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The use of Syrphidae as functional bioindicator
to compare vineyards with different managements
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Abstract

Hoverflies (Diptera Syrphidae) were studied in two vineyards in Northern Italy, to characterize the fauna of a conventional farm
in comparison with one with organic management. Hoverfly populations were monitored in three different years (2010, 2011 and
2012) using Malaise traps as the sampling technique. In three years, a total of 48 species were recorded in the two vineyards.
Among those, seven species found across three years were not expected in accordance with predictions from the nature of the sur-
rounding habitats (via Syrph the Net). Some of these species are usually associated with dry grassland and may be considered as
associated with vineyards, increasing the fauna of these productive habitats. The total number of species seem to be highly similar
in the two vineyards, despite the different management. The use of functional traits was much more useful in understanding the
differences between the two vineyards. Despite the small distance between the two sites, hoverfly populations were different in
the three years. The presence of different habitats adjacent to the two vineyards seem to be the main feature affecting hoverfly
populations. In addition, the organic vineyard showed a higher percentage of species associated with the herb and root layers.
These taxa can be associated with the adjacent wood and/or with the vineyard since the latter is characterized by an improved
vegetation management typical of an organic system (e.g. the grass cover technique). The analysis of functional traits in the Syr-
phidae allowed an ecological interpretation confirmed by the habitat analysis and farm inputs. Functional analysis based on the
hoverfly fauna proved to be a synthetic and informative tool to characterize and interpret a number of complex features in a stan-
dard and simple way.
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Introduction

The need for standardized indicators is a crucial issue in
the assessment of biodiversity loss and the efficiency of
restoration and conservation policies (Noss, 1990; Caro
and O’Doherty, 1998; Mace and Baillie, 2007). In sus-
tainable agriculture, the availability of sensitive bioindi-
cators is considered a vital part of the evaluation of farm
inputs, quality of agroecosystems and functional biodi-
versity (De Snoo et al., 2006). In particular, comparisons
of ecological sustainability between organic and conven-
tional farming systems seems to be complex, largely as a
result of the complexity of, and interactions between, the
farming practices that comprise the two systems (Hole et
al., 2005; Gomiero et al., 2011). For this reasons, the se-
lection of proper indicators to use in sustainable agricul-
ture has been much debated because the use of a syn-
thetic and flexible taxon could replace a multidiscipli-
nary (and much more expensive!) approach involving a
wide range of measures and taxonomic groups.

Here we focus on vineyards, complex agroecosystems
which have received increasing attention over the last
few decades (Ragusa and Tsolakis, 2006; Altieri et al.,
2010). A recent expansion of vineyards has led to land-
scape simplification in intensive wine areas, with in-
creased vulnerability to insect pests and diseases (Altieri
et al., 2010). Vineyards have also been used as an
agroecological model to apply sustainable cultivation,
both at farm and landscape level (Castagnoli et al.,
1999; Altieri et al., 2005; Gurr et al., 2007).

In the present research hoverflies were chosen as bio-
indicators because of a general consensus about their use
in evaluating ecosystem conservation (Speight, 1986;
Sommaggio, 1999; Speight and Castella, 2001; Burgio

and Sommaggio, 2007; Billeter et al., 2008; Velli et al.,
2010; Ricarte et al., 2011). This taxon has long been
considered a prime candidate for such work (Speight,
1986) and a focus of conservation in Europe (Rotheray
et al., 2001; Marcos-Garcia, 2006). Their widespread
distribution, availability of taxonomic keys for species
identification (particularly in Europe), and heterogeneity
of the environmental requirements for the larvae are fea-
tures that promote Syrphidae as effective bioindicators
(Sommaggio, 1999). Recently an expert system called
Syrph the Net (StN) has been developed to standardize
the use of Syrphidae as bioindicators (Speight and Cas-
tella, 2001; Speight, 2012a). StN uses not only the taxo-
nomic values of each species, but also their functional
traits and the relationship between the species and habi-
tats (Speight and Castella, 2001; Speight, 2012a).

