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SUMMARY
Farming practices as well as land-use management have a great impact on biodiversity
and composition of ground-dwelling arthropods. In this study, abundance and diversity
of spiders and epigeic soil insects in three vineyards in Zadar County (Croatia) were
researched. In each vineyard 16 pitfall traps were placed, 4 in one row at the distance
of 3 m. Samples were taken every fifteen days from the beginning of May till the end
of October in 2014. A total of 469 individuals belonging to 6 orders and 23 families
were collected. Significant differences were found among arthropod orders. The most
abundant taxonomic group was Hymenoptera (38.8%), followed by Coleoptera (31.98%)
and Araneae (27.93%). The highest number of specimens (232) was recorded in the
integrated vineyard, whereas in the conventional vineyard on karst only 63 individuals
were found. However, these results showed significant differences in arthropod assemblage between integrated and conventional vineyards. Richness and diversity (Shannon
Diversity Index) were highest in the integrated vineyard (2.36) as opposed to the conventional vineyard Zaton (2.23). Our results confirmed the importance of ground cover,
in particular weeds, on arthropod abundance and diversity.
Key-words: vineyard, integrated, conventional, weeds, spiders, insects

INTRODUCTION
Agricultural intensification throughout cropland
expansion, application of mineral fertilizers and pesticide
input, as well as intensive tillage, has caused rapid loss
of semi-natural habitats and natural enemies of agricultural pests (Sharley et al., 2008; Zhao et al., 2015).
Intensive tillage (methods used, frequency and number
of operation) may also have effects on arthropod population due to mechanical damage, greater exposure to
predation or their emigration to adjacent habitats (Rusch
et al., 2010). One of the main problems of modern agriculture, especially viticulture, is a production based on
monoculture. Monoculture vineyards exhibited lower
number of species, especially predators and parasitoids
and correspond higher densities of main grape pests
than diverse vineyard agroforest (Altieri and Nicholls,
2002; Williamson and Johnson, 2005). However, monoculture leads to landscape simplification and can cause
decreasing of predatory arthropod population. According
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to Zhao et al. (2013) ground-dwelling arthropods have
significant functions in an agroecosystem, such as
pest control and food chain maintenance. Nicholls et
al. (2008) reported that there are many ways in which
enhanced plant biodiversity can contribute to the design
of pest-stable agroecosystem.
Many producers manage cover crops vegetation to increase natural enemy population. Aside from
selected cover crops, weeds also play an important
role in enhancing the abundance and diversity of arthropod predators and can serve as a source of increased
diversity in agroecosystems. In many agroecosystems,
weeds are ever-present biological components within
and around fields (Nicholls and Altieri, 2012). Both
spider and predaceous insects play an important role in
biological control of harmful organisms in vineyards and
often dominate in vineyard agroecosystems (Bolduc et
al., 2005; Chatterjee et al., 2009; Costello and Daane,
1998). They might contribute to the control of some
economically important pests such as mealybugs, leafrollers, leafhoppers and planthoppers (Daane et al.,
2008). Other than spiders, some coleopteran families
such as Carabidae and Staphylinidae are one of the
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most important insects in vineyard agroecosystem.
Paoletti and Lorenzoni (1989) found Staphylinidae to be
valuable predators of phytophagus mites. Wiliamson
and Johnson (2005) showed more carabids in a conventional than in an abandoned vineyard where insecticides
were not used. According to Rosado et al. (2012), ants
also play an important role in vineyard agroecosystems.
Moreover, they have often been referred to as good
bioindicators of land use, soil disturbance and habitat
quality (Addison et al., 2013). In this paper, we focused
on the abundance and diversity of ground-dwelling
arthropods in vineyards under different management
practices. The main aim of this research was to help
understand the role of vineyard practices and in particular the soil management on epigeic arthropods fauna.

MATERIAL AND METHODS
Localities of research
Research was conducted in vineyards near Zadar
(Northern Dalmatia, Croatia). Three different vineyards
according to the farm practices and soil management
were chosen (Table 1). Two under conventional and one
under integrated production system. In the integrated
vineyard (Baštica), the soil was covered with weeds

and mowed several times during the growing period.
The conventional vineyard on karst (Punta Skala) was
planted on exceedingly stony soil (15-50% surface covered with stones). Mechanical weed control was performed with the special tool adopted to a high content of
rocks. In the conventional vineyard (Zaton), the soil was
characterized as Red Mediterranean soil (Terra Rossa).
The soil surface of this site contained less than 3% of
stones (moderately stony). In all vineyards pesticides
were applied against major grape pests.

