
Therefore, although conventional systems may prertieg diversity of macropterous carabids and
specialist spiders, we suggest organic systemslahalee priority. Our conclusions are also
supported by several general considerations. Tésepce of predator carabids and spiders in crops
is particularly important because the control ofbineores depends on high predator densities
(Landis et al., 2000; Symondson et al., 2002; Sdheiti al., 2003). The increase, or even the mere
preservation of species richness and abundanceidérsand carabid predator guilds through
organic farming may improve natural pest contraintdbuting thereby to enhanced agricultural
productivity (Ostman et al., 2003). Furthermorenwantional farming systems can severely reduce
the economic value of some ecosystem servicesrinudtgre (supporting and regulating services,
explained in Millennium Ecosystem Assessment, 2005)ereas organic practices may enhance
their value (Sandhu et al., 2010). Finally, sevestaldies have shown that organic agriculture
enhances the nutritional value of plant foods thewes, the dry matter, the minerals and anti-
oxidant micronutrients such as phenols and saticgtiid (Brandt and Mglgaard, 2001; Lairon,

2010).
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Fig. 1. Average number of individuals of carabids samged pitfall, in each transect. Bars stand
for standard errors. OF: Forest patch transectectosorganic vineyards; OE: Edges transect in
organic vineyards; OC: Core transect in organiceyands; CF: Forest patch transect close to
conventional vineyards; CE: Edges transect in cotiweal vineyards; CC: Core transect in

conventional vineyards.
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Fig. 2. Average number of individuals of spiders sampedpitfall, in each transect. Bars stand for

standard errors. OF: Forest patch transect closeginic vineyards; OE: Edges transect in organic

vineyards; OC: Core transect in organic vineyaftis; Forest patch transect close to conventional

vineyards; CE: Edges transect in conventional \angy, CC: Core transect in conventional

vineyards.



Table 1. Number of individuals and number of species (inckess) of carabid and spider

functional guilds in organic and conventional viagys, and in forest patches close to organic and

conventional vineyards.

Vineyards  \Evamos  VINEvARDS  FOTESUPACheS  ORGaniC  CONVENTIONAL
Carabids Ground beetles
Brachypterous 292 (11) 194 (11) Brachypterous 129 (7) 34 (5)
Macropterous 194 (36) 675 (27) Macropterous 14 (6) 9 (6)
Spiders Spiders
Ambush hunters 57 (4) 25 (4) Ambush hunters 6 (4) 3)3
Ground hunters 363 (36) 207 (36) Ground hunters (a6d 54 (21)
Other hunters 49 (12) 28 (11) Other hunters 13 (3) 11 (7)
Space web weavers 40 (4) 47 (6) Space web weavers 2) 2 13 (3)
Sheet web weavers 9(2) 17 (2) Sheet web weavers 15 (3) 10 (1)
Sensing web weavers 0 1) Sensing web weavers 0 0
Specialists 21 (2) 124 (3) Specialists 25 (4) 4(2)




Table 2. Results of Principal Component Analysis carried @n small scale landscape variables.

The highest loadings are given in bold type.

LAND USE TYPE PC1 PC2 PC3 PC4
Urban areas 0.351 0.502 0.644 0.014
Woodland areas 0.365 -0.849 -0.23 0.048
Uncultivated areas 0.028 -0.111 0.894 0.007
Hazelnut orchard areas 0.027 -0.06 0.028 0.969
Grassland areas 0.757 0.05 0.007 -0.05
Crops areas 0.83 0.292 -0.015 -0.213
Shrubland areas 0.735 -0.231 0.138 -0.291
Vineyard areas -0.908 0.373 -0.01 -0.134
LPI -0.918 0.256 -0.059 -0.169
Mean areas of patches -0.74 -0.188 -0.203 -0.107
Patch Richness 0.699 0.013 0.564 0.051
Shannon Diversity Index 0.92 -0.167 0.279 0.118
Distance from woodland 0.053 0.848 -0.172 -0.031
Eigenvalues 5.612 2.116 1.757 1.15
Total variance % 43.166 16.281 13.514 8.847