The main objective of present study was to compare
the variation in hoverfly populations as bio-indicators in
two vineyards with different managements (organic and
conventional). The efficiency of taxonomic and func-
tional traits were firstly evaluated in comparing differ-
ent agriculture management. Secondly, we observed the
potential role of vineyards in conserving and improving
landscape biodiversity, by supporting species that are
endangered or otherwise absent in adjacent areas.

Materials and methods

Study sites

The hoverfly fauna was studied in two vineyards with
different management (biological vs. conventional) in
the province of Modena, Northern Italy, in a study in-
volving three years of sampling. In the present research



Figure 1. Site map of organic (BIO) and conventional (CON) vineyards. Dots indicate Malaise trap position; C: ce-
real fields; W: Quercus wood; V: other vineyards; A: alfalfa field.

a multi-year approach was chosen in order to understand
and analyze any biodiversity trends and the differences
between the two vineyards over and above year differ-
ences. In fact variation of hoverfly population in differ-
ent years has been previously detected (e.g. Gilbert and
Owen, 1990; Sommaggio, 2010a). The area is largely
anthropized, mainly for agricultural purposes. Both
vineyards were planted with Lambrusco, both “Lam-
brusco di Sorbara” and “Lambrusco Salamino”, two va-
rieties which are typical of Modena Province.

Two adjacent vineyards were selected in order to con-
trol for landscape and geographic variability; they are
separated by a drainage canal (figure 1). The two vine-
yards differ only in their surrounding habitats (micro-
scale landscape). The organic vineyard (BIO) occupies
an area of almost 3 ha surrounded by a small oak wood
(0.5 ha), an alfalfa field (almost 1 ha) and arable fields
(wheat or maize in different years) (figure 1). A small
drainage ditch, usually dry in summer, separated the
vineyard and the alfalfa field; a large drainage canal di-
vided the BIO vineyard from the cereal field. The con-
ventional vineyard (CON) occupies an area of 10 ha and
was surrounded by infrastructural habitats (mainly farm
buildings), a cereal field (9 ha) and another vineyard (4
ha) (figure 1); the CON vineyard was separated from
the cereal field by a large drainage ditch; water was pre-
sent in this ditch throughout the year and aquatic vege-
tation was largely developed.
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The BIO vineyard belonged to a farm which has fol-
lowed organic methods since 2007, in agreement with
EU regulations (CEE 834/2007). Weeds and grass cover
between rows were controlled only by cutting (2 or 3
times per year), and only approved pesticides were used
(table 1). Different types of grass cover were introduced
within the vineyard, including phacelia (Phacelia tana-
cetifolia Benth), alyssum [Lobularia maritime (L.)],
buckwheat (Fagopyrum esculentum Moench), broad
bean (Vicia faba L.) and a mix of vetch (Vicia villosa
Roth) and oat (4vena sativa L.) (Burgio et al., 2012).
Grass cover type was randomized between the rows,
generating different treatment blocks.

The CON vineyard was managed using integrated pest
management methods (table 1).

Sampling protocol

The syrphid fauna was studied using Malaise traps,
which can be considered as a standard sampling
method for hoverflies (Burgio and Sommaggio, 2007;
Speight, 2008; 2012a). Two Malaise traps were situated
in each vineyard in the period 2010-2012. In the BIO
vineyard, one Malaise trap was set between the oak
wood and the vineyard (BIO1), while the second was
between the alfalfa field and the vineyard (BIO2) (fig-
ure 1). In the CON vineyard, both Malaise traps were
set between the vineyard and the arable fields (CON1
and CON2).



Table 1. Plant protection products used in the two vineyards during the sampling period. In brackets are indicated the

number of standard treatments in one year.

