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Abstract
1. Agricultural intensification is a major driver of biodiversity loss, with the im-

plementation of Agri- Environment Schemes (AESs) being a widespread policy 
designed to prevent further loss, and to maintain or restore ecosystem health. 
Upland grassland soils are disproportionately impacted by intensification includ-
ing drainage, artificial fertiliser use, compaction and erosion while the effect of 
AES management on below- ground microarthropods, which mediate a range of 
ecosystem processes, is largely unknown.

2. This study tested the effects of AES management of upland grasslands on micro-
arthropod communities using a large- scale factorial field experiment. The study 
focused on microarthropods with distinct taxa- specific responses observed.

3. Oribatid mite abundance was associated with wetter, more extensive pastures 
with native grasses characteristic of semi- improved grassland managed by AESs, 
whereas Collembola abundance was associated with drier, more intense, reseeded 
(Lolium perenne dominated) pastures characteristic of conventionally managed im-
proved grasslands.

4. Differences in taxa responses may be driven by life- history traits and resilience to 
disturbance. There was no net effect of management, habitat or their interaction 
on total microarthropod family diversity or abundance.

5. Synthesis and Applications. Results from this study suggest that in floristically sim-
ple upland agroecosystems the impact of agri- environment measures on below- 
ground soil biota are context- dependent (differing between contrasting grassland 
types), and taxa- specific, rather than leading to general increases in biodiversity 
per se, and the responses of soil microarthropods are driven by environmental 
variation caused by overall management of grassland fields. Measures should aim 
to increase the availability of areas of semi- improved grassland, with native plant 
mixtures, adjacent to improved grasslands, to maximise the habitats available to 
soil microarthropods.
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1  | INTRODUC TION

Agricultural intensification is a major driver of biodiversity loss (Reid 
et al., 2007; Tscharntke et al., 2005; Tsiafouli et al., 2014). To com-
pensate for biodiversity loss, policies that promote ecological exten-
sification through the implementation of Agri- Environment Schemes 
(AESs) are now widespread. Most AESs focus on above- ground bio-
diversity (e.g. hedgerows, pollinators, birds, etc.) while most evalua-
tions of their efficacy have focused on intensive arable and cropland, 
rather than grassland systems.

Below- ground biodiversity is critical for soil health, fertility 
and production in virtually all agroecosystems, not just grasslands, 
yet this realm of biodiversity is frequently overlooked (Scherber 
et al., 2010; Wagg et al., 2014). To date, studies suggest AESs are less 
effective at conserving below- ground soil biota than above- ground 
flora and fauna (Bengtsson et al., 2005; Flohre et al., 2011), suggest-
ing both a knowledge gap and potential failing in ecosystem- wide 
effectiveness.

Few AES measures specifically target below- ground soil biota, 
although general measures such as reduced use of biocides (herbi-
cides, fungicides and insecticides) and artificial fertiliser (nutrient 
application) might be broadly beneficial. There is, however, limited 
evidence demonstrating positive impacts of reduced biocidal and 
fertiliser usage on soil biota, yet important effects are predicted 
based on the current knowledge of below- ground soil processes. 
Soil biota are responsive to a range of management practices, for 
example, below- ground biodiversity has been found to be resilient 
to some anthropogenic disturbance including intensification through 
above- ground– below- ground buffering (Fitter et al., 2005).

Agricultural intensification in upland grasslands results in floris-
tically poor plant communities, in contrast, less intense semi- natural 
or semi- improved grasslands support a greater range of plant species 
and hence invertebrate species and functional groups. Upland eco-
systems are dominated by grassland production reflecting subsidised 
low- density livestock farming (Dennis et al., 2008). Due to their wet-
ness and lower nutrient status, upland soils are disproportionately 
affected by drainage and artificial fertiliser use, and are vulnerable 
to soil erosion, due to soil disturbance, for example ploughing on 
slopes subject to high- intensity rain leads to topsoil loss and declines 
in ecosystem functioning (Montgomery, 2007; Palm et al., 2014). 
Improved grasslands are used for grazing and silage fodder produc-
tion. Consequently, they are managed with heavy machinery several 
times each year. In contrast, semi- improved grasslands are typically 
used for rough grazing (i.e. for beef production) and reflect land less 
suited to the use of heavy machinery.

