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Abstract
Dryland forests, those characterised as having low precipitation and soil nutrients, account for over a quarter of forests globally. Increasing their productivity often relies on irrigation and fertilisation, but the impacts on the wider habitat are largely unknown. Understory invertebrates, in particular, play key roles in forest systems (e.g. nutrient cycling) but their responses to dryland forest management practices are untested. We investigated the impacts of irrigation, fertilisation and fertigation (a combination of both) on soil chemistry, understory vegetation, tree growth and understory arthropod communities in a Eucalyptus plantation to establish linkages between dryland management and ecosystem responses. Fertilisation increased all soil nutrients (N, NO3N, P and K) with similar effects on the chemistry of understory grasses. Fertilisation also caused declines in foliar silicon concentrations, an important herbivore defence in grasses. Irrigation increased soil Mg concentrations, pH and growth of both understory plants (+90%) and trees (+68%). Irrigation increased the abundance of ground-dwelling arthropods by over 80% relative to control plots, but depressed arthropod diversity by 15%, declining by a further 7% (-22%) in fertigated plots. Irrigation also caused a surge in the abundance of Collembola (+1300%) and Isopoda (+323%). Fertilisation drove increases in the abundance of Isopoda (+196%), Diptera (+63%), whereas fertigation increased populations of Thysanoptera (+166%) and Acarina (+328%). Air-borne arthropods were less affected, but fertilisation increased the abundance of Apocrita (+95%) and depressed populations of Thysanoptera (-77%). Diptera abundance was positively related to understory vegetation growth, whereas the abundance of other groups (Collembola, Isopoda, Thysanoptera and Acarina) correlated positively with tree growth. Outbreaks of key detritivores, Collembola and Isopoda, we suggest is linked to increased leaf litter from enhanced tree growth in irrigated and fertigated plots. Our findings suggest that dryland management can create forest habitats with distinctive arthropod communities that may be less diverse.
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Introduction
Most natural and managed ecosystems are driven to some degree by invertebrates that live within them, to the extent that they have been labelled as ‘little things than run the world’ (Wilson, 1987). They are the central drivers of most terrestrial plant-based foodwebs (Price, 2002) and play critical roles in nutrient cycling, particularly in forest ecosystems (Frost and Hunter, 2004;  Frost and Hunter, 2007). Dryland ecosystems, including arid and semi-arid habitats, constitute about 41% of the terrestrial surface of the Earth (Schimel, 2010).  Dryland ecosystems are characterised as having low levels of soil moisture and nutrients, mainly due to diminished levels of precipitation and high rates of evapotranspiration (Delgado-Baquerizo et al., 2013). These systems are seen as being particularly vulnerable and responsive to environmental perturbations, including anthropogenic impacts (Singh et al., 2010;  Zheng et al., 2017). At the same time, increasing global demands for plant-derived products (e.g. food, fibre and wood) mean that some anthropogenic  interventions (e.g. fertilisation and irrigation) are increasingly necessary in dryland systems to maintain plant productivity and ecosystem health (Hagin and Tucker, 1982;  Fornara and Tilman, 2012). 

Dryland forests account for more than a quarter of global forest cover, some 1.1 billion hectares of land (FAO, 2016). There has been significant interest in how management of dryland forests affect soil biota, most extensively for soil microbes (Liu et al., 2013;  Liu et al., 2015;  Zheng et al., 2017), but also nematodes and soil-dwelling invertebrates (Aslam et al., 2015;  Frew et al., 2013). Characterising how soil biota, particularly soil fungi, respond to management interventions in dryland systems has proved useful for predicting outcomes in terms of plant productivity, plant-soil-water relations and carbon cycling (Zheng et al., 2017). In contrast, we know relatively little about how arthropods living aboveground in dryland forests respond to such interventions, yet they likely play equally important roles in ecosystem processes such as nutrient cycling via consumption and breakdown of plant material (Hunter, 2001). Understory arthropods could be affected directly by management interventions (e.g. reduced desiccation in irrigated dryland habitats) or indirectly via changes to the habitat, especially in terms of plant growth, quality and habitat complexity. Fertilisation and water availability may, for example, make plants grow more vigorously with beneficial effects on herbivore populations, which, in turn, positively affect populations of the herbivores’ natural enemies (Price, 2002). Equally, these factors could provide the resources for plants to become better defended against herbivory, with negative consequences for these very same groups (Hartley and Jones, 1997). Understory grasses, for example, may acquire silicon defences to varying degrees depending on environmental conditions (Hartley and DeGabriel, 2016). Silicon defences in grasses have been shown to affect the performance of both herbivores and the carnivorous insects that subsequently prey on them (Ryalls et al., 2017). Stimulated plant growth arising from these interventions may also increase habitat complexity, which generally favours more arthropod diversity (Steinbauer et al., 2006), though this can vary between taxa and depend on which part of the habitat is becoming more complex (Humphrey et al., 1999).

