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In many countries throughout the world, the area of plantation forests continues to increase and they now dom-
inate many landscapes. In recent decades, forest cover in Ireland has expanded largely due to commercial affor-
estation with non-native conifers. This study provides the first within-site assessment of the response of two
important arthropod groups to afforestation in agricultural grasslands in Ireland. Five sites were studied 1 year
before and 7 years after afforestation using pitfall trapping for active ground-dwelling spiders and Malaise trapping
for hoverflies. Both species groups were studied in grassland habitat, and spiders were also sampled in field bound-
ary hedgerow habitat. Afforestation within the study sites had a positive effect on ground-dwelling spider diversity
over the first 7 years; total species richness increased in afforested grassland and hedgerow habitats, and forest
specialist species richness increased in afforested grassland habitat. This was concurrent with, and most likely
influenced by, the increase in habitat structure created by the forest vegetation, litter and deadwood layers and
the increase in canopy cover. There was no effect of afforestation on hoverfly species richness over the first 7
years, possibly due to confounding effects of hoverfly movements across landscapes. Spider and hoverfly
species compositions were also positively affected by afforestation. These results indicated that afforestation in
our study sites, set within a predominantly agricultural landscape, benefitted arthropod diversity by increasing
habitat diversity. Hedgerow habitats were also an important contributor to biodiversity in these newly planted
forests. Ecologically oriented planning and management of afforestation must consider the influence of habitat
quality in forest plantations, including the protection of biodiversity rich habitats and the quality of the land
being afforested, to improve the contribution to biodiversity enhancement and conservation.

Introduction
With the expansion of commercial plantation forests (European
Commission, 2011), there is growing interest in ecologically
sound forest planning and management practices (FAO, 2011).
At the beginning of the 20th century, very little of the once extensive
natural forest cover in Ireland remained, and ,1 per cent of the
Irish landscape was forested (Anon, 2008). This lack of forest
estate led to government policy and grant-aid in support of affor-
estation, which has increased forest cover to �11 per cent in
Ireland over the last century (Forest Europe et al., 2011). The
current target is to further increase this cover to 14 per cent by
2030, mainly through the establishment of plantation forests
(COFORD Council, 2009).

The planting of forest on agricultural land is increasing, and in
Ireland in 2010, 95 percent of afforestation was carried out on agri-
cultural land (Anon, 2010). Changes in forest management prac-
tices in recent decades reflect the growing importance of
ecological considerations; particularly biodiversity conservation
and land owners undertaking afforestation in Ireland must
comply with forestry objectives that form part of a legal and

institutional framework. These include not only producing com-
mercial timber but also providing ecosystem services such as
climate change mitigation, improving water quality and increasing
biodiversity (Anon, 2012). Although afforestation in Ireland con-
sists mainly of non-native tree species, these objectives and initia-
tives mean that new forests are compliant with the principles of
sustainable forest management that aims to manage the
world’s plantation forests in a way that maintains biodiversity
and ecosystem functioning whilst providing forest products and
services (United Nations Conference on Environment and Develop-
ment, 1992; MCPFE, 1993).

Afforestation impacts on biodiversity and the magnitude and
direction of the effect is influenced by preceding land use and
forest management practices (Hunter, 2000; Carnus et al., 2006).
In countries such as Ireland, which have an extensively modified
and intensively managed agricultural landscape, native forests
have become rare and plantation forestry can benefit landscape
biodiversity, particularly when appropriately managed (Hartley,
2002; Berndt et al., 2008; Brockerhoff et al., 2008; Pawson et al.,
2008). Changes in biodiversity throughout the forest cycle are
well-documented, but in countries undertaking large-scale
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afforestation, the change in land use, and its effect on habitats that
are already present, means that the effects on biodiversity in re-
cently planted areas are of particular interest.

The processes involved in preparing a site for afforestation such
as chemical application, soil drainage and the subsequent changes
in vegetation structure and diversity induce changes in species
composition (Gittings et al., 2006; Smith et al., 2006) which are fol-
lowed by further changes in response to the habitat modification
resulting from the planting of trees (Oxbrough et al., 2005;
Oxbrough et al., 2006b). Therefore, afforestation is likely to have
an impact on the biodiversity of agricultural grasslands and hedge-
rows contained within this habitat. Hedgerows are woody habitats
located at field boundaries and are often the only semi-natural
habitat present across large tracts of agricultural land (Marshall
and Moonen, 2002).Hedgerows provide an important contribution
to ecosystem services, through the conservation of native wildlife,
habitat connectivity between forest patches, and for insect pollina-
tors and biological control taxathat utilize this habitat (Landis et al.,
2000; Le Coeur et al., 2002; Marshall and Moonen, 2002; Benton
et al., 2003; Frank and Reichhart, 2004). The effect of afforestation
on the biodiversity of ground vegetation, birds and arthropods has
been studied by substituting time for space using a chronose-
quence approach (Pithon et al., 2005; Oxbrough et al., 2006b;
Smith et al., 2006). However, there has been no reported within-site
trackingto directly monitor the changes in biodiversity following af-
forestation in agricultural grasslands.

