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ABSTRACT

Mixed-species (floristically diverse) plantings of trees and shrubs in former agricultural
landscapes to offset (sequester) carbon emissions are a recent component of Australian
landscapes. Although their potential to mitigate biodiversity loss is recognised, this ecological
function has not been investigated, in particular with respect to insect diversity. Over two
summers, we used light trapping to sample Lepidoptera (moths) and Coleoptera (beetles) in
Greenfleet plantings in two distinct locations in Victoria (plantings of four ages per location)
as well as in nearby remnant forest and in pasture. At both locations, we found that plantings
had a greater abundance of Lepidoptera than remnants but that the abundance in plantings was
comparable to the abundance in pasture. The species richness of Lepidoptera in plantings did
not differ significantly from that in remnants but was significantly greater than that in pasture.
The abundance and species richness of Coleoptera in plantings was lower than in remnant
forests but higher than in pasture. The community composition of Lepidoptera and Coleoptera
in plantings was intermediate between that of remnant forest and pasture, i.e. possibly
transitional between the two vegetation types. Dissimilarity between all vegetation types was
nevertheless high reflecting that the abundance of individual taxa reflects the influence of
temporally and spatially dependent factors, e.g. host plant size and suitability. Greater
abundances of grass-feeding Lepidoptera in plantings explained much of the dissimilarity
between plantings and remnant forests. Proximity to remnant forest was an important
determinant of the community composition of Lepidoptera but not of Coleoptera. Moth
forewing length (relevant to vagility) appeared less important to proximity relationships than
larval host plant specificity, i.e. whether grass- or dicot-feeding. The location of sequestration
plantings relative to remnant forest as well as their composition (including the persistence of
pasture grasses) will determine the attractiveness of the resources provided to insect herbivores

and hence the rate at which they are re-wilded. Greenfleet plantings near remnant native forest
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benefit insect diversity but adoption of novel silvicultural practices could hasten the rate at
which they become functional mimics of native forests and support more comparable
communities of insect. Potential trade-offs between increased establishment costs and more
complex carbon accounting might need to be investigated to cost biodiversity credits associated

with dual accreditation schemes.

KEYWORDS

Biodiversity; conservation biology; ecosystem services; restoration ecology



49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

Introduction

Reforestation of long deforested land, such as pasture, is a potential avenue for restoring
biodiversity. Nevertheless, most tree planting is for commercial production purposes rather
than purely to restore biodiversity. Hence, trees are most often planted as monocultures and
any biodiversity benefits (to vertebrates or invertebrates) are coincidental outcomes (Hobbs et
al. 2003; Cunningham et al. 2005). The establishment of mixed-species plantings of trees and
shrubs represents a significant break from conventional silviculture and reflects changing
economic and social values for the use of previously cleared land (Kanowski & Catterall 2010).
Recognition of the potential synergies between tree planting for carbon sequestration and
biodiversity conservation has resulted in some dual accreditation schemes that enable sponsors
to fund reforestation projects (Bekessy & Wintle 2008; Deal et al. 2012). Before biodiversity
credits can be offered to sponsors, the capacity of mixed-species sequestration plantings to
increase insect diversity needs to be quantified. Such evidence could reassure sponsors of the
validity of claims that the insect composition of revegetation plantings is similar to native

forests which is the outcome they want to support.

Plant growth form (encompasses ‘plant architecture’) and plant apparency are key
ecological concepts fundamental to reforestation for the restoration of biodiversity. Trees with
their more complex architecture support richer insect faunas than less architecturally complex
herbs (Lawton 1983). Such relationships are also apparent within groups of related plants. For
example, in a common garden experiment with 21 species of Brassicaceae ranging in height
from 10 to 130 cm, Schlinkert et al. (2015) found that larger species of plant supported more
species of herbivore, natural enemies and also, but somewhat less so, pollinators. Of the two
hypotheses proposed to explain this phenomenon (the size per se hypothesis and the resource
diversity hypothesis), the resource diversity hypothesis possibly best explains why insect
richness increases with plant ontogeny. That is, as an individual plant increases in size as it

4
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grows, it provides a greater array of resources (modules and tissues for consumption as well as
microhabitats for shelter) for more species of insect herbivore. The trophic significance of this
is that a greater diversity of herbivores (second trophic level) supports a more complex
community of natural enemies, i.e. the third (predators and parasitoids) and fourth
(hyperparasitoids) trophic levels. That such responses are likely to occur as plantation
Eucalyptus grow has been demonstrated by Steinbauer et al. (2006). Plant growth form and
size also determines plant apparency to insect herbivores, i.e. ‘the vulnerability of an individual
plant to discovery by its enemies [herbivores]’ (Feeny 1976). Ignoring the putative plant
defence syndromes proposed by the apparency hypothesis, recent meta-analyses have found
that apparency is confounded with plant life history traits including woodiness and stature
(Strauss et al. 2015). Hence, plant lineages differ in the extent of arthropod herbivory they
experience and, overall, woody plants experience 64% higher herbivory than non-woody plants
(Turcotte et al. 2014). The plant apparency hypothesis has recently been reframed to
encapsulate the influence of the searching environment and the host searching abilities of
herbivores (Strauss et al. 2015). That is, the sensory (visual and olfactory) and dispersal
abilities of herbivores will influence the likelihood of them finding plants when they are in
conspicuous and inconspicuous habitats. Prior to Strauss et al. (2015), the influence of
apparency and ‘associational resistance’ (sensu Tahvanainen & Root 1972) on the utilisation
of plantation eucalypts by the autumn gum moth (Mnesampela privata) was tested by
Steinbauer (2005). Interestingly, Steinbauer (2005) found that isolated host eucalypt (trees
surrounded by non-eucalypts) received more moth eggs than trees of the same species growing
surrounded by others of the same species, i.e. conspicuous trees were more likely to be found
by this host specialist insect than inconspicuous trees. This response was suggested to be
exacerbated by the fact that all trees were growing in an ex-pasture situation surrounded by no

other vegetation.
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Insect host plant specificity (or diet breadth) is another key ecological phenomenon that
will influence the species richness and eventual community composition of herbivores in
sequestration plantings. Most insect herbivores feed upon a limited number of taxonomically
(often phytochemically) related species of plant (Novotny et al. 2002; @degaard et al. 2005).
Fewer species are monophagous [i.e. ‘a species with at least 90% of individuals feeding on a
single host species’ (Novotny & Basset 2005)] or polyphagous (feeding on more than one plant
family). Consequently, different species of plant in the same habitat may share some insect
herbivores in common with one another but will also host a unique suite of species (Forbes et
al. 2017). As a result, the diversity of invertebrates in a given habitat will mirror plant species
richness (Castagneyrol & Jactel 2012). Relatedly, insect richness has been found to track
successional (temporal) changes in plant richness (Lewinsohn et al. 2005). In a light trapping
study of Lepidoptera in deciduous forest in Ohio, host specialist (or diet-restricted) moths
contributed less to stand-level diversity than host generalist moths (Summerville et al. 2006).
The re-wilding of sequestration plantings by insect herbivores is also likely to be influenced
by body size (related to vagility and hence dispersal capacity) and landscape context. A
comparative study of geometrid moths has shown that larger species have broader host plant
ranges than smaller species (Davis et al. 2013). Research using flight interception traps reported
that older restoration plantings and those adjacent to rainforest had a higher rainforest-like
beetle composition than those > 0.9 km from remnants (Grimbacher & Catterall 2007). A
similar finding but relating to Coleoptera, Lepidoptera and Hymenoptera was not reported by
Cunningham et al. (2005) in relation to commercial (monoculture) plantations of Eucalyptus

globulus.