Forest management practices are known to affect arthropod communities (reviewed by Hartley, 2002;  Moore and Allen, 1999), most involving intensive management interventions focus on practices such as herbicide application (e.g. Root et al., 2017;  Morrison and Meslow, 1984) or vegetation thinning (e.g. Taki et al., 2010) rather than irrigation and fertilisation. A rare exception by Coyle et al. (2003) investigated irrigation and fertilisation in a loblolly pine plantation and found that fertilisation increased tree growth and herbivore performance, though only in one year of the study. In any case, the majority of research examining forest management impacts on arthropods comes from temperate forest systems (e.g. Coyle et al., 2005;  Fuller et al., 2008;  Woodcock et al., 2003), which may extrapolate poorly to dryland forest systems. In particular, given that dryland forests are characterised as having low levels of soil moisture and nutrients (Delgado-Baquerizo et al., 2013), it could be anticipated that plants and arthropods would respond more dramatically to changes in these factors than in systems where these factors are not limiting. 

The objective of this study was to characterise the effects of dryland forest management practices (irrigation and fertilisation) on understory arthropod communities, focusing on key habitat changes that could influence the abundance, diversity or composition of these communities. We specifically measured changes in soil properties (pH and nutrient availability), understory coverage, nutritional quality of understory grasses and tree growth in a Eucalyptus saligna Sm. plantation that had been subject to a factorial combination of irrigation and fertilisation treatment for four years. We sampled ground-dwelling and flying arthropods throughout the site over the course of a year to obtain a broad overview of which major taxa were being affected and to what extent.       

Materials and Methods
Site and experimental design
The study site is described in detail in Frew et al. (2013) but is summarised here. The site (5 ha) was converted from a native pasture to a paddock in 1997 and is situated on an alluvial floodplain near the Hawkesbury River in western Sydney (Australia) at 25 m elevation (33°36’40” S, 150°44’26.5” E). The soil (described fully in Barton et al. (2010)) is of the Clarendon Formation type (Isbell, 2002), an alluvial formation of low-fertility sandy loam soils with low organic matter content, moderate to low-fertility and low water holding capacity. In March 2007 the site was cleared of vegetation with glyphosate herbicide (Roundup™). During April 2007, 2560 E. saligna (details below) were planted at a density of 1,000 trees ha−1 (2.6 × 3.85 m tree spacing). Trees were supplied with insecticidal imidacloprid tablets (Initiator™, Bayer Crop Science). These tablets also contained nutrients (N, P, K, Mg) to promote initial plant growth. At this point, the site was free of understory plants. From November 2008, no pesticides or herbicides were applied and natural grass colonisation between trees was allowed. At the time of the study (2012), the understory comprised several grass species including Eragrostis curvula (Schrad.) Nees, Microlaena stipoides (Labill.) R. Br., Cynodon dactylon (L.) Pers. and Elymus repens (L.) Gould, as well as smaller quantities of Digitaria sanguinalis (L.) Scop., Setaria incrassate (Hochst.) Hack., Chloris truncata R. Br., and Dactylis glomerata L. (Frew et al., 2013).

Sixteen plots, each containing 160 trees in 10 rows of 16 E. saligna (provenance Styx River, NSW; seedlot 20752 CMA from the Australian Tree Seed Centre, Clayton South, VIC, Australia) were designated for irrigation and fertilisation treatments; four plots received both irrigation and liquid fertilisation (IL) (termed 'fertigation' by Aslam et al., 2015), four received just irrigation (I), four received solid fertiliser (F) and the remaining four were left untreated as controls (C). Irrigation treatments were applied every 4 d throughout the year using an in situ irrigation system that delivered water evenly throughout the plot via 65 spray heads, equivalent to 15ml of rainfall (24,000 L per plot year-1). Liquid fertiliser (N-P-K; 20-8-7) was applied to IL plots every four days during the growing season (September – April), while solid fertiliser (N-P-K; 21-6-8) was applied at quarterly intervals to F plots throughout the growing season. Different fertiliser types were used to reflect typical plantation management (Frew et al., 2013). Both fertilisation regimes were applied at a rate of 150 kg N ha−1 year−1.