Table 3a. GLMM results of carabid species richness and daooe, in organic and conventional

vineyards. PC: principal component; SP: samplinipple

CARABIDS
Overall community species richness
Fixed Factors Estimate Std. Error z value Pr(>|z])
Intercept 0.689 0.171 4.018 Fork
Transect location-Core 0.246 0.098 2.491 *
PC2 -0.201 0.082 -2.503 *
SP2 -1.257 0.131 -9.565 i
SP3 -0.991 0.118 -8.356 il
Overall community abundance of individuals
Fixed Factors Estimate Std. Error z value Pr(>|z])
Intercept 1.183 0.268 4.42 ek
Transect location-Core 0.355 0.175 2.025 *
PC2 -0.316 0.129 -2.45 *
SP2 -1.857 0.211 -8.792 ok
SP3 -1.736 0.206 -8.422 il
Brachypterous
Speciesrichness
Fixed Factors Estimate Std. Error z value Pr(>|z|)
Intercept -0.375 0.182 -2.065 *
PC2 -0.209 0.091 -2.281 *
SP2 -0.803 0.204 -3.944 ok
SP3 -0.772 0.202 -3.823 il
Abundance
Fixed Factors Estimate Std. Error z value Pr(>|z])
Intercept -0.00142 0.324 0 0.997
PC2 -0.336 0.159 -2.11 *
Gradient-Core -0.981 0.1743 5.627 i




SP 2 -1.359 0.266 -5.12 ik
SP 3 -1.631 0.274 -3.823 e
Macropterous
Species richness

Fixed Factors Estimate Std. Error z value Pr(>|z])
Intercept 0.115 0.215 0.54 0.591

Transect Location-Core 0.376 0.187 2.9 **

SP 2 -1.557 0.187 -8.33 ok

SP 3 -1.101 0.155 -7.12 i

Abundance

Fixed Factors Estimate | Std. Error | z value | Pr(>|z|)
Intercept -0.899 0.647 -1.39 0.165

System-Conventional 1.273 0.747 1.7 *

Transect Location-Core 0.549 0.229 2.39 *

Grass cover -0.01 0.007 -1.55 **

Grass height 0.063 0.0089 7.12 rxx

PC1 0.421 0.148 2.84 i

PC4 -0.655 0.111 -5.88 ik

SP 2 -2.461 0.29 -8.48 ok

SP 3 -1.782 0.233 -7.65 rkk

Table 3b. GLMM results of spider species richness and aburelaim organic and conventional

vineyards. PC: principal component; SP: samplinipple

SPIDERS
Overall community specierichness
Fixed Factors Estimate Std. Error z value Pr(>|z])
Intercept 0.899 0.172 5.22 Fork
System-Conventional -0.203 0.098 -2.07 *
Grass cover 0.008 0.002 3.52 ek
PC3 0.114 0.054 2.11 *
SP 2 -0.43 0.117 -3.66 ik
SP 3 -0.187 0.094 -1.98 *
Overall community abundance
Fixed Factors Estimate Std. Error z value Pr(>|z])
Intercept 1.5731 0.18 8.73 ek
System-Conventional -0.203 0.098 -2.07 *
Transect location-Core 0.138974 0.069813 3.52 *
Grass cover 0.007301 0.001812 2.11 *x
PC3 0.067 0.012 2.373 *
SP 2 -0.68 0.166 -4.11 ok
SP 3 -0.19 0.13 -1.42 NS
Ambush hunters
Species Richness
Fixed Factors Estimate Std. Error z value Pr(>|z])
Intercept -0.694 0.254 -2.734 *x
System-Conventional -0.894 0.294 -3.042 *
SP 2 -1.7675 0.607 -2.909 i
SP 3 0.15 0.279 0.57 NS
Abundance
Fixed Factors Estimate Std. Error z value Pr(>|z|)
Intercept -1.579 0.552 -2.859 *x