For this study we light trapped for Lepidoptera and Coleoptera. We used light trapping
because we were particularly interested in studying insects likely to be significant defoliators

of the eucalypts planted by Greenfleet (https://greenfleet.com.au/Home). The immature life
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cycle stages of such insects either cannot be collected from foliage (e.g. the larvae of scarab
beetles) or require extensive sweep-netting, beating and/or insecticide fogging of foliage (e.g.
larval Lepidoptera) to sample adequately. Since adults are generally strong fliers, they are more
readily sampled by various types of attractive trap, e.g. light traps. Our application of light traps
to this study is somewhat unique in that numerous other Australian studies use pitfall (majority
of studies) or flight interception traps or fogging — none of which act by attraction of insects.
Using Greenfleet plantings, our aims were to: (1) compare insect abundance and species
richness in plantings, remnant forests and pasture (2) compare insect composition in plantings,
remnant forests and pasture and (3) examine the importance of proximity to remnant forest

(landscape context) to selected abundant species.
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Materials and methods

Study areas

This study was conducted in carbon offset plantings established by Greenfleet in areas
comprising a mosaic of remnant forest and pasture. Greenfleet works with private landholders,
local and State Governments when reforesting cleared land, i.e. cleared prior to 1990.
Greenfleet plants a mix of native species that would have been present in an area prior to land
clearing. In Victoria, plants for reforestation are grown from locally sourced seed which is
harvested by either Parks Victoria or local nurseries, e.g. Smolders Revegetation

(http://www.smoldersrevegetation.com.au/) in the case of the areas we studied. Our two study

areas were in Mount Worth State Park and Devilbend Reserve (Fig. 1). The Bureau of
Meteorology (BoM) climate data most relevant to Devilbend Reserve comes from Mornington
(station number 086361; mean annual maximum & minimum temperatures 18.9°C & 10.1°C,
mean annual rainfall 739.7 mm and height 60 m) and to Mount Worth State Park comes from
Erica (station number 085026; mean annual maximum & minimum temperatures 16.7°C &
7.9°C, mean annual rainfall 1,103.5 mm and height 440 m). The remnant forest at Mount Worth
State Park is wet sclerophyll dominated by Eucalyptus regnans while the remnant vegetation
at Devilbend Reserve is coastal forest dominated by E. viminalis, E. radiata and E. ovata. In
each area, we sampled from four Greenfleet plantings (representing four planting dates), four
remnant forest sites and two pasture sites (Table 1). We attempted ‘space-for-time’ substitution
and pairing of plantings with remnants but each planting was reforested with different
combinations of species and most had been established within a relatively short period of time
of each other (providing limited spread of ages). Greenfleet plantings had been established in
the pasture vegetation in which we trapped for insects. The age of the plantings we were able
to sample from was constrained by the history of reforestation in each area. The proximity of
each light trap to the closest remnant was estimated using ArcGIS version 10.2.2.

8
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Insect sampling

Light trapping was conducted over two summers, i.e. December, January and February of
2014-2015 and 2015-2016. We sampled insects from each site for one night per month. Sites
in Mount Worth State Park were sampled from December 2014-February 2016 (a total of 6
sampling nights) while sites in Devilbend Reserve were sampled from February 2015-February
2016 (a total of 4 sampling nights). One light trap equipped with a vertical 8 W ultraviolet tube
(Australian Entomological Supplies Pty. Ltd., Bangalow, New South Wales) was placed at
each site in the same location (marked by a half-length star picket) throughout the sampling to
collect moths (Lepidoptera) and nocturnal beetles (Coleoptera). We timed our light trapping to
occur within three nights of the new moon to minimise the negative effect of light competition
on trap catch (Steinbauer 2003; Steinbauer et al. 2012). Moon phase data were obtained from
the U.S. Naval Observatory, Astronomical Applications Department website

(http://aa.usno.navy.mil/data/docs/MoonPhase.php). Pieces of egg carton (to provide refugia)

and a vial of ethyl acetate (to speed knockdown of specimens) were placed inside each trap.
Light traps came on automatically at dusk and turned off automatically at dawn. Specimens
were removed from traps the following morning, stored in 750 mL plastic Décor containers
lined with tissues and kept in a car freezer prior to returning to La Trobe University. Specimens

were stored at -18°C until they could be sorted, identified and enumerated.

Despite our attempts to preserve the condition of moths, specimens caught in bucket
light traps are often damaged, especially when many insects are caught in the same night.
Consequently, small moths (‘microlepidoptera’) could not be reliably identified as
morphospecies let alone to species level so only ‘macrolepidoptera’ (i.e. body length > 10 mm)

were enumerated. Only beetles with body length > 5 mm were identified and enumerated.
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Lepidoptera were identified to species level using the Moths of Victoria (Parts 1 to 8 and
including the online resources) followed by later expert examination (see Acknowledgements).
Coleoptera were identified by comparison to specimens in the private collection of MJS
(identified previously by Tom Weir; Steinbauer & Weir 2007) and using online resources.
Specimens unable to be identified to species level were identified using a morphospecies
approach. The species of Lepidoptera and Coleoptera trapped are listed in Appendices 1 and 2,
respectively. Voucher specimens are lodged in the insect collection of the Department of
Ecology, Environment and Evolution. Forewing lengths of selected species of Lepidoptera
were measured using an electronic caliper. The flight wings of beetles of interest were not

measured because they would have to be removed from beneath the elytra.

Statistical analyses

We ran generalised linear mixed models (GLMMs) using package Ime4 (Bates et al. 2015) in
R to test differences in insect abundance and species richness between plantings, remnant
forests and pasture. For each study area, sampling periods were regarded as repeated measures.
We did not examine differences between each year but instead pooled the data. Site was
included as random effect and vegetation type was a predictor variable. Data were log-gamma

transformed so that their distribution was normal.

An NMDS ordination was produced in R to compare the community composition of
insects in plantings, remnant forests and pasture. We excluded “unknown” species and those
species present on fewer than four occasions across all sampling events. Figures were created

using the ‘ggplot2’ package for R.

The insect composition of plantings, remnants and pasture were examined using

similarity percentage (SIMPER) analyses on log+1 transformed data in PRIMER-E Version 7.

10
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SIMPER decomposes Bray-Curtis similarities between all pairs of samples to identify species
that contribute most to the differences observed. We were interested in examining whether
there were differences in the abundance of different feeding behaviours among insects in
plantings, remnant forests and pasture, however, given the large number of species collected
(and lack of knowledge about the ecology of many of them) we examined only the 40% most

frequently occurring species in our light traps. Cut-off contributions were set at 70%.

To assess the influence of proximity to remnant forest on the composition of
Lepidoptera and Coleoptera we used multivariate generalised linear models (GLMs) using the
manyglm function in the R package mvabund (Wang et al. 2012). We used a negative binomial
distribution and untransformed abundances to analyse catches of different species relative to

the proximity to remnant forest.
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Results

Insect abundance and species richness

Over the two summer when light trapping was conducted, we identified 253 species of
Lepidoptera (represented by 2,782 individuals) in remnants, 205 species (represented by 4,129
individuals) in plantings and 78 species (represented by 1,245 individuals) in pasture (Table
2). Despite the large overall differences in abundance, we did not find any difference in the
mean abundance of Lepidoptera at individual sites between pasture and plantings (GLMM,
estimate = 0.418, ¢t = 1.51, SE = 0.276, P = 0.130) or between pasture and remnant forests
(GLMM, estimate = 0.013, r = 0.045, SE = 0.288, P = 0.964). However, the mean abundance
of Lepidoptera at sites was significantly greater in plantings than in remnant forests (GLMM,
estimate =-0.456, t=-69.5, SE =0.007, P <0.001). Noctuidae (cutworm or armyworm family)
was the most abundant family across all site types. The next most abundant family in plantings
and remnants was Hepialidae (swift moth or ghost moth family) and Geometridae (geometer

family, including emerald moths of the subfamily Geometrinae), respectively.