Arthropods collection and identification
Arthropod sampling was done every 15 days
between May and October in 2014. In each vineyard,
on the surface of approximately 1 ha, a total of 16 pitfall
traps were placed, four in one row. Traps were arranged
in a grid (4x4) and separated by 3 m. Plastic cups 10
cm deep, and 9 cm in diameter were filled with approximately 200 ml solution of ethylen-glicol and water (1:1).
In each trap two drops of detergent were put to reduce
the surface tension. Samples were taken after 48h
and preserved in 70% ethyl alcohol. Arthropod fauna
was identified to the family level. For determinations
Schmidt (1970) and Roberts (1996) keys were used.

Table 1. Localities of research, soil management, farm practices and coordinates
Tablica 1. Lokaliteti istraživanja, način proizvodnje, gospodarenje tlom i koordinate
No.

Locality

Broj
1.
2.
3.

Lokalitet
Baštica
Zaton
Punta skala

Production

Soil management

Coordinates

Način proizvodnje
Integrated
Conventional
Conventional

Gospodarenje tlom
Cover crops
Tillage
Tillage

Koordinate
44° 09’ 30’’ N 15° 26’ 07’’ E
44° 13’ 05’’ N 15° 11’ 30’’ E
44° 11’ 26’’ N 15° 10’ 07’’ E

Statistical analysis
Nonparametric ANOVA on Ranks (Kruskal-Wallis
test) was used to compare the abundance of arthropods
among localities. Post hoc comparisons were done using
the Tukey’s test. Biodiversity analyses for each site were
estimated using biodiversity indices. Diversity among
vineyards was compared using Shannon Diversity Index
(H’), which is based on the number of individuals at the
family level. Similarity among vineyards was compared
using Sörensen Index of Similarity (Magurran, 2004).
Analyses were performed with the SigmaPlot 11 statistical package (Systat Software).

RESULTS AND DISCUSSION
We sampled a total of 469 individuals belonging to 6 orders (Araneae, Coleoptera, Hymenoptera,
Hemiptera, Diptera and Lepidoptera) and 23 families
(Table 2).
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Table 2. Total number of arthropods collected with pitfall traps in vineyards in Zadar County (Croatia)
Tablica 2. Ukupni broj člankonožaca sakupljen u lovnim posudama u vinogradima na području Zadarske županije (Hrvatska)
Baštica

Punta Skala

Zaton

Total/Ukupno

Order

Family

Red

Porodica

n

%

n

%

n

%

n

%

Agelenidae

15

6.46

3

4.76

-

-

18

3.84

Araneidae

-

-

-

-

4

2.99

4

0.85

Gnaphosidae

Araneae

Coleoptera

Diptera
Hemiptera

Hymenoptera
Lepidoptera

9

3.87

1

1.58

21

12.06

31

6.61

Lycosidae

15

6.46

4

6.34

17

9.77

36

7.67

Pisauridae

7

3.01

6

9.52

9

5.12

22

4.69

Salticidae

10

4.31

2

3.17

4

1.72

16

3.19

Sparassidae

1

0.43

1

1.58

-

-

2

0.42

Tetragnathidae

-

-

-

-

1

0.57

1

0.21

Zoropsidae

1

0.43

-

-

1

0.57

2

0.42

Anthribidae

1

0.43

-

-

-

-

1

0.21

Carabidae

14

6.03

3

4.76

1

0.57

18

3.83

Curculionidae

2

0.86

-

-

-

-

2

0.42

Elateridae

1

0.43

2

3.17

2

1.14

5

1.06

Lucanidae

12

5.17

4

6.34

37

21.26

53

11.30

Scarabaeidae

3

1.29

6

9.52

8

4.59

17

3.62

Staphylinidae

8

3.44

9

14.28

19

10.92

36

7.67

Tenebrionidae

3

1.29

8

12.69

7

3.01

18

3.83

Muscidae

2

0.86

-

-

-

-

2

0.42

Pentatomidae

-

-

-

-

1

0.57

1

0.21

Cicadidae

2

0.86

-

-

-

-

2

0.42

Formicidae

125

53.87

14

22.22

40

22.98

179

38.16

Vespidae

-

-

-

-

3

1.72

3

0.64

Tortricidae

1

0.43

-

-

-

-

1

0.21

Arthropod abundance differed significantly
(Kruskal-Wallis test, H=18.168, df=2, p<0.001) among
localities (Figure 1). The highest number of specimens was found in the integrated vineyard covered
with mostly weedy plants (232) as opposed to very
low abundance in the conventional vineyard on karst
(63). Arthropod fauna was numerically dominated by
orders Hymenoptera (38.8%), Coleoptera (31.94%) and
Araneae (27.90%). Among other taxa, a few individuals
of Hemiptera, Lepidoptera, Diptera and Hymenoptera
(Vespidae) were also found but due to their low number,
they were excluded from the analysis.