System-Conventional 0.451 0.673 0.67 NS
Grass cover 0.018 0.008 2.422 *
Grass cover: Systems (Conventional) -0.025 0.01 -2.511 *
SP 2 -2.036 0.606 -3.359 ik
SP 3 -0.025 0.01 -2.365
Ground hunters
Species Richness
Fixed Factors Estimate Std. Error z value Pr(>|z|)
Intercept 0.796 0.242 3.285 *x
System-Conventional -0.449 0.113 -3.972 i
Grass height 0.027147 0.007 3.626 rxx
SP 2 -1.019 0.146 -6.989 ok
SP 3 -1.056 0.141 -7.474 ik
Abundance
Fixed Factors Estimate Std. Error z value Pr(>|z|)
Intercept 0.952 0.294 3.238 *x
System-Conventional -0.615 0.149 -4.126 i
Grass height 0.032 0.009 3.351 ik
SP 2 -1.226 0.185 -6.624 ok
SP 3 -1.206 0.174 -6.895 ok
Other hunters
Species Richness
Fixed Factors Estimate Std. Error z value Pr(>|z])
Intercept -0.537 0.26 -2.066 *
System-Conventional -0.512 0.25 -2.04 *
SP 2 -1.02 0.3697 -2.76 o
SP 3 -0.561 0.292 -1.922 NS
Abundance
Fixed Factors Estimate Std. Error z value Pr(>|z|)
Intercept -1.646 0.53 -3.105 *x
System-Conventional -0.626 0.317 -1.979 *
Grass cover 0.014 0.0064 2.28 *
SP 2 -1.031 0.445 -2.319 *
SP 3 -0.669 0.37 -1.81 NS
Sheet Web Weavers
Species Richness
Fixed Factors Estimate Std. Error z value Pr(>|z])
Intercept -2.29413 1.2525 -1.832 0.067
Grass height -0.06292 0.02755 -2.284 *
Abundance
Fixed Factors Estimate Std. Error z value Pr(>|z])
Intercept -2.20571 1.25809 -1.753 0.0796
Grass height -0.06319 0.02705 -2.336 *
Specialists
Species Richness
Fixed Factors Estimate Std. Error z value Pr(>|z|)
Intercept -1.8954 0.4193 -4.521 Frk
System-Conventional 0.7933 0.2749 2.885 *rx
Abundance
Fixed Factors Estimate Std. Error z value Pr(>|z|)
Intercept -2.718 0.583 -4.663 Frk
System-Conventional 1.258 0.37 3.399 rrx




Appendix A List of carabid species collected in each tran¢eate, edge, forest) of organic and
conventional vineyards. OF: Forest patch transesecto organic vineyards; OE: Edges transect in
organic vineyards; OC: Core transect in organiceyands; CF: Forest patch transect close to
conventional vineyards; CE: Edges transect in cotiweal vineyards; CC: Core transect in

conventional vineyards. The functional guild of leapecies is specified (B: Brachypterous, M:

Macropterous).
Carabid species Functional | e | o | oc [ cr | ce | cc | T
guild N
Abax continuus Ganglbauer, 1891 B 3/]0|01]0|O 0 3
Abax parallelepipedus contractus Heer, 1841 B 12|00 |3 0| O 15
Calathus fuscipes graecus Dejean, 1831 B 5297|176 4 | 36 | 65 | 430
Carabus convexus Fabricius, 1775 B 14| 1| 0 |10| O 1 26
Carabus germarii fiorii Born, 1901 B 0|10 (4] 2 7 14
Carabus glabratus latior Born, 1895 B 14|10 |0]| O 0 15
Carabus problematicus inflatus Kraatz, 1878 B 33|10 0| 6|0 40
Carabus solieri liguranus Breuning, 1933 B 1/0|0|13] 1|0 15
Licinus cassideus (Fabricius, 1792) B o120 1]0]|O0 0 1
Poecilus koyi viaticus (Dejean, 1828) B 0|3] 3 |0|18] 36 60
Pterostichus melas italicus (Dejean, 1828) B O|0| 6 |0]|16| 6 28




