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Abstract Maintaining biodiversity in agricultural
systems is essential, as it plays a key role in ecosystem
services provision. However, it is declining at an
unprecedented rate. Several methods can contribute to
increasing species diversity in agroecosystems,
including the use of artificial microhabitats. Studies
focusing on biodiversity in vineyards have been
carried out recently, mainly in Europe and North
America, but are scarce in South America. In this
study, we investigate whether introduced environmen-
tal variability and habitat complexity, using corru-
gated cardboard bands, enhances spider abundance
and diversity in vineyards. Spiders were collected
from grapevine plants, using two collecting methods
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(foliage beating and direct collection). Plants with and
without cardboard bands (N = 30) were sampled in
three different phenological stages of the vineyard
(veraison, maturity and postharvest). Overall, we
collected 904 spiders belonging to 35 species. We
found that spider abundance and species richness
significantly increased with cardboard bands. In
addition, we identified particular species that prefer
cardboard bands to build their shelters. Results suggest
that cost-effective habitat manipulation can increase
spider abundance in vineyards, which implies higher
biodiversity conservation value and potential for
improving biological control.

Keywords Cardboard bands - Araneae - Natural
predators - Agroecosystems - Functional guilds

Introduction

Biodiversity in agroecosystems is essential for ecosys-
tem services provision (e.g., biological control of
pests, maintenance of soil nutrients, etc.) (Landis
2017; Dainese et al. 2019). A remarkable loss in
biodiversity has been taking place for several decades
in agricultural use areas worldwide, and this problem
is far from being solved (Emmerson et al. 2016).
Within plantations, natural vegetation provides shel-
ter, places to overwinter, and food for a wide range of
natural predators (Geiger et al. 2009). To increase

@ Springer


http://orcid.org/0000-0001-8083-2103
http://crossmark.crossref.org/dialog/?doi=10.1007/s10526-020-10056-5&amp;domain=pdf
https://doi.org/10.1007/s10526-020-10056-5

G. Pompozzi et al.

biodiversity, habitat alterations that enhance structural
complexity within and around crops can be introduced
(Altieri and Nicholls 2004). Higher species diversity
within a productive system is expected to sustain a
more diverse community of beneficial organisms (e.g.,
predators, parasitoids and entomopathogens) (Altieri
et al. 2005).

Habitat structure modification through artificially
increasing complexity within agroecosystems is a
topic of interest, due to its potential benefits in the
context of biological control (Michalko et al. 2017).
Greater habitat complexity generally increases the
number of natural enemies (Langellotto and Denno
2004), which leads to pest decrease. In addition, it can
reduce intra-guild predation by providing shelter for
predators of lower trophic levels, reducing predator
encounter rates, or leading to lower predator capture
rate (Ferreira et al. 2011). Through the generation of
habitat alterations, disturbances lead to changes in
spider diversity and abundance. For example, Carde-
nas et al. (2012) found that spider diversity was not
affected by cover-crop removal in an Olive orchard,
but it had a positive effect on spider abundance.
Additionally, non-cropped fragments have a positive
effect on spider abundance and diversity in soybean
crops (Pompozzi et al 2019). Indeed, habitat manip-
ulation is used to increase the number of spiders in the
field, and it has been tested with different techniques,
such as holes in the ground (Alderweireldt 1994),
cages (Halaj et al. 2000) and cardboard bands (Bogya
et al. 1999; Horton et al. 2001; Isaia et al. 2006a;
Korenko and Pekar 2010; Michalko et al. 2017;
Salman et al. 2019, 2020). Halaj et al. (2000) used
artificial refuges for ground spiders, and showed an
increase in spider abundance in these refuges com-
pared to open fields. In addition, the use of artificial
retreats to increase spider densities and suppress pest
effects in plants was found to be significant for foliage
spiders in pear trees (Michalko et al. 2017). Cardboard
bands are usually used to collect overwintering moths
(Ricci et al. 2009), but are also an effective method to
collect other insects and spiders that hide in these
cardboard bands (Horton et al. 2001; Lombardini et al.
2005; Michalko et al. 2017). In fact, trunk refuges
made with cylindrical corrugated cardboard were
recently shown to be effective for the collection of
spiders and other arthropods in trees (Salman et al.
2020).
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Spiders are an excellent model for agroecosystem
studies, and have been the subject of numerous studies
in the last years (Rypstra et al. 1999; Sunderland 1999;
studies reviewed in Birkhofer et al 2013; Rosas-
Ramos et al. 2018; Salman et al. 2019, among others).
Spiders have great tolerance to agricultural manage-
ment. However they are rarely employed as biocontrol
agents (Birkhofer et al 2013). This might be due to
their wide prey spectrum, although they have been
shown to considerably reduce pest populations. Thus
they should be considered an important component of
biological control (Michalko et al 2019). An important
trait of spiders is that they do not constitute a
homogeneous functional group. Instead, they exhibit
diverse predation strategies, land dispersal modes, and
are able to cope with adverse ecological conditions.
Spiders have the potential to colonize almost all
habitats and microhabitats, and are abundant in both
natural and cultivated environments (Marc et al 1999).
Due to all these characteristics, spiders are considered
a potentially excellent group for limiting pests and
acting as bioindicators. Indeed, a recent study shows
that spiders contribute to the decline of the populations
of various agricultural pests (Michalko et al. 2019).
This decrease in pests provides economic and envi-
ronmental benefits, and diminishes costs (McCravy
2018).

