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Abstract

Identifying the factor causing species decline from a multitude of potential disturbances is essen-
tial for successful management. Invasive species are often drivers of decline, either through direct
effects such as recruitment limitation, or through indirect effects such as habitat modification that
facilitate biota changes in other taxa. In this study, we tested the importance of bird predation on
arthropods in eucalypt canopies in wet sclerophyll forest that had been invaded by the understo-
rey weed Lantana camara. A strong top-down effect is in agreement with studies that show ele-
vated numbers of insectivorous birds, such as the despotic bell miner, Manorina melanophrys, re-
duce damaging herbivorous insect numbers and their effect on tree health. Abundance, order and
family composition were compared among sites, feeding guilds, among the presence and absence
of a despotic bird, and among presence and absence within sites, using a three-way nested Multi-
variate Analysis of Variance (MANOVA), and tested our representation of insect feeding guilds
with rarefaction curves. In total, we found arthropods from 20 families on eucalypt trees, 16
where bell miners were present and 18 where they were absent (a sampling efficiency of 78% and
92% of families based on the Chao-I index). Overall, there was a difference in the abundance of in-
sects in areas where bell miners were present (n = 181), and where they were absent (n = 67).
There was also a difference in the families present in areas with bell miners and without them.
Under some conditions, despotic birds may not change the insect canopy community. Further
studies should examine the effects of a despotic bird on the insect canopy community in a variety
of conditions and throughout their range.
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1. Introduction

Anthropogenic disturbance has led to the degradation of forests on a global scale. The spread of invasive species,
logging, grazing and fire threaten a variety of forest types [1]. Despite a range of studies examining individual
disturbance effects in isolation, how a combination of disturbance factors influence forest condition has rarely
been examined [2]. The examination of multiple disturbances to detect what is responsible for species decline is
essential for invasive species management, however this is often difficult to identify. Direct effects, such as re-
cruitment limitation, can be caused by invasive species [3], and indirectly through providing habitat for despotic
species, particularly generalist species [4]. Reasons for greater use of disturbed habitats by birds remain specula-
tive (intermediate disturbance hypothesis), but abundant food and protection from predators have been proposed
as likely drivers [5] [6]. Arthropod populations are also influenced by disturbance [7]. Sites with the greatest re-
source availability and invertebrate biomass are advantageous for birds in terms of daily nest survival rates, nes-
tling growth rates [8], and predation avoidance. Experimental prey removal has not linked negative conse-
quences for the bird community with decreased prey abundance [9]. High bird abundance has, instead, been
linked with complex understorey and midstorey vegetation structure [10].

In this study, we tested the differences in arthropod assemblages in habitats with and without highly despotic
bell miners, Manorina melanophrys, with a weedy understorey of Lantana camara in eucalypt canopies in wet
sclerophyll forest. Bell miners are despotic, excluding all other avian taxa from an area [11], to possibly defend
a food source and remove all other insectivorous predators [12]. Additionally, it has been suggested that this
species uses thick or weedy understories for nesting [13]. If bird presence is related to arthropod abundance,
then areas with a higher avian species richness, particularly insectivorous birds, will initially have a higher
abundance of insects, greater family and feeding guild diversity that will eventually be reduced by continuous
foraging e.g. [14]-[16]. Consequently, the invasion of an exotic weed that provides suitable habitat for an aggres-
sive and despotic avian species may indirectly have an impact on birds. The importance of indirect management
effects to the breeding success of insectivorous birds has recently been stressed as an important conservation
consideration [17]. Quantifying the impact of disturbance from invasive species in forests should be performed
on a regular basis to help prevent changes in biodiversity such as creating suboptimal habitats for birds.

The top-down effects of birds on arthropods have been examined in numerous forest ecosystems [4] [18] [19],
and indirectly for both deciduous and coniferous trees [18] [20]. The abundance of arthropods and their commu-
nity assemblage can be significantly impacted by predation by insectivorous birds [21], and, furthermore, this
predation is an evolutionary force shaping a variety of arthropod characteristics including sex ratio, colouration
and behaviour [19]. A strong top-down effect is in agreement with studies that show high numbers of insectivo-
rous birds reduce damaging herbivorous insect numbers and their effect on tree health e.g. [22]-[25], or a reduc-
tion of insectivorous birds and the increase of a despotic species results in an indirect increase in damaging her-
bivorous insects e.g. [14] [26]-[28].