The diversity of ground-dwelling spiders (Araneae) and hover-
flies (Diptera: Syrphidae) in afforested sites is important as they
play a significant role in the functioning of ecosystem processes,
including food webs and pollination (Clarke and Grant, 1968;
Sommaggio, 1999; Meyer et al., 2009). Spiders and many hoverfly
species are predatory on other arthropods and can contribute
to the biological control of pests in agricultural and forest ecosys-
tems (Sommaggio, 1999; Symondson et al., 2002). Additionally,
ground-dwelling spiders respond to changes in vegetation struc-
ture, which undergo significant changes during the forest cycle
(Oxbrough et al., 2005), and hoverflies are useful as indicators of
habitat disturbance and quality (Sommaggio, 1999). Spiders and
hoverflies are often used as biodiversity indicators due to their
well-known habitat associations, the ease of trapping and identifi-
cation and reliable species lists (Sommaggio, 1999; Pearce and
Venier, 2006).

This study is unique as it is the first to examine changes in arthro-
pod diversity following afforestation in agricultural grasslands in
the same sites prior to planting and 7 years after planting, as
opposed to a chronosequence approach. Specifically, it examined
the change in species richness and composition of ground-dwelling
spiders and hoverflies in (1) open grassland habitat found in agri-
cultural fields and (2) hedgerow habitat, which is often found at
field boundaries for ground-dwelling spiders only.

Materials and methods

Study sites
Five agricultural grassland sites that had previously been used for livestock
grazing were studied 1 year before planting (hereafter called pre-planting)
in the summer of 2002 and 7 years after planting in the summer of 2010
(hereafter called post-planting). These sites had a wide geographical distri-
bution across Ireland (Figure 1, Table 1), and each site was planted with

coniferous and broadleaf tree species in 2003 including Sitka spruce
(Picea sitchensis (Bong.) Carrière), ash (Fraxinus excelsior L.), maple (Acer
pseudoplatanus L.), larch (Larix kaempferi (Lamb.) Carriére) and alder
(Alnus glutinosa (L.) Gaertn.) (Table 1).

Spider sampling

Active ground-dwelling spiders were sampled using pitfall traps in six plots
at each site. Three of the plots were located in open grassland habitat and
three in field boundary hedgerow habitats (hereafter called open and
hedgerow plots, respectively). At one study site, four open plots and two
hedgerow plots were established. In each open plot, five pitfall traps were
placed in a grid arrangement, the four corner traps were spaced 4 m
apart and one trap was placed in the centre. In each hedgerow plot, five
pitfall traps were placed in a linear arrangement with traps spaced at 2-m
intervals.

Plastic cups of�7 cm diameter and 9 cm high were used as pitfall traps
and were dug into the ground so the rim of the cup was slightly below the
ground surface. Each trap was filled with ethylene glycol (anti-freeze) to a
depth of 3 cm, and drainage slits were cut 1 cm from the top of the cup
to prevent flooding. The contents of each pitfall trap were collected every
3 weeks between May and August, to coincide with the main activity
period of Irish spiders (Nolan, 2008), resulting in three collections in 2002
and three in 2010 and a total of 62–66 trapping days in each year. This
length of trapping is sufficient to detect variation in spider diversity for bio-
diversity assessments (Oxbrough et al., 2006a; Oxbrough et al., 2007). The
plastic cup was placed back in the ground and filled with fresh anti-freeze
after each collection. The contents of the traps were transferred to labelled
sample bottles and stored in 70 per cent ethanol.

Spiders were identified to species level using Roberts (1993), nomencla-
ture follows Platnick (2012)and sub-groups of specialist species that exhibit
a preference for open or forest habitats were identified using Nolan (2008).

Hoverfly sampling

Two Malaise traps were placed in each site using a standard sampling pro-
cedure, in linear areas that act as flight paths for hoverflies (Speight, 2000).
The traps were spaced �10 m apart in sheltered, un-shaded areas and
orientated with the collecting bottles facing south so that they received
the maximum amount of sunlight. The collection bottles were filled with
70 per cent ethanol used as a killing agent and a preservative. The contents
of each bottle were collected every 3 weeks from May to August, resulting in
a total of three collections in 2002 and three in 2010 and a total of 62–68
trapping days at each Malaise trap in each year. After each collection, a new
bottle of 70 per cent ethanol was placed back on the trap.

Hoverflies were identified to species level using Stubbs and Falk (1983);
van Veen (2004) and Haarto and Kerppola (2007) and species nomencla-
ture follows Speight (2008). Species were separated into sub-groups of
open, woody vegetation and water-associated species using the Database
of Irish Syrphidae (Speight, 2008). The Database of Irish Syrphidae uses the
fuzzy coding system that codes habitats with the numbers 1–3, where 1
indicates the habitat is low preference and 3 indicates the habitat is max-
imally preferred by the species. Only species that were coded 3 for
maximum preference were included in the sub-groups for habitat asso-
ciated species.

Habitat variables
The habitat surrounding each pitfall trap was surveyed using 1×1 m quad-
rats placed over each trap. The percentage cover of the following variables
was recorded as follows: ground vegetation (0–10 cm), lower field layer
vegetation (10–50 cm), upper field layer vegetation (50–200 cm), litter
and deadwood. The canopy cover in open plots was also recorded from
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the centre of each pitfall plot using one hemispherical photograph taken at
a height of 1.3 m and analysed with GLA 2.0 (Frazer et al., 1999).

The habitat categories defined by Gittings et al. (2006), which are based
on the Syrph the Net microhabitat categories (Speight et al., 2004), were
surveyed within a 100 m radius of the Malaise traps at each site using the
DAFOR(dominant, abundant, frequent, occasional, rare) scale. The categor-
ies surveyed were as follows: mature trees, immature/understory trees, tall
shrubs, low shrubs, tussocks, tall herbs, short herbs, submerged sediment/

debris and water-saturated ground. Conifer and broadleaf trees and shrubs
were recorded separately, and the length of streams and rivers within the
100 m radius were also recorded.