Pterostichus micans Heer, 1841 B 0|02 |0] O 0 2
Amara aenea(De Geer, 1774) M 1(1|1|0| 0] 3 6
Amara anthobia A. Villa & G.B. Villa, 1833 M 0|3|]0]0]| O 0 3
Amara eurynota (Panzer, 1796) M o|jojO0|0|O 1 1
Amara lucida (Duftschmid, 1812) M 2|32 |0|0]0 7
Anchomenus dorsalis (Pontoppidan, 1763) M ojojo|0|lO0O]|O 0
Brachinus crepitans (Linné, 1758) M 0| 1] 6 |1(194|272| 474
Brachinus explodens Duftschmid, 1812 M 00|17 0] 1 5 23
Brachinus sclopeta (Fabricius, 1792) M 0O|1]16|0| 0| O 17
Callistus lunatus (Fabricius, 1775) M 0|0 0|01 3 4
Calosoma maderae (Fabricius, 1775) M o|j1]3|0|l0]O 4
Dinodes decipiens (L. Dufour, 1820) M 0|0 2 |0 4|19 25
Harpalus affinis (Schrank, 1781) M 1/0|0|0|]0]|O 1
Harpalus dimidiatus (P. Rossi, 1790) M 01231 (1|14 |51 109
Harpalus distinguendus (Duftschmid, 1812) M 0|2] 3 |0|24]16 45
Harpalus flavicornis Dejean, 1829 M 0O(3|01]0]O0 5 8
Harpalus pumilus Sturm, 1818 M o(1(0]0]|O0 0 1
Harpalus rubripes (Duftschmid, 1812) M 2121510, 0 | O 29
Harpalus serripes (Quensel in Schonherr, 1806) M o|8] 6 |1|0]|0 15
Harpalus subcylindricus Dejean, 1829 M 031 ]0]O0 0 4
Harpalus sulphuripes Germar, 1824 M 21112 |0]0 0 5
Harpalus tardus (Panzer, 1797) M 0|0|]9|0| 0|5 14
Leistus spinibarbis (Fabricius, 1775) M ojojof1l0]0O0 1
Nebria brevicollis (Fabricius, 1792) M ojojo|0| 3]0 3
Ophonus cribricollis (Dejean, 1829) M o|jo|2|0| 0] 4 6
Ophonus melletii (Heer, 1837) M ojojo|o0|lO0O]|O 0
Ophonus sabulicola (Panzer, 1796) M 0|0 0|01 1 2
Parophonus maculicornis (Duftschmid, 1812) M 0|49 |01 2 16
Parophonus planicollis (Dejean, 1829) M ojo|3|0|lO0]O 3
Pseudoophonus calceatus (Duftschmid, 1812) M ojojo|o0|lO0O]|O 0
Pseudoophonus griseus (Panzer, 1796) M 0O|1] 3 (4|16 | 14 38
Pseudoophonus rufipes (De Geer, 1774) M 1/3|3|6| 8|6 27
Scybalicus oblongiusculus (Dejean, 1829) M o|jojO0|0O|O 1 1

Appendix B: List of spider species collected in each trangeate, edge, forest) of organic and
conventional vineyards. OF: Forest patch transeseco organic vineyards; OE: Edges transect in
organic vineyards; OC: Core transect in organiceyands; CF: Forest patch transect close to
conventional vineyards; CE: Edges transect in cotiweal vineyards; CC: Core transect in
conventional vineyards. The functional guild of leapecies is specified (AH: Ambush hunters,
GH: Ground hunters, OH: Other hunters, SEW: Sengiely weavers, SHW: Sheet web weavers,

SP: Specialists, SPW: Space web weavers).