Pests BIO Vineyard CON Vineyard
Erysiphaceae Antagonist fungi (2-3)

Sulphur (10-20) Sulphur (10-12)
Coccoidea Mineral oil (1)
Peronospora Copper (12-21) Copper (8-12)

Botrytis cinerea
Scaphoideus titanus
Lobesia botrana

Adjuvant treatments

Pyrethrins (2)
Bacillus thuringiensis (3-4)

Fenamidone (2)
Dithiocarbamate (3-6)
Iprovalicarb (2)
Pyrimethanil (1)
Organic phosphate (2-3)
Epoxiconazol (1)
Keromix-metil (1)

Resin (3-5)

All traps were set in the same positions in all three
years with only small differences: BIO1 in the second
year was at an angle to the oak wood, in a better posi-
tion to catch, but in the way of tractor movement; simi-
larly CON1 and CON2 had to be moved in the second
and third years to a different position to facilitate tractor
movement. The distance between the BIO and CON
traps was greater than 500 m. No clear data are avail-
able about the sampling range of Malaise traps in hover-
fly sampling, but a 100-meter distance has been sug-
gested as suitable to allow two Malaise traps to be con-
sidered independent (Gittings et al., 2006).

The Malaise sampling was carried out from April to
September, except in 2012 when in CON vineyard the
strong dry conditions forced the moving of the Malaise
trap to permit better access to the drainage ditch. Mal-
aise traps were supplied with 70° alcohol; the sample
was collected approximately every 2 weeks from each
trap. All hoverflies collected were identified to species
except for female Paragus subg. Pandasyophthalmus
(only possible using male genitalia). Species nomencla-
ture was in accordance with Speight (2012b).

Data analysis

Malaise traps are considered a quantitative sampling
method, but their efficiency is highly affected by sev-
eral parameters, including the position of the trap, the
local plant cover, the sun exposure and others, leading
to bias in estimating population density (Speight,
2012a; Birtele and Handersen, 2012). In addition, their
efficacy depends on the ethology of the sampled spe-
cies: for example several Eristalis species are underes-
timated by Malaise trap (Burgio and Sommaggio,
2007). For these reasons we converted the data to a
presence/absence matrix, generating a list of sampled
species, as also suggested by the Syrph the Net proce-
dure (Speight, 2012a).

Malaise trap efficiency was calculated as the total
number of specimens collected by each trap divided by
the total number of days in which the trap was open.
Trap efficiency was expressed as species/day (table 2).

The absence of replication prevented us from using
any statistical test to compare the two vineyards. Corre-

spondence analysis was used to ordinate and correlate

the ecological categories of Syrphidae species on the

basis of the two management systems (BIO and CON).

We use the Syrph the Net database (Speight, 2008) to:
- elaborate a list of expected species for each of the sur-

rounding habitats (the list of expected species was ob-

tained by integrating the regional list of species in

Sommaggio, 2010b and habitats):

o Crop (StN code 51);

o Field margin (StN code 52);

o Canal edge (StN code 7443);

o Quercus wood (StN code 1122);

- associate each observed species with specific ecologi-
cal traits; in particular, the following groups were con-
sidered:

o Trophic category; hoverfly larvae can be divided
into predators (mainly aphidophagous), phyto-
phages and saprophages;

o Duration of development; the period necessary to
complete the development by hoverfly larvae can
be short (less than 2 months), medium (2-7
months) or long (7-12 months). In few species lar-
val development takes more than one year, but
these are not expected to occur in vineyards and
were not considered here;

o Voltinism; hoverfly species can be univoltine;
bivoltine, polyvoltine (3 or more generations).
Parti-voltine species with less than one generation
per year were not included;

o Larval microhabitat; larvae can develop in specific
microhabitats, including tree foliage (canopy),
herb layer (on the surface of non-woody plants),
herb layer (in the living tissue of non-woody
plants), ground surface debris (among or under
plant debris), root zone (inside or on plant roots),
submerged sediment (associated with organic sub-
strates permanently submerged by running or
standing water) and water-satured ground.