The study was conducted in 2012 and 2013; vegetation and soil measurements were taken in October 2012 (Austral Spring) with arthropod abundance being recorded on four occasions (c. 8-10 weeks apart) after this. All sampling and measurements were conducted on the central portion (72 trees) of the plots to avoid ‘edge effects’.

Plant nutrient availability and soil chemistry 
Plant root simulator (PRS™) probes (Western AG Innovations Inc., Saskatchewan, Canada; Bengtson et al., 2007) were used to estimate the bioavailability of multiple nutrients and metals in situ: nitrogen (N), nitrate as nitrogen (NO3N), phosphorus (P), potassium (K), sulphur (S), calcium (Ca), magnesium (Mg), lead (Pb), aluminium (Al), iron (Fe) and manganese (Mn). Within each plot, five points within each experimental plot were selected at random and six probes (three anion and three cation) were inserted to a depth of 10 cm at each sampling point. After 40 d, the probes were retrieved and returned to the manufacturer for processing. Nutrient values were averaged for all three probes at each sampling point.
Chemical analyses were also conducted on soil cores taken from the five points (as above) within each experimental plot using a soil corer (8 cm diameter; 10 cm deep). Soil samples (25±0.5 g) were dried at 130 °C for 72 h. A 10±0.1 g sub-sample was then ball-milled, mixed with 50 ml distilled water and the pH of the resulting suspension measured after 1 h. A further subsample was used to estimate total soil C and N content using a LECO TruMac C/N determinator (LECO Corporation, USA) with thermal conductivity detection of N2 and CO2. C and N concentrations were determined by comparison with known standards.
Understory plant chemistry
Foliar samples of the three dominant grass species were removed from the understory and snap frozen in situ, before being freeze-dried prior to chemical analysis. Foliar silicon (Si), P and K concentrations were analysed with X-ray fluorescence spectrometry according the methodology set out in Reidinger, Ramsey & Hartley (2012). In brief, plant material was ground to a fine powder and pressed into 13mm-diameter pellets. Following the methods of Reidinger et al. (2012), concentrations were determined using a Niton XL3t XRF analyzer (Thermo Fisher Scientific, Inc., MA, USA), for a measurement time of 30 seconds. Results were expressed as concentration (as % of dry mass), calibrated against plant-certified reference material of known content (Garbuzov et al., 2011). Foliar N and C concentrations were determined using a CHN analyser (LECO TruSpec Micro, LECO Corporation, USA).
 
Understory vegetation and tree metrics
Eight 1m2 quadrats, split into 100 sections (10cm × 10cm) were randomly located within each of the plots and the vegetation cover and species of the dominant understory plants measured. Ten trees from central part of each plot were selected at random and the diameter of each tree trunk measured at 1.3m. The total height of the tree and height of the tree to the base of crown were measured manually via access to the canopy using a trailer mounted lift (cherry picker).

Arthropod Sampling
For ground-dwelling arthropods, pitfall sampling was undertaken following the general recommendations of Woodcock (2005). Sampling was repeated four times (c. 8 weeks apart) at fixed positions within each of the plots configured in a lattice design (approximately 20m apart within rows and 35m apart between rows). Four roofless pitfall traps (170mm x 120mm x 70mm) were established in each of the 16 plots (64 in total) at ground surface level and covered with mesh (15mm) to prevent vertebrates falling in to the traps. The first sampling event took place two weeks after trap establishment to minimise digging in effects (Woodcock, 2005). Prior to sampling, traps were filled with 200ml of 50% ethanol. Protective lids were applied to the traps between sampling events. The traps were exposed for two full days before recovering the contents.  

