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Abstract Apple orchards are agro-ecosystems managed

with high levels of inputs and especially pesticides. Epigeal

spider communities were sampled in three seasons using

pitfall traps in 19 apple orchards with four different man-

agement strategies (abandoned, under organic, Integrated

Pest Management or conventional protection) and thus

significantly different pesticide usage. The abundance and

diversity of the spider communities was the highest in

abandoned orchards. Higher diversity and evenness values

were the only difference in spider communities from the

organic orchards compared to the other commercial orch-

ards. The analysis of five ecological traits (proportion of

aeronauts, type of diet, overwintering stages, body size and

maternal care), however, clearly showed differences in the

spiders from the organic orchards. The spider species in the

other commercial orchards were smaller and have higher

dispersal abilities. Seven bioindicator species were identi-

fied in abandoned orchards, two species in organic ones

(only Lycosidae) and one species in conventional orchards

(Linyphiidae).

Keywords Pesticides � Organic � Bioindicator species �
Ecological traits � Dispersion

Introduction

Numerous studies have shown that spiders are a suitable

invertebrate model group for studying ecological impacts

of habitat quality and its modifications (Bonte et al. 2004;

Lambeets et al. 2008). Several features explain this: they

are generalist predators, many species live in the same

habitat, they inhabit numerous spatial and temporal niches

and are easy to collect (Wise 1995). Thus spiders are useful

indicators of the ecological status of biotic communities

(Marc et al. 1999).

Spiders may play an important role in the control of pest

populations (Nyffeler and Sunderland 2003). However

spider diversity may also be influenced by cultivation

practices and especially the use of insecticides, acaricides,

fungicides and herbicides. In many cases, the application of

insecticides led to a decrease in both their abundance and

diversity (Park et al. 2007; Santos et al. 2007; Marko et al.

2009). The abundance and species richness of spiders

decreased in orchards under conventional management

practices, due to the use of non-selective pesticides, com-

pared to integrated pest management (IPM), and organic

orchards, a general observation for many agro-ecosystems,

and specifically in fruit orchards (Marko et al. 2009).

Commercial apple orchards are highly manipulated

agro-ecosystems, in which inputs of a large amount of
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pesticides are used to increased productivity. However this

results in a parallel increase in negative externalities (Croft

1982). In such a fruit production system, the potential for

exposure of wildlife to frequent pesticide spraying is con-

siderable (Sauphanor et al. 2012). French apple orchards

approximate a global area of 54,000 ha, and are the most

intensively sprayed crop (Codron et al. 2003). To date,

French growers have three available strategies, for which

diverging environmental impacts are expected. First, the

conventional management strategy uses synthetic chemical

pesticides only and remains the most frequently imple-

mented. Second, the IPM strategy involves restricted use of

chemical compounds against Cydia pomonella, the major

pest in apple production, in addition to alternative practices

with low environmental impact such as mating disruption

(saturation of an area with synthetic female pheromone).

Third, the organic management strategy excludes both

synthetic fertilisers and pesticides and uses both mating

disruption and a biological insecticide (the granulosis

virus) against C. pomonella (Sauphanor et al. 2009).

In orchards, spiders are found both on the ground and in

the crowns. Although the species in the crown are the most

affected by pesticide applications (except for herbicides)

(Pekar 2012), important communities of spider species can

also be found on the ground or in the vegetation under the

trees. In the present study, we chose to test the effects of

different chemical management practices (from conven-

tional to organic and abandoned ones) on the ground spider

communities of apple orchards using a classical approach

studying spider abundance and diversity, but also using a

trait-based approach. The development of a trait-based

ecology provides insight into assemblage-wide functional

responses in environmentally variable environments

(LeViol et al. 2008; Violle et al. 2007). Until now, in

spiders, this approach by traits has been rarely used

(Lambeets et al. 2009; Langlands et al. 2011). For envi-

ronments that are strongly affected by natural or anthro-

pogenic disturbance, species assemblages are expected to

be structured by their ability (traits) to react to these dis-

turbances (Ribera et al. 2001; Bonte et al. 2006). In apple

orchards, the disturbances are a complex result of pesti-

cides usages with direct (lethal) and indirect (depletion of

preys) effects (Pekar 2012). Our aim was thus to study the

epigeal spider communities in apple orchards in response

to the seasonal dynamics and pest management strategies

(organic, IPM and conventional). Abandoned orchards

were added as a non-commercial reference. A functional

trait-based approach was used to determine whether the

observed changes in abundance and diversity of spiders

could be explained by behavioural, ecological and pheno-

logical traits of the spider species. Finally the bioindicator

status of some spider species was assessed for both factors

(season and pest management practice).