Improved and semi- improved upland grasslands therefore pro-
vide the perfect setting in which to study simple above- ground– 
below- ground interactions between contrasting management 

intensifications. Different management regimes will affect bot-
tom- up control mechanisms whereby plants influence soil biota 
creating feedback loops in which soil biota alter plant compet-
itive dynamics (Barnett & Facey, 2016; Flohre et al., 2011; Olff & 
Ritchie, 1998; Wagg et al., 2019). The severe dearth of soil biodiver-
sity data in this type of agricultural system means that the effects 
of contrasting management intensification remain largely untested 
especially for soil animals.

Here we hypothesise that AES upland grassland farming prac-
tices and semi- improved habitats lead to positive changes in soil 
invertebrate communities. Microarthropods (e.g. springtails and 
mites) are central to the soil food web, responsible for decomposi-
tion of organic matter into a form accessible by bacteria and fungi 
(Maaß et al., 2015). The changes caused by land intensification and 
potentially counteracted by AES are therefore likely to have major 
effects on soil fauna. For example, a decline in soil microarthropod 
biodiversity can threaten soil ecosystem stability through soil struc-
tural degradation; such effects can be mitigated through increased 
agrochemical inputs, but at the cost of economic profitability and 
sustainability. Soils are complex systems, however, and changes in 
microarthropod abundance may be related to trait- based responses, 
as some taxa are more resilient to disturbance than others. Soil fauna 
have been known to shift their feeding strategies due to indirect ef-
fects of land intensification, mediated by changes in plant pathways 
(Wang et al., 2015), and those taxa with shorter life spans can benefit 
from the exclusion of taxa with short generation times (Bardgett & 
Cook, 1998). For example, Collembolans tend to colonise areas rap-
idly with dramatic changes in abundance after disturbance (Coleman 
et al., 2004; Hopkin, 1997). Oribatid mite populations recover slowly 
after perturbation (Lindberg & Bengtsson, 2006) as they reproduce 
and disperse relatively slowly compared to other microarthropods.

Overall, there is a significant knowledge gap in upland grass-
lands on the effects of intensification on below- ground community 
dynamics and ecosystem processes. The data available suggest that 
these effects are likely to be negative, but whether AES measures 
can compensate for the predicted negative effects remains un-
known. This study aimed to test the effects of AES measures versus 
conventional management of upland grasslands on soil biodiver-
sity in contrasting habitats (semi- improved and improved), using a 
large- scale factorial field experiment. The specific objectives were 
to compare below- ground microarthropod diversity and commu-
nity composition between (a) semi- improved and improved upland 
grasslands; (b) AES and conventional management systems; (c) their 
interaction and (d) relate any differences to floristic diversity. We hy-
pothesise that microarthropod diversity and total abundance would 
be higher in semi- improved than improved grasslands, associated 
with higher plant diversity; and microarthropod diversity and total 
abundance are likely positively affected by AES management.

K E Y W O R D S

agri- environment schemes, agroecology, biodiversity, ecosystem function, grassland 
management, LMMs, soil microarthropods
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2  | MATERIAL S AND METHODS