To sample flying arthropods in the understory, four rectangular yellow sticky traps (102mm x 160mm; Bugs for Bugs, Mundubbera, QLD, Australia), were established in each plot, also in a grid spatial arrangement (approximately 20m apart within rows and 12m apart between rows). These were suspended 1.5m from the ground by a chord between two tree trunks, following the general procedures recommended by Ozanne (2005). Sticky traps were left exposed for two full days at the same time as the pitfall traps on each of four sampling occasions. Arthropods from both types of trap were counted and identified to order and sub-order level. Shannon diversity index values were calculated to provide an informal estimate of diversity within each plot.   

Statistical analysis
Treatment effects on soil chemistry, understory vegetation growth and tree metrics were analysed simultaneously using permutational analysis of variance (PERMANOVA) and visualised with principal components analysis (PCA) using the vegan statistical package (Oksanen et al., 2017) in R v3.3.2.  Treatment effects on individual soil, vegetation and tree characteristics were analysed using linearised mixed models in the nlme statistical package in R (Pinheiro et al., 2014), with plot being included as the random (mixed) factor.  The dependent variables were transformed to normalise the model standardised residuals where necessary. Arthropod counts from the four traps per plot were summated and subjected to PERMANOVA analysis (separately for pitfall and sticky traps) to determine whether treatments were affecting community composition (details as above). Taxa that occurred at very low densities (<1.5% of the community were excluded from further analysis (Facey et al., 2016). Arthropod abundance was then examined at the group level using generalised linear mixed models (‘glmer’ in R) with Poisson distribution and log link function; sampling event was included as a random factor in the model (as outlined by Facey et al., 2016). Post-hoc Tukey’s tests using the glht function in the R package multcomp (Hothorn et al., 2008) were used for pairwise comparisons of means for treatment effects on soil, plant and arthropod responses. Correlations tests between habitat features (soil and vegetation responses) and arthropod abundance was then undertaken to determine any associations. All analysis was conducted in the R statistical interface v3.3.2.

Results
Habitat changes
PERMANOVA indicated that irrigation and fertilisation had significant impacts on soil and plant chemistry and plant (understory and tree) growth (F3,76 = 64.78, P < 0.0001), with PCA indicating that irrigation mostly affected understory and tree growth, pH and soil Mg and S concentrations whereas fertilisation largely affected soil chemistry (Fig. S1). Understory plant chemistry was largely shaped by fertilisation, with K, P, N and C increasing in most of the grasses, whereas Si concentration tended to decrease with fertilisation (Fig. S2). 

Fertilisation increased most soil nutrients (Table 1), though soil C and N were unaffected (F3,12 = 0.86, P = 0.49 and F3,12 = 0.68, P = 0.58, respectively). Fertigated plots (i.e. those receiving irrigation in addition to fertilisation) saw similar increases in soil chemicals as fertilised plots, although the increases were less pronounced for total N, K, P, Pb, Zn, Al, Mn and Fe. Increases in soil S were highest in fertigated plots, however (Table 1). Soil Mg was unaffected by fertilisation, but rose sharply in irrigated plots. The chemical composition of grasses in the understory was affected by fertilisation apart from C, with N, K and P showing significant increases (Table 1). In contrast, fertilisation caused significant declines in Si concentrations (Table 1), although this decline was not statistically significant at the 95% confidence interval (P = 0.08).

Irrigation and fertilisation stimulated understory vegetation growth (Fig. 1A). Fertilisation did not affect tree growth, except in combination with irrigation (i.e. fertigation). Irrigation led to large increases in tree diameter (Fig. 1B), total tree height (Fig. 1C) and height of the tree crown (Fig. 1D).  

Arthropod populations
A total of 41,642 arthropods were counted and identified during the four sampling events. Fourteen orders and sub-orders of arthropods were recovered, comprising: Acarina (mites), Apocrita (ground-dwelling ants and flying wasps), Araneae (spiders), Blattodea (e.g. cockroaches), Chilopoda (centipedes), Coleoptera (beetles), Collembola (springtails), Diptera (true flies), Hemiptera (true bugs), Isopoda (woodlice), Lepidoptera (mothers and butterflies), Odonata (e.g. dragonflies), Orthoptera (e.g. grasshoppers) and Thysanoptera (thrips). The abundance of ground-dwelling arthropods was dramatically affected by both irrigation and fertilisation (23 = 30.98, P <0.0001), increasing by 50% in fertilised plots (161.06 ± 23.11), 83% in irrigated plots (625.44 ± 367.05) and 89% in fertigated plots (944.88 ± 498.72), relative to control plots (107.31 ± 15.83) (mean ± standard error shown here and below). There was a large surge in Collembola in irrigated and fertigated plots (see below), so the analysis was re-run without this group but the treatment effect remained highly statistically significant (23 = 21.62, P <0.0001). The abundance of flying arthropods was much less affected by treatment, though there was a non-significant (23 = 6.82, P = 0.07) trend for arthropods to be more abundant in fertilised plots (248.00 ± 65.56), relative to control (188.50 ± 46.93), irrigated (160.94 ± 32.38) and fertigated (166.50 ± 35.04) plots.  