The species richness of Lepidoptera in pasture was significantly lower than in plantings
(GLMM, estimate = 0.574, t=2.24, SE = 0.255, P <0.025) and in remnants (GLMM, estimate
=0.790, t = 4.12, SE = 0.192, P < 0.001) whereas the species richness of Lepidoptera in
plantings and remnants did not differ significantly (GLMM, estimate = 0.232, ¢ = 1.048, SE =
0.222, P =0.295). Geometridae was the most species rich family in remnants while Noctuidae

was the most species rich family in both plantings and pasture.

We trapped a number of undescribed moth species. At Mount Worth we trapped
specimens of two undescribed species of Austroterpna Goldfinch (sp. 1 and sp. 2; Geometridae;
plantings and remnants), an undescribed species of Chlorocoma Turner (sp. 1; Geometridae;

plantings and remnants) and an undescribed species of Furcatrox McQuillan (sp. 1;

12
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Geometridae; remnants only). We also trapped Chrysolarentia euphileta (Turner)
(Geometridae; plantings, remnants and pasture) at Mount Worth. As at June 2015, C. euphileta
had only previously been recorded from Otway National Park (Peter Marriott, pers. comm., 3
June 2015). At Devilbend, we trapped specimens of an undescribed species of Monoctenia (sp.

1; Geometridae; remnants only). The undescribed species remain to be formally described.

Over the same period, we identified 193 species of Coleoptera (represented by 7,218
individuals) in remnants, 137 species (represented by 8,935 individuals) in plantings and 36
species (represented by 454 individuals) in pasture (Table 2). The abundance of Coleoptera
was significantly lower in pasture compared to plantings (GLMM, estimate = 2.11, ¢ = 4.68,
SE =0.451, P <0.001) and remnant forests (GLMM, estimate = 1.87, t = 5.12, SE = 0.365, P
< 0.001). Abundance did not differ significantly between plantings and remnant forests
(GLMM, estimate = -0.238, ¢ = -0.760, SE = 0.313, P = 0.447). Catches in planting, remnant

and pasture sites were dominated by beetles in the family Scarabaeidae (scarab family).

The species richness of pasture was significantly lower than plantings and remnants
(GLMM, estimate = 0.747, t = -2.61, SE = 0.286, P = < 0.01; estimate = 1.19, t = 4.63, SE =
0.258, P <0.001). The species richness of Coleoptera in plantings was significantly lower than
in remnant forests (GLMM, estimate = 0.446, ¢ = 2.07, SE = 0.215, P < 0.05). Scarabacidae
was the most species rich family across all sites. The next most species rich families in
plantings and remnants were Elateridae (click beetle family) and Cerambycidae (longhorn

beetle family).

Insect composition

In NMDS similarity space, the communities of both Lepidoptera (Fig. 2a) and Coleoptera (Fig.

2b) in plantings were intermediate in composition between remnant forest and pasture. For
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both orders at each location, the composition of the communities at individual sites were
different from one another (Fig. 2). For Lepidoptera, the communities in plantings at Mount
Worth (squares) were more similar to those in remnants than they were to the communities of
moths in plantings and more so than the communities of moths at Devilbend (circles; Fig. 2).
The composition of both Lepidoptera and Coleoptera in ‘older’ plantings was more similar to
the composition in remnant forests while the composition in ‘younger’ plantings was more

similar to pasture.

The community composition of Lepidoptera in plantings and remnants differed slightly
less (SIMPER, dissimilarity = 74.1%) than did the composition of moths in plantings and
pasture (SIMPER, dissimilarity = 75.6%). Remnant forests and pasture had the greatest
dissimilarity (SIMPER, dissimilarity = 79.8%). Species contributing most to the differences
between vegetation types were grass-feeding including some agricultural pest species, e.g.
Hednota pleniferellus (Crambidae), Proteuxoa sanguinipuncta (Noctuidae) and Persectania
ewingii (Noctuidae) (Table 3). Pasture and plantings typically had greater abundances of grass-
feeding species compared to remnants. Much of the dissimilarity between pasture and remnant
forests was due to greater abundances of eucalypt- and acacia-feeding species in remnants

(Table 3).

Of the three vegetation types, the community composition of Coleoptera in plantings
and remnants were most similar to each other (SIMPER, dissimilarity = 71.6%) (Table 3). The
community composition of beetles in pasture more closely resembled remnant forests
(SIMPER, dissimilarity = 79.5%) than of plantings (SIMPER, dissimilarity = 82.8%). Telura
vitticollis (Scarabaeidae) and Sericesthis nigrolineata (sp. 33) (Scarabaeidae) combined were
responsible for more than 30% of the differences between each vegetation type (Table 3).
Specimens subtly different from Sericesthis nigrolineata (sp. 33) but also identified as the same
species were trapped (Table 3); these specimens were identified as S. nigrolineata (sp. 41) and

14
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S. nigrolineata (sp. 42). As currently recognised, Sericesthis nigrolineata is a common,

widespread and phenotypically variable species (Tom Weir, pers. comm., 26 June 2018).

Importance of proximity to remnant forest on community composition

The multivariate glm analysis using the abundances of the most frequently occurring species
as the response variable indicated that Lepidoptera were significantly influenced by proximity
to remnant forest (GLM, deviance = 105.7, P = 0.009) whereas Coleoptera were not (GLM,
deviance = 33.3, P = 0.182). Eleven species of Lepidoptera (out of 22 used in analyses) were
significantly influenced by proximity to remnant forest; seven were negatively influenced by
proximity to remnant forest and four were positively influenced (Table 4). Three species of
Coleoptera were significantly (negatively) influenced by proximity to remnant forest. The
forewing lengths of Lepidoptera the abundances of which were influenced (positively or
negatively) by proximity to remnant forest exhibited no obvious patterns with respect to size,
e.g. smaller wings in species negatively associated with distance to remnant and vice versa
(Table 5). Increased distance from remnant forest had a negative influence on catches of
foliage-feeding Lepidoptera whereas it had a positive influence on catches of grass-feeding

moth species (Table 4).
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Discussion

We present the findings of the first light trap study to be conducted in mixed-species plantings
of trees and shrubs established to offset (sequester) carbon emissions. Ours is only the second
study in Australia to use light traps to compare insect diversity in plantings, remnant forest and
pasture; the first was the study by Cunningham et al. (2005). We recorded greater species
richness of Lepidoptera and Coleoptera in plantings compared to pasture which demonstrates
the ability of Greenfleet’s mixed-species forests to increase insect diversity. The use of almost
any sampling technique (e.g. light traps, coloured or baited traps, pitfall traps, Malaise traps)
will bias the representation of insect taxa sampled (Steinbauer et al. 2012). Experimental
studies of the attractiveness of light traps to Australian insects are none existent. Steinbauer et
al. (2001) reported catching a gravid autumn gum moth [Mnesampela privata (Geometridae)]
in a 20 W ultraviolet light trap that was 224 m from the nearest host eucalypt and that
experimental plantings of eucalypt hosts separated by 240 m of open pasture were colonised
by this individuals of this species within one month of each other. Using mark-release-
recapture, Ostrand & Anderbrant (2003) estimated that 50% of male European pine sawflies
[Neodiprion sertifer (Hymenoptera: Diprionidae)] originated up to 450 m from sex pheromone
traps (also an attractant type of trap). Consequently, the immature stages of the insects we
trapped presumably developed on host plant(s) either in the same habitat as our light traps or

in abutting habitats.