Most woodland birds are territorial for at least part of the year. Wilson [29] defines a territory as an area oc-
cupied entirely by an animal or group of animals by repulsion through explicit defence or announcement. These
areas can have definite borders where distinctive behaviours are displayed e.g. [30] [31] or where core areas are
defended with overlapping home ranges e.g. [32]. Despoticity is usually species specific where groups of ani-
mals from a particular species exclude other groups from the same species e.g. [33]-[35]. However, some spe-
cies exclude others interspecifically to monopolise resources. Nectarivorous bird species such as honeyeaters of
the family Meliphagidae, for example, aggressively dominate areas with high levels of flowering or nectar pro-
duction. Larger species can use interference competition to dominate resources from smaller insectivorous spe-
cies that may have to locate areas with poorer resources [36]. Hummingbird assemblages provide a similar ex-
ample [37]. The presence of an aggressively dominantbird species creates exclusion zones that may have re-
duced avian diversity e.g. [22] [38], and thus allow high insect populations e.g. [14] [15].

Evidence suggests that bell miner colonies defend areas containing high levels of damaging insect populations,
particularly psyllids, from other insectivorous birds, indirectly leading to the death of canopy trees [12] [14] [39]
[40]. Chewing insects have been found to be the most damaging insects in eucalypts [41], and one of feeding
guilds that bell miner chicks and adults consume [42] [43]. However, psyllid nymphs, that produce a sugary-
protective coating and feed on the sap of leaves, have been implicated in increased levels of damage in trees,
particularly in association with bell miners [12] [44]. This relationship is an extreme example of creating exclu-
sion zones as it has been associated with tree death, known as bell miner associated dieback [11] [45]. Yet, little
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is known about the top-down effects of bell miners on the insect populations in their territories.

To predict the impact of organisms on ecosystems, functional diversity can be used, as it can show a link be-
tween organisms and ecosystems. Functional diversity commonly involves examining communities and ecosys-
tems, based on the role of an organism or its trophic level, regardless of their evolutionary history. Determining
which traits to include in a measure of functional diversity depends on the aims of the study [46]. In terms of our
study, we wanted to know whether bell miners influenced the trophic levels of canopy insects, to test whether
this influence was causing an increase in herbivory and leaf damage. As insect families are varied and numerous
with significant influence on ecosystem function, we placed each family into a feeding guild as specified by [47].
A hierarchy of functional diversity groups can be used to examine how changes in biotic diversity might affect
ecosystem properties, in the short term and in response to the influences of environmental conditions. Examin-
ing these groups can lead to a better understanding of how community assembly influences relationships be-
tween organisms and functional diversity in communities and how this might vary in different environments [48]
[49].

Our specific hypotheses were: (1) arthropod abundance will be higher in areas with an avian despotic species,
where all other avian insectivorous species are excluded because the removal of avian predators has been shown
to increase insect numbers and, (2) the number of feeding guilds will be higher in areas with a lower avian spe-
cies richness as a reduction in avian predators allows insect feeding guilds to increase in number, particularly the
with a reduction in the number of predatory insects.

2. Methods
2.1. Study Species

For this study, we chose the despotic bell miner that is endemic to eastern Australia, ranging from Gympie,
Queensland to Melbourne, Victoria [13]. This cooperatively breeding species feeds as part of a colony, consum-
ing primarily insects from the foliage and bark of eucalypts [12] [14] [50] [51]. Colonies inhabit open eucalypt
forests and woodlands with a thick understorey in broad gullies of foothills, usually at edges of rainforest areas
[13].

2.2. Study Area

Fieldwork was conducted in December 2013 at Dorrigo National Park (S30°23.361', E152°50.394") and Gibral-
tar Range National Park (S29°27'13.9”, E152°22'32.6"). Each study site had one sampling plot containing bell
miners, Manorina melanophrys, and one as a control without bell miners. All plots contained similar vegetation
types of wet sclerophyll forest with an understorey of Lantana, Lantana camara. Average annual rainfall is
1520.4 mm and 856.5 mm at Dorrigo National Park and Gilbraltar Range National Park, respectively [52] [53].
Each site contained one eucalypt inside the boundary of a bell miner colony and one eucalypt outside the
boundary, approximately 100 m apart. Eucalypts were chosen to show a representation of the insect canopy as-
semblage of areas containing psyllids and their feeding guilds and the interaction with bell miners. Trees were
chosen within bell miner colonies and on the boundary where birds were not observed.