PERMANOVA analysis indicated that ground-dwelling arthropod communities changed significantly in response to irrigation and fertilisation (F3,60 = 2.79, P = 0.003) whereas flying arthropod communities did not (F3,60 = 0.51, P = 0.84). Ground-dwelling arthropod diversity was also decreased by irrigation (23 = 8.88, P = 0.03). Shannon diversity index values were lowest in fertigated (1.16 ± 0.15) and irrigated (1.26 ± 0.13) plots, compared to control (1.48 ± 0.07) and fertilised plots (1.49 ± 0.09). The surge in Collembola abundance within irrigated and fertigated plots probably contributed to this diversity decline, but the decline held true when the analysis was re-run without Collembola (23 = 8.008, P = 0.04).  

As mentioned above, irrigation resulted in large increases in Collembola abundance (Fig. 2A) from pitfall traps, whereas either treatment resulted in increased abundance of Isoptera (Fig. 2B), Diptera (Fig. 2C) and Coleoptera (Fig. 2D). Fertigation alone resulted in significant abundances of Thysanoptera (Fig. 2E) and Acarina (Fig. 2F). The other eight groups constituted less than 1.5% of arthropod abundance and were therefore not subjected to statistical analysis. Fertilisation alone increased the abundance of flying Apocrita (mostly parasitoid wasps) (Fig. 3A). In contrast to the pitfall trap results, irrigation resulted in reduced abundance of Thysanoptera on sticky traps (Fig. 3B). Irrigation and fertilisation did not affect aerial catches of Hemiptera (23 = 2.68, P = 0.44), Coleoptera (23 = 1.49, P = 0.69) or Diptera (23 = 1.87, P = 0.60).

Linkages between habitat and arthropod communities
Of the ground-dwelling arthropods, Diptera abundance was positively correlated with understory vegetation cover (Fig. 4A). Collembola, Ispoda, Thysanoptera and Acarina abundance was positively correlated with all aspects of tree growth reported in Fig. 1. The relationship with height of tree crown is shown (Fig. B-E). Flying (i.e. those captured on sticky traps) Apocrita abundance was highest in fertilised plots, so the positive correlation with soil chemistry might be expected. These were statistically significant for Al (Fig. S3A), Fe (Fig. S3B), P (Fig. S3C), K (Fig. S3D), Mn (Fig. S3E), Zn (Fig. S3F) and NO3N (Fig. S3G). Arthropod abundance was not correlated with any aspect of plant chemistry.

Profiles of woodland habitats and arthropod communities under the different land management regimes are summarised in Fig. 5. Images of understory and tree vegetation, together with the arthropod groups, scaled to show changes relative to control treatments with the exception of Collembola (7 in Fig. 5) because increased abundance was too great to be included in the figure in a scaled manner.

Discussion
We found that irrigation of our dryland Eucalyptus plantation had the strongest effects on plant growth and arthropod abundance, but fertilisation also impacted several parts of the system, particularly when applied at the same time as irrigation. Irrigation and fertigation caused arthropod abundance to increase by > 80%, a change in community composition and a general decline in diversity, suggesting that dryland management regimes can have wide ranging impacts on both flora and fauna. 