Materials and methods

Sampling sites

Field sampling was carried out in three seasons (Autumn of

2009 (5th October), Spring (11th May) and Summer (26th

July) of 2010) in 19 apple orchards located in a roughly

15 km diameter circular region, south of Avignon

(N43.950� E4.816�, South-East of France). In the com-

mercial orchards, pesticides were applied from mid-March

to August. Thus, more cumulative effects are expected in

the summer than in the spring samples. The autumn sample

was taken after at least 2 months without pesticide appli-

cation. Fifteen (five of each protection management type)

of these orchards were commercial ones and four had been

abandoned since at least 5 years. Abandoned orchards were

chosen as a reference without any human perturbation (no

pesticides, no traffic, no tree pruning, no irrigation, no

fertilisers) resulting in a more or less closed vegetation

style (brushes). The commercial orchards were chosen

(i) to be representative of the three pest management

strategies present in this region (organic, IPM and con-

ventional) and (ii) with similar small-scale landscape

conditions (kind of hedges and proportion of orchards in

the neighbourhood). At the end of 2010, the treatment

calendars of each grower were recorded. The calendars

were analysed by computing global frequency treatment

indices (FTI) as the mean number of treatments per hectare

with commercial products, weighted by the ratio of the

dose used to the recommended dose (Jørgensen 1999). This

indice is thus a measure of pesticide use intensity. How-

ever, since organic farming often used different kinds of

pesticides compared to IPM or conventional producers, TFI

were determined for five classes of pesticides: mineral

fungicides, synthetic fungicides, microbiological insecti-

cides (granulosis virus and Bacillus thuriengiensis), syn-

thetic insecticides and insecticides authorized under

organic farming (mineral oils, Pyrethrum and spinosad).

For each pesticide class, a non-parametric test (Mann–

Whitney test) was used to determine differences between

the three management practices.

Spider sampling and identification

Spiders were collected using pitfall traps (diame-

ter = 11 cm, depth = 8 cm) partially filled with a solution

of diluted (1:5) ethylene glycol mixed with a few ml of

detergent. In each orchard at each date, six pitfall traps

were placed in the centre of three different inter-rows of the

orchard separated from each other by at least one row to

avoid spatial autocorrelation. The rows, all covered with

grass, were chosen to be the furthest possible from the

borders. In the selected rows, the first and the last pitfall
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traps were located at least 20 m from the row extremities.

Pitfall traps were always placed more than 20 m away from

any hedges or orchard borders. Their contents were col-

lected after 1 week and preserved in 70 % alcohol for

ulterior identification. Adult spiders were identified to the

species level (Roberts 1996; Nentwig 2003). Platnick

(2012) was used as a standard for taxonomy.

Spider community parameters

Different kinds of parameters of the epigeal spider com-

munities were computed for each combination of season

and type of orchard. These parameters gave an indication

of the spider abundance-activity and their structural,

compositional and functional diversities. To avoid the

effect of rare species in analyses of compositional and

functional diversity, spider species for which the abun-

dance was less than 0.5 % of the total spider abundance

were discarded.

Abundance-activity, structural diversity and species

bioindication status

The means of the abundance-activity (for adults or for

adults and juveniles), the number of species (species

richness SR), the Shannon–Wiener diversity index (H0) and

the Pielou’s equitability index (J0) were calculated using

the ‘vegan’ package in R for each orchard to describe the

structure of the community. We used a linear mixed-effect

(LME) regression model to determine whether manage-

ment type, season or their interaction influenced these

parameters. Using the nlme library for R (Pinheiro et al.

2011), we created LME regression models with an inter-

cept-only fixed-effect term and a random effect term that

included the orchard which was sampled. Post-hoc com-

parisons were made using the ‘multcomp’ library for R.

The IndVal value (Dufrêne and Legendre 1997) quan-

tifies the fidelity and specificity of species to groups of

sites. It was computed here for each season using the

‘labdsv’ package in R to assess the potential of each spider

species as a bioindicator. Only spider species for which

(i) IndVal values was above the arbitrary threshold of

25 %, (ii) the P value of the associated permutation test

was below 0.05 were retained.

