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Abstract
Background and Aims: We evaluated three native plants to determine their capacity to provide insectary benefits to pred-
atory arthropods in vineyards, and thereby to enhance biological control of insect pests. Native plants are preferred as sup-
plementary flora, as they are naturally adapted to Australia’s climatic conditions.
Methods and Results: Stands of mature Bursaria spinosa, Leptospermum continentale and Rytidosperma ssp. located adjacent to
or in the mid-rows of Adelaide Hills and Barossa Valley vineyards were sampled for arthropods in 2013/14. Vitis vinifera was
also sampled. Twenty seven thousand and ninety-one individual invertebrate specimens were collected, comprising 20 orders
and 287 morphospecies. Nine thousand and thirty-six predators, 6790 herbivores and 11 265 other specimens were col-
lected. Predatory arthropods dominated the diversity of morphospecies present on each plant. Out of 100 predatory mor-
phospecies, 69 were found on B. spinosa, 65 on L. continentale, 55 on V. vinifera and 37 in association with Rytidosperma ssp.
The difference between predatory and herbivore morphospecies was highest on Rytidosperma ssp. (2.18:1 predators : herbi-
vores), followed by L. continentale, V. vinifera and B. spinosa.
Conclusions: Bursaria spinosa and L. continentale have the potential to be used as insectary plants in association with
Australian vineyards, as they support populations of predatory arthropods throughout the year. Rytidosperma ssp. could pro-
vide insectary benefits on sites where the black Portuguese millipede, Ommatoiulus moreleti, is not considered to be a
problem.
Significance of the Study: This study confirms associations between predatory arthropods and three native plants. The
opportunity to plant selected native insectary species could help winegrape growers save time and resources by producing
fruit with lower pest incidence, while enhancing biodiversity of their vineyards.
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Introduction
Grapevines, Vitis vinifera L., in Australia suffer varying levels
of damage by pest species depending on the climatic zone
(Scholefield and Morison 2010). Light brown apple moth
(LBAM), Epiphyas postvittana (Walker), is the dominant
insect pest causing damage to flower clusters and berry skins
in Australian vineyards. Damaged skins provide infection
sites for Botrytis cinerea (Pers.) and other bunch moulds,
which result in a reduction in fruit quality and yield losses
(Ferguson 1995). Annual national losses from E. postvittana
and related bunch rots were estimated to be $70 million/-
year in Australia in 2010, in addition to $0.5 million/year
caused by garden weevils, grape phylloxera, mealybugs,
scales and trunk boring insects (Scholefield and Morison
2010). Other vineyard pests include Australian grapevine
moth, elephant weevil and mites (Bernard et al. 2007,
Thomson et al. 2007).

Biological control is a key component of arthropod-
mediated ecosystem services, which are used to manage
pests in production landscapes (Isaacs et al. 2009). Biocon-
trol is estimated to provide five to ten times more control of
pests than pesticides (Pimentel et al. 1992). A range of gen-
eralist predators and host specific parasitic wasps contribute
to the biocontrol of E. postvittana and other vineyard pests
(Bernard et al. 2006, Paull and Austin 2006, Yazdani et al.

2015, Feng et al. 2015a,b), and up to 90% of newly hatched
leafroller larvae may be killed by predators in the absence of
toxic chemicals (Helson 1939, Waterhouse and Sands
2001). Predatory arthropods, such as spiders, lacewings,
predatory bugs, ladybird and carabid beetles, are commonly
found in vineyards (Bernard et al. 2007, Thomson and Hoff-
mann 2009). The majority of predators that attack crop
pests are native (Gagic et al. 2018). Their presence in the
vineyard can be boosted by incorporating native insectary
plants (Thomson and Hoffmann 2008).

Ecosystem services that plants provide include provision-
ing, regulating, cultural and supporting services (Mace et al.
2012, Schellhorn et al. 2015). Arthropod ‘provisioning’ ser-
vices from insectary plants provide ‘SNAP’, an acronym that
refers to shelter, nectar, alternative prey and pollen (Barnes
et al. 2011, Gurr et al. 2017), which nourish predatory
arthropods and can extend their presence in production
landscapes (Gurr et al. 1998). In turn, predators provide
‘regulating’ ecosystem services, which involve biological
suppression of vineyard pests. Stands of native vegetation
adjacent to vineyards have been associated with increased
biodiversity (Thomson and Hoffmann 2010, Smith et al.
2015) and provide season-long benefits to boost the activity
of predators and parasitoids (Thomson and Hoffmann 2013,
Zemenick et al. 2018). Much emphasis has been put on the
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role of parasitoid wasps by Australian research in recent
years (Bernard et al. 2006, Paull and Austin 2006, Perovic
and Gurr 2012, Feng et al. 2015a,b, Feng et al. 2016,
Yazdani et al. 2015). The relationship, however, between
predators and individual species of native insectary plants
has largely been neglected. We chose to address this gap in
knowledge.