For the sustainable management of many perennial
crops, natural predators of pests are a primary tool
(Daane et al. 2018). Increasing biodiversity is a
common approach, and has become frequent in
sustainable systems, mainly at the landscape scale
(Landis 2017). Within this context, it is important to
address whether simpler habitat management prac-
tices, which can be carried out by farmers, would favor
the community of natural predators, especially
spiders.

Among the different agroecosystems, vineyards
have potential for simple habitat manipulations that
might influence pest control, reducing the use of
pesticides. In addition, vineyards are undergoing a
strong expansion worldwide. However, studies on
biodiversity in vineyards have only recently been
considered. Further, they are carried out mainly in
Europe and North America, but are scarce in South
America (Paiola et al. 2020). Viticulture is one of the
most important economic activities in the Andean
foothills of central-west of Argentina (where almost
90% of Argentine viticulture production takes place)
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and a large portion of the area is occupied by this crop
(Barzola-Elizagaray and Engelman 2020). Recently,
the grapevine moth (Lobesia botrana Den & Schiff, a
worldwide viticulture pest) has been detected in this
region, leading to the use of different control mea-
sures, including chemical control (Mendoza et al.
2014). For example, mating disruption with phero-
mone strips is commonly used against L. botrana by
farmers, but it is an expensive method. Increasing the
number of spiders may contribute to reducing the
abundance of grapevine moths (Addante et al. 2008),
thereby reducing the use of pesticides and/or pher-
omone strips.

Here, we examine whether artificially increased
habitat complexity using corrugated cardboard bands
in a vineyard enhances spider diversity. We hypoth-
esize that the creation of microhabitats in the vineyard
increases the number of available refuges, resulting in
an increase in spider abundance and diversity.

Materials and methods
Study area

Spiders were collected from a vineyard located in the
area of Barrancas, Maipu Department, Mendoza
province, Argentina (33° 04’ 40" S, 68° 39’ 32" W,
Fig. 1). The climate of the region is arid with a mean
annual temperature of 15.9 °C. The mean annual
precipitation is 220 mm (data obtained from the
National Meteorological Service). Plants in the vine-
yard were of the Chardonnay variety (vertical shoot
positioned trellis, planting frame 1.5 m between
plants x 2.4 m between rows) and were approxi-
mately 20 years old, with conventional management
(drip irrigation; soil: minimum tillage; spur pruning:
bilateral cordon; application of agrochemicals; anti-
hail net).