Data analysis
Sampling across different years can affect species abundance and richness
due to temporal variation; therefore, species with two or fewer individuals

Figure 1 Distribution of study sites in Ireland.
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were removed from the spider and hoverfly datasets as they could poten-
tially occur as singletons in both sampling years (Norris, 1999). Data were
unavailable for three of the hedgerow spider sampling plots from the pre-
planting survey, so these three plots were excluded from the analysis. In
the post-planting survey, the hedges had been removed from three of the
hedgerow spider sampling plots; therefore, these three plots were also
removed from the analysis. The number of spider sampling plots used in
the analysis totalled 16 open plots in both the pre-planting and post-
planting surveys, 11 hedgerowplots in the pre-planting surveyand 9 hedge-
row plots in the post-planting survey.

Spiderspecies countdatawere pooledacrossthe five pitfall traps, andall
three collections for each plot and plot level data were used as the sample
unit in all analysis. Due to trap losses and different sampling period lengths,
the species richness for each plot was standardized by computing
individual-based rarefaction curves based on unstandardized abundance
data (Gotelli and Colwell, 2001). The number of individuals along the X
axis was then standardized and the species richness foreach plot extracted.
The numberof individuals was standardized using the following formula: ni/
Ti×T, where ni is the number of individuals at the ith plot, Ti is the number of
traps multiplied bythe numberof trapping days at the ith plot and T is lowest
number of traps multiplied by the lowest number of trapping days.

Hoverfly species count data were pooled across the three collections
and two Malaise traps per site, and these site totals were used as the
sample unit in analyses, making five replicates each in the pre-planting
and post-planting surveys. Species richness required standardization due
to different sampling period lengths and Malaise trap damage. It has
been shown that the log volume of Malaise trap catch and the number of
hoverfly species per sample is positively correlated (Gittings et al., Unpub-
lished report); therefore, species richness was standardized to the lowest
log catch volume of total catch. This was calculated using the following
steps: (1) calculate predicted species richness for each sample, using the re-
gression equation from the regression of species richness on log catch
volume, (2) use the following formula to calculate a standardized value
for lowest log catch volume: standardized yi ¼ (observed yi)/(predicted
yi) × (a + b × c), where y is the species richness value at site i, a is the inter-
cept and b is the slope from the regression equation of the relationship
between observed y and log catch volume, and c is the lowest log catch
volume. This was calculated for total, water, open and forest-associated
species.

The dominance of each species, expressed as a percentage of the total
species, was calculated. This was based on each species overall abundance
weighted by its overall frequency of occurrence among plots using the
method developed by Pinzón and Spence (2010). The difference in the
total species richness of spiders and the identified sub-groups of habitat
specialists between pre-planting and post-planting in the open and hedge-
row plots was analysed using generalized linear mixed modelling (GLMM).
GLMM is an extension of linear modelling, which allows data to be analysed
using a mixed model by including a fixed-effects term and a random effects
term (Zuur et al., 2009). This type of analysis was used as the plots were

nested within sites. The difference in species richness was calculated as
the post-planting value minus the pre-planting value, as each individual
plot was sampled both pre-planting and post-planting meaning that
plots were paired within sites. The models used the Gaussian distribution
and identity link function, with the intercept as the fixed effect and site as
the random effect. The difference in the total species richness of hoverflies
and the identified sub-groups of habitat specialists between pre-planting
and post-planting was also analysed using GLMM. This type of analysis
was used as the pre-planting and post-planting samples were nested
within sites. The models used the Poisson distribution and log link function,
with year (pre-planting or post-planting) as the fixed effect and site as the
random effect. The data were checked for normality prior to analyses, and
the residuals vs fitted values were plotted to check the fit of each model.

Indicator species analysis (ISA) was used to identify spider and hoverfly
species, which were strongly associated with either the pre-planting or
post-planting habitat within open plots and hedgerow plots and also to
identify species, which were associated with open or hedgerow plots pre-
planting and open or hedgerow plots post-planting. This analysis uses
species count data to calculate the relative abundance and relative fre-
quency with which a species occurs in a priori determined groups. An indi-
cator value percentage is then assigned to each species to indicate which
group they are associated with (Dufrene and Legendre, 1997). The analysis
was run using 4999 permutations followed by a Monte Carlo test of statis-
tical significance.

Redundancy analysis (RDA) was used to examine the relationship
between spider species composition, open and hedgerow plots, pre- and
post-planting and the measured habitat variables. This analysis was also
used on hoverfly species composition and pre-planting and post-planting
habitat variables. This type of analysis tests how much of the variation in
species composition can be explained by the constraining variables (ter
Braak, 1994). Prior to analysis, the habitat variables were examined for col-
linearity using Spearman’s rho correlations, any which were collinear .0.7
were removed, the variables were scaled so the mean¼ 0 and SD¼ 1 and
the species data were Hellinger-transformed (Legendre and Gallagher,
2001). Latitude can affect spider species composition in Ireland (Oxbrough
et al., 2012), and here longitude also had an effect, therefore partial RDA
using latitude and longitude as conditional variables was carried out. Lati-
tude also had an effect on hoverfly species composition and so it was used
as a covariable in a partial RDA. Forward selection was used to identify the
variables that explained the most variation in species composition among
the plots (Blanchet et al., 2008). ANOVAwas then used to determine the sig-
nificance level of the final model and the selected variables. The selected
variables used in the final model for spiders were plot type (open or hedge-
row), litter cover and canopy cover, and only one variable, understory trees,
was selected for the final hoverfly model.