Collembola and Isopod populations saw dramatic increases in irrigated plots which were positively correlated with tree growth. Research using a similar experimental design in temperate forests of North America tends to find that fertilisation has stronger effects on tree growth, whereas the effects of irrigation are weaker and often only manifest themselves when fertilisation is applied (e.g. Coyle and Coleman, 2005;  Coyle et al., 2008). This highlights how dryland forests are likely to respond differently to management regimes than those of temperate regions, which are more likely to be nutrient limited than water limited (Coyle et al., 2013). Previously, Eucalyptus species grown in drylands showed positive responses to increased water availability (Reed and Tome, 1998;  Tome et al., 1994), whereas those grown in humid conditions frequently do not (Adams et al., 2003;  Misra et al., 1998). Irrigated and fertigated plots had higher pH values, but this almost certainly arose because recycled (grey) water (pH 8.8; Zheng et al., 2017) was used for irrigation treatments, as would be the case in management scenarios. 

Increases in tree growth in irrigated and fertigated plots would lead to increased production of leaf litter which could be the underlying reason for increases in the detritivore groups, especially Collembola but also Isopods.  The vast majority of Collembola feed on fungal hyphae or decaying organic matter and as such play important roles in decomposition of organic matter and soil respiration (Hopkin, 1997). Another study conducted at the same time as the current study reported that the proportion of mycorrhizal fungi within the soil fungal communities declined, whereas saprotrophic and/or plant pathogenic fungi increased (Zheng et al., 2017). This may have been linked to higher abundance of Collembola, but it seems more likely that Collembola populations were being driven by increased leaf litter inputs, particularly as pitfall traps mainly capture surface-active Collembola species (Hopkin, 1997). Increased inputs of organic matter from the tree canopy are likely to have increased populations of Collembola, but the irrigation could have also been directly beneficial to Collembola. In particular, low levels of soil water have been shown to inhibit Collembola reproduction (Choi et al., 2006;  Bandow et al., 2014), so the alleviation of water deficits could also have stimulated Collembola reproduction. 

Both irrigation and fertilisation increased ground cover of understory vegetation, but fertilisation also had considerable impacts on the chemistry of the grasses which dominated the understory. In particular, it led to increases in N, P and K and decreases in silicon accumulation. Nitrogen is known to be limiting in the diets of many insect herbivores (Mattson, 1980), with P limitation also increasingly recognised as a limiting factor for herbivores (Elser et al., 2000). At the same time, silicon is known to be an important herbivore defence in grasses. Silicon is acquired from the soil as silicic acid and then deposited within or between cells, in the cell wall or as discrete opaline phytoliths (Hartley et al., 2015). Silicon appears to negatively impact herbivores via abrasive effects on herbivore mouthparts, reduced digestive efficiency and induction of secondary metabolites (Reynolds et al., 2016;  Hartley and DeGabriel, 2016). Silicon is also thought to be used as a structural resource by grasses to increase rigidity and resistance to lodging. Because silicon is thought to be metabolically ‘cheaper’ than other structural biochemicals (e.g. lignin), this potentially allows plants growing in nutrient-poor soils to increase photosynthetic efficacy and compete more effectively for light and space (Schoelynck et al., 2010;  Stromberg et al., 2016). Increasing soil nutrients via fertilisation may therefore have reduced the need to accumulate as much silicon, which may explain why grasses receiving fertilisation had such low levels of silicon in their foliage.

It could be hypothesised that because grasses in the fertilised plots were nutrient rich and had low silicon concentrations they should be more susceptible to herbivores and be preferentially grazed. Our sampling approach didn’t allow us to test this hypothesis directly, but taxonomic groups with substantive number of herbivores, such as Diptera (30%) and Coleoptera (35%), were highest in the fertigated plots in the current study, which is at least consistent with this hypothesis. Moreover, Cooke and Leishman (2012) also found Coleoptera abundance to be greatest on low-silicon plants in the field. Flying Apocrita (mainly parasitoid wasps; Lopaticki, 2010), were most abundant in the fertilised but not fertigated plots. Given these insects use a range of plant and insect derived volatile cues to locate hosts (Hilker and McNeil, 2008), we could speculate that this may reflect a difference between fertilisers (solid versus liquid), a difference in the volatile signatures of plants growing in fertilised versus fertigated plots or possibly greater abundance of herbivore hosts in fertilised plots. Further research would be needed to assess whether fertilisation increased herbivore and natural enemy densities in the understories of such dryland forests.