Biodiversity and provision of ecosystem services can be
improved by at least 20% in vineyards by retaining inter-
row vegetation cover in preference to intensive soil tillage
and herbicide use (Winter et al. 2018) and can also lead to
greater resilience within the system (Altieri 1991, Andow
1991, Ryszkowski et al. 1993, Stamps and Linit 1997,
Schellhorn et al. 2015, Gagic et al. 2018). Exotic insectary
species, such as buckwheat, alyssum, and phacelia, have
been trialled in Australia with varying degrees of success,
but they are not easy to establish and maintain in the dry
Australian environment (Thomson et al. 2010). In contrast,
native plants are naturally adapted to Australian conditions
(Pandey et al. 2018) and are consistently reported as having
low occurrence of pests and high occurrence of natural ene-
mies (Gurr et al. 2017, Gagic et al. 2018). Thus, native
plants may be better insectary plants in Australia.

Careful screening of candidate insectary plants is impor-
tant to ensure success. Increasing biodiversity in general is
no guarantee of pest suppression (Gurr et al. 2003, Karp
et al. 2018) as planting incompatible plants may have unin-
tended consequences by enhancing pest populations
(Andow and Risch 1985, McQuillan 1992, Baggen and Gurr
1998, Gurr et al. 1998, Coventry et al. 2004, Winkler 2005).
Insectary plants need to be attractive to predators but not to
pests, and be easy to establish and maintain, without
actively competing with grapevines.

Increased biodiversity is often promoted as an important
indicator of vineyard health but it can be difficult to mea-
sure (Altieri 1999, Bruggisser et al. 2010, Winter et al.
2018). Thomson et al. (2007) suggest that a surrogate indi-
cator such as the diversity of predatory arthropods, which
have a direct impact on pest abundance, can be used as one
way to assess the benefits of enhancing biodiversity. This
study aimed to broaden our understanding of the ecosystem
services that are provided by native flora in vineyards.

A detailed understanding of the associations between
native insectary plants and predatory arthropods has not
been identified previously in association with Australian
vineyards. We aim to determine if selected candidate insec-
tary plants have the capacity to support populations of pred-
ators throughout the year, and could provide habitat for
economically damaging vineyard pests. The observed versus
estimated morphospecies richness was used to demonstrate
the adequacy of the sampling program (Gotelli and Col-
well 2011).

We collected arthropods on the canopies of Christmas
bush, Bursaria spinosa (Cav.), prickly tea-tree, Leptospermum
continentale (Forst. & G.Forst) and wallaby grasses, Rytidosperma

ssp. (DC) adjacent to or in the mid-rows of Adelaide Hills,
Barossa Valley and Eden Valley vineyards during 2013/14.
Vitis vinifera was also sampled.

Materials and methods

Native insectary plant selection
Plants were selected from local, native plant community lists
and screened for their potential attractiveness to predators,
and likelihood of providing habitat for herbivorous pests
(Fiedler and Landis 2007, Fiedler et al. 2008, Isaacs et al.
2009). The three native candidate insectary plants were
selected for assessment based on their attributes and the
availability of established plants adjacent to or in vineyards
(Table 1).

Bursaria spinosa (Figure 1a) and L. continentale
(Figure 1b) are erect, evergreen shrubs. They produce pol-
len and nectar, which attracts a wide range of arthropods.
Rytidosperma ssp. are erect, perennial grasses (Figure 1c).
They grow actively during spring and enter dormancy when
soils dry out in summer (Penfold and McCarthy 2010). Ryti-
dosperma ssp. are associated with a range of predatory
arthropods (Danne et al. 2010, Penfold and McCarthy 2010,
Wood et al. 2011) and can be selected for specific tolerance
to site characteristics and low growing habit for use under
perennial crops (Prescott 2017). Mixed plantings of wallaby
grasses included in this study are as follows: common wal-
laby grass, Rytidosperma caespitosum; brown-back wallaby
grass, Rytidosperma duttonianum; copper-awned wallaby
grass, Rytidosperma fulvum; hairy wallaby grass, Rytidosperma
pilosum; slender wallaby grass, Rytidosperma racemosum; and
small-flowered wallaby grass, Rytidosperma setaceum. Each
species is endemic to southern and eastern Australia.

Arthropod sampling survey and methods
Surveys were conducted at six locations in South Australia
(Figure 2). Four sites were in the Adelaide Hills and one
each in the Barossa Valley and Eden Valley. Site coordinates
are available via the Figshare online digital repository (10.
25909/5bda767197447). Fungal disease pressure on each
vineyard was managed using low inputs of fungicide sul-
phur and/or copper sprays. No broad spectrum insecticides
were applied.