Experimental design and spider sampling

We selected 30 pairs of vine plants along a transect
placed across planted grapevine rows. In each row, a
single pair was selected, leaving a row in between
(20 m apart). The distance between plants of the pair
was 3-5 m. One of the plants of each pair acted as a
control, while the other was wrapped with corrugated
cardboard bands (here after called treatment). To
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Fig.1 Location of the studied vineyard (black star) in Mendoza
Province, Argentina

avoid spatial effects, we regularly replaced the posi-
tion of the control and treatment plants within the row.
We wrapped the cardboard bands (0.15 m?
0.30 x 0.5 m) around the trunk (10 cm above the
ground) and on the two lateral branches of each plant.
The bands were fixed with packing tape, and were
wrapped with the same tape to increase their imper-
meability and to prevent rain damage. We placed the
cardboard bands 45 days before each sampling to
allow colonization by spiders. We wrapped the
cardboard bands to treatment plants on October 15th
of 2018, 45 days before the first collecting date. We
carried out one-day field collecting on three occasions:
December 1st 2018, and on January 15th and March
Ist, 2019, corresponding to three different phenolog-
ical stages of the vineyard (veraison, maturity and
post-harvest). We sampled a new pair of plants
(control and treatment) at each collection time. For
each control and treatment plant, we used two
sampling techniques: foliage beating and direct col-
lection. Foliage spiders were collected by beating the
plant branches with a wooden stick while holding a
white plastic tray under each plant to catch falling
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spiders. Each plant was beaten three times (30 s each
time). Direct collection consisted of manual sampling
of spiders on the bark of the trunk and the branches of
each plant for 5 min. The inspection of the cardboard
bands in the treatment plants was included within the
same searching time to standardize search in the two
plants. This guaranteed that the only difference
between control and treatment was larger surface
provided by the cardboard bands to the treatment
plants. We placed the collected spiders in a container
properly labeled with 70% alcohol. Collected speci-
mens were taken to the laboratory, where we identified
them at the family level and species/morpho-species.
We identified all the collected specimens at the
species/morpho-species level even when the identifi-
cation of immature stages can involve an error.
However, the differences between species allowed
us to confidently differentiate them, even in the case of
immature individuals. Thus, we consider that the error
is likely negligible compared to the valuable informa-
tion obtained. Spiders were assigned to guilds accord-
ing to the criteria proposed by Uetz et al. (1999), and
we used the nomenclature proposed by Uetz et al.
(1999) and Cardoso et al. (2011): ambush hunters,
foliage hunters, ground hunters, orb web weavers,
sheet web weavers, and space web weavers. Voucher
specimens were deposited in the arachnological col-
lection of Instituto Argentino de Investigaciones de
ZonasAridas (CAI-IADIZA CONICET). For each
collecting method (foliage beating and direct collec-
tion) we estimated sampling completeness by com-
paring observed species/morpho-species  with
estimated through the non-parametric species richness
estimator Chao 1 (Gotelli and Colwell 2009). Both
methods showed high values (92% out of 29 estimated
species for foliage beating; and 82% out of 33
estimated species for direct collection). Subsequently,
we pooled the spiders collected with the two tech-
niques from the same plant and date.

Data analysis

We analyzed the overall species abundance and
richness (number of species) and guild abundance
data with generalized linear mixed models (GLMM)
implemented in the “MASS” package of R software
(Venables and Ripley 2002) (R Core Team 2019).
Models were fitted using a negative binomial distri-
bution and a log link function, as data were over-
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dispersed and a Poisson distribution was not appro-
priate. Treatment (with and without cardboard band)
and date were considered as the fixed effects, while the
row was the random effect. Then, we performed the
same analysis including the interaction between
treatment and date.

Results

We collected a total of 904 spiders belonging to 15
families and 35 species/morphospecies (Table 1). The
most abundant families were Araneidae (26.3% of
total), Philodromidae (14.3%), Gnaphosidae (10.8%)
and Filistatidae (10.3%). We detected a significant
positive effect of cardboard bands on both spider
abundance (coefficient = 0.659, SE = 0.137,
p < 0.001) and richness (coefficient = 0.250, SE =
0.127, p = 0.048). We found this same tendency
when analyzing each collecting time. Cardboard bands
showed positive effects on spider abundance in the
first and second dates, but this difference was not
significant (Fig. 2). Regarding species richness, con-
trol plants (i.e., without cardboard bands) showed a
lower number of species than plants with cardboard
bands in all collecting times, being significantly lower
in the first collection date (coefficient = — 0.433,
SE = 0.174, p = 0.01259; Fig. 3).