Figure 1.
1. Comparison
Comparison ofofcaptures
sites.Means
with different descript
Figure
capturesamong
among
sites. Means
(p<0.05)
with
descriptors
differ
significantly
Slika different
1. Usporedba
ulova između
lokaliteta.
Različita (p<0.05)
slova iznad srednjih vrijedno
razlike1.(p<0,05)
Slika
Usporedba ulova između lokaliteta. Različita slova
iznad srednjih vrijednosti označavaju značajne razlike
In this research, Formicidae was the most abundant family. These taxa significa
(p<0,05)

Wallis test, H=8.800, df=2, p<0,001) between Baštica and Punta Skala (Figur
with those reported by Peréz-Bote and Romero (2012). In olive orchards, ant
In and
this31.8%
research,
Formicidae
the most
21.3%
of predator
capturewas
(Gonçalves
and abunPereira, 2012). The s
(2008)family.
showedThese
that several
genera werediffered
affected(Kruskalby tillage in vineyards. Th
dant
taxa ants
significantly
numbertest,
of ants
in vineyards
Punta
skala and between
Zaton. Baštica
Wallis
H=8.800,
df=2,
p<0,001)

and Punta Skala (Figure 2). Our results agree with those
Poljoprivreda 22:2016 (2) 50-56

razlike (p<0,05)

InK. this
Formicidae
was the ARTHROPODS
most abundant
family. OF
These
(Krusk
53
Franinresearch,
et al.: FAUNA
OF GROUND-DWELLING
IN VINEYARDS
ZADARtaxa
... significantly differed
Wallis test, H=8.800, df=2, p<0,001) between Baštica and Punta Skala (Figure 2). Our results agr
with those reported by Peréz-Bote and Romero (2012). In olive orchards, ants represented betwe
genera were affected by tillage in vineyards. That could
reported by Peréz-Bote and Romero (2012). In olive
21.3%
of between
predator
capture
(Gonçalves
and number
Pereira,
2012).
The Punta
studyskala
of Sharley et
explain lower
of ants
in vineyards
orchards,and
ants 31.8%
represented
21.3%
and 31.8%
and Zaton.by tillage in vineyards. That could explain low
of predator
capture that
(Gonçalves
and ants
Pereira,
2012). The
(2008)
showed
several
genera
were affected
study
of
Sharley
et
al.
(2008)
showed
that
several
ants
number of ants in vineyards Punta skala and Zaton.

Figure 2. 2.
Comparison
among arthropod
Means with
different
descriptors
significantly
(p<0.05) differ significan
Figure
Comparison
among orders.
arthropod
orders.
Means
withdiffer
different
descriptors
Slika
2.
Usporedba
ulova
između
redova
člankonožaca.
Različita
slova
iznad
srednjih
vrijednosti
označavaju
značajne razlike
(p<0.05)
(p<0,05)
Slika 2. Usporedba ulova između redova člankonožaca. Različita slova iznad srednjih vrijednosti označav
značajne
razlike (p<0,05)
conventional and organic vineyard. We could conDoblas-Miranda
et al. (2007) also confirmed domi-