Three sampling methods were employed, tailored to
each plant species. A modified sweep net was used to sam-
ple the native woody vegetation. Each sample from
B. spinosa or L. continentale was collected by firmly shaking
the foliage five times, inside an insect sweep net (370 mm
in diameter), modified to hold a funnel and a 250 mL col-
lection container. This process was repeated five times to
form a composite sample. Samples from grapevines were
collected by firmly striking the cordons five times with a
rubber mallet, over a beat net (700 × 700 mm) that held a
250 mL collection container. This process was repeated five
times for each composite sample, alternating between each

Table 1. Plant species, common name, family, plant type and food resources provided by each plant.

Plant species Common name Family Plant type Food resources

Vitis vinifera Grapevine Vitaceae Deciduous vine fruit crop Pollen and nectar
Bursaria spinosa Christmas bush Pittosporaceae Native evergreen shrub Pollen and nectar
Leptospermum continentale Prickly tea-tree Myrtaceae Native evergreen shrub Pollen and nectar
Rytidosperma ssp. Wallaby grass Poaceae Native perennial grass Pollen
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side of a pair of vine rows. This provided an effective
method of sampling non-flying arthropods from the grape-
vine canopy. Ten composite samples were collected per
sampling date at each site with the modified sweep net and
beat net capture techniques. Arthropods were killed in the
field using ethyl acetate. Plants of Rytidosperma ssp. were
sampled using ten pitfall traps at each site. Round plastic
850 mL containers with a diameter of 120 mm were placed
in a polyvinyl chloride plastic sleeve, flush with the soil sur-
face. Wire covers, 1 mm thick with 25 mm hexagonal gaps,
were used to limit non-target catch. The pitfall traps were
charged with propylene glycol to a height of approximately
30 mm. Plastic shields, 250 × 250 mm, were placed above
the traps to exclude rainfall. Pitfall traps were exposed for
2 weeks prior to collection.

Sampling period and focus
Samples were collected fortnightly from September to
December, and monthly in March, May and August.

Arthropods were extracted, sorted to order, family and/or
morphospecies and then stored in 80% ethanol (EtOH) in
100 mL plastic containers. Further identification was deter-
mined using Naumann’s (1991) arthropod identification
keys. The sampling focus was on ground and canopy based
predatory arthropods with prominent chewing and/or pierc-
ing mouthparts and/or herbivore pest species. Springtails
(Collembola) and other tiny arthropods were not assessed
due to their high abundance and lack of relevance to this
study. Parasitoids were not considered in detail as they were
not part of the focal group, the complexity of identifying
each specimen to family, and the trapping methods utilised
were not suited to capturing a representative sample of flying
arthropods. Canopy samples were collected at the same time
of day for each trapping method to minimise bias. Because of
the differences among sampling methods only qualitative,
rather than quantitative, comparisons can be made between
plant species. Six hundred and eighty-one reference speci-
mens were either mounted or preserved in 95% EtOH and
transferred to the Waite Insect and Nematode Collection.

Analytical methods
Due to zero inflated data the ten sweep net samples, ten
beat net samples, and ten pitfall samples were each pooled
to give a single sample for each vegetation type, each of the
nine sample sites and each sampling date. Replicate dates
were subsequently pooled by month, so a single monthly
data point resulted for each vegetation type. Replicated inci-
dence data were assessed to determine observed versus esti-
mated species richness and proportion of morphospecies
found in samples following Chao’s bias corrected method
for replicated samples (Gotelli and Colwell 2011). Data were
cast in contingency tables and analysed with the Fisher’s
exact test to determine the proportion of elephant weevil,
Orthorhinus cylindrirostris (Schönherr) (Coleoptera: Curculio-
nidae), present on L. continentale compared to the other
plants sampled (pooled). The larvae of Tortricidae have no
defining morphological features, so they were identified to
species using molecular methods during an associated study
(Retallack et al. 2018).

The datasets generated and analysed during the study
are available in The University of Adelaide Figshare online
digital repository (10.4225/55/5b0a3a2e6b2e9, 10.
4225/55/5b0a3a5d6f519).

Results

Arthropods
Twenty-seven thousand and ninety-one individual speci-
mens were collected, comprising 20 orders and

Figure 1. Australian native insectary plants (a) Bursaria spinosa, (b) Leptospermum continentale and (c) Rytidosperma ssp.
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Figure 2. Location of data collection sites in South Australia. 1. Lenswood,
(a) Bursaria spinosa, (b) Leptospermum continentale, (c) Vitis vinifera
cv. Chardonnay; 2. Aldgate, B. spinosa; 3. Belair, B. spinosa and
L. continentale; 4. Balhannah, B. spinosa; 5. Keyneton, (a) Rytidosperma
spp., (b) Rytidosperma spp. and V. vinifera cv. Shiraz; 6. Nuriootpa,
Rytidosperma spp. and V. vinifera cv. Shiraz.
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Table 2. Predator, herbivore and other arthropod taxa, number of morphospecies and of individuals associated with each plant species.

