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Abstract

This study is the first direct comparison of the diversity of phytophagous insects associated with a parasitic
plant and its host plants. Specifically, we compared the species composition, density and host specificity of
psylloids or jumping plant lice (Hemiptera: Psylloidea), inhabiting hemiparasitic box mistletoe Amyema
miquelii, and three of its host Eucalyptus species: Eucalyptus blakelyi, Eucalyptus melliodora and Eucalyptus polyanthemos. Insects were sampled by restricted canopy fogging in remnant Eucalyptus woodlands
in an agricultural region of temperate south-eastern Australia. Although most psylloids are understood to be
mono- or oligophagous, most species in our survey were found on the foliage of both mistletoes and
eucalypts. Nevertheless, analysis of density patterns and reference to previous work on psylloids supports
the high degree of host specificity for psylloids, leading to distinct assemblages on these two intimately
associated plants. We show that (1) there were two mistletoe-associated species of psylloid and 18 eucalyptassociated species; (2) there were a large number of tourist species, as indicated by known psylloid/plant
host associations; and (3) psylloid density was higher on eucalypt than mistletoe leaves. The different
psylloid assemblages found on box mistletoes compared with their host plants are likely to be due to
differences in the foliar properties implicated in host specificity and host selection by phytophagous insects.
Further research is required to understand the ecological dynamics and evolutionary origins of these arboreal assemblages.
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I NTRODUCT IO N
Studies of host specialisation of insects inform our understanding of species richness and turnover among host plants and
locations and, thus, species diversity at different scales
(Ødegaard et al. 2000; Dyer et al. 2007; Novotny et al. 2007).
Variation in community composition among insect assemblages is strongly influenced by host plant identity or plant
species composition, particularly for phytophagous insects
(Frenzel & Brandl 2001; Ødegaard et al. 2005). Mistletoes are
parasitic plants that are physiologically linked with their host
plants, and thereby strongly spatially associated, such that
mistletoes and host plants share the same physical environment and may appear to be one plant canopy (especially in
cases of leaf mimicry by mistletoes, see Mathiasen et al.
2008). If plant chemistry and evolutionary history were not
important, one would expect the assemblage of insects on
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mistletoe to be a nested subset of the assemblage on the host
plant. However, mistletoes and their host plants usually belong
to different orders and clades. The association between mistletoe and host plant offers an opportunity to explore factors
that influence the host specificity, composition and distribution
of arboreal arthropod assemblages in tree canopies.
Although interactions between mistletoes and vertebrates
have been well studied (as reviewed by Watson 2001; Watson
& Herring 2012), much less is known about invertebrate
assemblages associated with mistletoes. Species-specific
studies have shown that ecological interactions between mistletoes and insects include herbivory, frugivory, pollination
and tri-trophic relationships (Penfield et al. 1976; Atsatt 1981;
De Baar 1985; Braby 2000, 2005; French 2004; Robertson
et al. 2005). However, we are unaware of any direct comparative studies of arthropod assemblages on mistletoes and their
host plants, apart from our own research (Burns 2009; Burns
et al. 2011), and one indirect investigation of a food plant shift
of a lepidopteran between a dwarf mistletoe and host conifers
(Mooney 2003).
doi:10.1111/aen.12123
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The mistletoe form has evolved five times in different families within the Santalales (Vidal-Russell & Nickrent 2008) and
mistletoe species vary in their degree of host specificity
(Barlow 1996; Downey 1998). Australian mistletoes, of which
there are 91 species, belong to the families Loranthaceae (in 12
genera, Gondwanan origin), Viscaceae (in 3 genera, Laurasian
origin) and Santalaceae (1 genus/species) and constitute
approximately 6% of nearly 1600 species worldwide (Barlow
1984; Downey 1998; Downey & Wilson 2004; Nickrent 2011;
Watson 2011). Our study species, the box mistletoe, Amyema
miquelii (Loranthaceae), is distributed throughout mainland
Australia and has been recorded parasitising 125 host plant
species, primarily in Eucalyptus (Myrtaceae; Downey 1998;
Watson 2011). It was the most common mistletoe species in
the study area. The three Eucalyptus species included in this
study (see Materials and Methods) are widely distributed in
south-eastern Australia, in woodlands and open forest
(Chippendale 1988).
Psylloidea (Hemiptera) were the most abundant group of
insects collected in a previous study of the arthropod assemblages inhabiting mistletoes and eucalypts (Burns et al. 2011).
Here, we examine the diversity and distribution of psylloids
from that survey. Psylloidea are particularly diverse and abundant in Australia, where the 382 described species (and >100
species not yet described) constitute more than 10% of the
world fauna (Hollis 2004; and recent taxonomic descriptions,
including Taylor et al. 2010, 2013; Taylor & Kent 2013;
Taylor & Moir 2014). Currently, three described species of
psylloids have been collected from Australian mistletoes
(listed as ‘Amyema pendulum’, ‘probably A. miquelii’ and
‘unidentified species’; see Taylor 1999) and many species
from Eucalyptus (Hollis 2004). However, few communitylevel studies have described the assemblages of psylloids on
particular host plant species (Hodkinson et al. 1979; Jäger &
Topp 2002; Moir et al. 2005, 2011; Powell 2011; Powell et al.
2012), including only one for a Eucalyptus species (Barton
et al. 2013) and none for mistletoes. Therefore, our aim was to
investigate the diversity and host specificity of psylloids inhabiting box mistletoe and a subset of its host plants. Given that
most psylloid species are either monophagous or
oligophagous, i.e. feeding and completing their life cycle on a
single host plant species or a group of congeneric or
confamilial species (Hodkinson 1974; Hollis 2004), we predicted low similarity in species composition between box mistletoe and the eucalypts, despite the close physical association
of these plants.