Family Spider species Functional | | o | oc | e [ ce | cc| TOR!
guild N

AGELENIDAE Eratigena fuesslini Pavesi, 1873 SHW 13| 5|3 |10| 6 |10| 47
AGELENIDAE Textrix denticulata (Olivier, 1789) SHW 1/0|{0|0]|O0O]|O
AMAUROBIIDAE | Amaurobius ferox (Walckenaer, 1830) SHW i1/0|j0(|0|0]|0O
ATYPIDAE Atypus muralis Bertkau, 1890 SEW oj0(0|j0|0]|1
CLUBIONIDAE Clubiona terrestris Westring, 1851 OH o|o0o|0|1|0]|O0
DICTYNIDAE Argenna patula (Simon, 1874) GH 0|11 9 |0|2]|1 23
DYSDERIDAE Dasumia taeniifera Thorell, 1875 SP 513|113 |0]|5 17
DYSDERIDAE Dysdera crocata C. L. Koch, 1838 SP 6|/ 0|0|0|0]|O 6
DYSDERIDAE Il-lgiiactocrates apennicola Simon, sp >lololololo 5
EUTICHURIDAE Cheiracanthium mildei L. Koch, 1864 OH 0|0(|0]|1 0
GNAPHOSIDAE Callilepis schuszteri (Herman, 1879) GH ojo|0|oO 0
GNAPHOSIDAE Ll)é'gszs)odes lapidosus (Walckenaer, GH slel702l6lal 28
GNAPHOSIDAE Drassodes pubescens (Thorell, 1856) GH 0|4(8|0]|0]1 13
GNAPHOSIDAE Drassyllus praeficus (L. Koch, 1866) GH 4|13(12|0|0]| O 19
GNAPHOSIDAE Drassyllus pumilus (C. L. Koch, 1839) GH 0|0|2]|2]|3]|7 14
GNAPHOSIDAE Drassyllus pusillus (C. L. Koch, 1833) GH 14|11 (1|2]|0 9
GNAPHOSIDAE Drassyllus villicus (Thorell, 1875) GH 100{0|1(0|4|0 15
GNAPHOSIDAE Gnaphosa lucifuga (Walckenaer, 1802) GH 0|0|3|0]|0]|O 3
GNAPHOSIDAE Il-lggét))drassus dalmatensis (L. Koch, GH 5 1111182 l16] 7 56
GNAPHOSIDAE Haplodrassus signifer (C. L. Koch, 1839) GH 0|6(2|1]4]5 18
GNAPHOSIDAE Il-lggt;drassus silvestris (Blackwall, GH ololololilo 1
GNAPHOSIDAE Micaria albovittata (Lucas, 1846) GH 0|8(8|0|0]|O0 16
GNAPHOSIDAE Micaria coarctata (Lucas, 1846) GH 0127|120 12
GNAPHOSIDAE Micaria formicaria (Sundevall, 1831) GH ojo0(4|0|1]|0 5
GNAPHOSIDAE Nomisia exornata (C. L. Koch, 1839) GH oj0(0|1]2]|0 3
GNAPHOSIDAE Phaeocedus braccatus (L. Koch, 1866) GH o|jo0(2|0]1]1 4
GNAPHOSIDAE Trachyzelotes fuscipes (L. Koch, 1866) GH oj0(0|1]0]|O0 1
GNAPHOSIDAE Zelotes apricorum (L. Koch, 1876 GH 3|]0|1}2|0]|O0 6
GNAPHOSIDAE Zelotes atrocoeruleus (Simon, 1878) GH 0|11(2]|2]6]|3 14
GNAPHOSIDAE Zelotes longipes (L. Koch, 1866) GH o|0|0|O0]|1]|O0 1
GNAPHOSIDAE Zelotes oblongus (C. L. Koch, 1833) GH 0|2(0|0]|0]|O 2
GNAPHOSIDAE Zelotes paroculus Simon, 1914 GH 1/]0|0|0]|O0]|1 2
GNAPHOSIDAE Zelotes pygmaeus (Miller, 1943) GH 0(0|0|O0|O0]|1 1
GNAPHOSIDAE Zelotes subterraneus (C. L. Koch, 1833) GH 1/0|0|0]|O0]|O 1
GNAPHOSIDAE Zelotes tenuis (L. Koch, 1866) GH 0(0(|10{0|0|O 10
HAHNIIDAE Hahnia pusilla C. L. Koch, 1841 SHW ojo0o(1|j0|1]0 2
LINYPHIIDAE Diplocephalus alpinus (O. P.-

Cambridge, 1872) OH 010)p0 1011 2
LINYPHIIDAE Erigone dentipalpis (Wider, 1834) OH 0|0|1]|0]0O
LINYPHIIDAE Metopobactrus nadigi Thaler, 1976 OH 1/0|0|0]|O
LINYPHIIDAE Porrohomma microphtalmum (O. P.-

Cambridge, 1871) OH 01011040710 !
LINYPHIIDAE Saaristoa abnormis (Blackwall, 1841) OH ojo0(0|j0|0]|1 1
LINYPHIIDAE Diplostyla concolor (Wider, 1834) SHW 0|0|3]|3]|3]|38 17