Taxa Bursaria spinosa Leptospermum continentale Vitis vinifera Rytidosperma ssp.

spp. In spp. In spp. In spp. In

Predator taxa
INSECTA
ODONATA 1 1 0 0 0 0 0 0
DERMAPTERA
Forficulidae§ 1 1 1 14 1 893 1 1547

MANTODEA 1 15 1 6 1 1 0 0
HEMIPTERA 6 91 6 53 6 77 6 139
Anthocoridae 1 1 1 4 0 0 0 0
Nabidae 1 5 1 9 1 9 1 4
Pentatomidae 2 47 2 33 2 65 1 100
Reduviidae 2 38 2 7 3 3 4 35

HYMENOPTERA† 13 242 12 349 3 85 5 119
Formicidae§ 1 4 70 1 65 1 29

NEUROPTERA 3 308 3 138 2 482 2 245
Chrysopidae 1 95 1 19 1 22 1 3
Hemerobiidae 1 208 1 118 1 460 1 242
Mantispidae 1 5 1 1 0 0 0 0

COLEOPTERA 16 179 14 234 10 946 6 90
Anthicidae 1 3 0 0 0 0 0 0
Cantharidae 1 12 1 85 0 0 0 0
Carabidae§ 1 16 1 27 1 6 4 87
Cleridae¶ 7 27 6 26 2 2 0 0
Coccinellidae 5 69 5 77 6 898 1 2
Melyridae§ 1 52 1 19 1 40 0 0
Staphylinidae 0 0 0 0 0 0 1 1

DIPTERA 0 0 1 3 0 0 1 2
Syrphidae 0 0 0 0 0 0 1 2
Asilidae 0 0 1 3 0 0 0 0

ARACHNIDA
ACARI 0 0 0 0 1 8 0 0
ARANEAE 27 834 27 508 30 488 13 828
Araneidae 7 158 5 95 6 136 2 18
Deinopidae 1 10 1 1 1 2 1 2
Dysderidae 1 5 0 0 1 15 0 0
Gnaphosidae 2 13 2 16 3 29 3 6
Linyphiidae 0 0 0 0 1 2 1 19
Lycosidae 1 8 1 21 1 15 1 766
Oxyopidae 1 3 1 1 1 3 0 0
Philodromidae 1 36 1 2 1 8 0 0
Pholcidae 1 4 1 2 0 0 0 0
Salticidae 3 156 4 77 4 87 1 3
Sparassidae 1 20 1 24 1 18 0 0
Tetragnathidae 2 117 2 123 2 124 0 0
Theridiidae 0 0 0 0 0 0 1 4
Thomisidae 3 165 4 94 4 13 1 1
Zodariidae 1 2 1 1 1 1 1 7

PSEUDOSCORPIONES 0 0 0 0 1 3 0 0
CHILOPODA¶ 1 1 0 0 0 0 3 106
Herbivore taxa
INSECTA
ORTHOPTERA 8 11 3 9 3 18 2 10
Acrididae 1 1 0 0 1 10 0 0

HEMIPTERA 17 365 11 208 10 111 6 18
Alydidae§ 0 0 1 5 1 4 2 7
Cicadellidae 4 137 3 20 2 2 1 3
Coccidae 1 3 0 0 2 37 1 2
Miridae 3 151 2 94 2 11 0 0
Lygaeidae§ 1 54 1 61 1 6 1 1
Pentatomidae 7 19 3 25 2 51 1 5
Tingidae 1 1 1 3 0 0 0 0

COLEOPTERA 12 51 13 200 12 137 6 43
Cerambycidae 3 12 1 1 0 0 0 0
Curculionidae 9 39 12 199 12 137 6 43

LEPIDOPTERA 4 21 3 39 4 16 2 318
Geometridae 1 13 1 32 1 2 0 0
Noctuidae 0 0 0 0 1 12 2 318
Tortricidae 2 8 2 7 2 2 0 0

DIPLOPODA
JULIDA
Julidae¶ 1 347 1 62 1 2177 1 2629
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287 morphospecies on Rytidosperma ssp. (n = 9927),
B. spinosa (n = 6798), V. vinifera (n = 6026) and
L. continentale (n = 4340) (Table 2). Of the 20 orders found
the most abundant, in order were Coleoptera, Diplopoda,
Araneae, Dermaptera, Hemiptera, Neuroptera and Hyme-
noptera, which made up 92% (n = 25 006) individuals and
200 morphospecies. Thirteen orders made up the remaining
8% (n = 2085) comprising 87 morphospecies.