2.1 | Study sites

To test the effects of agri- environment schemes on below- ground 
soil invertebrate biodiversity, 90 agricultural grassland fields were 
selected across the uplands (>150 m above sea level) in County 
Antrim, Northern Ireland. Study sites were selected using spa-
tial datasets in ArcMap 10.7 (ESRI, California, USA). Sites were 
selected on the basis of (a) AES field parcels within schemes ac-
tive from 2006 to 2019, which had been part of the Northern 
Ireland Countryside Management Scheme (NICMS) for at least 
5 years [details were provided by the Department of Agriculture, 
Environment and Rural Affairs (DAERA)] and (b2) the UK Land 
Cover Map 2007 provided by the Centre for Ecology & Hydrology 
(CEH). Fields were shortlisted by altitude, grassland type and if 
three or more sides of the field bordered another field of the 
same management/habitat type in order to reduce edge effects. 
AES fields were selected first (n = 45), then paired with similarly 
sized (±2 ha) conventionally managed control fields (n = 45). Sites 
ranged from 0.26 to 23 ha and were cluster sampled with pairs se-
lected within a 1 km buffer in order to minimise local and regional 
spatial effects (Figure 1). To test the effect of habitat, within each 
management treatment, 24 improved grassland fields and 21 semi- 
improved grassland fields were also selected. The unbalanced de-
sign was caused by a lack of available semi- improved fields within 
a <1 km buffer. Scheme practices focus on reducing artificial in-
puts (fertilisers and pesticides), increasing areas of semi- natural 
habitat (e.g. sowing wildflowers, delaying mowing regimes, in-
creasing hedgerows and reducing livestock density). Conventional 
fields can be farmed up to nitrogen limit of 250 kg N per ha per 
year (DAERA, 2018). Within the NICMS, these limits decrease to 
25– 100 kg N per ha per year; however, improved grassland within 
the AES can continue to apply similar amounts as under conven-
tional management.

2.2 | Field sampling

Fields were sampled under dry weather conditions (between June 
and September 2018). Plants were surveyed using 50 cm quadrats 
randomly placed at three points within each field. Average veg-
etation height and percentage cover of each plant species were 
recorded, each species was identified following Bebbington and 
Roberts (2005), Wallace et al. (2016, 2017, 2018).

Soil- dwelling, underground microarthropod biodiversity was 
sampled using four soil cores, each with a diameter of 5 cm and a 
depth of 15 cm, taken with a soil auger in the centre of each field 
~5 m apart. The cores were combined to provide a composite sam-
ple representative of the centre of the field, where intensification is 
typically greatest. This was suitable to the aims of the study given 
the large scale at which the hypotheses need to be tested and 
high number (90) of plots. Animals were extracted using modified 
Tullgren Funnels (Tullgren, 1918) where each sample was extracted 
over 3 days and then preserved in 70% ethanol following Caruso 
et al. (2019). Extracted microinvertebrates were identified to fam-
ily level using microscopy following Hopkin (2007) and Shepherd 
and Crotty (2018) and later collapsed into higher taxonomic groups 
(i.e. Collembola, Mesostigmata, Prostigmata, Oribatid and Other 
Insects), to provide a higher taxonomic resolution for which effects 
of treatment may be seen. Counts of individual animals were ex-
pressed as density per m2 prior to analysis.

2.3 | Statistical analysis

Multivariate analysis was used to investigate the effect of grassland 
type (habitat) and management on above- ground and below- ground 
taxonomic groups. Plant species percentage cover was reduced to 
three axes using multidimensional scaling (MDS) ordination to de-
scribe plant community composition. Below- ground soil inverte-
brate abundance was reduced to two axes using redundancy analysis 

F I G U R E  1   Study sites were within 
Co. Antrim, Northern Ireland (left) with 
sampling in a paired design, that is, 
conventional- Agri- Environment Scheme 
fields (right)
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(RDA) to describe invertebrate community composition. Raw counts 
were Hellinger- transformed prior to analysis to ensure that the 
underlying Euclidean distance of metric methods (RDA and MDS) 
could be used as a meaningful ecological distance metric (Legendre 
& Gallagher, 2001). Principal Coordinates of Neighbourhood Matrix 
(PCNM) eigenvectors of the distance matrix from UTM positions (X 
and Y coordinates of each of the 90 field sites) were used to ex-
plicitly model potential spatial dependence between pairs of fields 
and clustered sampling points (Borcard & Legendre, 2002; Caruso 
et al., 2017; Maaß et al., 2014). The PCNM axes that were signifi-
cantly associated with variation in below- ground soil invertebrate 
community composition were retained in analyses and used to con-
strain the ordination axes of partial RDAs. Permutational ANOVA 
approaches were then used to test the significance and quantify the 
effects of all constraining variables within the RDA after taking into 
account the effect of spatial eigenvectors. Those that were signifi-
cant remained in the univariate linear mixed models (LMMs).