LINYPHIIDAE
LINYPHIIDAE
LINYPHIIDAE
THERIDIIDAE

LIOCRANIDAE
LIOCRANIDAE
LIOCRANIDAE
LYCOSIDAE
LYCOSIDAE
LYCOSIDAE
LYCOSIDAE

LYCOSIDAE
LYCOSIDAE
LYCOSIDAE
LYCOSIDAE
LYCOSIDAE
LYCOSIDAE
LYCOSIDAE
LYCOSIDAE
LYCOSIDAE
LYCOSIDAE
LYCOSIDAE

LYCOSIDAE
LYCOSIDAE
MIMETIDAE
MITURGIDAE
PHILODROMIDAE
PHILODROMIDAE

PHILODROMIDAE
PHRUROLITHIDAE
PHRUROLITHIDAE
SALTICIDAE
SALTICIDAE
SALTICIDAE
SALTICIDAE
SALTICIDAE
SALTICIDAE
SALTICIDAE
THERIDIIDAE
THERIDIIDAE
THERIDIIDAE
THERIDIIDAE

THOMISIDAE
THOMISIDAE
THOMISIDAE
THOMISIDAE

Agyneta rurestris (C. L. Koch, 1836)
Tenuiphantes flavipes (Blackwall, 1854)
Tenuiphantes tenuis (Blackwall, 1852)
Robertus arundineti (O. P.-Cambridge,
1871)

Liocranum rupicola (Walckenaer, 1830)
Agroeca cuprea Menge, 1873

Scotina celans (Blackwall, 1841)
Alopecosa aculeata (Clerck, 1757)
Alopecosa albofasciata (Brullé, 1832)
Alopecosa cuneata (Clerck, 1757)
Alopecosa etrusca Lugetti & Tongiorgi,
1969

Alopecosa mariae (Dahl, 1908)
Alopecosa pulverulenta (Clerck, 1757)
Arctosa personata (L. Koch, 1872)
Aulonia albimana (Walckenaer, 1805)
Hogna radiata (Latreille, 1817)
Pardosa agrestis (Westring, 1861)
Pardosa bifasciata (C. L. Koch, 1834)
Pardosa gr. lugubris

Pardosa hortensis (Thorell, 1872)
Pardosa palustris (Linnaeus, 1758)
Pardosa vlijmi den Hollander & Dijkstra,
1974

Trochosa hispanica Simon, 1870
Trochosa robusta (Simon, 1876)

Ero furcata (Villers, 1789)

Zora manicata Simon, 1878
Philodromus aureolus (Clerck, 1757)
Philodromus cespitum (Walckenaer,
1802)

Thanatus arenarius L. Koch, 1872
Phrurolithus festivus (C. L. Koch, 1835)
Phrurolithus minimus (C. L. Koch, 1839)
Aelurillus v-insignitus (Clerck, 1757)
Euophrys frontalis (Walckenaer, 1802)
Heliophanus flavipes Simon, 1900
Phlegra fasciata (Hahn, 1826)
Phylaeus chrysops (Poda, 1761)

Saitis barbipes (Simon, 1868)

Salticus scenicus (Clerck, 1757)
Asagena italica (Knoflach, 1996)
Enoplognatha thoracica (Hahn, 1833)
Episinus angulatus (Hahn, 1833)

Steatoda albomaculata (De Geer, 1778)

Cozyptila blackwalli (Simon, 1875)
Ozyptila atomaria (Panzer, 1801)
Synema globosum (Fabricius, 1775)
Xysticus acerbus Thorell, 1872

SHW
SHW
SHW

SPW

GH
GH
GH
GH
GH
GH

GH

GH
GH
GH
GH
GH
GH
GH
GH
GH
GH

GH

GH
GH
SP
GH
OH

OH

OH
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GH
OH
OH
OH
OH
OH
OH
OH
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SPW
SPW

SPW

AH
AH
AH
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THOMISIDAE Xysticus kochi Thorell, 1872 AH 2 (11131 7 41
THOMISIDAE Xysticus ninnii Thorell, 1872 AH 119(20(0|2|7 39
THOMISIDAE Xysticus robustus (Hahn, 1832) AH 210|120 0 4

TITANOECIDAE Nurscia albomaculata (Lucas, 1846) SPW 0|5 (125 |11|12| 45
TITANOECIDAE Titanoeca tristis L. Koch, 1872 SPW 112|183 7 35
TRACHELIDAE Cetonana laticeps (Canestrini, 1868) GH ojo0o(o0|0|1]|0 1

ZODARIIDAE Zodarion rubidum Simon, 1914 SP 12| 4 |13 |1 |64 |54 | 148

Appendix C: Univariate GLMM results of carabid species richnasd abundance in forest patches

close to organic and conventional vineyards. P{Dcpal component; SP: sampling period.