Dissimilarity in species composition

We computed Bray–Curtis dissimilarity indices between

species pools and tested whether these values varied

depending on the management system (b-diversity), or

seasons (within-plot heterogeneity) and the interaction of

both factors using a permutational multivariate analysis of

variance (permanova) (McArdle and Anderson 2001). We

made 1,000 permutations on pairwise dissimilarities and

calculated pseudo-F ratio tests. For this, we used the

‘adonis’ procedure of the ‘vegan’ package included in R

software (Oksanen et al. 2011). Further, NMDS ordination

was used to ordinate Bray–Curtis dissimilarities among

orchards. NMDS is considered one of the most robust

ordination methods when dealing with zero–zero species

abundance pairs (Field et al. 1982). Ordinations were

plotted using the ‘metaMDS’ procedure from the ‘vegan’

package in R (Oksanen et al. 2011). Ellipses were overlaid

on the graph representing the 95 %-confidence interval of

one standard error from the centroid of each group.

Functional profiles of spider communities

For the functional trait-based approach, five functional

traits of spiders were chosen. Body size (six classes

between 0 and 20 mm) was derived from Roberts (1996)

and Nentwig (2003) since only adults were considered in

this study. Maternal care (binary attributes) and prey types

(three attributes: walking, flying or jumping) were derived

from the review on hunting and reproductive strategies in

Foelix (2011) and Nentwig (2013). Ballooning, which is

the propensity to aerial dispersion of juveniles and adults

was taken from the data of Greenstone et al. (1987) and the

review of Bell et al. (2005). The status for survival during

winter (overwintering) was detailed by LePeru (2006) for

our species. All ecological and morphological traits were

stored in a database called ‘‘Biological & Ecological

functional Traits of Soil Invertebrates’’ (Hedde et al.

2012a). To take into account all the information gathered

on each species, we did not consider traits as exclusive

values instead we used the fuzzy coding method (Chevenet

et al. 1994). The percentage of affinity of each species to a

class of a trait was thus coded by a procedure adapted to

terrestrial invertebrates (Hedde et al. 2012b, 2013). This

means that a species is not ‘‘forced’’ to feed on only one

type of traits (walking or flying or jumping) but that

depending on the information found in the scientific liter-

ature, a species can have, for example, a diet of 50, 30 and

20 % of flying, walking and jumping prey respectively.

Community-weighted means trait value (CWM; Lavorel

et al. 2008) were computed using the ‘FD package in the R

environment (Laliberté and Shipley 2011). CWM for one

trait is simply the mean affinity of the spider community

for this trait taking into account (i) the trait value of each

species composing this community and (ii) the species

abundance. CMW were then used to analyse functional

profiles (i.e. distribution of affinities between the classes of

a trait) in response to orchard management type or season.

We used LME, as described previously, to identify the

effect of the studied factors on CWM. Post-hoc compari-

sons were made using the ‘multcomp’ library for R.
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Results

Frequency treatment index

No significant difference between the three management

strategies in commercial apple orchards was observed

regarding the global TFI. This suggests that the perturba-

tion due to tractor (number of engine passages) is similar

between the three commercial management types. How-

ever, the kind of pesticides applied was significantly dif-

ferent (Fig. 1). Orchards under organic management were

characterised by a higher usage of microbial insecticides

(with granulosis virus representing about 90 % of these

applications) and a concurrent lower usage of other

insecticides with broad-spectrum of toxicity. We observed

a limited but significant difference (P = 0.036) between

conventional and IPM management strategies: mating

disruption replaced three synthetic insecticide applications.

Among commercial orchards, organic and non-organic

ones (IPM and conventional) differed as well by other

agricultural practices than protection management. Indeed

organic orchards did not use herbicides under the trees or

mineral fertilisers since only soil tillage and organic fer-

tilisers are allowed. However, herbicides are only applied

on the rows (i.e. on roughly 20 % of the orchard area) and

the traps were located in the centre of the inter-rows. Thus

even if these practices may have an effect on epigeal spi-

ders (Minarro et al. 2009), we assumed than the main

effects were indeed due to pesticide applications.