2.3. Sampling

To minimise vegetation type variation and bias, the insects inhabiting Eucalyptus canopies were collected using
a Stihl SG 40 Blower Sprayer for fogging with cones of one metre diameter placed in four compass directions in
the understorey. Areas for fogging were chosen that contained a majority of eucalypts and accessibility of
branches for fogging [54]. To minimise the effect of wind, fogging was completed during relatively still (<1
m-s ! as measured by a Kestrel 2004, Nielsen-Kellerman, USA) mornings (07:30-11:00) and only during dry
weather following Andrew & Hughes [55] [56].

Sample collection involved hoisting the fogger into the canopy using a rope and a filled water bottle attached
to fishing wire. Once the rope was securely hoisted into a branch of the selected tree at a minimum of 10 m, the
fogger was lifted using a rope-and-pulley system. The tree was fogged using 5 mL of pyrethrum in 10 L of water.
Cones, with a 500 mL vial connected to the centre into which insects that fell or were washed into using 70%
ethanol, were placed below the fogger for insect collection in four compass directions. Each sampling area was
fogged for five to ten minutes ensuring that the fog penetrated the canopy. After 40 - 50 minutes, the catch was
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removed from the cones in 70% ethanol. Samples were labelled and kept in ethanol beakers.

We recorded the abundance of every arthropod collected, identified them to family based on the classifica-
tions by Zborowski and Storey [47], to ensure accurate assignment to a specific feeding guild. This approach
was designed to yield repeatable, informative data from comprehensive samples generated by insecticidal fog-
ging [57]. We used a combination of traits to classify arthropods, incorporating wing presence, developmental
stage and feeding mode.

2.4. Data Analysis

Abundance and feeding guilds of the arthropod community were compared among sites, in the presence and ab-
sence of a despotic bird, and among presence and absence within sites, using a three-way nested Multivariate
Analysis of Variance (MANOVA). In addition, each feeding group was compared among sites and presence us-
ing the same statistical method. Furthermore, Family presence was compared among sites and, considering
presence within sites using a two-way Analysis of Variance (ANOVA; SPSS version 22.0) [49] [58]. Moreover,
we used rarefaction curves and the Chao index to determine whether the number of feeding guilds collected is a
true representation of the feeding guilds that inhabit the area. The slope of the curve represents normality within
the data [59].

3. Results
3.1. Arthropod Abundances

In total, we found arthropods from 13 Orders on eucalypt trees across the entire study, 12 where bell miners
were present and 9 where bell miners were absent. The most abundant Orders at sites occupied by bell miners
were Diptera (30% of total arthropods), Hymenoptera (28%), Coleoptera (13%), Pscoptera (10%) and Araneae
(7%). Conversely, the most abundant Orders at sites where bell miners were absent were Diptera (34%), Hy-
menoptera (22%), Coleoptera (19%), Araneae (9%) and Hemiptera (7%). However, there was no significant
difference in the presence of Orders between sites (F1g15 = 5.40, p = 0.69). Odonata was the only Order not pre-
sent where bell miners were located. Conversely, Pscoptera, Acarina, Thysanoptera and Neuroptera were not
present in trees where bell miners were absent. As Odonata and Neuroptera were the only Orders that could be
assigned to a specific feeding guild, we then identified families that were present from these Orders and placed
them into feeding guilds in areas either occupied or not by Bell Miners at each site.

In total, we found arthropods from 20 families on eucalypt trees, 16 where bell miners were present (Chao
index = 78%) and 18 where they were absent (Chao index = 92%). From this, we determined our sampling ef-
fort of arthropod families was 78% and 92% respectively. Overall, Although there was no difference when site
variance was included (Fys0 = 1.43, p = 0.237), the abundance of insects in areas where bell miners were present
and where they were absent was 181 and 67, respectively.

3.2. Effect of Despotic Bird Presence on Arthropod Community Structure

The presence of bell miners had no significant effect on the presence of feeding groups, except for the unknown
family when sites were included as a variable (Table 1). However, when feeding groups were pooled, bell miner
presence showed an increase in insect abundance in each feeding guild and overall (Figure 1). Furthermore,
there was no significant difference in the families present in areas with bell miners and without them (Table 1;
Table 2).