Does insect abundance and species richness differ among plantings, remnant forests and

pasture?

Plantings had a greater abundance of Lepidoptera compared to remnant forests, largely due to
high abundances of Noctuidaec (notably Agrotis and Persectania species), Hepialidae

(Abantiades labrinthicus and Elhamma australasiae) and Crambidae (Hednota species). These
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species are primarily grass-feeding and a couple are considered agricultural pests of crops and
pasture, e.g. Agrotis and Persectania. Younger Greenfleet plantings were characterised by a
grassy understorey which likely explains the high abundance of grass-feeding species of
Lepidoptera and Coleoptera (especially Scarabaeidae). Cunningham et al. (2005) suggested
that commercial E. globulus plantations may facilitate the movement of forestry pests (e.g. the
eucalypt herbivore Gonipterus scutellatus sensu lato) into nearby remnant forests. In addition
to higher abundances of pest moth species in plantings, we trapped 207 Proteuxoa
sanguinipuncta at one remnant site at Mount Worth (MW 10R) in a single night in January
2016. Such events are likely explained by the vagility of many of these moths and perhaps the
invasion of pasture grass species someway into remnants. In commercial plantations, grasses
are controlled for 1-2 years after establishment using herbicide and later the dense planting and
rapid growth of trees shades out the remaining grass (Adams et al. 2003). In the absence of
such silvicultural management, sequestration plantings could continue to provide resources for
grass-feeding species which might otherwise not occur in an earlier successional forest. Among
grass-feeding beetles, those in the subfamily Melolonthinae (including the genera Automolius,
Heteronychus, Heteronyx and Liparetrus) can be serious threats to seedling eucalypts

(Steinbauer & Weir 2007).

Greenfleet plantings hosted communities of Lepidoptera as diverse as remnant forests.
These findings differ from studies examining insect communities in single-species
(monoculture) plantings which reported lower insect diversity compared to remnant forests
(Hobbs et al. 2003; Cunningham et al. 2005; Robson et al. 2009) but are in agreement with the
results of studies comparing mixed-species plantings with remnants (Dunn 2004; Moir et al.
2005; Grimbacher et al. 2007). This trend is also in agreement with that reported for species of
native wasp parasitoids in plantations of differing levels of tree diversity (Steinbauer et al.

2006). Central to this result is the proximity to remnants (see next) and the efficacy of using
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light traps to sample Lepidoptera. That is, as a taxon, Lepidoptera is dominated by families that
are entirely or largely nocturnal. Hence, light traps are likely to sample a broader suite of taxa

of Lepidoptera than of Coleoptera.

The species richness of Coleoptera in plantings was significantly lower than in remnant
forest which might suggest that Coleoptera require longer to re-wild plantings than do
Lepidoptera. However, and ignoring the influence of the probable bias in beetle taxa sampled
as a consequence of using light traps (in favour of Scarabaeidae, especially Melolonthinae),
explanation of our finding probably has multiple components. Few general trends relating to
the importance of dispersal capability alone on beetle responses to habitat fragmentation have
been reported for Australian taxa (Driscoll & Weir 2005 ¢f. Cunningham & Murray 2007);
rather combinations of life history traits have been suggested to explain beetle responses
(Driscoll & Weir 2005). Surprisingly, Driscoll (2005) reported that beetle communities in
Tasmanian rainforest and eucalypt forest overlapped substantially and therefore proposed that
they represented continuous habitat for most species. The Greenfleet plantings had a relatively
open canopy and dry, grass dominated understorey which contrasted with the damp conditions
of the understorey of the remnants, most notably at Mount Worth. Soil moisture has been
shown to alter the community composition of subterranean and epigaeic beetles (Butterfield et
al. 1995; Baker 2006; Niemeld et al. 2012). Whether the taxa of beetles readily sampled using
pitfall traps are represented comparably in light trap catches does not appear to have been

investigated but is considered unlikely.

Does insect composition differ among plantings, remnant forests and pasture?

Not surprisingly, given the relatively young age of Greenfleet plantings, appreciable
differences in the community composition of Lepidoptera and Coleoptera between plantings

and remnant forests were apparent. Within Lepidoptera, most of the dissimilarity between
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plantings and remnant forests was due to greater abundances of grass-feeding species in
plantings. Generally, our findings are in agreement with previous studies that have reported
that invertebrate species richness in restored forests can closely resemble that in remnant forests
but community composition does not (Moir et al. 2005; Grimbacher et al. 2007) and is
consistent with the suggestion that species richness is the most easily restored component of
biodiversity whereas attaining a species composition similar to remnant forests is harder to

achieve (Dunn 2004; Valtonen et al. 2017).

Our ordination analysis indicates that the community composition of moths and beetles
in plantings is transitional between a pasture and a remnant forest community. Our SIMPER
analysis also indicates that the compositions of Lepidoptera and Coleoptera in plantings and
remnant forests were more similar to one another other compared to that of plantings and
pasture. Both finds are positive from a reforestation perspective and indicate that the insect
composition of mixed-species plantings is transitioning away from that of pasture and
progressing towards remnant forest. Nevertheless, it is difficult to untangle which aspects of
site age could be driving insect composition using our data because vegetation and habitat
variables could not be assessed thoroughly with the modest resources available to this project.
For example, without detailed surveys of the species of plant present in plantings and their
relative abundance, we cannot separate the effects of species richness and functional
significance on insect composition, e.g. representation of Cs versus Cs grasses and/or nitrogen-

fixing species of plant (Haddad et al. 2001).

As we also expected, there was a clear distinction between the composition of moths
and beetles at Devilbend Reserve and the composition of these insects at Mount Worth State
Park. Furthermore, the composition of Lepidoptera among sites at Mount Worth State Park
were more similar to each other compared to those at Devilbend where the landscape has been
more highly fragmented. A light trap study of geometrid moths endemic to Mount Kilimanjaro
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reported that elevation (1,200-3,150 m) was a better direct predictor of species richness than
any index of floristic diversity and structure (Axmacher et al. 2009). The implication of this
finding is relevant to our study given the differences in elevation of the two study locations,
i.e. 77-87 m at Devilbend and 378-476 m at Mount Worth. The compositional differences
between our two locations highlight the importance of specific biodiversity surveys in, for
example, dryland or higher rainfall reforestation plantings rather than trying to draw inferences
about insect responses based on studies from markedly different habitats. Such considerations

would be especially important when trying to infer responses of rare species.