Habitat variables recorded at the spider sampling plots were averaged
across the five quadrats, and plot level data were used in analyses. The
data were compared between pre-planting and post-planting using
paired Wilcoxon tests on arcsine-transformed percentage cover data.

Table 1 Locations and characteristics of the study sites

Site code Size (ha) Irish national
grid reference

Elevation (m) Soil type Tree species planted in 20031

Coog 6.9 W209559 140 Peaty podzol Ash (F), Alder (F), Larch (F), Oak (O)
Dong 12.6 S269797 92 Brown earth Maple (A), Ash (A), Sitka spruce (F), Alder (O)
Gary 16.7 S107353 140 Brown earth Ash (A), Maple (F)
Kilb 11.4 S295552 237 Brown podzol Sitka spruce (A), Larch (A)
Mull 23.0 H162712 145 Gley Sitka spruce (D)

1DAFOR abundance scale: D¼ dominant; A¼ abundant; F¼ frequent; O¼ occasional; R¼ rare.
Alder (A. glutinosa), ash (F. excelsior), larch (L. kaempferi), maple (A. pseudoplatanus), oak (Quercus robur), Sitka spruce (P. sitchensis).
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This method was used as plots were paired from the pre-planting and post-
planting surveys, and the data were non-normally distributed. Habitat vari-
ables recorded for the Malaise traps were in categorical form so were not
suitable for statistical analysis among plots. However, the categories
were recoded from 1 to 5, with 1 representing rare and 5 representing dom-
inant, and these dummy variables were included in the RDA ordination of
hoverfly species composition.

ISA was conducted in PC-ORD (McCune and Mefford, 2011). All other
analyses were conducted in R (R Core Team, 2012). GLMM used the nlme
package (Pinheiro et al., 2013) and the MASS package (Ripley et al., 2013),
RDA used the vegan package (Oksanen et al., 2012) and forward selection
used the packfor package (Dray et al., 2012).

Results

The effect of afforestation on habitat characteristics

There was a significant increase in most habitat variables following
afforestation in open plots, apart from ground vegetation that
decreased (Table 2). There was also a notable but non-significant
increase in the cover of lower field layer vegetation in the open
plots post-planting. There was a significant increase in litter cover
in the hedgerow plots following afforestation, and there were
notable but non-significant increases in the cover of the vegetation
layers (Table 2).

The effect of afforestation on ground-dwelling spiders

Before planting, a total of 909 adult ground-dwelling spiders from
72 species and 5 families were recorded at study sites. After omit-
ting species with 2 or fewer individuals, a total of 898 adult spiders
from 62 species and 5 families were used in the analysis, these
species comprised mainly of habitat generalists and more open
habitat specialist species were present than forest specialist
species (Table 3). The dominant species, which occurred most
abundantly and frequently, in open plots was Erigone atra Black-
wall (24 per cent), an open specialist from the Linyphiidae family

(‘money’ spiders) and in hedgerow plots was Monocephalus fus-
cipes (Blackwall) (18 per cent), a forest specialist from the Linyphii-
dae family. After planting, a total of 2186 adult spiders from 93
species and 10 families were recorded. After omitting species
with 2 or fewer individuals, a total of 2149 adult spiders from 67
species and 5 families were used in the analysis. Again, after plant-
ing, the majority of species were habitat generalists and there were
more open habitat specialist species present in the assemblage
than forest specialist species (Table 3). The dominant species,
which occurred most abundantly and frequently, in both open
and hedgerow plots following afforestation was Pardosa amentata
(Clerck) (25 and 37 per cent, respectively), an open specialist from
the Lycosidae family (‘wolf’ spiders).

There was a significant increase in total spider species richness
in open plots and hedgerow plots post-planting (Table 4). Forest
specialist species richness significantly increased in open plots
post-planting, but there was no significant difference in hedgerow
plots (Table 4). Open specialist species richness was not significant-
ly different post-planting in either the open or hedgerow plots.

ISA identified one habitat generalist species and one open spe-
cialist species, which were associated with open plots pre-planting,
and 16 species, which were associated with open plots post-
planting; these were a mixture of open, forest and habitat general-
ist species (Table 5). No species recorded were associated with pre-
planting hedgerow plots; however, 10 species were associated
with hedgerow plots post-planting (Table 5). Additionally, more
forest specialist species were highly associated with hedgerow
plots compared with open plots in both pre-planting and post-
planting surveys (Table 6).