We did not calculate here the Maintenance Biodiver-
sity Function, the main parameter calculated by StN,
because the StN database does not include ‘vineyards’
as a habitat and the sampling points were at the borders
with other habitats.
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Table 2. Relative abundance of syrphid species caught in the three years in the two vineyards.

Biological Conventional
Habitats 2010 2011 2012 2010 2011 2012
BIO1 BIO2 BIO1 BIO2 BIO1 BIO2 CON1 CON2 CONI CON2 CONI1 CON2

Anasimyia transfuga (L.) 1 - - - - - - - - 0.8 - - -
Brachyopa bicolor (Fallen) 4 0.6 - - - - - - - - - - -
Cheilosia latifrons (Zetterstedt) 06 07 05 44 - 0.1 - 0.3 - - - -
Cheilosia ranunculi Dockzal 4 - - 02 15 - - 0.1 03 04 2 02 04
Cheilosia soror (Zetterstedt) 4 - - 0.2 - - - - - - - - -
Chrysotoxum cautum (Harris) 3,4 35 05 1.7 - - 04 01 03 0.8 - - 0.6
Epistrophe nitidicollis (Meigen) 4 - - 0.2 - - - - - - - - -
Episyrphus balteatus (de Geer) Al 64 03 24 - 5 07 02 01 04 05 53 04
Eristalinus aeneus (Scopoli) 1 - 0.4 - - - - 0.1 03 - 0.5 - -
Eristalinus sepulchralis (L.) 1,3 - 0.2 - - - - 0.1 04 - 0.5 - 0.4
Eristalis arbustorum (L.) 1,3 - 0.1 - - - 0.2 - - - - - 0.2
Eristalis similis (Fallen) 4 - - - - - - 0.1 - - - - -
Eristalis tenax (L.) All - - - - - - 0.1 - - - 0.2 -
Eumerus amoenus Loew 3 - 0.1 14 15 - - - - - - - 0.2
Eumerus funeralis Meigen 3,4 - 04 07 15 10 04 02 16 27 - 14 13
Eumerus sogdianus Stackelberg 2,3 58 07 131 294 15 1 03 31 78 82 03 1
Eumerus uncipes Rondani - - - - - - - - - 0.5 - -
Eupeodes corollae (F.) All 4.1 1.5 29 103 - 01 03 19 35 25 42 29
Eupeodes latifasciatus (Macquart) 1,2,3 - - 14 15 - 0.1 01 04 04 05 03 -
Eupeodes luniger (Meigen) 1,3,4 - - - - - 0.1 - - 0.4 - 0.3 -
Ferdinandea cuprea (Scopoli) 4 - - 0.2 - - - - - - - - -
Helophilous pendulus (L.) 1,2,3 - - 0.2 - - - 0.1 - - - - -
Helophilous trivittatus (F.) 3 - - - - - - 0.1 - 0.4 2 - -
Heringia heringi (Zetterstedt) 4 - - 0.2 - - - - 0.1 - - - -
Melanostoma mellinum (L.) Al 58 442 71 58 20 672 854 37 133 30.1 638 51.8
Melanostoma scalare (F.) All 06 02 05 - 5 0.1 - - - - - -
Merodon avidus (Rossi) 3,4 - 02 02 - - - 0.1 0.1 - - - -
Myathropa florea (L.) 3 0.6 0.1 - - - 0.1 0.1 - - - - -
Neoascia interrupta (Meigen) - - - - - - - 0.1 - - - -
Neoascia podagrica (F.) 1,3 - - 0.2 - - - - - - - - -
Paragus albifrons (Fallen) 2 - - - - - - - - 1.2 - 0.1 -
Paragus bicolor (F.) - 1.1 02 44 - 1.3 - 0.1 08 05 - 0.6
Paragus bradescui (Stanescu) 4 - - - - - 0.1 - - - - - -
Paragus haemorrhous Meigen 5.2 - 24 15 0.1 - - - 1.5 - -
Paragus pecchiolii Rondani 2,4 - 03 02 38 - 0.1 - - 04 0.5 - -
Paragus quadrifasciatus Meigen 2 - 0.1 - - - - 0.1 - 0.4 - -
Paragus tibialis (Fallen) 2 29 05 12 - 5 02 01 03 - - 0.3 -
Parhelophilus versicolor (F.) 1 - - - - - - - 0.1 04 - - -
Pipizella maculipennis (Meigen) 186 89 79 102 5 1.8 03 16 16 25 03 1
Pipizella viduata (L.) 3,4 227 2 5 2.9 - 0.4 - 0.6 - - 05 02
Platycheirus fulviventris (Macquart) 1,2 - - 0.2 - - - 0.1 - - - - -
Scaeva pyrastri (L.) 2,3,4 0.6 - 0.2 - - - - 0.8 05 0.6 -
Sphaerophoria rueppelli Wiedemann 1,2 06 2.6 0.5 8.8 - 05 16 87 63 2 0.8 1.1
Sphaerophoria scripta (L.) 2,3 174 35 6.7 88 30 246 108 423 569 449 214 378
Syritta pipiens (L.) 1,3 0.6 - - - - 0.1 0.1 - - - 03 02
Syrphus ribesii (L.) All - 0.2 - - - 0.1 - - 0.4 - - -
Xanthogramma citrofasciatum (de Geer) 3.5 - - - - - - - - - - -
Xanthogramma dives (Rondani) 4 - - 15.7 - 5 - - - - - - -
Number of Species 18 23 28 15 9 23 23 21 21 17 17 16
Number of Specimens 172 1064 420 68 20 1623 2656 681 255 196 1004 521
Trap efficiency 1.3 57 3 09 02 178 144 37 16 1.7 113 5.7