Importance of proximity to remnant forests on insect communities

The proximity of Greenfleet plantings to remnant forest influenced the composition of
communities of Lepidoptera and Coleoptera in plantings. We identified seven species of moth
(representative for six families) that were less likely to be caught further away from remnants
and four other species (representative of three families) that were more likely to be caught
further away from remnants. We identified three species of beetle (all Scarabaeidae:
Melolonthinae) that were less likely to be caught further away from remnants. It is reasonable
to assume that the species listed in Table 4 are modest to strong fliers. Vagility (the capacity to
disperse) can be integral to how insects re-colonise hosts in new and isolated locations. Our
collection of pinned moth reference specimens can be used to obtain morphometric wing
measurements in the future but live specimens are needed to acquire body weight data;
measuring wing lengths of beetles would require removing elytra (Jones et al. 2016).
Nevertheless, neither wing size (e.g. forewing length — see Table 5) nor wing loading (i.e. body
mass divided by wing area) alone can satisfactorily explain dispersal capability because they
do not provide sufficient insight into a species’ flight physiology and behaviour (e.g. wing
muscle thermogenesis and basking) — let alone the stimuli that initiate or sustain host searching.
For example, Slade et al. (2013) found that a range of life history traits predicted the mobility
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of forest macrolepidoptera but that the predictive power of wingspan and wing shape depended
upon a species’ affinity for unique characteristics of contiguous and expansive forest. Such
interactions are suggested to explain why larval host specificity (grass- or dicot-feeding) may
better explain adult occurrence in relation to proximity to remnants than forewing length.
Moreover, active dispersal of winged adults can be wind assisted while the larvae of some taxa
(e.g. some moths) are dispersed passively by wind. For example, variation in the colonisation
of Brussel sprouts by Brevicoryne brassicae (cabbage aphid) was best explained by the
downwind area of crops while variation in colonisation by Aleyrodes proletella (cabbage
whitefly) was best explained by the upwind area of crops (Ludwig et al. 2018). Interestingly,
although A. proletella was found to be transported downwind to hosts, B. brassicae located
hosts during upwind (active) flight undertaken over approximately 1 km. There is clearly
ongoing need for ‘landscape entomology’ (sensu Lundquist & Reich 2014) in Australia given
the diversity of organisations planting trees and shrubs. Such research has not been conducted

since the study by Clarke et al. (1997) in commercial eucalypt plantations.

Conclusions

Mixed-species (floristically diverse) sequestration plantings increase insect diversity primarily
because they provide hosts often long since removed from the landscape and which also have
more complex plant growth forms and more diverse resources than grasses, i.e. trees and
shrubs. Nevertheless, we found high overall dissimilarity in moth and beetle communities in
plantings compared to remnants. To explain such dissimilarity requires that functional
relationships between resource availability and insect diversity/abundance are quantified.
Better knowledge of the life history traits (e.g. Slade et al. 2013; Jones et al. 2016) and identity
of the host(s) of specific herbivores would improve our ability to identify insects sustained by
a given habitat. Only direct (hand) collection from plants and rearing of immatures, as
undertaken by Novotny et al. (2002, 2007), can provide the detailed insect-plant association(s)
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information required to comprehensively understand how habitat resources sustain insect
diversity. Unfortunately, this approach is time consuming and hence more expensive. Direct
collection and rearing of immatures, together with vegetation surveys, is recommended for
future studies which seek to understand species turnover in response to the aging of plantings.
If this is not possible, future insect surveys could utilise sampling methods that are better suited
to less vagile taxa and life cycle stages, e.g. sweep netting, beating and/or vacuum sampling. It
should be appreciated that sampling techniques such as these will typically have a bias towards
smaller insect taxa, e.g. Hemiptera. Ideally also, studies such as ours will provide far greater
insight if results are able to be derived from plantings for which factors such as age of planting,

species planted and proximity to remnants are better controlled and standardised.

We suggest that organisations planting forests to benefit native insects should focus on
the development of understorey vegetation and minimisation of the persistence of exotic
pasture grasses. Consequently, the adoption of conventional silvicultural practices used for
establishing commercial eucalypt plantations needs to be re-considered for the establishment
of carbon sequestration plus biodiversity plantings. Specifically, the use of rows (when planting
seedlings or direct seeding) and fixed distance spacing (3 m) between trees and shrubs will
increase the length of time before canopy closure is achieved thereby increasing the length of
time before there is significant shading and retention of moisture at ground level. We suggest
that broad-scale herbicide removal of grasses, surface tilling and aerial seeding (using a mix of
understorey and/or tree species potentially delivered from drones), possibly followed by some
planting of seedlings, will be a more effective way to rapidly and irregularly re-establish tree
and shrub hosts and, concomitantly, environmental conditions attractive to a wider suite of
insect species than conventional silvicultural practices. Reducing the length of time that pasture
grasses persist in reforestation plantings should also reduce the abundance and the potential for

mortality of young trees caused by the adults of dicot-feeding scarab beetles as well as reducing
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the adverse effects of competition. In the absence of knowing the hosts of endemic insects,
reforestation projects should also aim to re-establish all plant species formerly endemic to a
given location (Moir et al. 2010). We suggest that decreasing the length of time until
sequestration plantings become ‘functional mimics’ (sensu Lefroy & Hobbs 1998) of native
forests will hasten the rate at which the community composition of insects in plantings
approaches that of native forest. Since this may be a more expensive way to reforest former
agricultural land and could make carbon accounting more challenging, the price of biodiversity
credits may need to reflect these additional silvicultural costs. Fortunately, however, native
forest remnants are free sources of endemic insect species that will re-wild plantings of their
own accord and/or wind assisted in the majority of cases. Only flightless and monophagous
specialists (those potentially threatened by coextinction) might need human intervention to

colonise plantings, e.g. via translocation of individuals and/or establishment of hosts.

23



493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

Acknowledgements

Light trapping at Devilbend was conducted under Department of Environment, Land, Water
and Planning permit no. 10007424 issued to MJS. We thank students Mackenzie Kwak
(summer 2014-2015), Holly Fiske (summer 2014-2015), James Martin (summer 2015-2016)
and Odette Simpson (summer 2015-2016) for their assistance with field work and insect
sorting. We thank Peter Marriott, Marilyn Hewish (Museum Victoria) and Peter McQuillan
(University of Tasmania) for assistance with the identification of Lepidoptera and Tom Weir
(Australian National Insect Collection) for assistance with the identification of selected

morphospecies of Melolonthinae. We thank Steve Leonard for producing Fig. 1.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

A Securing Food, Water and the Environment, Research Focus Area (Scheme 2), grant from
La Trobe University supported RJF and paid field work and equipment expenses. Contributions
from Greenfleet and from MJS’s Outside Earnings supported the Summer Cadetships. Funding
to enable RJF to draft the manuscript was provided by a School of Life Science Publication

Booster Award granted to MJS in September 2016.

ORCID

M. J. Steinbauer https://orcid.org/0000-0002-0345-2905

24



515  S.J. Watson https://orcid.org/0000-0001-6063-7327

516

25



517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

References

Adams PR, Beadle CL, Mendham NJ, Smethurst PJ. 2003. The impact of timing and duration
of grass control on growth of a young Fucalyptus globulus Labill. Plantation. New

Forests. 26:147-165.

Axmacher JC, Brehm G, Hemp A, Tiinte H, Lyaruu HVM, Miiller-Hohenstein K, Fiedler K.
2009. Determinants of diversity in afrotropical herbivorous insects (Lepidoptera:
Geometridae): plant diversity, vegetation structure or abiotic factors. J Biogeogr.

36:337-349.

Baker SC. 2006. A comparison of litter beetle assemblages (Coleoptera) in mature and recently

clearfelled Eucalyptus obliqua forest. Aust J Entomol. 45:130-136.

Bates D, Machler M, Bolker BM, Walker SC. 2015. Fitting linear mixed-effects models using

Ime4. J Stat Softw. 67:1-48.

Bekessy SA, Wintle BA. 2008. Using carbon investment to grow the biodiversity bank.

Conserv Biol. 22:510-513.

Butterfield J, Luff ML, Baines M, Eyre MD. 1995. Carabid beetle communities as indicators

of conservation potential in upland forests. For Ecol Manage. 79:63-77.