This study has shown that dryland management practices can have dramatic effects of the size and composition of arthropod communities. Our aim was to sample a relatively large number of ground-dwelling and aerial arthropods at the same time as taking extensive measurements of habitat change so we adopted a coarse approach to arthropod identification in this study (i.e. orders and sub-orders). Even at this coarse level we found evidence of diversity decline in the managed plots which suggests this should be further investigated given the value of arthropod biodiversity to forest health (Hartley, 2002). Taxonomic identification of many Australian arthropod taxa is incomplete and very fragmented, however, which may mean that emerging approaches such as meta-barcoding need to be used (Beng et al., 2016). The present study has shown that dryland forest management strategies, particularly those involving irrigation, can have strong impacts on ground-dwelling arthropod abundance and affect major taxa differently. We saw very large increases in populations of detritivores such as Collembola, which will likely impact nutrient cycling in the ecosystem. Accurately predicting the impacts of dryland management practices on ecosystems may therefore benefit from a better understanding of how invertebrate communities, in addition to soil microbial communities, respond to these anthropogenic interventions.
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Table 1. Statistically significant changes in plant and soil chemistry resulting from changes in irrigation and fertilisation. Dominant grass species abbreviated: Cynodon dactylon (Cyn), Eragrostis curvula (Era) and Microlaena stipoides (Mic). (N=20 for soil chemistry, N = 4 for plant chemistry). Mean ± standard error shown with significant differences between treatments indicated with lowercase letters and  (increase) or  (decrease) relative to the control values. 
	Factor
	Control (C)
	Fertilised (F)
	Irrigation (I)
	Fertilised and Irrigated (IL)
	F3,12
	P

	Soil chemistry

	 pH
	5.33 ± 0.06 a
	5.20 ± 0.11 a
	6.57 ± 0.09 b
	6.49 ± 0.06 b
	66.27
	< 0.0001

	 Total N
	79.84 ± 12.13 a
	769.25 ± 44.44 b
	16.12 ± 2.94 c
	217.29 ± 14.31 d
	106.44
	< 0.0001

	 NO3N
	75.21 ± 12.04 a
	433.31 ± 35.29 b
	14.54 ± 2.94 c
	213.30 ± 14.63 d
	52.96
	< 0.0001

	 Mg
	170.53 ± 9.73 a
	165.09 ± 19.10 a
	606.60 ± 43.45 b
	735.01 ± 35.74 c
	91.60
	< 0.0001

	 K
	506.27 ± 59.12 a
	1224.66 ± 80.06 b
	402.05 ± 21.66 a
	476.79 ± 21.29 a
	21.06
	< 0.0001

	 P
	17.98 ± 1.77 a
	48.31 ± 4.14 b
	13.66 ± 1.44 c
	24.31 ± 1.44 d
	38.77
	< 0.0001

	 Pb
	0.79 ± 0.10 a
	2.06 ± 0.17 b
	1.52 ± 0.17 b
	1.70 ± 0.19 b
	4.39
	0.027

	 S
	43.55 ± 5.39 a
	91.51 ± 12.46 b
	239.00 ± 29.22 c
	331.92 ± 27.17 d
	34.71
	< 0.0001

	 Zn
	2.90 ± 0.35 a
	7.81 ± 1.07 b
	2.92 ± 0.34 a
	2.88 ± 0.45 a
	9.08
	0.0021

	Al
	18.30 ± 1.11 a
	60.07 ± 4.55 b
	19.36 ± 1.29 a
	20.03 ± 0.97 a
	81.96
	< 0.0001

	Fe
	5.88 ± 0.83 a
	27.39 ± 2.54 b
	10.02 ± 1.57 c
	13.59 ± 2.00 d
	33.39
	< 0.0001

	Mn
	24.26 ± 4.23 a
	165.63 ± 15.03 b
	7.05 ± 1.00 c
	15.82 ± 2.08 a
	57.64
	< 0.0001

	Plant chemistry

	 Cyn - N
	0.21 ± 0.01 a
	0.35 ± 0.03 b
	0.21 ± 0.01 a
	0.32 ± 0.02 b
	11.57
	< 0.001

	 Era-N
	0.19 ± 0.01 a
	0.26 ± 0.01 b
	0.17 ± 0.01 a
	0.30 ± 0.02 c
	18.25
	< 0.0001

	 Mic - N
	0.30 ± 0.02 a
	0.48 ± 0.02 b
	0.35 ± 0.02 a
	0.52 ± 0.03 b
	16.04
	< 0.001