Habitats: 1 Canal edge; 2 Crop; 3 Field margin; 4 Quercus wood; no value means that the species is not expected in any
of the four habitats considered. BIO1, BIO2, CON1 and CON?2 are single Malaise trap.

Results

In three years, 8564 hoverflies belonging to 48 species
were collected (table 2). The number of Syrphidae
specimens per year in each Malaise trap was highly
variable, ranging from 16 to 2659. The lowest number
of specimens was recorded in BIO1 during the 2012
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season; in this year this trap was set in a covered posi-
tion inside the small woody area, to allow machine
movement. A low efficiency in trapping was found also
in BIO2 during 2011: in this case the Malaise trap was
uprooted several times by adverse climatic condition
and by the farmers. With the exception of these two
cases, the efficiency of the Malaise traps was greater



than 1.3 specimens per day, with a maximum of 16.6
specimens per day in CON1 during 2010.

Melanostoma mellinum and Sphaerophoria scripta
were the most abundant species collected in the two vine-
yards: their abundances together comprise 14.3-91.1% of
the total abundance in BIO and 70.6-96.2% in CON (ta-
ble 2). Some of the rare species recorded only once or by
a few specimens can be considered interesting records
for the Po Valley fauna, including Eumerus uncipes (first
record for eastern Po Valley), Anasimyia transfiuga and
Paragus bradescui (Sommaggio, 2010b).

Most species collected in vineyards were ‘expected’
(by StN) in accordance with their predicted occurrence
in the surrounding habitats (table 2). Only seven species
were not expected: Cheilosia latifrons, Eumerus unci-
pes, Neoascia interrupta, Paragus bicolor, Paragus
haemorrhous, Pipizella maculipennis and Xantho-
gramma citrofasciatum. Two species (E. uncipes and N.
interrupta) were only represented by a single specimen
and their presence seems to be very sporadic. E. uncipes
is not rare on hills in northern Italy, but not recorded in
the Po Valley (Sommaggio, 2010b). N. interrupta is
usually associated with standing water, rich in water
vegetation; in the Po Valley it is not rare. X. citrofascia-
tum was collected only in 2010 in BIO1 (6 specimens).
This species is expected in open habitat, in particular on
well-drained grassland (Speight, 2012b). The other four
species were collected several times in the three years of
sampling: all are expected in open ground, usually in
dry grassland, and hence vineyards can represent a pos-
sible habitat for these species.