Arthropods were categorised into different functional
groups, as either predators (including parasitoids) (n = 9036),
herbivores (n = 6790) or other (alternative prey, scavenger,
seed or pollen feeders, detritivores) (n = 11 265), following
the feeding habits outlined in Naumann (1991). Captures on
B. spinosa resulted in the greatest number of arthropod mor-
phospecies (n = 185), followed by L. continentale (n = 147),
V. vinifera (n = 127) and Rytidosperma ssp. (n = 100).

Arthropod morphospecies richness. The majority of arthro-
pod species present associated with each plant was

estimated to have been collected in samples (Table 3),
which indicates sampling protocols were adequate. A
range between 68.4% of total morphospecies was col-
lected on V. vinifera to 79.5% in association with Rytidos-
perma ssp. The lower proportion of observed versus
estimated other morphospecies, can be attributed to a
higher abundance of singletons and undetermined speci-
mens, which are considered to be transient and inconse-
quential to this study.

Morphospecies and individual arthropods. Predatory arthro-
pods dominated the morphospecies present on each plant
(Figure 3). The ratio of predator to herbivore morphospecies
on each plant (pooled for all sites) was highest for Rytidos-
perma ssp. (2.18:1 predators : herbivores). Out of a total of
100 predatory morphospecies, 69 were found on B. spinosa,
65 on L. continentale, 55 on V. vinifera and 37 in association
with Rytidosperma ssp.

Table 2. Continued

Taxa Bursaria spinosa Leptospermum continentale Vitis vinifera Rytidosperma ssp.

spp. In spp. In spp. In spp. In

Other taxa
INSECTA
ORTHOPTERA 1 1 0 0 1 2 2 16
PHASMATODEA

Phasmatidae 0 0 1 6 0 0 0 0
BLATTODEA¶ 1 1 0 0 3 14 6 347
HEMIPTERA 20 380 11 741 10 148 5 17

Miridae‡ 5 224 4 598 4 88 2 2
Pentatomidae‡ 7 66 3 61 3 27 1 1

THYSANOPTERA 3 94 1 42 0 0 0 0
PSOCOPTERA 0 0 0 0 1 1 0 0
HYMENOPTERA 1 1 1 1 1 1 2 13

Apidae 1 1 1 1 1 1 1 9
COLEOPTERA 23 3570 19 1624 14 391 17 2881

Buprestidae¶ 2 6 2 5 1 1 1 4
Chrysomelidae‡ 2 22 2 7 0 0 0 0
Elateridae¶ 1 4 1 1 1 13 1 103
Latridiidae¶ 1 3354 1 1136 2 352 0 0
Mordellidae 2 104 1 11 0 0 0 0
Scarabaeidae¶ 3 7 4 339 1 1 5 537
Tenebrionidae¶ 1 10 0 0 4 15 6 2230

LEPIDOPTERA 5 31 6 16 1 6 2 9
Psychidae 0 0 2 2 0 0 0 0

DIPTERA 8 39 4 8 2 2 2 4
ARACHNIDA

ACARI 1 1 0 0 0 0 1 5
MALACOSTRACA

ISOPODA
Armadillidiidae¶ 0 0 0 0 2 5 3 529

Singletons: undetermined 11 213 8 79 7 14 6 12

†Parasitoid. ‡Herbivore. §Scavenger, omnivore, seed or pollen feeder. ¶Detritivore. In, number of individuals; spp., number of morphospecies.

Table 3. Estimated morphospecies richness based on Chao’s species richness estimator equation.

Functional group Bursaria spinosa Leptospermum continentale Vitis vinifera Rytidosperma ssp.

Obs. Est. % Obs. Est. % Obs. Est. % Obs. Est. %

All 185 261 70.8 147 215 68.5 127 186 68.4 100 126 79.5
Predators 69 80 86.2 65 82 79.1 55 64 85.5 37 44 84.8
Herbivores 42 61 69.2 31 35 89.1 30 39 76.5 17 18 93.6
Other 74 120 61.9 51 123 41.5 42 91 46.3 46 62 73.6

%, proportion of the estimated total number of arthropod species observed; Est., estimated total number of arthropod species; Obs., observed number of arthro-
pod species.
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Insectary plants
Flowering phenology was assessed for each plant. The flow-
ering period of V. vinifera occurred from 30 November to
13 December 2013 and the fruit was picked on 3 April 2014
in the Adelaide Hills. The flowering period of V. vinifera
occurred from 11 to 18 November 2013 and the fruit was
picked on 14 March in the Barossa Valley and 7 April 2014
in the Eden Valley. Leptospermum continentale flowered from
August to December, Rytidosperma ssp. flowered in
December and B. spinosa flowered from December to
February (Table 4). The insectary plants flowered at times
which overlapped with the flowering and fruitset period of
V. vinifera, which is a critical time for E. postvittana activity
and potential crop damage.