clude that weeds play an important role in arthropod
nation of Formicidae and Coleoptera in Mediterranean
density and diversity. Plant diversity increases pray
agroecosystems. Coleoptera showed significant differDoblas-Miranda
et H=6.6478,
al. (2007)
confirmed
domination
of abundance
Formicidae
and Coleoptera
availability
as well as spider
and richness.
ences (Kruskal-Wallis test,
df=2, also
p<0,001)
Mediterranean
Coleoptera
showed differences
significant
differences
te
Significant
were also
found in spider(Kruskal-Wallis
compobetween Zaton and agroecosystems.
Punta Skala (Figure 2).
In contest, H=7.499,
df=2, p<0,001)
ventional vineyards
and Punta
Skala Lucanidae
H=6.6478,
df=2,Zaton
p<0,001)
between
Zaton and sition
Punta(Kruskal-Wallis
Skala (Figure
2). In conventional
vineyards Zat
between Baštica and Punta Skala. In evaluating the
showed the highest abundance. Roessner (2005) found
and
Lucanidae
showed
the highest
abundance.
Roessner
(2005)
found
influence
of insecticide
chlorpyrifos
on spider
abun-these insects
thesePunta
insects Skala
in orchard
meadows. One
of the reasons
orchard
meadows.of One
of the
reasons
abundance
might
be the fact
Fountain of
et Lucanids
al. (2007) found
no significant
dif- that vineyar
for high abundance
Lucanids
might
be the for
facthighdance,
ferences
between
insecticide
treatments
and
control.
that
vineyards
are
surrounded
with
forest.
Comparing
are surrounded with forest. Comparing coleopteran fauna between organic and conventional orchar
Spider community in vineyards was mainly composed
coleopteran fauna between organic and conventional
Shah
et al.
foundfound
lessless
staphylinids
carabids
in the organic
thanGaigher
in the convention
Gnaphosidae
and Lycosidae
(Bosco, 2014;
orchards,
Shah(2003)
et al. (2003)
staphylinids butofmore
Samways,the
2014).
In ourabundance
research the of
highest
but more carabids
the organic
in thetoconvenorchard.
Their inresults
are than
similar
our data,andwhereas
highest
Staphylinidae w
percentage
of
specimens
showed
Lycosidae
(7.67%),
tional
orchard.
Their
results
are
similar
to
our
data,
detected in conventional vineyards. Our results agree well with those obtained from the research
Gnaphosidae (6.61%) and Agelenidae (3,84%). Costello
whereas the highest abundance of Staphylinidae was
Sharley
al. (2008).
According
their data,
Staphyllinidae
and Daane
(1998) comfirmedpopulation
no significant increased
differences in the till
detected inetconventional
vineyards.
Our resultstoagree
ininsecticides
number of spiders
between vineyards
with ground
well with those
the research
Sharley
vineyards.
Asobtained
far asfrom
chemical
andofbiological
in vegetable
production
are concerned, t
cover and clean cultivated vineyards. Shannon Diversity
et al. (2008). According to their data, Staphyllinidae
Index showed maximum value (2.36) in the integrated
population increased in the tilled vineyards. As far as
vineyard, whilein the conventional one (Zaton) Shannon
chemical and biological insecticides in vegetable proDiversity Index was 2.23 (Figure 3). According to
duction are concerned, the spider number was lower
Sörensen Index of Similarity, the highest values (0.40)
when chemical insecticides were used, while carabids
were found between the conventional vineyard on karst
were not affected by insecticides (Hummel et al., 2002).
and the integrated one.
Gaigher and Samways (2010) indicated the importance
of weed cover on arthropod abundance, although the
same authors found no significant differences between
organic and integrated vineyard in arthropod assemblage. Bruggiser et al. (2010) investigated the effect of
vineyard management on arthropods biodiversity and
they found no differences in species richness between
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Gnaphosidae and Lycosidae (Bosco, 2014; Gaigher and Samways, 2014). In our research the highest
percentage of specimens showed Lycosidae (7.67%), Gnaphosidae (6.61%) and Agelenidae (3,84%).
Costello and Daane (1998) comfirmed no significant differences in number of spiders between
vineyards with ground cover and clean cultivated vineyards. Shannon Diversity Index showed
maximum
value (2.36) in the integrated vineyard, whilein the conventional one (Zaton) Shannon
54
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Diversity Index was 2.23 (Figure 3). According to Sörensen Index of Similarity, the highest values
(0.40) were found between the conventional vineyard on karst and the integrated one.
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FAUNA PRIZEMNIH ČLANKONOŽACA U VINOGRADIMA ZADARSKE ŽUPANIJE
(HRVATSKA)
SAŽETAK
Način poljoprivredne proizvodnje, kao i gospodarenje tlom, ima veliki utjecaj na bioraznolikost i sastav prizemnih
člankonožaca. U ovome je radu istražena brojnost i raznolikost faune pauka i prizemnih kukaca u vinogradima na
području Zadarske županije. U svakome je vinogradu postavljeno 16 lovnih posuda, po 4 u svaki red, na razmaku
od 3 m. Uzorci su uzimani svakih petnaest dana od početka svibnja do kraja listopada 2014. godine. Uhvaćeno
je sveukupno 469 jedinki, svrstanih unutar 6 redova i 23 porodice. Uočena je statistički značajna razlika između
pojedinih redova. Najveća brojnost zabilježena je kod opnokrilaca (38,8%), kornjaša (31,98 %) i pauka (27,93
%). Najveći broj jedinki pronađen je u integriranome vinogradu, dok su u konvencionalnome vinogradu na kršu
pronađene samo 63 jedinke. Rezultati su pokazali značajnu razliku u sastavu člankonožaca između integriranoga
i konvencionalnih vinograda. Najveća brojnost i raznolikost (Shannon Wiener Indeks) utvrđena je u integriranom
(2,36), za razliku od konvencionalnoga vinograda Zaton (2,23). Rezultati potvrđuju važnost travnatoga pokrova,
posebno korova, na brojnost i raznolikost faune člankonožaca u vinogradu.
Ključne riječi: vinograd, integrirani, konvencionalni, korovi, pauci, kukci
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