M ATE RIALS AND ME THO D S
Study area and sampling protocol
The study was conducted in the south-west slopes region of
New South Wales, Australia (near Holbrook: 35°44′S,
147°19′E), where woodland and forest have been extensively
cleared for agriculture and remaining habitat is restricted
to a series of disjunct remnants. Sampling occurred in
© 2014 Australian Entomological Society

Table 1 Details of the sampling design, including the number of
samples (n) collected from individual box mistletoe (Amyema
miquelii) plants and Eucalyptus trees, and the number of solo and
duplicate mistletoe samples (i.e. solo = no sample collected from
the host tree; duplicate = two mistletoe samples collected in the
same tree)
Site
No.
1
2
3
4
5
Totals

Mistletoe Eucalypt Eucalyptus species (n)
Solo
Duplicate
n
n
mistletoe mistletoe
samples samples
4
6
5
10
5
30

3
5
3
6
2
19

RB(3)
RB(2), YB(2), BR(1)
RB(2), YB(1)
RB(3), YB(1), BR(2)
RB(2)
RB(12), YB(4), BR(3)

0
1
0
3
2
6

1
0
2
1
1
5

RB: red box, E. polyanthemos; YB: yellow box, E. melliodora; BR:
Blakely’s red gum, E. blakelyi.