Predatory arthropods showed a clear pattern of seasonal
abundance on all plants. Natural enemies were most abun-
dant from October to January on B. spinosa, L. continentale
and V. vinifera and from October to December on Rytidos-
perma ssp. (Figure 4). This period coincides with the peak
time that predators are needed for crop protection during
flowering and in the lead up to harvest. The presence of
predatory arthropods reduced as weather conditions became
less favourable and access to floral resources diminished.

Functional group: predators
Araneae (spiders). Araneae were the highest number of
predatory specimens (n = 2658). The most abundant fami-
lies were the Lycosidae, Araneidae, Tetragnathidae, Saltici-
dae and Thomisidae, comprising 82% of all spiders and
19 morphospecies. The most speciose of these was Aranei-
dae with eight morphospecies, followed by Salticidae and
Thomisidae (four morphospecies each). Among the Ara-
neae, 69% (n = 1841 individuals) were active hunters or
ambush spiders, while the remainder were sedentary or
web dwelling. The diversity of Araneae showing mode of
predation (behaviour), habitat and proportion present by

plant is available via the Figshare online digital repository
(10.25909/5bda753f80027).

Dermaptera (earwigs). A single species of the European ear-
wig, Forficula auricularia (Dermaptera: Forficulidae), was the
most abundant predatory morphospecies and was present
throughout the year. It was primarily found in association
with Rytidosperma ssp. (n = 1547) and V. vinifera (n = 893).

Coleoptera (beetles). The Coleoptera were the most speciose
order with 85 morphospecies for all trap types. The most
abundant predatory groups of beetles were the Coccinelli-
dae, Carabidae (some species are also seed predators), and
Melyridae. Transverse ladybird beetle, Coccinella transversalis
(Fabricius) (Coleoptera: Coccinellidae) was the most abun-
dant ladybird, followed by Scymnus ssp. and common spot-
ted ladybird, Harmonia conformis (Boisduval). Other species
included minute two-spotted ladybeetle, Diomus notescens
(Blackburn), and Cryptolaemus montrouzieri (Mulsant). Cocci-
nellidae were present throughout the year.

Neuroptera (lacewings). The brown lacewing, Micromus tas-
maniae (Rambur) (Neuroptera: Hemerobiidae) was the most
abundant morphospecies of Neuroptera, followed by the
green lacewing, Mallada signata (Schneider) (Neuroptera:

Table 4. Flowering phenology of Vitis vinifera, Bursaria spinosa, Leptospermum continentale and Rytidosperma ssp. from August 2013 to February 2014.

Flowering period (month)

Plant species Common name Family A S O N D J F

Vitis vinifera Grapevine Vitaceae
Bursaria spinosa Christmas bush Pittosporaceae
Leptospermum continentale Prickly tea-tree Myrtaceae
Rytidosperma ssp. Wallaby grasses Poaceae
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Figure 4. Temporal abundance of predator arthropods pooled across all
(a) Bursaria spinosa; (b) Leptospermum continentale; (c) Vitis vinifera; and
(d) Rytidosperma spp. sites over a 12-month period (mean � 95%
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each month. N/A, no data collected.
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(1.64:1), Leptospermum continentale (2.10:1), Vitis vinifera (1.83:1) and
Rytidosperma spp. (2.18:1).
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Chrysopidae), and a mantid lacewing (Neuroptera:
Mantispidae).

Hymenoptera (wasps and ants). The Hymenoptera were
represented by 19 morphospecies (n = 811) on all vegeta-
tion types. Hymenoptera was not a key focus of this study
and no further details are provided.

Hemiptera (true bugs). The Hemiptera were the second most
speciose order with 55 morphospecies pooled for all plant
types. The most abundant predatory groups within Hemi-
ptera were the Pentatomidae, Reduviidae and Nabidae. Two
predatory morphospecies of Pentatomidae were observed.
The glossy shield bug, Cermatulus nasalis (Westwood), had
the highest abundance and was present at all sites, followed
by the predatory shield bug, Oechalia schellenbergii (Guérin),
which was found on B. spinosa and L. continentale. Both
C. nasalis and O. schellenbergii were present throughout the
entire season. The orange assassin bug, Gminatus australis
(Erichson) was the most abundant morphospecies of Redu-
viidae and was found on B. spinosa and L. continentale. Other
morphospecies of Reduviidae included the black ground
assassin bug, Peirates ssp. (Serville), brown assassin bug, Cor-
anus ssp. (Curtis), Coranus granosus (Stål) and Pnirsus cinctipes
(Stål). The Pacific damsel bug, Nabis kinbergii (Reuter)
(Hemiptera: Nabidae) was captured on all plant species. The
minute pirate bug, Orius ssp. (Wolff) (Hemiptera: Anthocor-
idae) was found on B. spinosa and L. continentale only.