Partial RDA of the selected variables produced a significant
model (F3,46¼ 2.82, P¼ 0.005), which explained 6 per cent of the
variation in species composition. The covariable latitude explained
a further 2 per cent of the variation (F1,49¼ 2.91, P ≤ 0.0001) and
longitude also explained 2 per cent of the variation (F1,49¼ 2.64,
P ≤ 0.0001). Three axes were recommended for plotting the
partial RDA, and the first two axes that represent 5 per cent of

Table 2 Median+interquartile range of habitat variables (percent cover) from open and hedgerow spider sampling plots pre- and post-planting

Pre-planting Post-planting Wilcox test

Open plots
Ground vegetation 34.25+52.73 1.25+31.50 W15 5 113, P 5 0.02
Lower field layer 35.25+40 57+49.88 W15¼ 62, P¼ 0.78
Upper field layer 8.75+36.75 34+70.88 W15 5 29, P 5 0.046
Bare soil 0+0 15.50+11.25 W15 5 4, P 5 0.001
Litter cover 0+0 3.50+28.38 W15 5 0, P 5 0.006
Deadwood 0+0 0.5+0 W15 5 0, P 5 0.0002
Canopy cover 0+0 78.50+45.50 W15 5 0, P 5 0.0005

Hedgerow plots
Ground vegetation 33.50+26 21+27.50 W8¼ 38, P¼ 0.07
Lower field layer 25.50+7.50 73+54 W8¼ 6, P¼ 0.05
Upper field layer 57.50+29 15.50+44 W8¼ 38, P¼ 0.07
Bare soil 30.50+47.50 15.50+21 W8¼ 30, P¼ 0.43
Litter cover 0+0 3.50+66 W8 5 0, P 5 0.04
Deadwood 9+12 0.50+3 W8¼ 23, P¼ 1

Comparison between pre- and post-planting made using paired Wilcox tests. Statistically significant results are highlighted in bold.
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the variation are presented in Figure 2. Canopy cover explained 2
per cent of the variation in species composition (F3,46¼ 2.91, P ≤
0.0001), litter cover explained 2 per cent of the variation (F3,46¼

2.90, P ≤ 0.0001) and plot type (open or hedgerow) explained 2
per cent of the variation (F3,46¼ 2.65, P¼ 0.0004). In the pre-
planting survey, the species composition of open plots was differ-
ent to the hedgerow plots, but post-planting the species compos-
ition among open and hedgerow plots became similar (Figure 2).

The effect of afforestation on hoverflies

Before planting, a total of 1211 adult hoverflies from 52 species
were recorded. After omitting species with 2 or fewer individuals,
1196 hoverflies from 42 species were used in the analysis. Of
these species, 11 were open habitat associated, 15 were woody

vegetation associated, 20 were water associated and 2 were
habitat generalists. The dominant species was Platycheirus clypea-
tus (Meigen) (33 per cent), a water-associated species. After plant-
ing, a total of 617 adult hoverflies from 63 species were recorded.
After omitting species with 2 or fewer individuals, 600 hoverflies
from 50 species were used in the analysis. Of these species, 13
were open associated, 20 were woody vegetation associated, 20
were water associated and 2 were habitat generalists. The domin-
ant species was Rhingia campestris Meigen (11 per cent), which is
associated with cattle farming in Ireland and across much of
Europe, as the larvae feed in cow dung, although adults of this
species are often found at forest edges.

Afforestation did not impact on total species richness or
species richness of the sub-groups of open, water- and woody
vegetation-associated species (Table 4). ISA identified five species,

Table 3 The total number of individuals, families, species and species of habitat associated sub-groups collected during the pre-planting and
post-planting surveys

Pre-planting before
omitting species with
≤2 individuals

Pre-planting after
omitting species with
≤2 individuals

Post-planting before
omitting species with
≤2 individuals

Post-planting after
omitting species with
≤2 individuals

Spiders
Total abundance 909 898 2186 2149
Total families 5 5 10 5
Total species 72 62 93 67
Habitat generalists – 39 – 42
Open specialists – 14 – 15
Forest specialists – 9 – 10

Hoverflies
Total abundance 1211 1196 617 600
Total species 52 42 63 50
Habitat generalist – 2 – 2
Water associated – 20 – 20
Open associated – 11 – 13
Woody vegetation associated – 15 – 20

Table 4 Mean+standard error of ground-dwelling spider and hoverfly species richness pre- and post-planting

Pre-planting Post-planting GLMM

Spiders open plots
All species 8.00+0.97 14.38+1.19 t11 5 2.98, P 5 0.01
Open specialists 2.90+0.33 3.86+0.60 t11¼ 0.93, P¼ 0.37
Forest specialists 0.74+0.17 2.29+0.36 t11 5 3.81, P 5 0.003

Spiders hedgerow plots
All species 6.94+1.29 12.66+1.28 t5 5 5.29, P 5 0.003
Open specialists 1.53+0.36 2.78+0.55 t5¼ 1.51, P¼ 0.19
Forest specialists 1.67+0.34 2.23+0.37 t5¼ 1.41, P¼ 0.22

Hoverflies
All species 12.17+0.89 14.23+0.91 t4¼ 3.12, P¼ 0.15
Water associated 3.30+0.42 3.16+0.20 t4¼ 0.45, P¼ 0.54
Open associated 4.63+1.05 6.03+0.72 t4¼ 1.29, P¼ 0.32
Woody vegetation associated 5.05+0.63 5.71+0.52 t4¼ 0.20, P¼ 0.68

Comparison between pre- and post-planting made using GLMM. Statistically significant results are highlighted in bold.
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which preferred the post-planting habitat and were a mixture of
open, water- and woody vegetation-associated species (Table 7).
Partial RDA of the selected variables produced a significant model
(F1,7¼ 2.82, P¼ 0.008) and explained 10 per cent of the variation
in species composition, which was due to onlyone variable: the pres-
ence of understory trees post-planting. The covariable latitude
explained a further 6 per cent of the variation (F1,7¼ 2.05, P¼ 0.01).