The number of species showed no difference between
the two management regimes: in 2012 the same number
of species was recorded in the two vineyards; in 2011

Number of species in the two vineyards
45
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35
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25 -
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15
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OBIO

40 | 39

OCON

28 | 29 29
25 24 5,

2010 2011 2012 Total

Figure 2. Total number of Syrphidae species in BIO and
CON vineyards in each year and in the pooled years.

the BIO vineyard was richer (four species more); while
in 2010, one more species was collected in the CON
vineyard (figure 2). The total number of species col-
lected across the three years was very similar (40 in BIO,
39 in CON).Thus species richness seems uninformative
with respect to the two different types of management.

Syrphid populations seem to be strongly affected by
the type of surrounding habitat. For each vineyard, the
percentage of species belonging to surrounding habitats
was calculated. Correspondence Analysis applied to the
percentage of species belonging to the surrounding
habitats allowed separation of the BIO and CON vine-
yards (figure 3). In particular, the CON vineyard was
characterized by a higher percentage of species associ-
ated with canal edge and more in general with humid
habitat; on the other hand, in the BIO vineyard there
were more species associated with Quercus wood than
in the CON vineyard (table 3).

Table 3. Syrphid richness (number of species) and percentage of species belonging to different trophic, voltinism

and larval microhabitat categories.

Syrphidae categories BIO CON
yp & Mean (SE) Mean (SE)
Species richness (total number of species) 27.0 (1.5) 25.3 (2.6)
Species associated with canal edge (%) 33.5(3,8) 43.6 (1.2)
Species associated with crop (%) 459 (2.1) 46.5 (2.6)
Species associated with field hedge (%) 58.7 (3.6) 60.0 (6.4)
Species associated with Quercus wood (%) 50.9 (4) 41.1 2.2)
Saprophagous (%) 14.7 (3.4) 242 (5.2)
Phytophagous (%) 18.2 (3.3) 17.1 (0.6)
Aphidophagous (%) 67.1 (4.2) 59.8 (4.0)
Larval development short (lower than 2 months) (%) 51.0(3.9) 49.5 (7.2)
Larval development medium (between 2 and 6 months) (%) 88.1 (4) 82.1 (4.5)
Larval development long (higher than 6 months) (%) 77.3 (4.6) 73.3(3.3)
Univoltine (%) 23.0 (4.2) 21.7 (4.7)
Bivoltine (%) 82.9 (2.6) 72.7 (2.4)
Polyvoltine (%) 61.1(6.7) 54.5(3.2)
Tree foliage (%) 17.2 (1.9) 16.2 (3.0)
On herb layer (%) 49.6 (2.3) 42.8 (6.2)
In herb layer (%) 19.3 (4.4) 17.1 (0.6)
Soil (%) 22.2(1.4) 22.6 (5.8)
Root layer (%) 42.0 (0.4) 34.5(3.7)
Submerged sediment/debris (%) 9.8 (2.3) 21.6(5.1)
Water-saturated ground (%) 12.4 (3.2) 16.8 (4.7)
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The mean number of aphidophagous species were
higher in BIO in comparison with CON, while sapro-
phagous were higher in the CON vineyard (figure 4).

Concerning the length of larval development and the
number of generations similar values were found in the
two vineyards in the three years, with the exception of
‘bivoltine’ and ‘medium larval development (2-6
months)’ species, with higher values in BIO than in
CON (table 3).

Regarding microhabitat categories, three different
trends were detected. Species with larvae associated to
herb and root layers seem to have higher percentage
presence in BIO than in CON. The percentage of spe-
cies associate with ground debris, tree foliage and in
herb layer had similar values in BIO and CON. Finally
the percentage of species associated with submerged
sediment/debris and water satured ground was higher in
CON than in BIO (table 3, figure 5).