Linear mixed models were used to test the effects of grassland 
type (semi- improved vs. improved), management type (conventional 
vs. AES), their interaction (Habitat × Management) and plant com-
munity composition (MDS axes scores) on below- ground soil in-
vertebrate total abundance (family level) and at higher taxonomic 
groups (families collapsed into the most abundant Orders) as well as 
Shannon's Diversity Index (SDI) as a measure of biodiversity (Zuur 
et al., 2010). Field Pair_ID was treated as a random factor. Separate 
models were also constructed for Oribatid and Collembolan groups, 
which showed the greatest divergence in multivariate analyses (the 
other microarthropod groups showed very little variance). Multi- 
model comparison was used to select the best model ranked by 
Akaike Information Criterion values corrected for small sample 
sizes (AICc), where each model was ranked against global and null 
models and all plausible models. The top model was taken as that 
with the lowest AICc. To ensure our sample density was sufficient 
to demonstrate effects, we conducted a Power Analysis assuming 
our final samples sizes and model structure with the minimum effect 
size detectable at 80% power being ≤0.21; generally characterised 
as a ‘small’ difference between groups (see Cohen, 1988). To test 
whether the data met the assumptions of homogeneity of variance 
and normality, the distribution of model residuals was assessed using 
summary statistics, histograms and QQ- Plots. Taxa abundance data 
were log- transformed to improve normality.

All analyses were performed using R version 3.5.1 (R Core 
Team, 2018) using packages vegan (Oksanen et al., 2019) and nlme 
(Pinheiro et al., 2018).

3  | RESULTS

A total of 33 plant species were identified with 32 species occur-
ring in semi- improved grassland and 19 species occurring in im-
proved grasslands; plant diversity was 68% greater in semi- improved 
relative to improved grasslands. Perennial ryegrass Lolium perenne 
was present in 87% of quadrats and 93% of fields (see Table S1). 

Individual quadrats contained 1– 11 plant species (median = 5). 
Multidimensional scaling (MDS) ordination captured 55% of varia-
tion across three axes in plant community composition (Table S3). 
Axis 1 (‘PlantMDS1’) captured 30% of variation and was positively 
loaded for Yorkshire fog Holcus lanatus, Crested dogstail Cynosurus 
cristatus and Sphagnum spp. mosses and negatively loaded for per-
ennial ryegrass. Axis 2 (‘PlantMDS2’) captured 14% of variation and 
was positively loaded for white clover Trifolium repens and negatively 
loaded for Yorkshire fog. Axis 3 (‘PlantMDS3’) captured 11% of vari-
ation and was positively loaded for meadow foxtail Alopecurus prat-
ensis and Sphagnum spp. mosses and negatively loaded for Yorkshire 
fog and perennial ryegrass. PlantMDS1 and PlantMDS3 (both cap-
turing perennial ryegrass, Yorkshire fog and Sphagnum spp. mosses) 
varied with the interaction of Habitat × Management (p < 0.001 and 
p = 0.052, respectively), while PlantMDS2 varied with Management 
(p = 0.059; Table 2).

A total of 992 soil invertebrates belonging to 43 families were 
identified. Individual soil cores contained 1– 8 families (median = 2). 
There were a total of 391 Collembola (33,197 m2; 39% of all inver-
tebrates) including 9 families, 111 oribatids (9,679 m2; 11%) includ-
ing 17 families, 89 mesostigmata (9%) including 8 families, 63 other 
insects (6%) including 11 families and 17 prostigmata (2%) from 6 
families (Table S2).

Redundancy Analysis (RDA) captured 5% of variance in soil inver-
tebrate taxa at the family level and 20% of variance in soil inverte-
brates at higher taxonomic groups (Table 1). Permutational ANOVA 
tests to assess the significance of the constraining variables within 
the axes of RDA suggested that invertebrate families and higher 
taxonomic groups varied between Habitats while higher taxonomic 
groups also varied with Management and were significantly affected 
by PlantMDS1 (Figure 2).