November 2005 at five sites of remnant grassy box woodland, 4–18 hectares in size and located 2–23 km apart (i.e.
sites 1–5 in Burns et al. 2011). These sites were surrounded
by grazed pastures or crops on privately owned land. The
remnant woodlands were dominated by Eucalyptus
polyanthemos (red box), which is the primary host of
A. miquelii in the region. At least 40 individual A. miquelii
occurred at each site.
Insects were collected using a restricted canopy fogging
technique (after Basset 1990), from plants of A. miquelii
(n = 30) and three of its host tree species: E. polyanthemos
(red box, n = 12), Eucalyptus melliodora (yellow box, n = 4)
and Eucalyptus blakelyi (Blakely’s red gum, n = 3) using a
trailer-mounted hydraulic bucket hoist (maximum height:
12 m above ground). Sampling was constrained by the tree
species mix of each remnant patch and the access permitted
by the hoist; therefore, it was not possible to collect the same
number of samples from each Eucalyptus species. The greater
number of samples collected from box mistletoe than the
eucalypts occurred for two reasons: in some cases, mistletoe
foliage was accessible but the tree foliage was out of reach
(six trees); or, two mistletoe plants were sampled in the
same tree (five trees, see Table 1). At each site, sampled
trees were between 5 and 500 m apart. Psylloids were
sampled from eucalypt foliage within approximately 3 m
of a mistletoe plant that was sampled in the same tree, at a
similar height above ground and depth in the canopy (3 m
was within the reach of the boom arm of the bucket hoist
without moving its base). Psylloids were collected from one
sample of foliage per mistletoe plant or eucalypt tree. The
dimensions of the sampled foliage were recorded (i.e. height,
width and depth) and a density score was assigned. The
volume of the sample was calculated using the equation for
an ellipsoid and multiplied by the density score. A subsample
of foliage of box mistletoe and each eucalypt species was
removed, after measuring the dimensions, and leaf area was
measured. The relationship between foliage volume and leaf
area was calculated for each plant species and the regression
equations were used to estimate the leaf area of all samples
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(see Burns et al. 2011 for further details). Hence, the abundance of psylloids is expressed as density of individuals per
estimated leaf area (m2).
Adult psylloid specimens were sorted to morphospecies by
A.E.B. and identified to species by G.S.T. The family : subfamily classification follows Burckhardt and Ouvrard (2012).
Voucher specimens of Psylloidea have been deposited in the
Australian National Insect Collection (Canberra). The probable host specificity of the psylloid taxa was assessed from
host records of conspecific or congeneric taxa in the literature
(primarily from Hollis 2004) and indicator species analysis
(described below). Indicator analysis is useful for inferring the
fidelity of taxa to predefined groups based on the frequency
and abundance of taxa (e.g. Progar & Schowalter 2002). Taxa
that were identified by these means as host specific or strongly
associated with the host genera were deemed to be transient or
tourist species (sensu Moran & Southwood 1982) when they
were collected on non-host foliage. However, these nominations should be regarded as provisional and should be assessed
by life history studies of the psylloid taxa.

Data analyses
Given the small number of samples obtained from each of the
three Eucalyptus species, we pooled the data and treated
assemblages found on the three different Eucalyptus species as
one ‘Eucalyptus associated’ assemblage for comparison with
the psylloid assemblages from A. miquelii plants (subsequently referred to as eucalypt and mistletoe samples, respectively). This approach allowed detection of host association at
the genus level, but ignores the possibility of associations with
specific Eucalyptus species.
Indicator species analysis (Legendre & Legendre 1998;
McCune & Grace 2002) was used to detect host plant preferences of the psylloid taxa by determining whether each taxon
had a non-random distribution with regard to host plant genus,
i.e. Amyema or Eucalyptus. The indicator species values (IV)
are based on the average relative abundance (as density of
individuals per leaf area, in this study) and frequency of the
taxa in each group of samples: IVkj = (Relative abundancekj ×
Relative frequencykj) × 100 for taxa j in host group k (McCune
& Grace 2002). To test the null hypothesis that the highest
indicator value (IVmax) for taxa j in host group k is no larger
than would be expected by chance, a Monte Carlo
randomisation test was used, with 4999 permutations of the
data matrix, in PC-ORD 5.07 © (McCune & Mefford 2006).
The P value refers to the proportion of randomised trials with
an indicator value equal to or exceeding the observed indicator
value.
The species richness of the psylloid assemblages associated
with the mistletoes and eucalypts was estimated using the
non-parametric Chao 1 estimator (Chao 1984; Colwell &
Coddington 1994), which uses abundance data and incorporates the observed number of species plus a ratio of rare
species in the samples (i.e. singletons and doubletons). We
used species densities rounded to the nearest whole number
(required for this analysis with EstimateS 7.5.1 ©, Colwell
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2006); hence, singletons and doubletons were species represented by a density of one or two individuals per square metre,
respectively. Tourist species were excluded from analyses, as
were samples without any psylloid specimens; therefore, the
total number of samples was 16 eucalypt (E. polyanthemos:
n = 11; E. melliodora: n = 3; E. blakelyi: n = 2), and 29 mistletoe. To compare similarity in species composition and abundance among and between mistletoe and eucalypt samples, we
calculated Bray–Curtis similarities on untransformed species
densities and estimated ‘true’ similarity using the Jaccard
abundance-based estimator (Chao et al. 2005), which takes
into account the effect of unseen shared species. The uneven
sampling of mistletoes and eucalypts was dealt with by
excluding mistletoe samples without a paired eucalypt sample
and, in the case of duplicate mistletoes within a tree, by selecting the mistletoe sample located closest to the sampled eucalypt foliage. This resulted in 19 paired samples. Species
richness and similarity indices were calculated with the default
settings in EstimateS (Colwell 2006). The observed and estimated similarity between the psylloid assemblages showed
similar patterns; therefore, only the latter are shown in the
results (Fig. 3).
To test whether dissimilarity in species composition and
abundance of psylloid assemblages was greater between than
among the mistletoe and eucalypt sample groups, we used the
non-parametric statistical test: multi-response permutation
procedure (MRPP, Legendre & Legendre 1998) with the Bray–
Curtis dissimilarity index in PC-ORD 5.07 © (McCune &
Mefford 2006). The only assumption of MRPP – spatial independence of sample units – was assessed using a Mantel Test
(PC-ORD 5.07). The spatial distances between samples were
calculated from the geographical coordinates of the samples
(obtained with a handheld GPS). The correlation between
spatial distance and community dissimilarity of the samples
did not differ significantly from zero (Mistletoe samples:
Mantel r = −0.09, P = 0.3; Eucalypt samples: Mantel
r = −0.08, P = 0.5); therefore, the samples were considered
spatially independent.