Multivariate analysis was applied separately to the
matrices of (a) presence/absence; and (b) to the trophic
and microhabitat categories. Principal component analy-



sis applied to the presence/absence matrix seemed
largely to be affected by sampling year. For example the
BIO fauna in 2011 was strongly different both from
CON fauna and BIO fauna in the other two years (figure
6). The CON fauna in 2012 was closer to the BIO fauna
in 2010 and 2012 than to the other two CON data. Using
Correspondence Analysis applied to the functional traits
(trophic habitus and microhabitat association) (figure 7),
the BIO cases grouped together and they seem to be
characterized by the higher percentage of aphido-
phagous and phytophagous species and by larvae devel-
oping in herb and root layers. The CON fauna is less
homogeneous: in 2012 the species list in CON was
similar to the BIO fauna, while in 2010 the fauna of the
CON vineyard was characterized by a high percentage
of saprophagous species and those associated with sub-
merged debris and water-saturated ground. Using eco-
logical traits, the percentage of the variation in the data
explained is higher than using the presence/absence ma-
trix: the first two axes explained 97.8% of total variance
in the case of ecological traits, but only 54.65% in the
case of the presence/absence matrix.

Discussion and conclusions

A large range of indices and multivariate methods have
been proposed in biodiversity evaluation; most of these
mainly focused on taxonomic aspects, such as the total
number of species or the combination of the number of
species with relative abundance (Vandewalle et al.,
2010). However, a lot of information about functional
components of communities are lost when biodiversity
is reduced just to its taxonomic composition (Moretti et
al., 2009; de Bello et al., 2010; Vandewalle et al.,
2010), often generating uninformative list of species.
On the contrary, because of its importance in environ-
mental policy-making, a functional evaluation of biodi-
versity should generate a parameter that is easy to use
and to interpret (Norton, 1998; Biichs, 2003).

The use of ecological features of species to evaluate
ecosystems has been largely developed in plants (e.g.
Cornelissen et al., 2003) and freshwater invertebrates
(e.g. Bonada et al., 2006; Diaz et al., 2008). Concerning
terrestrial animals, even if some studies point out the
importance of the functional approach (e.g. Yeats and
Bongers, 1999; Steffan-Dewenter and Tscharntke, 2004;
Driscoll and Weird, 2005; Vanbergen et al., 2005;
Lambeets et al., 2008; Moretti et al., 2009; Billeter et
al., 2008), the selection of the taxa and the criteria to
evaluate functional biodiversity are still neglected is-
sues. In this scenario, there is no agreement about which
taxa and methods should be used in order to generate
informative and standardized responses (Vanderwalle et
al., 2010).

In our study total biodiversity (i.e. total number of
species) seems to be uninformative, suggesting no dif-
ference between the two different vineyards. The use of
functional traits seems to be much more useful in un-
derstanding the difference between the two vineyards.
Despite the small distance between the two sites and
the flight ability of Syrphidae, the hoverfly populations

in the two vineyards were different in the three years.
The main feature affecting the composition of the
hoverfly community was the presence of particular ad-
jacent habitats: a small Quercus wood for the organic
vineyard, and a ditch canal for the conventional vine-
yard. The correspondence analysis applied to the per-
centage of species associated with adjacent habitat
showed a clear differentiation of the two vineyards, de-
spite the annual variability (figure 3). The conventional
vineyard displayed a higher diversity of species with
saprophagous larvae, which are associated with sub-
merged sediment/debris and water-saturated ground.
These features can be explained by the peculiar pres-
ence of ditch and aquatic vegetation, which are associ-
ated habitats of the conventional vineyard, but are not
expected in vineyards. On the other hand, the organic
vineyard showed a stronger association with aphido-
phagous species and a higher percentage of species as-
sociated with the herb and root layers. These species
can be associated with the adjacent wood and/or with
the vineyard characterized by the improved vegetation
management typical of organic systems (e.g. the grass-
cover technique).