Functional group: herbivores
Julida (millipedes). The invasive black Portuguese millipede,
Ommatoiulus moreleti (Julida: Julidae), was the common spe-
cies found across all sites. Populations of O. moreleti were
highest in association with Rytidosperma ssp. (n = 2629) and
on V. vinifera (n = 2177). Their abundance on grapevines
was highest early in the growing season, declining during
the warmer months of December to February. Following
rainfall events in February, millipedes dominated 92% of all
individual arthropods found (n = 1335) on V. vinifera in
March 2014.

Coleoptera (weevils). Four hundred and eighteen individual
specimens and 18 morphospecies of Curculionidae were
recorded, including 17 specimens of O. cylindrirostris on all
species except Rytidosperma ssp. Orthorhinus cylindrirostris was
only present on L. continentale 10% of the time over the
20 sampling dates, at low abundance (n = 11). This indicates
that O. cylindrirostris was no more likely to be found on
L. continentale than on the other plants sampled (P = 0.66,
Fisher’s exact test).

Lepidoptera (moths). Four hundred and fifty-six specimens
and 16 morphospecies of Lepidoptera were found compris-
ing the families of Noctuidae, Geometridae, Tortricidae and
Psychidae. Three morphospecies of Noctuidae were found
comprising Australian grapevine moth, Phalaenoides glycinae
(Lewin); herringbone cut worm, Agrotis ssp.
(Ochsenheimer); and common armyworm, Leucania convecta
(Walker). Australian grapevine moth is a native pest of
grapevines (Magarey et al. 1994) and was found in low
abundance. Agrotis ssp. and L. convecta were found exclu-
sively in association with Rytidosperma ssp., in relatively high
abundance compared to other arthropods during August,
September and October. A single morphospecies of apple
looper, Phrissogonus laticostata (Walker) (Lepidoptera:

Geometridae), two species of Tortricidae, E. postvittana and
Acropolitis rudisana (Walker) and two morphospecies of Psy-
chidae were also found.

Discussion

Associations between insectary plants and predatory
arthropods
This study identified associations between three native
Australian plants, B. spinosa, L. continentale, Rytidosperma ssp.,
and predatory arthropods that could support biocontrol of
pests in vineyards. Bursaria spinosa and L. continentale were
associated with a wide range of spiders, lacewings, predatory
bugs and beetles. Wolf spiders, earwigs, brown lacewings
and predatory beetles found abundant in association with
Rytidosperma ssp.

Seasonal synchrony and overwintering
Native plants are naturally adapted and can provide insec-
tary benefits throughout the year. The species selected pro-
vide floral resources, which presence increases the
potential of predators to provide control during the critical
spring/summer period when pests typically move into the
vineyard. Grapevines are deciduous. The reduction in
insectary resources during dormancy may result in a
resource bottleneck, resulting in an interruption in the
presence of predators and parasitoids that may otherwise
breed continuously (Schellhorn et al. 2015). In contrast,
B. spinosa and L. continentale are both evergreen plants and
have the capacity to support populations of mobile preda-
tors throughout the year that can passively populate vine-
yards and provide continuity of resources. The seasonality
of ecosystem services could be extended by planting a
range of suitable native perennial plants, such as B. spinosa,
L. continentale and Rytidosperma ssp., to ensure habitat per-
manency and synchrony of provisioning services is contin-
uous. Furthermore, wallaby grasses appear to have unique
attributes that create strong associations with wolf spiders,
brown lacewings and glossy shield bugs. This indicates that
Rytidosperma ssp. offers complementarity and is an attrac-
tive component to a mix of native, woody plants to
enhance insectary benefits.

Arthropods
Vineyard predators. We found a range of predators that
were abundant. High abundance values are often associated
with species adapted to site characteristics and are regarded
as being present in a ‘suitable’ habitat (VanDerWal et al.
2009). We were able to determine the common predators
relevant to Australian vineyards. Predators with a range of
functionalities and habitat preferences, which are present at
the same time, and/or succeed one another are needed to
optimise complementarity, enhancing their capacity to
attack different life stages of the pest simultaneously (Holt
and Lawton 1994, Losey and Denno 1999, Cardinale
et al. 2003).

Spiders were found in abundance from a range of func-
tional groups. Some species exhibited separate ground or
canopy locale preferences (Costello and Daane 1995). For
example, wolf spiders were abundant in association with
Rytidosperma ssp. but rare on the other plants. This is impor-
tant as spiders can successfully overwinter in vineyards
(Costello and Daane 1999, Thomson and Hoffmann 2007)
and are likely to feed on larvae of Lepidoptera and other
pests that often shelter on broad leafed weeds early in the
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growing season (D’Alberto et al. 2012). D’Alberto et al.
(2012) found that there were limited benefits of non-crop
woody vegetation on spiders in Australian vineyards. Con-
versely, individuals of Salticidae and Thomisidae were found
abundantly on B. spinosa and L. continentale. Another tea-tree
species, L. aevigatum (Gaertn.) F. Muell (Myrtaceae) is
reported to boost the presence of two hunting spiders in
California, measurably reducing the number of E. postvittana
larvae (Hogg et al. 2014). Hogg and Daane (2011) also
reported that natural habitat is a key source of spiders in
California vineyards.