We recorded six different functional guilds, within
which foliage hunters and orb web weavers were the
most abundant (Fig. 4). Functional guilds showed
different responses to the presence of cardboard bands
(Fig. 4). Almost all guilds were not significantly
affected by the use of cardboard bands, and only
ground hunters were significantly more abundant in
plants with cardboard bands than in control plants
(coefficient = 2.689, SE = 0.897, p = 0.0027; Fig. 4).
The most important family within this guild was
Gnaphosidae. We recorded five different species of
gnaphosids, and two of them were clearly more
abundant in treatment plants (Apodrassodes arauca-
nius and Camillina sp.; Table 1). We also found a
positive trend in the abundance of sheet web weavers
in plants with cardboard bands, although this differ-
ence was not significant (Fig. 4).
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Table 1 Number of

. Guild/family
specimens of each

Species/morpho-species

With cardboard

Without cardboard

species/morpho-species
collected in plants with and
without cardboard bands

Ambush hunters
Philodromidae
Thomisidae
Thomisidae
Thomisidae

Foliage hunters
Anyphaenidae
Anyphaenidae
Cheiracanthiidae
Corinnidae
Trachelidae
Trochanteridae
Salticidae
Salticidae
Salticidae
Salticidae
Sparassidae

Ground hunters
Gnaphosidae
Gnaphosidae
Gnaphosidae
Gnaphosidae
Gnaphosidae
Lycosidae
Zodariidae

Orb web weavers
Araneidae
Araneidae
Araneidae
Araneidae
Araneidae
Araneidae
Araneidae

Sheet web weavers
Filistatidae
Linyphiidae
Linyphiidae
Linyphiidae

Space web weavers
Theridiidae
Theridiidae

Total

Number of species

Guilds (and families/species
within guilds) are ordered
alphabetically

Paracleocnemis sp.
Tho-spl
Misumenops sp.

Tmarus sp.

Any-spl

Sanogasta alticola
Cheiracanthium inclusum
Castianeira sp.
Meriola cetiformis
Trochanteria robustus
Sal-spl

Sal-sp2

Aphirape sp.

Phiale roburifoliata
Polybetes sp.

Gna-spl

Gna-sp2

Apodrassodes araucanius
Camillina sp.

Latonigena sp.

Lyc-spl

Cybaeodamus enigmaticus

Ara-Spl

Ara-Sp2

Ara-Sp3

Cyclosa serena
Metepeira sp.
Ocrepeira venustula

Parawixia sp.

Pikelinia tambilloi
Lin-spl
Lin-sp2
Lin-sp3

Latrodectus geometricus

Theridion sp.

65

10
35
10

34

25

42
17

NN = =

79

22

55

15
471
33

64

12
29

24
16

24

13
10

98

20

38

22
433
27
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Discussion

We found evidence to support our hypothesis that
habitat heterogeneity generated through cardboard
bands is effective for increasing spider abundance and
richness. The use of cardboard bands is an effective
technique to monitor the presence of natural enemies,
especially spiders (Horton et al. 2001; Lombardini
et al. 2005; Isaia et al. 2006a; Salman et al.
2019, 2020). Even more, it has been demonstrated to
improve biocontrol efficiency in pear orchards
(Michalko et al. 2017), and it has been widely used
in other plantations, such as apples, pomegranates and
pecans, mainly in Europe and North America (Lom-
bardini et al. 2005; Korenko and Pekar 2010; Salman
et al. 2019). However, to our knowledge, cardboard
bands were scarcely used in vineyards (Serra et al.
2006; Havlova et al. 2017). As we found in our study, a
diverse group of spiders used cardboard bands and
increased their numbers in this homogeneous habitat.
Although we carried out the study during the grape
production period, the use of cardboard bands might
also be important for overwintering spiders (Korenko
and Pekar 2010; Michalko et al. 2017), highlighting
the need of further exploring this technique in winter.
Moreover, Isaia et al. (2006a) compared the efficiency
of cardboard bands and other materials, such as
polyethylene bubbles wrapped in trees, and they
found that polyethylene was more effective. This
technique was also used in forests from Canada, with
high efficiency to collect spiders (Pinzén and Spence
2010). However, we consider that cardboard is more
suitable than polyethylene from an environmental
point of view, even when cardboards could be
destroyed more easily, for example with frequent
rainfalls or high environmental humidity. In this
specific case, however, the study region is semi-arid,
thus cardboard damaged due to climatic conditions is
less likely.