Linear Mixed Model (LMM) analysis showed that Shannon 
Diversity Index (SDI) of soil invertebrates families and total soil 
invertebrate family abundance did not vary significantly with 
Habitat, Management or their interaction or along any PlantMDS 
axes; none of the latter were retained in the top model (Table 3). 
The abundance of some invertebrate families did show signifi-
cant variation with oribatid mite abundance, which was positively 

TA B L E  1   Redundancy analysis (RDA) ordination axes of soil 
higher taxonomic groups

Descriptive stats RDA1 RDA2

Eigenvalues 6.439 1.240

% Variation 16.6 3.2

Cumulative % variation 16.6 19.8

Higher taxonomic groups Axis loadings

1. Collembola 2.071 0.236

2. Other Insects 0.208 1.082

3. Mesostigmata 0.051 −0.589

4. Prostigmata −0.183 −0.445

5. Oribatid −2.322 0.329
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associated with PlantMDS1 (β ± SE = 1.313 ± 0.390; Table 3), 
that is, it was negatively associated with perennial ryegrass- 
dominated communities and positively associated with Yorkshire 
fog, Crested dogstail and Sphagnum spp. moss- dominated commu-
nities. As PlantMDS1 varied significantly with the interaction of 
Habitat × Management so did Oribatid abundance (Tables 2 and 
3), that is, similar abundance in improved grasslands regardless 
of management, but higher abundance in semi- improved grass-
lands that were AES managed. Therefore, AES management ben-
efitted Oribatids, but only on semi- improved grasslands, and this 
group was not significantly different from the rest (Figure 3a). 

Collembolan abundance was significantly lower in semi- improved 
than improved grasslands, but was unaffected by management 
(Table 3; Figure 3b).

4  | DISCUSSION

This study demonstrated that ecological extensification through 
AES management and semi- improved grasslands have contrasting 
effects on individual below- ground microarthropod taxa (Oribatid 
mites and Collembola). Densities of invertebrates were generally 

F I G U R E  2   Redundancy analysis 
community composition biplot for (a) 50% 
of the most abundant and best- fitting 
soil invertebrates (all taxa) and (b) soil 
invertebrates (all higher taxa only) labelled 
by habitat and management. Percentage 
variation explained is shown on each 
axis. PlantMSD1, 2 and 3 represent the 
weighted sums of plant species scores 
from first three axes. PCNM1 and 
PCNM7, x and y are significant spatial 
autocorrelation variables from PCNM 
analysis
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low; however, this is not uncommon in heavily managed agricultural 
grasslands (Caruso et al., 2012; De Deyn et al., 2003). Oribatid mites 
showed higher densities in wetter, more extensive pastures with na-
tive grasses. These pastures were affiliated with semi- natural land, 
managed extensively under AESs. Collembola had higher densities 
in drier, more intense reseeded pastures, affiliated with convention-
ally managed improved fields. Total microarthropod diversity and 
abundance were unaffected by management, habitat or their inter-
action at family level; however, effects were seen at a higher taxo-
nomic resolution (i.e. Order). Thus, the effects of AES management 
measures on below- ground biodiversity in floristically simple agro-
ecosystems may be nuanced, taxa- specific and mediated through 
interaction with changes in plant communities.

Upland grassland plant communities were floristically poor. Plant 
communities varied along a gradient from wetter, more extensively 
managed pastures with native grasses (characterised by Yorkshire 
fog, Crested dogstail and Sphagnum mosses) associated with 
semi- improved grasslands to drier more intensively managed re-
seeded pastures (characterised by perennial ryegrass monocultural 

dominance) associated with improved grasslands. The latter were 
typically fertilised on an annual basis using inorganic fertilisers or 
slurry application and frequently ploughed and rejuvenated, usually 
within 5 years (Smit et al., 2008). Conventional, improved grasslands 
with a high perturbation regime and less floristic diversity therefore 
drive Collembolan abundance, whereas soil in less- managed semi- 
improved AES grassland support higher levels of Oribatids. These 
differences may be caused by interactions between plants and other 
soil properties that we have not explored in this study; however, 
it is clear that plant diversity, mediated through land management 
practices, plays an important role in determining the below- ground 
biodiversity (Smith et al., 2008; van der Wal et al., 2009).