4. Discussion

Our experimental results showed that the presence of a despotic bird and the reduction of avian diversity had no
significant effect on arthropod abundance when site variance was included, but an overall difference was ob-
served, in that a higher number of arthropods were recorded in areas with bell miners. Earlier experimental re-
sults that sampled insect abundance and assemblage where bell miners were present e.g. [51] [60] [61], as well
as data from studies on despotic avian species e.g. [26]-[28], have shown similar effects for canopy arthropods.
Our results also showed that the assemblage of the insect canopy community was not significantly affected by
bell miner presence. However, the presence of particular predators, herbivores and nectivorous species did vary
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Table 1. Summary table of three-way MANOVA for family for the component feeding groups
(predator, chewer, sapsucker, ants, various, decomposer, unknown, nectar and pollen, and to-
tal abundance) associated with eucalypts. Significant sources of variation are in bold.

Factor df F p

Presence x Site

Predator 2 1.51 0.31
Chewer 2 221 0.21
Sapsucker 2 0.95 0.45
Ant 2 0.57 0.60
Various 2 1.45 0.32
Decomposer 2 0.63 0.57
Nectar/Pollen 2 321 0.13
Total Abundance 2 0.61 0.58
Site
Predator 1 2.05 0.21
Chewer 1 1.30 0.31
Sapsucker 1 2.14 0.20
Ant 1 1.25 0.32
Various 1 0.16 0.71
Decomposer 1 1.00 0.36
Unknown 1 3.24 0.13
Nectar/Pollen 1 2.14 0.20
Total Abundance 1 0.28 0.62
Presence
Predator 1 2.56 0.17
Chewer 1 0.94 0.38
Sapsucker 1 1.19 0.33
Ant 1 0.85 0.40
Various 1 1.79 0.24
Decomposer 1 0.20 0.67
Unknown 1 2.40 0.18
Nectar/Pollen 1 1.19 0.33
Total Abundance 1 1.81 0.24
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Table 2. A comparison of the families collected in areas where bell miners were present and
where they were absent (v = yes). Bold indicates families that were not found in both areas.

Family Presence Absence
Apocrita (Wasps) v 4
Formicide v v
Symphyta v v
Apiformes 4
Lepidoptera (Caterpillar) v
Lepidoptera (Adult) v/
Miridae 4 v
Cicadellidae v/ v
Lygaeidae v
Collembola v
Psyllidae v
Curculionidae v v
Scarabaeidae v
Limnichidae v
Mordellidae 4
Chrysomelidae v v
Unknown (1) v
Unknown (2) v
Unknown (3) v
Staphylinidae v
40.00-
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Figure 1. A comparison of insect feeding guilds in sites pooled in areas where bell miners
(Manorina melanophrys) were present (grey) and absent (white; n = 7). Lines in boxes re-
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among areas where bell miners were either present or absent. Lygaeidae (herbivores) were present where bell
miners were found, whereas, Staphylinidae (predators) were present in areas without bell miners. If birds prefer
to forage in areas with a high insect abundance, management of disturbance could be adjusted to preserve habi-
tat for a variety of insectivorous birds and reduce despotic bird habitat preferences. The interaction between for-
est management and bird foraging is important e.g. [12] [26] [62], but little is known about this relationship and
it needs further examination [18].

The effects we present differ to those reported by Stone [63], who found that bell miner presence influenced
insect abundance by exploitation and, therefore, leaf survival. Bell miner density was found to negatively influ-
ence leaf survival as exclusion significantly increased the life expectancy of leaves, nearly double the survival of
leaves that were exposed [63]. Additionally, Poiani [60] sampled habitat quality in terms of insect abundance for
two miner colonies occupying dry sclerophyll vegetation, finding that general insect abundance in the canopy
and midstorey was higher with higher miner density. Furthermore, Poiani [64] examined the stomach contents of
bell miners and found that they had consumed a variety of arthropods including specimens from Orders Coleop-
tera, Hymenoptera, Diptera, Lepidoptera and Aranea as well as psyllids (Hemiptera). Yet, despite a small sam-
ple size, a comparison of lerps and arthropod differences between birds found no evidence to suggest that more
arthropods were eaten to replace lerp consumption. Dare [65] found that sites with bell miners had higher abun-
dances of lerp than those without. However, psyllids were only recorded where half of the colonies were found.
On the other hand, our results contrast the effects observed in other studies where bell miners were found in ar-
eas with high numbers of psyllids, causing leaf damage e.g. [22] [63] [66] [67]. We found only one record of a
psyllid species, on one of the trees where bell miners were not present but this was potentially an acacia herbi-
vore that may have been travelling through the area when the fogging was completed.