Castagneyrol B, Jactel H. 2012. Unraveling plant-animal diversity relationships: a meta-

regression analysis. Ecology. 93:2115-2124.

Clarke AR, Zalucki MP, Madden JL, Patel VS, Paterson SC. 1997. Local dispersion of the
Eucalyptus leaf-beetle Chrysophtharta bimaculata (Coleoptera: Chrysomelidae), and

implications for forest protection. J Appl Ecol. 34:807-816.

26



538

539

540

541

542

543

544

545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

Cunningham SA, Murray W. 2007. Average body length of arboreal and aerial beetle
(Coleoptera) assemblages from remnant and plantation Eucalyptus forests in

southwestern Australia. Oecologia. 151:303-312.

Cunningham SA, Floyd RB, Weir TA. 2005. Do FEucalyptus plantations host an insect

community similar to remnant Eucalyptus forest? Austr Ecol. 30:103-117.

Davis RB, Ounap E, Javois J, Gerhold P, Tammaru T. 2013. Degree of specialization is related
to body size in herbivorous insects: a phylogenetic confirmation. Evolution. 67:583-

589.

Deal RL, Cochran B, LaRocco G. 2012. Bundling of ecosystem services to increase forestland

value and enhance sustainable forest management. For Policy Econ. 17:69-76.

Driscoll DA. 2005. Is the matrix a sea? Habitat specificity in a naturally fragmented landscape.

Ecol Entomol. 30:8-16.

Driscoll DA, Weir T. 2005. Beetle responses to habitat fragmentation depend on ecological

traits, habitat condition, and remnant size. Biol Conserv. 19:182-194.

Dunn RR. 2004. Recovery of faunal communities during tropical forest regeneration. Conserv

Biol. 18:302-309.

Feeny P. 1976. Plant apparency and chemical defense. In: Wallace JW & Mansell RL, editors.
Biochemical interaction between plants and insects. New York, USA: Plenum. pp. 1-

40.

Forbes RJ, Watson SJ, Steinbauer MJ. 2017. Multiple plant traits influence community
composition of insect herbivores: a comparison of two understorey shrubs. Arthropod

Plant Interact. 11:889-899.

27



560

561

562

563

564

565

566

567

568

569

570

571

572

573

574

575

576

577

578

579

580

581

582

Grimbacher PS, Catterall CP. 2007. How much do site age, habitat structure and spatial

isolation influence the restoration of rainforest beetle species assemblages? Biol

Conserv. 135:107-118.

Grimbacher PS, Catterall CP, Kanowski J, Proctor HC. 2007. Responses of ground-active
beetle assemblages to different styles of reforestation on cleared rainforest land.

Biodivers Conserv. 16:2167-2184.

Haddad N, Tilman D, Haarstad J, Ritchie M, Knops J. 2001. Contrasting effects of plant
richness and composition on insect communities: a field experiment. Am Nat. 158:17-

35.

Hobbs R, Catling PC, Wombey JC, Clayton M, Atkins L, Reid A. 2003. Faunal use of bluegum

(Eucalyptus globulus) plantations in southwestern Australia. Agrofor Syst. 58:195-212.

Jones HBC, Lim KS, Bell JR, Hill JK, Chapman JW. 2016. Quantifying interspecific variation
in dispersal ability of noctuid moths using an advanced tethered flight technique. Ecol

Evol. 6:181-190.

Kanowski J, Catterall CP. 2010. Carbon stocks in above-ground biomass of monoculture
plantations, mixed species plantations and environmental restoration plantings in north-

east Australia. Ecol Manage Restor. 11:119-126.

Lawton JH. 1983. Plant architecture and the diversity of phytophagous insects. Annu Rev

Entomol. 28:23-39.

Lefroy EC, Hobbs RJ. 1998. Agriculture as a Mimic of Natural Ecosystems. Canberra: Rural

Industries Research and Development Corporation.

Lewinsohn TM, Novotny V, Basset Y. 2005. Insects on plants: diversity of herbivore

assemblages revisited. Annu Rev Ecol Evol Syst. 36:597-620.

28



583

584

585

586

587

588

589

590

591

592

593

594

595

596

597

598

599

600

601

602

603

604

605

Ludwig M, Schlinkert H, Meyhofer R. 2018. Wind-modulated landscape effects on
colonization of Brussels sprouts by insect pests and their syrphid antagonists. Agric For

Entomol. 20:141-149.

Lundquist JE, Reich RM. 2014. Landscape dynamics of mountain pine beetles. For Sci.

60:464-475.

Moir ML, Brennan KEC, Koch JM, Majer JD, Fletcher MJ. 2005. Restoration of a forest
ecosystem: The effects of vegetation and dispersal capabilities on the reassembly of

plant-dwelling arthropods. For Ecol Manage. 217:294-306.

Moir ML, Brennan KEC, Majer JD, Koch JM, Fletcher MJ. 2010. Plant species redundancy
and the restoration of faunal habitat: lessons from plant-dwelling bugs. Restor Ecol.

18:136-147.

Niemeld J, Spence JR, Spence DH. 2012. Habitat associations and seasonal activity of ground-

beetles (Coleoptera, Carabidae) in central Alberta. Can Entomol. 124:521-540.

Novotny V, Basset Y. 2005. Host specificity of insect herbivores in tropical forests. Proc R

Soc B. 272:1083-1090.

Novotny V, Basset Y, Miller SE, Weiblen GD, Bremer B, Cizek L, Drozd P. 2002. Low host

specificity of herbivorous insects in a tropical forest. Nature 416:841-844.

@degaard F, Diserud OH, Ostbye K. 2005. The importance of plant relatedness for host

utilisation among phytophagous insects. Ecol Lett. 8:612-617.

Ostrand F, Anderbrant O. 2003. From where are insects recruited? A new model to interpret

catches of attractive traps. Agric For Entomol. 5:163-171.

R Development Core Team. 2016. R: A Language and Environment for Statistical Computing.
R Foundation for Statistical Computing.

29



606

607

608

609

610

611

612

613

614

615

616

617

618

619

620

621

622

623

624

625

626

627

Robson TC, Baker AC, Murray BR. 2009. Differences in leaf-litter invertebrate assemblages
between radiata pine plantations and neighbouring native eucalypt woodland. Austr

Ecol. 34:368-376.

Schlinkert H, Westphal C, Clough Y, Laszl6 Z, Ludwig M, Tscharntke T. 2015. Plant size as
determinant of species richness of herbivores, natural enemies and pollinators across

21 Brassicaceae species. PLoS ONE. 10:e0135928.

Slade EM, Merckx T, Riutta T, Bebber DP, Redhead D, Riordan P, Macdonald DW. 2013.
Life-history traits and landscape characteristics predict macro-moth responses to forest

fragmentation. Ecology. 94:1519-1530.

Steinbauer MJ. 2003. Using ultra-violet light traps to monitor autumn gum moth, Mnesampela

privata (Lepidoptera: Geometridae), in south-east Australia. Aust For. 66:279-286.

Steinbauer MJ. 2005. How does host abundance affect oviposition and fecundity of

Mnesampela privata (Lepidoptera: Geometridae)? Environ Entomol. 34:281-291.

Steinbauer MJ, McQuillan PB, Young CJ. 2001. Life history and behavioural traits of
Mnesampela privata that exacerbate population responses to eucalypt plantations:
comparisons with Australian and outbreak species of forest geometrid from the

Northern Hemisphere. Austr Ecol. 26:525-534.