CARABIDS

Overall community speciesrichness

Fixed Factors Intercept Estimate Std ErrorP  AIC
System-Conventional 1.70 + 0.60 -0.055 0.019 ** 194
Leaf litter cover -0.848+0.381 0.225 0.063 ** 196
Grass cover 0.90£0.23 -1.275 0.359 o 196
Dead wood cover 0.858 + 0.389 -0.0162 0.006 * 196
Grass height -0.66 + 0.23 0.0264 0.011 * 197
Forest patch area -0.519 + 0.405 0.0306 0.0133 * 7 119
Overall community abundance

Fixed Factors Intercept Estimate Std ErrorlP  AIC
Grass height 3.11+0.58 -0.090 0.020 r 374
Forest patch area -0.71+0.61 0.310 0.110 ¥* 402
System-Conventional 1.71+0.49 -1.720 0.660 *»* 403
Macropterous

Speciesrichness

Fixed Factors Intercept Estimate Std ErrorP  AIC
LPI -0.49 £ 0.01 -0.014 0.004 021
Shannon patch diversity index -2.13+0.02 0.822 B.00 *** 92,1
Shrubland area -1.54 +0.01 0.339 0.004  *** 0P6
Dead wood cover -1.68+0.00 0.011 0.004 * 9p.7
Patch Richness -1.78+0.00 0.087 0.005 ** o 9D7
System-Conventional -1.42+0.00 -0.040 0.005 PP,




Appendix D: Univariate GLMM results of spider species richnasd abundance in forest patches

close to organic and conventional vineyards. P{Dcpal component; SP: sampling period.

SPIDERS

Overall community speciesrichness

Bare ground cover -1.47+0.00 0.012 0.005 * 9p.9
Forest patch area -1.52+0.02 0.018 0.004 ¥ QP9
Brachypterous

Speciesrichness

Fixed Factors Intercept Estimate Std ErrorP  AIC
System-Conventional -1.08+0.46 0.039 0.018 161
Leaf litter cover 1.7540.68 -0.072 0.022 ** 161
Grass cover 0.66%0.24 -1.484 0.422 164
Dead wood cover -1.47+0.53 0.274 0.086 ** 54
Grass height -1.26+0.51 0.033 0.012 i 56
Forest patch area 0.65+0.40 -0.020 0.008 * 167
Abundance

Fixed Factors Intercept Estimate Std ErrorlP  AIC
System-Conventional 3.42+0.72 -0.119 0.021 *** Q3B
Grass height -1.49+0.73 0.4017 0.1298 *»* 378
Forest patch area 1.58+0.55 -2.188 0.772 *»* 378

Fixed Factors Intercept Estimate Std ErrorP AIC

LPI -0.01+0.33 -0.013 0.005 ** 108
System-Conventional 1.47 +0.26 -0.307 0.146 * 108
Grassland area 0.46+0.21 0.536 0.112 108
Forest patch area 1.04+0.33 0.074 0.036 * 108
Vineyard area 1.79+0.30 -0.060 0.027 * 108
Shannon patch diversity index 0.79+0.34 0.612 0.277 * 108
Overall community abundance

Fixed Factors Intercept Estimate Std ErrorP AIC
Grass height 2.56+0.41 -0.028 0.007 o 3092
System-Conventional 2.07+0.35 -0.656 0.123 **x 3D3
LPI 3.03+0.35 -0.020 0.004 ** 303
Vineyard area 2.59+0.35 -0.102 0.022 400
Shannon patch diversity index 0.91+0.38 1.016 0.225** 402
Forest patch area 1.30£0.43 0.123 0.032 **x 406
Grassland area 0.77+0.30 0.643 0.146 *x 409
Shrubland area 1.74+0.38 0.358 0.109 AN
Patch Richness 1.48+0.41 0.094 0.039 * 416
Ground hunters

Speciesrichness

Fixed Factors Intercept Estimate Std ErrorP AIC
Forest patch area -1.47+0.53 0.274 0.086 *»* 164
Bare ground cover 0.14+0.16 0.096 0.022 ek 202