Discussion

Effect of afforestation on ground-dwelling spiders

Increased total spider species richness in open and hedgerow plots
and the change in spider species composition were concurrent with
changes in habitat and likely to be a result of the increased shade
provided by canopy cover and the increased ground layer structure
provided by vegetation and litter cover, from the planted trees.
Structural complexity created by vegetation and litter cover
increases the habitat for spider diversity, as they increase
web-attachment points, prey abundance and shelter from preda-
tors (Gunnarsson, 1983; Greenstone, 1984; Uetz, 1991; Gunnars-
son, 1996; Dennis et al., 1998; Castro and Wise, 2009). The sites
also retained the open specialist spider fauna of the grassland
habitat and continued to support high abundances of these
species in the open plots, although the ecology of the dominant
species differed. Prior to afforestation, E. atra was dominant, this
is a pioneer species commonly found in intensively farmed

grasslands (Downie et al., 2000; Cole et al., 2003). After afforest-
ation, P. amentata was the dominant species, which is usually
found in the litter layer of humid open habitats (Alderweireldt
and Maelfait, 1987; Nolan, 2008). This change in species richness,
composition and dominance reflects the initial changes in
habitat caused by afforestation. The conversion of grassland to
forest habitat was also concurrent with the cessation of livestock

Table 5 Indicator species analysis of ground-dwelling spider within open plots pre-planting vs post-planting and within hedgerow plots pre-planting vs
post-planting

Species Habitat association Open Hedgerow

Pre-planting Post-planting Pre-planting Post-planting

B. nigrinus Shade associated 0 31* 3 49*
D. latifrons Forest specialist 0 38* 4 58*
Dismodicus bifrons Habitat generalist 0 53** 0 33*
Pachygnatha clercki Habitat generalist 1 48* 1 31*
P. amentata Open specialist 9 58* 3 61*
R. lividus Habitat generalist 1 58** 0 53**
W. acuminata Habitat generalist 1 57** 2 49*
Erigone dentipalpis Open specialist 43* 0 – –
L. punctatum Habitat generalist 1 51** – –
M. fuscipes Forest specialist 0 56** – –
Neriene clathrata Habitat generalist 0 38* – –
Oedothorax fuscus Habitat generalist 46* 6 – –
P. ericaeus Habitat generalist 0 46* – –
P. latitans Open specialist 0 31* – –
P. juncea Open specialist 1 48** – –
P. pumila Open specialist 2 47* – –
Saaristoa abnormis Habitat generalist 0 56*** – –
T. zimmermanni Forest specialist 5 63** – –
Centromerus sylvaticus Shade associated – – 0 33*
O. gibbosus Habitat generalist – – 0 54**
P. pullata Open specialist – – 0 32*

Numbers represent indicator value percentages.
*P , 0.05, **P , 0.01, ***P , 0.001.

Table 6 Indicator species analysis of ground-dwelling spiders within open
vs hedgerow plots pre-planting and within open vs hedgerow plots
post-planting

Species Habitat association Pre-planting Post-planting

Open Hedge Open Hedge

B. gracilis Habitat generalist 62* 11 – –
M. fuscipes Forest specialist 0 55** 15 65*
O. fuscus Habitat generalist 45* 2 – –
P. pullata Open specialist 60* 0 – –
E. atra Open specialist – – 61* 0
E. hiemalis Forest specialist – – 0 44*
O. retusus Habitat generalist – – 51* 1

Numbers represent indicator value percentages.
*P , 0.05, **P , 0.01.
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grazing, this is known to reduce ground disturbance and allow the
structural diversity of field layer vegetation to increase, which ben-
efits some spider species (Dennis et al., 1998; Oxbrough et al.,
2006b). Therefore, it is possible that the release from grazing pres-
sure could also be influencing ground-dwelling spider species in
these sites.

Increased shade and litter cover from the planted trees is also
likely to have positively influenced forest specialist species richness
as well as the structural changes in the vegetation layers where
ground vegetation decreased and lower field layer vegetation
increased. The shade provided by planted trees during the early
stages of canopy development can provide adequate shelter,
even before complete canopy closure, to stabilize the microclimate
and increase the suitability of these sites for forest specialist
species (Pollard, 1968; McIver et al., 1992; Oxbrough et al., 2006b).

Prior to afforestation, the hedgerows plots supported a
different species composition than open habitat plots with high

abundance of forest specialist species such as M. fuscipes. This
finding supports the theory of the importance of field margin
hedgerows (Oxbrough et al., 2006b)as a refuge for forest specialist
species in predominantly agricultural landscapes. Hedgerows
provide important landscape connectivity across small and frag-
mented forest areas and are an important factor in the capacity
of these forests to support biodiversity (Joyce et al., 1999; Hinsley
and Bellamy, 2000; Holland and Fahrig, 2000; Pithon et al., 2005).