Agriculture inputs (e.g. use of chemicals, land use) are
considered one of the main factors affecting biodiversity
loss (Paoletti and Pimentel, 1992; Pimentel et al., 1995;
Krebs et al., 1999; Foley et al., 2005; Butler et al.,
2007). Sustainable organic farming has been assumed to
be a key way of improving biodiversity (Stockdale et
al., 2001; Bengston et al., 2005; Fuller et al., 2005;
Hole et al., 2005; Norton et al., 2009; Gomiero et al.,
2011), and several studies confirm a general higher bio-
diversity in biological vs. conventional agriculture (e.g.
Pfiffner and Niggli, 1996; Pfiffner and Luka, 2003;
Bengston et al., 2005; Gabriel et al., 2006; Clough et
al., 2007; Hawesa et al., 2010). In spite of this general
trend, not all taxa seem to be affected by organic farm-
ing in the same manner, generating variable responses
not always in the same direction. For example Bengston
et al. (2005) and Fuller ef al. (2005) recorded higher
benefits for plants than animals. Otherwise some taxa
showed different responses to agriculture farming: for
example Pfinner and Niggli (1996) and Pfinner and Lu-
kas (2003) found higher abundance and biodiversity of
Carabidae in organic vs. conventional farming, while no
effect was recorded by Clark et al. (2006); in contrast,
Weibull et al. (2003) found higher richness in conven-
tional vs. organic farming. Hole ef al. (2005), assessing
the impacts of organic farming on biodiversity through a
review of comparative studies, analysed a number of
technical and methodological aspects related to the
evaluation of the benefits in comparison to conventional
management.

Viticulture is an intensively managed agroecosystem,
usually characterized by a high chemical input. Recently
the importance of functional biodiversity in improving
vineyard production has been stressed (Altieri et al.,
2005; 2010; Gurr et al., 2007). Some studies have inves-
tigated the effect of viticulture management and land-
scape on biodiversity (Isaia et al., 2006; Schmitt et al.,
2008; Brittain et al., 2010; Bruggiser et al., 2010; Ke-
hinde and Samways, 2012) but their results were in dis-
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agreement. For example Bruggiser et al. (2010) ob-
served no difference between organic and conventional
vineyards in plants, herbivores and predators. Kehinde
and Samways (2012) in South Africa found no effect of
organic management on total bee diversity, but a posi-
tive effect on scarabaeid pollinators. Schmitt et al.
(2008) in Germany found that a landscape with a mo-
saic of vineyards and fallows of abandoned vineyards
can support a rich butterfly population, with several
species included in regional and national Red Data
Books. In our three-year study, 48 Syrphidae species
were found in vineyards and their surrounding habitats.
Considering that the total number of species recorded in
the Eastern Po Valley is 121 (Sommaggio, 2010b), the
fauna collected in the present research can be consid-
ered as consistent. In addition, seven species were re-
corded that were not expected in accordance with the
habitats present in the surrounding of vineyards. Several
of these species are associated with dry grassland and it
is possible that they can be considered as species typical
of vineyards.

The use of ecological traits allowed us to separate syr-
phid communities in the two vineyards studied over
three years. The analysis of functional traits of this
taxon leads to an ecological interpretation confirmed by
habitat analysis of the farms and farm inputs. Functional
analysis based on Syrphidae proved to be a synthetic
and informative tool to synthesize and interpret a num-
ber of complex bits of information in a standard way.
Our study only used two farms over three years; consid-
ering the economic importance of vineyards, it would be
interesting to validate this method on a landscape scale,
using a sample of vineyards with different ecological
features and management. The capacity of StN to inter-
pret the peculiarities of each farm from its context (i.e.
the associated habitats, soil management, presence of
border effects such as ditches) can lead to consistent in-
terpretations supported by the ecological characteristics
of the sites.
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