Grassland area 0.19+0.21 0.325 0.129 * 226
Leaf litter cover 0.96+0.17 -0.011 0.005 * 226
Abundance

Fixed Factors Intercept Estimate Std ErrorP AIC
Bare ground cover 0.21+0.16 0.135 0.021 ¥ 301
Grass height 2.18+0.44 -0.048 0.014 r 332
Leaf litter cover 1.36+0.24 -0.018 0.006 ** 333
Grassland area 0.3910.23 0.372 0.128 ** 336
LPI 1.71+0.34 -0.001 0.000 336
Shannon patch diversity index 0.18+0.29 0.744 0.259* 336
Shrubland area 0.64+0.20 0.477 0.185 * 337
Grass cover 0.45+0.26 0.008 0.003 * 338
Vineyard area 0.99+0.20 -0.008 0.004 * 340
Ambush hunters

Speciesrichness

Fixed Factors Intercept Estimate Std ErrorP AIC
Bare ground cover -2.62+0.74 0.161 0.071 * 15
Shrubland area -2.25+0.50 1.054 0.439 * 75.8
LPI 0.02+0.62 -0.003 0.001 * 76
Grass height -4,95+1.81 0.095 0.040 * 76.8
Patch richness -3.02+0.85 0.304 0.141 * 77.1
Shannon patch diversity index -3.08 + 0.88 1.050 700. * 77.2
Abundance

Fixed Factors Intercept Estimate Std ErrorP AIC
System-Conventional -2.00+ 0.01 -0.293 0.010 80
Bare ground cover -2.7520.77 0.182 0.069 *»* 804
Shrubland area -2.25+0.50 1.190 0.423 *  81.6
LPI 0.33+0.58 -0.003 0.001 824
Patch Richness -3.15+0.84 0.351 0.137 * 827
Shannon patch diversity index -3.23+0.88 1.730 688. * 83.1
Sheetweb weavers

Speciesrichness

Fixed Factors Intercept Estimate Std ErrorP AIC
Grassland area -2.17+0.64 0.871 0.370 * 99.7
Shannon patch diversity index -2.03 + 059 1.093 994 * 102

LPI 0.14+0.48 -0.002 0.001 * 108
Shrubland area -2.25+0.50 1.054 0.439 * 104
Abundance

Fixed Factors Intercept Estimate Std ErrorP AIC
Grassland area -2.16+0.63 0.977 0.361 ** 116
Shannon patch diversity index -2.07+ 0.46 1.290 604 * 118

LPI 0.49+0.43 -0.002 0.001 119
Patch Richness -1.81 £ 0.52 0.223 0.090 * 120
Shrubland area -1.15+0.29 0.674 0.277 * 121
Specialists

Speciesrichness

Fixed Factors Intercept Estimate Std ErrorP AIC




Grass cover 0.37+0.31 -0.040 0.013 *»* 104
System-Conventional -0.39+0.33 -0.293 0.010 *** 106
Dead wood cover -2.70+£0.68 0.071 0.020 **k 106
Vineyard area 0.1540.29 -0.127 0.050 * 107
Leaf litter cover -2.16+£0.82 0.054 0.018 *x 107
Grass height 2.00+0.94 -0.108 0.037 * 110
Shrubland area -1.44+0.33 1.003 0.296 #1010
LPI 0.64+0.43 -0.003 0.001 o 113
Patch Richness -1.99+0.54 0.256 0.092 ** 115
Shannon patch diversity index -2.04+0.56 1.267 D.46 *»* 115
Abundance

Fixed Factors Intercept Estimate Std ErrorP AIC
Vineyard area 0.88+0.23 -0.200 0.046 **x 146
Shrubland area -1.44+0.33 1.424 0.276 k149
LPI 1.6240.35 -0.003 0.001 ik 153
Patch Richness -2.42+0.54 0.404 0.085 ** 156
Shannon patch diversity index -2.52+0.56 2.011 9.42 ** 156
Grass cover 0.43+0.34 -0.030 0.009 *x 160
System-Conventional -0.18+0.54 -1.900 0.572 161
Dead wood cover -1.97+0.52 0.056 0.016 k161
Leaf litter cover -2.0£0.60 0.038 0.013 * 164
Grass height 1.38+0.84 -0.076 0.029 *»* 164