European earwig, F. auricularia, is an important omnivo-
rous predator of E. postvittana in vineyards (Danthanarayana
1980, Bernard et al. 2007, Frank et al. 2007, Kehrli et al.
2012) but may cause minor, isolated damage to newly
emerging growth just after budburst (Magarey et al. 1994).
Any risk is likely to be offset, however, by the biocontrol
benefits F. auricularia provides in vineyards especially in the
period leading up to harvest, when chemical control options
are limited (Frank et al. 2007).

The brown lacewing was predominantly found in associ-
ation with Rytidosperma ssp. Wood et al. (2011) found that
brown lacewings most likely breed on wallaby grass,
R. bipartitum (previously Austrodanthonia linkii). Daane et al.
(2018) also found that native grasses provide good resources
and habitat for natural enemies. This association may be
important for manipulating populations of brown lacewings
at the property scale. It is anticipated that by incorporating
B. spinosa and L. continental into vineyards this will help sup-
port the presence of a multitude of predatory arthropods.

Vineyard pests. The incidence of herbivores on the native
insectary plants assessed was negligible. These plants were
not found to be breeding sites for vineyard herbivores and
are not considered a threat when planting them in and
around mature vineyards. A low abundance of leafrollers
was found on the woody plants only. The benefits of plant-
ing Rytidosperma ssp. between vines are supported with
direct evidence of increased predation of E. postvittana eggs
where Rytidosperma ssp. and windmill grass, Chloris
truncata,were present (Thomson and Hoffmann 2009,
Danne et al. 2010).

Populations of O. moreleti are not as susceptible to preda-
tion as they eject highly repellent chemical compounds
called benzoquinones from their defensive glands when
attacked, rendering them inedible (Sekulic et al. 2014, Vuji-
sic et al. 2014, Shear 2015, Makarov et al. 2017). They are
widespread in southern Australia and tend to be more
abundant where leaf litter and soil moisture are present
(Paoletti et al. 2007). Damage to the skins of winegrapes
may result in a quality downgrade or rejection of fruit in
the vineyard. Their presence in picking bins often results in
wine taint in grape ferments (Stankovic et al. 2016).

Orthorhinus cylindrirostris is a wood-boring pest of grape-
vines (Coventry et al. 2004, Bernard et al. 2007, Scholefield
and Morison 2010). Despite adult elephant weevil being
observed briefly on L. continentale it is not considered a larval
host plant. There is no evidence to suggest it poses a threat
as weevils may transiently acquire pollen and nectar from a
range of flowering plants.

While individual species of herbivores were observed in
this study, little is known about how different habitats and
plant communities influence the dynamics of multiple her-
bivore species and their potential impact on fruit production
(Perez-Alvarez et al. 2018).

Future research
Further research is required to elucidate the potential of a
broader suite of native insectary plants to support the diver-
sity of predatory arthropods in vineyards. Assessment of the
optimal size, layout and composition of insectary plantings
is required, as well as the anticipated benefit of boosting
natural biocontrol, with minimal intervention required in
the vineyard. This research identified the morphospecies
present in native vegetation and vineyards and their tempo-
ral abundance throughout the year. An outstanding issue is
that we are not sure that all predators will readily move
between native vegetation and vineyards. To build on this
research further work is required to quantify the movement
of predators from insectary plants into the vineyard. An
integrated approach is required to assess the capacity of
predatory arthropods and parasitic wasps to contribute to
the biocontrol of economically damaging pests and the indi-
vidual contributions each predator makes. Similarly, it is
anticipated that a multi-species insectary plant community
is preferable to single species planted in strategic locations.
This assumption needs to be tested.

Conclusion
This study identified associations between native insectary
plants B. spinosa, L. continentale and Rytidosperma ssp., and
predatory arthropods in and around vineyards, which have
not been identified before in Australia. The sampling pro-
gram recovered the majority of estimated species diversity
in the samples, which indicates sampling protocols were
adequate. Each plant species supports diverse predatory spe-
cies, which should attack a range of other arthropods across
their life stages. The native insectary plants assessed in this
study were not found to be breeding sites for vineyard her-
bivores and are not considered a threat when planting them
in or around mature vineyards. The native plants are natu-
rally adapted and can provide insectary benefits throughout
the year, especially during spring and summer to boost the
activity of predators and reduce pest pressure on developing
fruit. Vineyard managers are encouraged to explore the use
of B. spinosa, L. continentale and Rytidosperma ssp. as insectary
plants in their vineyards. This information should help
winegrape growers save time and resources by producing
fruit with lower pest incidence, while enhancing biodiversity
of their vineyards. In addition, the results of this study may
be applicable to a range of Australian production systems.
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