Response of community parameters

A total of 1,193 spiders were caught in pitfall traps at the

three seasons. Among them, only 597 were included in the

study as they were adults (and thus identified to the species

level). This is the drawback of using a trait-based approach

since most of the traits are clearly defined for species only.

The most common spider families were Lycosidae (29.3 or

29.0 % when juveniles were included), Zodariidae (26.6 or

22.6 % when juveniles were included) but with only two

species, Linyphiidae (18.9 or 20.3 % when juveniles were

included), Hahniidae (11.6 or 6.4 % when juveniles were

included) and Gnaphosidae (4.6 or 11.4 % when juveniles

were included) (Table 1).

Impacts on the abundance-activity and structural diversity

All parameters used to characterize the spider communities

varied significantly depending on orchard type and season

(Table 2). Indices recorded in abandoned orchards were

always significantly higher than those recorded in IPM or

conventional orchards. For example, the abundance (of

adults or of adults and juveniles), SR, H0 and J0 were 4-, 2-,

3- and 2-fold higher, respectively, in abandoned compared

to conventional orchards. The abundance-activities and SR

of spider communities in organic orchards were the same

as those for conventional or IPM orchards. In contrast, their

H0 and J0 indices were similar to those calculated for

abandoned orchards. Regarding season, all community

parameters were significantly higher in summer (Table 2).

A significant interaction between season and orchard type

was only significant for H0 and abundance.

Impacts on the composition of spider communities

The results of the permanova on pairwise Bray–Curtis

dissimilarity matrices showed highly significant effects

(P \ 0.001) for both factors and their interaction. When

ordinated by NMDS, management types were clearly sep-

arated (Fig. 2). Three groups could be identified from the

overlap of CI-ellipses: (i) conventional and IPM, (ii)

organic and (iii) abandoned orchards. In this kind of

Fig. 1 Annual mean values

(and standard deviations) for the

treatment frequency indices

(TFI) of each type of orchard

management strategy, for

different categories of pesticides

used and the global value
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representation, the differences between seasons appeared to

be weaker and probably in interaction with management

type as highlighted by the permanova results.

Impacts on the functional profiles of spider communities

We found that management type had significant effects on

all functional traits. Season had an effect on diet and the

overwintering stage. No significant interaction was found

between the two factors on any traits (Table 3). The

percentage of spiders with the ability to disperse through

aeronauts (at both the juvenile and adult stages) was much

lower in organic and abandoned orchards (5–7 %) than in

IPM and conventional orchards (43–63 %). The percentage

of individuals feeding on walking preys decreased from

abandoned (59 %) to organic (39 %) and to IPM and

conventional (17–27 %) orchards. Subsequently, the per-

centage of individuals feeding on either jumping or flying

prey displayed an inverse trend. Considering seasonal

effects, the percentage of individuals feeding on jumping

Table 1 Pooled abundances of the main spider species (with abundance higher than 0.5 % of the total abundance) in apple orchards with

different management strategies regardless of season (n is the total number of pitfall traps)

Family and species names Abandoned (n = 72) Organic (n = 90) IPM (n = 90) Conventional (n = 90)