The absence of statistically significant effects in our study is not simply due to a lack of power. A larger sam-
ple size would reduce the standard errors, but not alter the treatment means. The species accumulation curve
suggests that our small sample size result would be unaffected by increasing the level of replication. Our results,
therefore, indicate that bell miners may have an effect on the number of canopy insects present and the insect
canopy assemblage but there is variability between sites.

Many studies use abundance as a metric to examine the impact of avian predators on exposed-feeding insects
in an exclusion or manipulation experiment where birds are removed or exclusion cages are used e.g. [14] [22]
[63]. However, we used the presence and absence of feeding bell miners to estimate the impact of avian preda-
tors. We maintain that, although we used an alternative impact measure, we do not think that our results differ
from those previously reported. Many of the studies that examine the impact of avian predators using insect
abundance also report results using the presence of colonies and the presence of insects e.g. [43] [64] [65]. In
studies reporting data concerning both abundance and presence, the effects identified are similar in all cases [60]
[64] [65]. A recent review of the ecosystem services provided by birds concluded that a variety of insectivorous
species are required to control insect outbreaks [68]. In contrast, if a single species is able to dominate an area to
the exclusion of others, insect abundance may increase [27]. In terms of bell miners, colonies are not simply
eating lerp and are likely to influence insect abundance in a range of groups beyond psyllids as they eat a lot of
insects. Evidence suggests that bell miners feed their chicks a variety of insects and they breed for most of the
year [42] [43] [60]. Therefore, they require habitat that contains a variety of insects to maintain successful
breeding, which could relate to their despotic behaviour against other insectivorous avian species.

Assuming that the abundance of insects would increase in the absence of avian predators, we had hypothe-
sised that the presence of insect feeding guilds in response to a change in avian predators might be reduced. If
this was true, estimates of abundance based on fogging one tree in each area would potentially be underesti-
mated. If our sampling procedure was biased towards undervaluing frequency or feeding guilds in the presence
and absence of avian predators, then this could account for not observing a statistically significant level of ar-
thropod abundance. However, we found generally that the number of families observed in each area was in fact
an appropriate representation of all families that could be detected, as expected if sampling was sufficient.
Therefore, our sampling protocol could not have been influenced towards underestimating the effect of avian
predators because of a small sample size. Rather, the smaller number of insects captured in cones probably re-
sulted from seasonal influences or wind blow due to the height of the cones.

Our work suggests that bell miners are not only defending psyllids, as previously suggested as being their
primary food source, but also the entire insect population that is fed to their young throughout the year [12] [43]
[69] [70]. Our findings are consistent with the suggestion that bell miners are opportunistic and utilise areas that
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contain high levels of lerp but also other insect species that supplement their diet [42] [43]. The effect of bell
miner presence has also been shown to not necessarily be the causative agent of Glycaspis (psyllid/lerp) irrup-
tions as the production of epicormic growth cannot be directly influenced by this species [71]. However, the
presence of bell miners can reduce avian diversity and directly affect food availability for other avian species
[11]. Furthermore, the increase in insect abundance in areas where bell miners are present may indicate that a
variety of herbivorous insects are responsible for dieback, not only psyllids as previously suggested e.g. [45]
[70].

5. Conclusion

A lack of a significant effect of avian predators on insect abundance and feeding guild presence that we ob-
served represents one part of the range of effects that have been reported so far for this species. Though some
studies show large effects e.g. [14] [22] [63], others show weaker effects, a small change in family diversity fo-
cusing on only psyllids or effects absent for insect consumption changes [60] [64] [65]. To date, the three stud-
ies that have examined the insect canopy assemblage in areas where bell miner colonies are present have found
that insect abundance is higher where these birds are present, psyllids can be high or non existent and that feed-
ing guilds are not affected by bell miner presence [60] [64] [65]. Further studies are essential to test whether
there is an effect of seasons, climate and tree host species. The important role of avian predators in regulating
insect community dynamics is emphasised in the current literature with correlated indirect effects on the host
plant, such as dieback [26] [68] [72] [73]. However, a possible bias may be reflected here for publishing signifi-
cant results, as suggested by Low and Connor [74]. Under some conditions, despotic birds may not change the
insect canopy community. Further studies should examine the effects of a despotic bird on the insect canopy
community in a variety of conditions and throughout their range.
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