AESs and resulting extensification of land are implemented 
in order to support and promote the biodiversity of all taxa. From 
this study, we know that the responses of soil microarthropods are 
driven by environmental variation caused by management; however, 
these are taxa- specific, especially in the contrasting responses of 
Collembolans and Oribatid mites. Oribatid abundance responded 
to the interaction of habitat and management being most common 
in AES managed semi- improved grasslands while collembolans var-
ied between habitats though were most common in convention-
ally managed improved grassland. While collembolans were more 
abundant than oribatid mites, the latter had a family- level richness 
almost twice that of the former. These taxa typically have fungal 
diets and as such are associated with leaf litter and decaying vege-
tation; thus indirectly affecting decomposition and nutrient cycling 
(Coleman et al., 2004). Both taxa, but especially oribatid mites, are 
good indicators of systems with rich litter substrates and input of 

TA B L E  2   PERMANOVA test on the multivariate linear 
regression based on dbRDA

Model variables Variance df F p

(a) Plant MDS1

Habitat 0.096 1 23.810 0.001

Management 0.008 1 1.892 0.151

Habitat × Management 0.050 1 12.397 0.001

(b) Plant MDS2

Habitat 0.002 1 0.310 0.550

Management 0.021 1 3.697 0.059

Habitat × Management 0.003 1 0.566 0.458

(c) Plant MDS3

Habitat 0.000 1 0.023 0.882

Management 0.032 1 4.964 0.034

Habitat × Management 0.025 1 3.897 0.052

(d) Soil invertebrates (all taxa)

Habitat 0.016 1 2.234 0.011

Management 0.007 1 0.958 0.458

Habitat × Management 0.006 1 0.861 0.579

Plant MDS1 0.009 1 1.158 0.311

Plant MDS2 0.009 1 1.181 0.270

Plant MDS3 0.006 1 0.846 0.609

(e) Soil invertebrates (higher taxa only)

Habitat 0.015 1 3.630 0.009

Management 0.013 1 3.109 0.015

Habitat × Management 0.006 1 1.331 0.250

Plant MDS1 0.017 1 4.013 0.003

Plant MDS2 0.004 1 0.921 0.470

Plant MDS3 0.001 1 0.234 0.925

TA B L E  3   Linear mixed model results for (a) Shannon's Diversity 
Index (SDI) for soil invertebrates, all taxa, (b) total soil invertebrate 
abundance, (c) Oribatid and (d) Collembola abundance

Model/variables t df p

(a) SDI (soil invertebrate families)

Management— Conventional 0.155 42 0.878

Habitat— Semi- improved 0.226 43 0.823

Habitat × Management −0.350 42 0.728

(b) Total abundance

Management— Conventional 1.654 43 0.105

Habitat— Semi- improved 0.081 43 0.936

Habitat × Management −1.550 43 0.128

(c) Oribatid abundance (Log10)

Management— Conventional 1.161 42 0.252

Habitat— Semi- improved 1.072 43 0.290

PlantMDS1 3.367 42 0.002

Habitat × Management −2.107 42 0.041

(d) Collembola abundance (Log10)

Management— Conventional 1.143 42 0.259

Habitat— Semi- improved −2.205 43 0.033

PlantMDS1 −0.537 42 0.594

Habitat × Management 0.838 42 0.407
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organic matter (Schon et al., 2008). Collembolans and oribatid mites 
are known to differ in their response to environmental variation and 
gradients, and the differences observed here in response to habitat 
management might be explained by differences in the life- history 
traits that control the resilience of populations to perturbation. 
These traits can be conceptualised in terms of the r/K selection 
theory (MacArthur, 1972), where oribatids (K specialists) produce 
few offspring in stable environments while collembola (r specialists) 
produce many offspring and exploit unstable environments. Thus, 
the reduction observed in oribatid numbers under agricultural man-
agement can be understood in terms of destabilisation of K- selected 
populations, leading to a relative increase in favour of Collembolans 
(Vreeken- Buijs et al., 1998). Flohre et al. (2011) also suggested 
that the abundance of the collembolans may be higher where their 
predators (e.g. carabid beetles, spiders, predatory mites) has been 
reduced by the use of insecticides typical of conventionally man-
aged and improved fields. Additionally, other trait- based approaches 
may be useful in determining functional diversity, such as body size, 
which determines the spatial niche in the soil system (Schaefer & 
Caruso, 2019; Turnbull et al., 2014). The use of habitat niches and 
resources differs between Collembola and Oribatida, and may lead 
to differing functional traits (Schaefer & Caruso, 2019). Exploring 
the mechanisms behind niche differentiation and competitive ex-
clusion by other organisms may be an important to assess the eco-
system services of soil communities, as well as explain community 
composition variation but these are difficult to quantify (Potapov 
et al., 2020).