Dysderidae

Dysdera erythrina (Walckenaer, 1802) 2 3 1 0

Gnaphosidae

Haplodrassus signifer (L. Koch, 1839) 8 1 0 0

Trachyzelotes barbatus (L. Koch, 1866) 5 1 0 0

Civizelotes civicus (Simon, 1878) 4 3 0 0

Zelotes tenuis (L. Koch, 1866) 2 1 1 1

Hahniidae

Hahnia nava (Blackwall, 1841) 16 0 0 0

Hahnia petrobia (Simon, 1875) 46 0 4 3

Linyphiidae

Diplostyla concolor (Wider, 1834) 2 4 6 1

Erigone dentipalpis (Wider, 1834) 0 0 0 5

Oedothorax apicatus (Blackwall, 1850) 0 0 6 49

Tenuiphantes tenuis (Blackwall, 1852) 0 0 4 2

Tiso vagans (Blackwall, 1834) 1 0 17 14

Lycosidae

Alopecosa albofasciata (Brullé, 1832) 10 1 0 0

Pardosa agrestis (Westring, 1861) 0 4 3 3

Pardosa hortensis (Thorell, 1872) 1 56 2 0

Pardosa proxima (L. Koch, 1847) 1 37 4 3

Trochosa hispanica Simon 1870 5 16 9 5

Xerolycosa miniata (C. Koch, 1834) 0 12 0 0

Tetragnathidae

Pachygnata degeeri (Sundevall, 1830) 1 10 0 0

Theriididae

Episinus truncatus (Latreille, 1809) 10 0 0 0

Thomisidae

Ozyptila sanctuaria (O.-P. Cambridge, 1871) 6 0 0 0

Xysticus kochi (Thorell, 1872) 0 1 2 2

Titanoecidae

Nursia albomaculata (Lucas, 1846) 4 1 0 8

Zodariidae

Zodarion elegans (Simon, 1873) 34 0 0 1

Zodarion italicum (Canestrini, 1868) 102 8 2 9

Species in bold were found to have a significant bioindicator value

620 C. Mazzia et al.

123



prey was rather stable (30–40 %). In contrast, we observed

an increase in the percentage of predators of walking preys

from fall to spring and to summer (19, 33 and 46 %,

respectively), to the detriment of the percentage of flying

prey predators (41, 34 and 23 %, respectively). The per-

centage of spiders which showed maternal care signifi-

cantly decreased from organic orchards (55 %), to IPM

orchards (26 %) and to abandoned or conventional orch-

ards (2–7 %). The communities mostly consisted of spiders

which overwinter as adults (39–82 %) or as juveniles

(13–46 %). The highest percentage of spiders overwinter-

ing in egg sacs, as juveniles and adults was found in

abandoned (22 %), organic (46 %) and conventional

orchards (82 %), respectively (Table 3). The cumulated

distribution of body size was not significantly different

between management types in autumn. In spring (Fig. 3)

and in summer (data not shown), conventional and IPM

orchards hosted communities with a significantly higher

proportion of smaller individuals than organic or aban-

doned orchards.

Bioindicator species

The IndVal method classified 0 (IPM), 1 (conventional),

between 1 and 2 (organic) and between 3 and 4 (aban-

doned) species as potential bioindicators for the different

seasons (Table 4). In the abandoned orchards, these species

belonged to five families: two species of Zodariidae and

Hahniidae and one species of Gnaphosidae, Lycosidae and

Theriididae and Thomisidae. Z. italicum (Zodaridae)

appeared to be indicator species regardless of season. In

organic orchards, two species were identified as possible

bioindicators (Lycosidae: P. proxima and P. hortensis) in

spring and/or summer. No species was found to be a rel-

evant bioindicator in IPM orchards in any season. Con-

ventional orchards had one bioindicator species

(Linyphiidae: O. apicatus) in autumn and summer. It is

interesting to note that most of the species have at least a

Paleartic distribution (especially those the bioindicator

species in commercial orchards). Three species are limited

to Europe (H. petrobia, O. sanctuary and Z. italicum) and

only two to the Mediterranean zone (H. signifer and A.

albomaculata).

Discussion

Effects of management type and season on the structure

of spider communities

Not surprisingly, the spider epigeal communities sampled

in the abandoned orchards were characterised by the

Table 2 Main characteristics (mean values) of the spider community in function of management strategy and season

Factors Management type Season Interaction

Modality Abandoned Organic IPM Conventional Fall Spring Summer significance

Abundance

Ad. ? juveniles 7.16a 4.59a,b 2.11b 2.22b 2.69b 3.43a,b 5.11a P = 0.01

Adults only (individual/trap) 4.26a 2.13b 1.64b 1.00b 1.39b 2.52a 2.07a P = 0.005

Species richness 1.93a 1.26b 1.05b 0.90b 0.75c 1.25b 1.65a P = 0.06

Shannon diversity (H0) 0.51a 0.34a 0.13b 0.16b 0.10c 0.25b 0.43a P = 0.01

Pielou evenness index (J0) 0.44a 0.39a 0.16b 0.21b 0.16c 0.26b 0.42a P = 0.11

Values bearing the same letter are not significantly different at the 5 % level. The last column provides the p-value for the test of the interaction

between the two factors

Fig. 2 NMDS plot of spider assemblage composition showing the

95 % confidence interval ellipse for both factors: orchard manage-

ment type (plain lines ‘Ab’ for abandoned, ‘PFI’ for IPM, ‘conv’ for

conventional and ‘Bio’ for organic orchards) and season (dashed

lines)
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highest abundance and species richness values and by

higher H0 and J indices (but similar to those from organic

orchards). Indeed, abandoned orchards were chosen as an

undisturbed reference where no pesticides had been applied

but also lacking any human intervention (fertilisation,

pruning, grass mowing). These findings are related to the

increased number and diversity of micro-habitats in these

orchards (Langellotto and Denno 2004).