	 Cyn - Si
	1.67 ± 0.14 a
	1.04 ± 0.18 b
	1.71 ± 0.17 a
	1.15 ± 0.03 b
	5.29
	0.02

	 Era - Si
	1.08 ± 0.14a a
	0.57 ± 0.04 b
	0.94 ± 0.15 a
	1.08 ± 0.10 a
	4.56
	0.02

	 Mic - Si
	2.11 ± 0.44 a
	1.13 ± 0.07 b
	1.43 ± 0.18 b
	1.33 ± 0.14 b
	2.79
	0.08

	 Cyn - C
	42.20 ± 1.79
	42.20 ± 2.34
	36.53 ± 1.28
	40.40 ± 1.54
	2.52
	0.14

	 Era-C
	37.40 ± 0.63
	41.65 ± 1.24
	40.05 ± 2.00
	32.35 ± 7.44
	1.08
	0.39

	 Mic - C
	39.45 ± 1.47
	41.88 ± 1.63
	38.78 ± 2.49
	41.90 ± 1.64
	0.77
	0.53

	 Cyn- P
	0.09 ± 0.03 a
	0.28 ± 0.01 b
	0.24 ± 0.03 b
	0.29 ± 0.02 a
	13.87
	< 0.001

	 Era- P
	0.06 ± 0.02 a
	0.17 ± 0.02 b
	0.23 ± 0.02 c
	0.24 ± 0.02 c
	14.41
	< 0.001

	 Mic- P
	0.14 ± 0.03 a
	0.29 ± 0.04 b
	0.28 ± 0.05 b
	0.28 ± 0.02 b
	4.17
	0.03

	 Cyn - K
	1.00 ± 0.26 a
	2.27 ± 0.20 b
	1.47 ± 0.22 b
	2.31 ± 0.05 b
	8.93
	0.003

	 Era - K
	0.71 ± 0.20 a
	1.82 ± 0.16 b
	1.52 ± 0.60 b
	1.66 ± 0.35 b
	1.76
	0.21

	 Mic - K
	1.44 ± 0.33 a
	2.16 ± 0.20 b
	2.07 ± 0.14 b
	2.24 ± 0.08 b
	3.04
	0.07




Figure Legends
Figure 1. Impacts of land management on (A) understory vegetation growth, (B) tree diameter, (C) total tree height and (D) height of the tree crown. Significant differences between treatments indicated with lowercase letters. Mean ± standard error shown, N = 32 (A) and N = 40 (B-D).
Figure 2. Statistically significant effects of management on the abundance of ground-dwelling arthropods. (A) Collembola, (B) Isopoda (C) Diptera, (D) Coleoptera, (E) Thysanoptera and (F) Acarina. Significant differences between treatments indicated with lowercase letters. Mean ± standard error shown, N = 16. 
Figure 3. Statistically significant effects of management on abundance of flying arthropods. (A) Aprocrita and (B) Thysanoptera. Significant differences between treatments indicated with lowercase letters. Mean ± standard error shown, N = 16.
Figure 4. Statistically significant correlations between habitat traits and arthropod abundance. Positive correlations between understory vegetation cover and abundance of (A) Diptera and between tree growth (crown height shown, but all tree factors in Fig 2 were similarly significant) and abundance of (B) Collembola, (C) Isopoda, (D) Thysanoptera and (E) Acarina. Mean values per plot shown (N = 16).
Figure 5. Summary of woodland and arthropod profiles of woodland exposed to (B) fertilisation, (C) irrigation and (D) fertigation. Images scaled to show changes relative to (A) control plots apart from Collembola (7) which could not be shown because of the magnitude of the increases in C and D. Arthropod groups shown (1) Apocrita, (2) Coleoptera, (3) Isopoda, (4) Acararina, (5) Thysanoptera, (6) Diptera and (7) Collembola.
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Supplementary Material
Fig. S1. PCA of plot treatment effects on soil chemistry and plant growth traits.
Fig. S2. PCA of plot treatment effects on understory plant chemistry. Cynodon dactylon (Cyn), Eragrostis curvula (Era) and Microlaena stipoides (Mic).
Fig. S3.  Statistically significant correlations between soil (A) Al, (B) Fe, (C) P, (D) K, (E) Mn,  (F) Zn and (G) NO3N and Apocrita (wasps/bees) abundance on sticky traps. Mean values per plot shown (N = 16).
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