A large proportion of the variation in below- ground taxonomic 
abundances remained unexplained in our models, suggesting that 
unmeasured environmental variables as well as a number of local 
scale processes might play a significant role in determining com-
munity patterns (Caruso et al., 2019). Microbial soil fauna play an 
important role in determining the ‘bottom- up’ distribution of soil 
invertebrates and driving soil resources (Scheu & Schaefer, 1998). 
Investigating the effect AESs on the complete soil biosphere, es-
pecially microbes, was outside the scope of this study but could 
provide an avenue for future investigation. Notably, the sampled 
soil biota exhibited significant spatial structuring that was inde-
pendent of the measured environmental and biotic factors such as 
plant community composition. We speculate that this unexplained 
spatial structuring confirms that there are a number of factors that 
influence invertebrate community structure, but which went un-
measured. This seems particularly the case for the microarthropod 
data at the family level, where many taxa were found only rarely and 
in low abundances. Instead, when data were aggregated at higher 
taxonomic levels, communities were more successfully described by 
multivariate methods with the effects of habitat and management 
more evident at these higher taxonomic levels. As clearly observed 
in this study, some soil microarthropod orders are hyperabundant 
compared to others, most notably oribatid mites and springtail coll-
embolans (Schaefer & Caruso, 2019). Thus, such dominant and abun-
dant groups are ideal to detect the response of the entire community 

F I G U R E  3   Total (a) oribatid and (b) collembolan abundance 
within habitat types with different management. The mean of 
each sample is represented by the symbol ◊ ± SE. Linear mixed 
models significance is represented by stars. Field sites composed 
of 24 improved Agri- Environment Scheme (AES), 24 conventional 
improved, 21 AES semi- improved and 21 conventional semi- 
improved

(a) Oribatid 

(b) Collembola 
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to management (Teasdale et al., 2013). While microarthropod fam-
ilies are highly diverse within an order, most have similar functional 
diversity and roles. Aggregation in higher taxonomic groups might 
therefore capture their responses more parsimoniously than numer-
ous highly variable families, at least in environmental contexts where 
the impact of humans is a major driver.

5  | CONCLUSIONS

This study provides clear evidence that the impact of AES meas-
ures on below- ground soil biota is context- dependent varying be-
tween contrasting grassland types. Impacts are taxa- specific with 
no net effect on aggregate community properties, such as diver-
sity or total abundance. This study suggests that different land 
management practices can change the relative abundance of spe-
cific taxa: AES management increased oribatid abundance while 
decreasing collembolans, and vice versa with conventional man-
agement. Significant shifts in the relative abundance of dominant 
microarthropod taxa are an indicator of the impact of AESs and 
land management but are not necessarily related to changes in 
ecosystem service delivery and future studies will have to clarify 
the full ecological implications of observed changes. It is advised 
to be aware of these shifts in soil arthropod abundance when fu-
ture land management policy is being designed, as management 
that benefits one arthropod group but not another may disrupt 
the ecosystem. If AESs are to deliver higher soil biodiversity, and 
subsequent ecosystem functioning, specific measures must be 
taken to account for the differing responses of taxa to extensi-
fication that we have found in this study. Therefore, we suggest 
that measures should aim to include management strategies that 
increase the availability of areas of semi- improved grassland, that 
have lower reductions of inputs, adjacent to improved grasslands, 
to maximise the habitats available to dominant soil taxa. Such 
measures should include limiting ryegrass, and allowing a more 
even distribution of species typical to semi- improved habitats 
such as Yorkshire fog and Crested dogstail. This would allow for 
maximum resource and niche availability to enhance general soil 
biodiversity and associated ecosystem services.
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