Orchard management types had a significant effect on

the taxonomical composition but not on total abundance

and species richness. Generally speaking, organic farming

was shown to enhance the abundance of natural enemies

abundance and species richness in various agrosystems

(Bengtsson et al. 2005; Hole et al. 2005). For epigeal or

ground spiders, several studies found that spider commu-

nities were more abundant (Pfiffner and Luka 2003;

Cardenas et al. 2006; Prieto-Benitez and Mendez 2011) or

more species-rich in organic systems (Pekar and Kouco-

urek 2004). This was not the case in our study where

epigeal spiders abundance and species richness were sim-

ilar in organic, IPM and conventional orchards. This result

was not completely unexpected because the total TFI val-

ues were similar between these three management strate-

gies. In addition some insecticides used in organic orchards

are broad-spectrum insecticides such as spinosad or pyretre

(Bahlai et al. 2010). The two microbial insecticides,

granulosis virus and Bacillus thuringiensis, mainly used

under organic management strategies, are expected to have

a low direct toxicity towards spider (Bajwa and Aliniazee

2001). Nevertheless the organic orchards did have signifi-

cantly higher H0 and J indices. This is in agreement with

the results of the meta-analysis carried out by Crowder

et al. (2010) which showed that in general organic farming

increases evenness. None of the characteristics of the spi-

der communities separated IPM from conventional orch-

ards. We presume that the difference in the number of

insecticide applications was not great enough to have vis-

ible effects.

Ordination of the species assemblage based on Bray–

Curtis dissimilarities showed that spider communities were

different between (i) abandoned, (ii) organic and (iii) IPM

and conventional orchards. Differences between seasons

were less marked. Communities sampled in summer, where

the cumulative effects of the pesticide applications are the

highest, appeared to be different from autumn and spring

communities but despite this were still characterised by the

higher abundance, species richness, H0 and J0 indices. As

Table 3 Effects of the apple orchard management type and seasons (and their interaction) on the community-weighted means trait values (mean

percentages of the spider community sharing an ecological trait)

Trait Management type Season Interaction

Abandoned Organic IPM Conventional Autumn Spring Summer significance

Aeronaut species 4.8a 6.7a 43.2b 63.2b 47.5 30.3 22.7 NS

Diet made of walking preys 59.2a 38.9b 27.5c 16.9c 19.3a 33.3b 46.2c NS

Diet made of jumping preys 22.3a 31.2b 36.9b,c 40.8c 39.9 32.3 29.8 NS

Diet made of flying preys 18.3a 29.1b 35.3b,c 42.0c 40.7a 34.0a 23.5b NS

Maternal care 2.2a 54.8c 26.2b 7.5a 10.2 24.0 29.0 NS

Overwintering as adults 39.4c 50.3b 59.9b 82.4a 61.3 60.3 57.6 NS

Overwintering as juveniles 37.5b 45.6a 31.0c 13.1d 24.0 33.8 32.6 NS

Overwintering as cocoons 22.5a 4.1b 9.0b 4.4b 14.4a 5.8b 9.7a,b NS

Values bearing different letters are not different at the 5 % level

Fig. 3 Cumulative distribution (mean curve and 95 % confidence

intervals) of the percentage of spider individuals with increasing body

size classes in spring (for the sake of readability, only commercial

orchards are represented; curves for abandoned orchards are not

significantly different from those for organic orchards)
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previously reported by Marko et al. (2009), differences in

spider communities between IPM and conventional orch-

ards were much smaller in autumn in apple orchards due to

recolonisation processes by spiders from the hedges or

plots in the neighbourhood.

The differences in spider communities according to

orchard management strategy resulted in the presence of

spider species with a significant bioindicator value. These

species were more numerous in abandoned orchards (eight

species belonging to six different families) and showed

seasonal variations with the noticeable exception of Z.

italicum. This illustrates (i) the diversity of niches that can

be encountered in non-mowed orchards and (ii) the effect

of the absence of human perturbations on spider commu-

nities. Bioindicator species for organic orchards were

found only in spring and summer with two Lycosidae

species of the Pardosa genus. No indicator species was

found for the IPM strategy and one Linyphiidae species

was found for the conventional orchards (O. apicatus).