There were few spider species associated with open or hedge-
row plots pre-planting indicating that the species present prior to
planting persisted within the early post-planting habitat. The add-
itional species present post-afforestation included generalist
species, which can occur in a variety of open and forested habitats
and are less important when considering the value of a habitat for
species diversity. However, a number of other species of interest
were present. Two of the species that preferred the open plots post-
planting require damp open habitats: Lophomma punctatum
(Blackwall) is found among litter and low vegetation in wetland
habitats and Pirata latitans (Blackwall) occurs in open marsh and
fen habitats (van Helsdingen, 1996; van Helsdingen, 1998; Nolan,
2008). The vegetation and moisture requirements of these
species may mean that initial stages of afforestation in these
sites provide suitable habitat; however, they are unlikely to
persist once the forest canopy closes as light, moisture and
ground vegetation diversity will decrease (Anderson et al., 1969;
Hill, 1979;Avon et al., 2010).Three forest specialist species, Diploce-
phalus latifrons (O.P.-Cambridge), M. fuscipes and Tenuiphantes
zimmermanni Bertkau, and one shade-associated species Bathy-
phantes nigrinus (Westring), which are typically found in the litter
layer in woodland habitats (Roberts, 1993; Harvey et al., 2002;
Nolan, 2008), were associated with the open plots post-planting in-
dicating their increased suitability for species requiring forest habi-
tats. Hedgerow plots shared seven species with open plots that
were related to the changes in habitat post-planting, including B.
nigrinus and D. latifrons. However, M. fuscipes and Erigonella

Figure 2 Partial RDA of ground-dwelling spider species composition. Axis 1: R2¼ 0.03, F1,46¼ 4.18, P¼ 0.0002. Axis 2: R2¼ 0.02, F1,46¼ 2.86, P¼ 0.0002.
Open circles represent open plots pre-planting, closed circles represent open plots post-planting, open diamonds represent hedgerow plots pre-planting,
closed diamonds represent hedgerow plots post-planting.

Table 7 Indicator species analysis of hoverfly species pre-planting vs
post-planting

Pre-planting Post-planting

E. pertinax Water associated 0 60*
E. luniger Open associated 0 50*
H. hybridus Water associated 0 60*
M. lasiophthalma Woody vegetation

associated
0 50*

P. peltatus Water associated 1 62*
X. sylvarum Woody vegetation

associated
0 50*

Numbers represent indicator value percentages.
*P , 0.05.
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hiemalis (Blackwall) still showed a higher affinity with hedgerows in
the afforested sites compared with the open plots, indicating that
hedgerows continued to provide important habitat during the first
7 years post-planting and should be retained in afforestation.

The effect of afforestation on hoverflies

The difference in hoverfly species composition following afforest-
ation was associated with increased tree cover, although there
was a mixture of open, woody vegetation and water-associated
species both prior to and following afforestation. Prior to afforest-
ation, the dominant species was P. clypeatus, which is associated
with water habitats provided by undrained land and wet ditches
and could explain its dominance here, where three out of the five
sites contained streams and water-saturated ground (Speight,
2008). The streams were still present post-afforestation;
however, surface water habitats, which are important for many
hoverfly species, can be affected by forestry practices such as
land drainage, which is used to prepare land for afforestation and
often results in the reduction and quality of these habitats (Gittings
et al., 2006;Smith et al., 2006).The prevalence of R. campestris after
afforestation reflects the surrounding environment of farmland
used for grazing, as the larvae of this species feed almost exclusive-
ly on cow dung in Ireland (Speight, 2008), although adults of this
species also forage at the edges of broadleaf woodland (Stubbs
and Falk, 1983). Therefore, planting native broadleaf trees in agri-
cultural land is likely to benefit this species.

There were no species of hoverfly associated with the pre-
planting habitat suggesting that, similar to the effect seen for
ground-dwelling spiders, these species were not lost post-
afforestation and that new species were present in the assem-
blage. Eristalis pertinax (Scopoli), Helophilus hybridus Loew and P.
peltatus (Meigen) occur in wet habitats including wetlands, sea-
sonally flooded grassland, river banks and water-filled ditches. H.
hybridus in particular prefers tall herb vegetation along rivers and
streams, and P. peltatus can occur in the open habitat of young
plantations, and where humid open areas occur around plantation
forests. These species are negatively affected by land drainage,
which can accompany afforestation; therefore, provision for wet
habitats in afforestation sites is important. Xylota sylvarum (L.) is
an anthropophobic species, which is strongly associated with
broadleaf forests and is not found in cultivated areas, conifer
plantations or the standard farmland landscape of green fields
plus hedges in Ireland. The presence of this species here may
reflect the mixture of tree species planted on the sites, which
included broadleaf species, and indicates the importance of plant-
ing native tree species for biodiversity conservation. Melangyna
lasiophthalma (Zetterstedt) and Eupeodes luniger (Meigen) occur
in a variety of open and forest habitats. The generalist nature
of these two species means they are unlikely to require specific
habitat management.

At this earlystage in the forest cycle, there were large gaps in the
canopy meaning the habitat could still be suitable for open-
associated species, which could explain the lack of an effect on
species richness. However, we would expect the species richness
of woody vegetation-associated species to increase after planting.
Previous research in grassland sites found that 5 years after affor-
estation with Sitka spruce, the diversity of hoverfly species asso-
ciated with open habitats decreased and the diversity of woody
vegetation-associated species increased (Smith et al., 2006). The

mixture of open, woody vegetation and water-associated species
both pre- and post-planting in this study may be related to the con-
founding effect of adult hoverfly movements across landscapes,
where migratory and foraging movement can result in species
being recorded outside of their primary habitat (Castella et al.,
1994; Branquart and Hemptinne, 2000; Gittings et al., 2006). Four
of the five study sites had forested areas within 1 km before affor-
estation meaning that woody vegetation-associated species from
these areas could have been recorded whilst foraging or passing
through grassland habitats. Furthermore, both local habitat
factors and landscape factors influence hoverfly species compos-
ition, and hoverfly feeding guilds also respond to land use at differ-
ing spatial scales (Meyer et al., 2009).Local factors, particularly site
management, which affect vegetation height and the species rich-
ness of flowering plants, influence hoverflies in grasslands, whilst
road length and forest area are important landscape factors
(Sjödin et al., 2008; Meyer et al., 2009). Therefore, differences in
site management, the availability of flowering plants and the
area of forest in the surrounding landscape can all hoverfly
species composition.