Steinbauer MJ, Short MW, Schmidt S. 2006. The influence of architectural and vegetational
complexity in eucalypt plantations on communities of native wasp parasitoids: towards

silviculture for sustainable pest management. For Ecol Manage. 233:153-164.

Steinbauer MJ, Weir TA. 2007. Summer activity patterns of nocturnal Scarabaeoidea

(Coleoptera) of the southern tablelands of New South Wales. Aust J Entomol. 46:7-16.

30



628

629

630

631

632

633

634

635

636

637

638

639

640

641

642

643

644

645

646

Steinbauer MJ, Haslem A, Edwards ED. 2012. Using meteorological and lunar information to
explain catch variability of Orthoptera and Lepidoptera from 250 W Farrow light traps.

Insect Conserv Divers. 5:367-380.

Strauss SY, Cacho NI, Schwartz MW, Schwartz AC, Burns KC. 2015. Apparency revisited.

Entomol Exp Appl. 157:74-85.

Summerville KS, Wilson TD, Veech JA, Crist TO. 2006. Do body size and diet breadth affect
partitioning of species diversity? A test with forest Lepidoptera. Diversity Distrib.

12:91-99.

Tahvanainen JO, Root RB. 1972. The influence of vegetational diversity on the population
ecology of a specialised herbivore, Phyllotreta crucifera (Coleoptera: Chrysomelidae).

Oecologia (Berl.). 10:321-346.

Turcotte MM, Davies TJ, Thomsen CJM, Johnson MTJ. 2014. Macroecological and
macroevolutionary patterns of leaf herbivory across vascular plants. Proc R Soc B

281:20140555.

Valtonen A, Malinga GM, Nyafwono M, Nyeko P, Owiny A, Roininen H. 2017. The
successional pathway of the tree community and how it shapes the fruit-feeding

butterfly community in an Afrotropical forest. J Trop Ecol. 33:12-21.

Wang Y, Naumann U, Wright ST, Warton DI. 2012. mvabund — an R package for model-based

analysis of multivariate abundance data. Methods Ecol Evol. 3:471-474.

31



647

648

649

650

651

652

653

654

655

656

657

658

659

660

661

662

663

Figure legends

Figure 1. Maps of study sites at Mount Worth State Park (top) and Devilbend Reserve (bottom)
Inset map (top left) of southern Victoria shows relative location of the two study areas. Key to
colouration: green areas = native vegetation in 2005; blue areas = water (Devilbend Reservoir);
white areas = cleared. Native Vegetation — Modelled 2005 Ecological Vegetation Classes (with

Bioregional Conservation Status) layer from https://www.data.vic.gov.au/data/dataset/native-

vegetation-modelled-2005-ecological-vegetation-classes-with-bioregional-conservation-

status. Note: EVC mapping potentially inaccurate at fine scales due to resolution of data and
layer having been produced by modelling, e.g. MWP1 and MWP2. Code to study sites given

in Table 1.

Figure 2. NMDS ordinations showing the relative similarities in composition of Lepidoptera
(a) and of Coleoptera (b). Key to symbols: squares = Mount Worth State Park; circles =
Devilbend Reserve; blue symbols = Greenfleet plantings; green symbols = remnant forest;
yellow symbols = pasture. Stress < 0.1 indicates that a two-dimensional representation of data
is acceptable. Samples closer to each other have higher similarity in species composition. Code

to Greenfleet plantings given in Table 1.
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Table 1. Locations of Greenfleet plantings, remnant forest and pasture sites where light trapping was conducted during the summers of 2014-2015

and 2015-2016. One light trap was used at each site in each month of trapping

Greenfleet  Year Code No. Latitude & Elevation Remnant Code Latitude & Elevation Month/year of trapping®

planting or  planted species longitude (m) longitude (m)

pasture planted

Mt Worth 1991 MWO91G Norecord 38°16°30.0”S, 437 Mt Worth  MWO9IR  38°17°12.17S, 446 1,2,3,4,5,6
145°58°13.9”E 145°58°08.0”E

Mt Worth 2008 MWO08G 1 38°17°33.4”S, 476 Mt Worth  MWOSR  38°17°13.8”S, 447 1,2,3,4,5,6
145°58°22.8”E 145°58°06.9”E

Mt Worth 2009 MWO09G 16 38°16°20.2”S, 425 Mt Worth  MWO9R  38°16°32.4”S, 417 1,2,3,4,5,6
146°00°43.2”E 146°00°25.9”E

Mt Worth 2010 MWI10G 15 38°15°55.9”S, 408 Mt Worth MWIO0R  38°16°20.7"S, 424 MWI10G: 1,2,3,4,5,6
146°00°29.9”E 146°00°30.2”E MWI0R": 1,3,4,5,6

Pasture 1 - MWP1 - 38°16°34.8”S, 378 - - - - 1,2,3,4,5,6
146°00°45.8"E

Pasture 2° - MWP2 - 38°16°31.4”S, 379 - - - - 1,3,4,5,6
146°00°44.9”E

Devilbend® 2008 DB08G 14 38°17°47.3”S, 85 Devilbend DBOSR 38°17°43.5”S, 719 3,4,5,6
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145°06°02.5”E 145°06’13.9”E

Devilbend® 2009 DB09G 8 38°17°40.2”S, 80 Devilbend DBO09R 38°17°39.6”S, 87 DB09G*: 3, 4, 6
145°05°48.4’E 145°05°33.7°E DBO9R: 3,4, 5,6

Devilbend® 2010 DB10G 11 38°18°14.9”S, 82 Devilbend DBI0R 38°17°57.0”S, 81 3,4,5,6
145°07°32.9”E 145°06°51.0”E

Devilbend® 2013 DB13G 17 38°18°27.5’S, 80 Devilbend DBI3R 38°18°27.5”S, 717 3,4,5,6
145°06°39.1”E 145°06°26.0”E

Pasture 1° - DBP1 - 38°18°20.0”S, 79 - - - - 3,4,5,6

145°06°43.8”E
Pasture 2¢ - DBP2 - 38°18°17.0”S, 79 - - - - 3,4,5,6

145°06°44.7°E

670 2 Key: 1 = December 2014 (first summer), 2 = January 2015 (first summer), 3 = February 2015 (first summer), 4 = December 2015 (second

671  summer), 5 = January 2016 (second summer) and 6 = February 2016 (second summer).
672  ®No catches from January 2015 due to two malfunctioning light traps.
673  © Trapping unable to be conducted in Devilbend Reserve in December 2014 and January 2015 due to delay in issue of collecting permit.