These results are in agreement with previous studies by

Pfiffner and Luka (2003) or Glück and Ingrisch (1990)

which found that some Pardosa species had higher abun-

dances in organic compared to conventional plots. The

latter authors also found that conventional arable plots

were dominated by two Linyphiids (Erigone atra and O.

apicatus). Additionally, Feber et al. (1998) previously

observed that O. apicatus densities were higher in con-

ventional wheat compared to organic plots. These results

are likely to be linked with the high recolonisation ability

of O. apicatus from the borders of the plots after a treat-

ment (Lemke and Poehling 2002).

Relevance of trait-based approaches

Our results highlight the usefulness of trait-based approa-

ches for depicting the effects of orchard management and

season on epigeal spiders. The orchard management strat-

egy was found to significantly influence the five selected

ecological traits. Nevertheless, season also had an influence

on some of the ecological traits examined.

Trait-based approaches were previously applied to spi-

der communities to study landscape fragmentation in apple

orchards (Herrmann et al. 2010), and heathland restoration

(Cristofoli et al. 2010). To our knowledge, this approach

has not yet been used to study the effects of management

strategies (including abandoned orchards) or seasons (i.e.

different intensity of pesticide application) on spider

communities. In our study, five traits were chosen to

encompass important and different ecological functions:

resource conservation (body size), recolonisation ability

(aeronauts), resource acquisition (feeding strategy), sur-

vival mode in negative climatic conditions (overwintering

type) and fitness (maternal care).

Overall, the four types of orchard management repre-

sented an intensification gradient characterised by two

different kinds of perturbations. The abandoned orchards

are at one end of the gradient, creating a stable environ-

ment without any human interference. Next the organic

orchards differed from abandoned orchards mainly as a

result of mechanical perturbations (grass cutting, pruning)

and to a lesser extent, by the use of a few pesticides. At the

other end of this gradient, the IPM and then conventional

orchards differed mainly from organic ones due to the

intensive use of synthetic pesticides. These pesticides have

two complementary effects through direct toxicity and

indirectly through resource depletion (Marko et al. 2009;

Pekar 2012). For example, insecticides may reduce overall

insect abundance and thus limit prey availability. This can

in turn influence the body size and fecundity of spiders or

induce their emigration and postpone recovery (Wis-

niewska and Prokopy 1997; Pekar 2012).

Abandoned orchards with higher, more stable and pre-

dictable resources, hosted spiders species with larger body

sizes, lower dispersal abilities but no maternal care such as

Gnaphosidae (as exemplified by Haplodrassus signifer

being an indicator species). This relationship between large

Table 4 Spider species

classified as a significantly

bioindicator species for each

management type using

‘IndVal’ procedure (each season

was tested separately)

Season Orchard management type

Abandoned Organic IPM Conventional

Fall Hahnia petrobia

Ozyptila sanctuaria

Zodarion italicum

Oedothorax apicatus

Spring Haplodrassus signifer

Hahnia nava

Alopecosa albofasciata

Zodarion italicum

Pardosa proxima

Summer Episinus truncatus

Zodarion italicum

Zodarion elegans

Pardosa hortensis

Pardosa proxima

Oedothorax apicatus
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body size and the greater availability of niches was illus-

trated by Wilson (1975). Organic orchards also hosted

species with large body sizes, low dispersal abilities and

overwintering mainly as juveniles but were also charac-

terised by a very proportion of individuals exhibiting

maternal care. As a consequence, some Lycosidae species

(Pardosa hortensis and P. proxima) were found to have

significant bioindication values for this orchard manage-

ment strategy. Conventional orchards, subjected to the

higher insecticide pressure, hosted species with smaller

body sizes and thus high dispersal ability that are able to

recolonize orchards from its borders (Bonte et al. 2004;

Schmidt et al. 2008). Moreover the spider community in

conventional orchards is as well characterised by spider

overwintering mainly as adults. The linyphiid spider O.

apicatus is significantly associated with this kind of man-

agement strategy. These results are in agreement with

previous studies indicating that Linyphiidae are often

associated with disturbed environments (Topping and

Sunderland 1994; Halley et al. 1996).
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