Long-term monitoring

Long-term monitoring can present difficulties when trying to
control for variation over the course of the study (Gardner, 2010).
The sites used in the current study were privately owned, and man-
agement was not homogenous across sites, particularly in relation
to planted tree species. In the present study, 7 years into the forest
cycle, the canopy was still quite open and well-developed under-
story vegetation was present in both coniferous and broadleaf
areas. It has been shown that prior to canopy closure, when
there are fewer structural differences between the habitat of differ-
ent canopy tree species, the ground vegetation, spider and hoverfly
species assemblages are similar between conifer and broadleaf
plantation forests and resemble that of the pre-planting habitat
(Oxbrough et al., 2005; Smith et al., 2005; French et al., 2008).
Aftercanopyclosure, there is achange in ground vegetation, micro-
climate and light levels, which can differ between broadleaf and
coniferous forests and greatly influences species richness and
composition (Wallace and Good, 1995; Humphrey et al., 1999;
Oxbrough et al., 2005;Smith et al., 2005;French et al., 2008).There-
fore, the differences in planted tree species are less likely to affect
spider and hoverfly species in the early stages of the forest cycle
studied here compared with later stages, where they may
present confounding effects in future studies of these sites. Add-
itionally, before-after-control-impact (BACI) design experiments
can be difficult to implement, and it was not possible to establish
control sites in this study, meaning that this research represents
a before-after-impact study. Therefore, the lack of control sites
should be considered before making generalizations from these
results. Despite this, our results are similar to what we would
expect based on findings from previous studies of afforestation in
Ireland. For example, the differences in ground-dwelling spider
species richness are the same as those found by Oxbrough et al.,
(2006a) in their study of afforestation using the chronosequence
method. Furthermore, the response of species composition to af-
forestation and higher abundance of spider species such as M. fus-
cipes, Palliduphantes ericaeus, Pocadicnemis pumila, Robertus
lividus and Walckenaeria acuminata and hoverfly species such as
R. campestris and M. lasiophthalma in the planted plots mirror
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the results of chronosequence studies on spiders (Oxbrough et al.,
2006b) and hoverflies (Smith et al., 2006). This lends support to
our results and means that our findings are likely to be due to
afforestation rather than another factor associated with temporal
variation.

Implications of afforestation

Protecting and incorporating habitats, such as hedgerows, which
enhance biodiversity will contribute to the objectives of sustainable
forest management (Gittings et al., 2006; Oxbrough et al., 2006a;
Smith et al., 2008). The species of tree selected for planting may
influence the biodiversity value of afforested areas, particularly
in plantation forests of exotic conifer species, as when canopy
closure occurs the species richness of ground-dwelling spiders
and hoverflies has been shown to decrease due to the loss of
open specialist species (Gittings et al., 2006; Oxbrough et al.,
2006a). It is important that afforestation plans consider not only
the area and type of habitats but also their quality and that
forest management considers factors related to increased
species diversity at all stages of the forest cycle. The current
study examines spider and hoverfly diversity 7 years after afforest-
ation, and it is likely that as the forests mature there will be further
impacts on spider and hoverfly species in these sites due to
changes in light, microclimate and vegetation (Humphrey et al.,
1999; Ferris et al., 2000; Smith et al., 2005). Further monitoring is
required throughout the forest cycle to fully understand the
impact of afforestation on the diversity of these taxa.

The biodiversity benefits of planting forests on agricultural land
could also make an important contribution to ecosystem services
through the biological control of crop pests and the pollination of
arable crops and wildflowers in nearby fields. Forested areas and
hedgerows support diverse and abundant populations of preda-
tory arthropods such as spiders and hoverflies, which can disperse
into crop fields and may be useful in the biological control of crop
pests (Peng et al., 1993; Kajak, 2007; Bennewicz, 2011). Further-
more, hoverflies may be the second most important pollinators
after wild bees (Larson et al., 2001)and can contribute to enhanced
pollination services (Fontaine et al., 2006; Albrecht et al., 2012;
Jauker et al., 2012).

Main conclusions

Within the first 7 years of afforestation, the habitat of agricultural
grassland sites changed to provide a mosaic of open and shaded
areas with increased structural variation created by litter and vege-
tation cover. These sites became suitable for a wider range of
ground-dwelling spider species with differing ecological require-
ments. The habitat change did not impact on hoverfly species in
the same way due to their migratory behaviour and their response
to landscape scale factors, which can mask the effect of site level
changes. However, in general afforestation in these sites increased
the diversity of habitats and available niches, which afforded these
areas the opportunity to increase arthropod biodiversityat both the
site and landscape level. The retention of hedgerow habitats was
also an important contributor to biodiversity in these forests.
Within-site assessment of the effect of afforestation had not
been researched in Ireland until now. In this context, the results
of this study provide an important step in understanding the
impact of afforestation and provide evidence of the biodiversity

benefits and ecosystem services conferred by afforestation in agri-
cultural grassland habitats, where the majority of planned affor-
estation is likely to take place.
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