674 ¢ Planting not sampled in January 2016 due to light trap malfunction.
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675  Table 2. Summary of diversity (species richness) and abundance of Lepidoptera (moths) and Coleoptera (beetles) at Devilbend Reserve and Mount
676  Worth State Park. Sampling effort = sites % (nights of trapping - light trap malfunctions). Results by vegetation type do not include specimens not

677 identified to a species or morphospecies

Vegetation 2014-2015 2015-2016

Sampling Moths Beetles Sampling Moths Beetles

effort effort

Diversity Abundance  Diversity Abundance Diversity Abundance  Diversity Abundance

Mount Worth State Park
Pasture 5 45 282 3 20 6 26 133 5 103
Planting 12 81 910 11 624 12 86 894 19 3,175
Remnant 11 77 726 7 274 12 89 1,057 17 1,057
Total 28 95 2,048 12 1,320 30 102 2,582 21 10,330

Devilbend Reserve

Pasture 2 19 591 2 2 6 15 178 2 2
Planting 4 44 1,506 2 2 11 46 479 3 4
Remnant 4 56 258 6 95 12 62 327 8 156
Total 10 76 2,477 6 200 29 76 1,140 8 4,791

678
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679  Table 3. Lepidoptera and Coleoptera with the highest percentage contribution to dissimilarities between vegetation types. Percent contribution
680 was determined using SIMPER analysis of the Bray-Curtis compositional dissimilarity matrix. Key to abbreviations of family names of
681  Lepidoptera: ARCT = Arctiidae, CRAM = Crambidae, EREB = Erebidac, GEOM = Geometridae, HEPI = Hepialidae, LASI = Lasiocampidae,

682 NOCT = Noctuidae, OECO = Oecophoridae and Coleoptera: SCAR = Scarabacidae

Comparison Lepidoptera (moths) Coleoptera (beetles)
Species and family abbreviation Contribution Species and family abbreviation Contribution
Pasture vs planting Hednota pleniferellus' CRAM 12.9% Telura vitticollis* SCAR 28.5%
Proteuxoa sanguinipuncta' NOCT 10.4% Sericesthis nigrolineata (sp. 33)*3 SCAR 11.5%
Elhamma australasiae® HEPI 8.3% Scitala sericans®* SCAR 8.7%
Persectania ewingii' NOCT 8.1% Sericesthis nigrolineata (sp. 42)*3 SCAR 7.9%
Abantiades labyrinthicus* HEPI 7.5% Phyllotocus nigripennis®* SCAR 6.6%
Persectania dyscrita' NOCT 6.9% Sericesthis geminata®* SCAR 5.9%
Proteuxoa rubripuncta' NOCT 5.3% Sericesthis nigrolineata (sp. 41)»3 SCAR  5.3%
Hednota grammellus' CRAM 4.7%
Pararguda nasuta® LASI 4.6%
Praxis porphyretica® EREB 3.4%
Overall dissimilarity 75.6% 82.8%
Pasture vs remnant Hednota pleniferellus' CRAM 13.6% Telura vitticollis* SCAR 24.6%
Proteuxoa sanguinipuncta' NOCT 9.3% Sericesthis nigrolineata (sp. 33)*3 SCAR  10.9%
Elhamma australasiae® HEPI 7.0% Scitala sericans®* SCAR 8.3%

38



Persectania ewingii' NOCT 6.6% Sericesthis nigrolineata (sp. 42)»3 SCAR  8.0%
Persectania dyscrita' NOCT 6.3% Sericesthis geminata®* SCAR 6.9%
Pararguda nasuta® LASI 5.4% Sericesthis nigrolineata (sp. 41)*3 SCAR  5.7%
Abantiades labyrinthicus* HEPI 5.2% Phyllotocus nigripennis®* SCAR 4.8%
Palaeosia sp. 2° EREB 4.8% Heteronyx grandis>* SCAR 4.3%
Chlorocoma dichloraria’ GEOM 3.8%
Spilosoma (Ardices) canescens® ARCT 3.8%
Garrha sp. 1° OECO 3.8%
Hednota grammellus' CRAM 3.4%
Overall dissimilarity 79.8% 79.5%
Planting vs remnant Proteuxoa sanguinipuncta' NOCT 9.6% Telura vitticollis* SCAR 20.2%
Hednota pleniferellus' CRAM 9.3% Sericesthis nigrolineata (sp. 33)** SCAR 10.4%
Abantiades labyrinthicus* HEPI 6.4% Scitala sericans®?* SCAR 8.8%
Persectania ewingii' NOCT 6.1% Sericesthis nigrolineata (sp. 42)*3 SCAR  8.7%
Elhamma australasiae® HEPI 6.0% Sericesthis nigrolineata (sp. 41)>> SCAR 6.8%
Proteuxoa rubripuncta' NOCT 5.1% Sericesthis geminata®* SCAR 6.7%
Pararguda nasuta® LASI 5.0% Heteronyx grandis®* SCAR 52%
Persectania dyscrita' NOCT 4.9% Melolonthinae sp. 17>3 SCAR 5.0%
Palaeosia sp. 2° EREB 42%
Rhapsa suscitatalis'® EREB 4.1%
Praxis porphyretica® EREB 4.0%
Hednota grammellus' CRAM 4.0%
Chlorochoma dichloraria’ GEOM 3.6%
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684

685

686

687

688

689

690

691

692

Overall dissimilarity 74.2%

71.6%

! Grass (blades) feeding as larvae.

2 Grass (roots) feeding as larvae

3 Eucalypt (leaves) feeding as adults.

4 Mixed, subterranean (roots) feeding as larvae.

3 Acacia (leaves) feeding as larvae.

¢ Lichen-feeding as larvae.

7 Eucalypt (leaves) feeding as larvae.

8 Mixed, mostly herbaceous dicotyledons (leaves) feeding as larvae.
? Fallen leaves (eucalypt) feeding as larvae.

19 No host records (probably not grass-feeding as larvae).
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693

694

695

696

Table 4. Results of multivariate GLMs on the effect of proximity to remnant vegetation on the abundance of species at a site. Shown here are the

coefficient and standard error of models from the mvabund object, the deviance and P-value obtained from likelihood ratio tests for the 11 species

of Lepidoptera and four species of Coleoptera exhibiting the greatest dissimilarity. Key to abbreviations of family names and host plant associations

(denoted by superscripted numbers) as given in Table 3

Lepidoptera (moths) Coleoptera (beetles)

Species and family abbreviation P Coefficient Deviance Species and family abbreviation P Coefficient Deviance
Negative association

Garrha sp. 1° OECO 0.001 -0.016 14.50 Melolonthinae sp. 35%3 SCAR 0.013 -0.032 8.030
Spilosoma (Ardices) canescens® ARCT 0.021 -0.016 5.081 Webbella firma/Heteronyx sp.>* SCAR 0.021 -0.024 5.156
Rhapsa suscitatalis'® EREB 0.022 -0.027 6.251 Telura vitticollis> SCAR 0.050 -0.014 3.012
Praxis porphyretica® EREB 0.025 -0.018 6.191

Heliomystis electrica” GEOM 0.025 -0.017 4314

Diarsia intermixta® NOCT 0.038 -0.013 4.791

Pararguda nasuta® LASI 0.040 -0.009 4.615

Positive association

Elhamma australasiae® HEPI 0.004 0.013 12.78

Persectania dyscrita' NOCT 0.006 0.007 8.343

Persectania ewingii' NOCT 0.011 0.014 9.365
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697

Hednota pleniferellus' CRAM

0.016

0.007

6.284
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698 Table 5. Forewing length of Lepidoptera the abundance of which was associated with
699  proximity to remnant vegetation (see Table 4). Key to abbreviations of family names and host

700 plant associations (denoted by superscripted numbers) as given in Table 3

Species and family abbreviation Sex n Mean length (mm) SE

Negative association

Garrha sp. 1° OECO - 5 11.2 0.57
Spilosoma (Ardices) canescens® ARCT - 5 19.7 0.25
Rhapsa suscitatalis'® EREB - 5 19.5 0.32
Praxis porphyretica® EREB - 5 17.5 0.19
Heliomystis electrica’” GEOM - 5 209 0.08
Diarsia intermixta® NOCT - 5 152 0.46
Pararguda nasuta® LASI - 5 14.4 0.55

Positive association

Elhamma australasiae* HEPI 3 5 178 0.49
Elhamma australasiae* HEPI Q 5 29.6 0.56
Persectania dyscrita' NOCT - 5 15.7 0.41
Persectania ewingii' NOCT - 5 17.3 0.42
Hednota pleniferellus' CRAM - 5 11.6 0.53

701
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