Our findings are in agreement with previous studies
that showed increasing spider abundance through the
use of cardboard bands (Isaia et al. 2010; Korenko and
Pekar 2010; Salman et al. 2020). It is important to
point out that this study was carried out in only one
vineyard, thus it would be necessary to prove its
efficiency in other vineyards of the region, since
different species compositions due to local effects
might influence biological control on vineyard pests.
In pear orchards of Czcech Republic, Michalko et al.
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(2017) confirmed an improvement in biological con-
trol, but only if spider density was high. Furthermore,
in an apple orchard of Italy, Isaia et al (2010) found
that the provision of artificial shelters significantly
increased the total number of spiders, and trees
showed lower damage. These authors suggested that
habitat manipulation in apple orchards increased
spider abundance, leading to an increase in their
potential preying efficiency. Although we did not
record pests during our surveys, we did not observe
pest species (e.g. Lepidoptera larvae or other phy-
tophagous insects) on the cardboard bands. This might
be due to the fact that larvae or other insects might
avoid cardboard bands precisely due to the presence of
spiders on them. So far, we know that the use of this
technique in vineyards leads to increases in spider
abundance, and we could therefore expect positive
effects on biocontrol.

Cardboard bands were differentially occupied by
spider guilds. Foliage-dwelling spiders, such as
foliage hunters and orb web weavers, actually showed
a negative response to cardboard bands. This tech-
nique might not be as effective in vegetation-dwelling
spiders because they use leaves and upper branches to
make their shelters. However, we found that cardboard
bands benefited ground hunters. These spiders, mainly
represented by gnaphosids, were found colonizing the
lower part of plants, where they build their shelters.
Since these spiders are mainly ground dwellers, direct
collection and beating are not suitable to capture them.
However, we found a large number using the
cardboard bands. Gnaphosid spiders (known as ground
spiders) are nocturnal and active ground predators.
Most species live under stones and logs, but others
build their shelters in barks on small shrubs close to the
ground (Bradley 2012). In the vineyard, gnaphosids
were abundant, and their abundance increased on the
cardboard bands. Apodrassodes araucanius (Cham-
berlin) was the dominant species within this family,
and it was frequently found on the cardboard bands. In
fact, we found A. araucanius nests with egg sacs under
some cardboard bands, indicating that they even use
them for oviposition (Pompozzi, pers obs.). This is a
medium-sized gnaphosid, and its biology and trophic
ecology is little known. Gnaphosid spiders have a wide
trophic niche. However, some species have a more
specialized diet, hunting large and potentially danger-
ous prey, including ants and other spiders (Baydizada
et al. 2020). The presence of this species in other

vineyards of the region is unknown, since no study has
addressed spiders of the area. Thus, our results provide
baseline knowledge of spider communities in the
region, which can contribute to further studies.

Here, we present an alternative that could be used as
a complement to other management practices aiming
at improving biodiversity (and ecosystem services),
and reducing costs and damages in vineyards. Card-
board bands should be used together with other
practices, such as the incorporation of native and
floral diversity in intercropping rows (Fiedler et al.
2008; James et al. 2015; Wilson et al. 2015; Rosas-
Ramos et al. 2018), minimizing pruning and the
fungicide use (Pennington et al. 2019), and allowing
the presence of surrounding patches of natural vege-
tation (Isaiaet al. 2006b; Thomson and Hoffmann
2013; Pfingstmann et al. 2019). These simple practices
could favor a gradual transition to a more sustainable
agriculture production.

The increasing number and richness of spiders
using cardboard bands in vineyards may benefit top-
down control of harmful insects. In fact, it is an
affordable and simple management practice that could
be used by farmers to enhance biological control in
their vineyards. Further, its use was recently recom-
mended for trees (Salman et al. 2020). However, there
might be some undesired outcomes of this practice
since, as mentioned above, it might benefit intra-guild
predation or could serve as shelter for pests.

The main limitation of our study is that it includes
only one study site (i.e., vineyard). A single case study
precludes generalization to other areas or could lead to
extrapolation bias. However, even when this consti-
tutes a case study, it provides an important baseline
due to the lack of knowledge on spider diversity in
agroecosystems of the region. In summary, this is one
of the first studies on the community of natural
enemies in Argentinean vineyards, using a simple and
affordable technique to enhance spider abundance.
This could ultimately lead to a reduction in the
application of agrochemicals.
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