RES U LT S
Twenty-one psylloid morphospecies belonging to 12 genera
were collected and eight of these were identified to species
(see Table 2 and further details about each species provided in
Table S1: the term ‘species’ will be used to refer to both
described species and undetermined morphospecies). Three
species belong to Acizzia (Psyllidae: Acizziinae), 17 species to
10 genera in the Aphalaridae: Spondyliaspidinae and
one species to Schedotrioza (Triozidae) (Table 2). Sixteen
psylloid species occurred on both box mistletoe and eucalypt
foliage, four were found only on eucalypts and one was found
only on box mistletoe (Table 2). The average density of
psylloids was greater on eucalypt foliage than mistletoe
foliage (Table 2). The greatest density of any one species (i.e.
Australopsylla sp. 1) was 33 individuals per m2 of foliage on
E. melliodora and 16 individuals per m2 across all eucalypts
© 2014 Australian Entomological Society
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Table 2 Species inventory of psylloid assemblages collected from box mistletoe (Amyema miquelii) and three host Eucalyptus species.
This includes a comparison of the average density (number of individuals per m2 leaf area, dry weight) and percent frequency of psylloid
species collected from box mistletoe, each Eucalyptus species and the three Eucalyptus species combined (N.B. The density of
individuals was calculated from the area of both sides of the leaves). The species richness totals include tourist/transient species (see text
for further details)
Host plant

Psylloidea species (family)
Acizzia loranthacae
(Psyllidae)
Acizzia amyemae (Psyllidae)
Acizzia sp. 1 (Psyllidae)
Anoeconeossa communis
(Aphalaridae)
Anoeconeossa sp. 1
(Aphalaridae)
Australopsylla sp. 1
(Aphalaridae)
Australopsylla sp. 2
(Aphalaridae)
Australopsylla sp. 3
(Aphalaridae)
Blastopsylla sp. 1
(Aphalaridae)
Blastopsylla sp. 2 (near
multisetulae Taylor, 1985)
(Aphalaridae)
Cardiaspina albicollaris
(Aphalaridae)
Cardiaspina retator
(Aphalaridae)
Creiis sp. (Aphalaridae)
Ctenarytaina sp.
(Aphalaridae)
Glycaspis sp. (Aphalaridae)
Hyalinaspis sp.
(Aphalaridae)
Phyllolyma sp. (Aphalaridae)
Platyobria adustalata
(Aphalaridae)
Platyobria lewisi
(Aphalaridae)
Platyobria sp. 1
(Aphalaridae)
Schedotrioza distorta
(Triozidae)
Average density (all psylloid
species)
Species richness

All Eucalyptus
samples (n = 19)

Amyema
miquelii
(n = 30)

Eucalyptus
polyanthemos
(n = 12)

Eucalyptus
melliodora
(n = 4)

Eucalyptus
blakelyi
(n = 3)

Density

Frequency

Density

Frequency

Density

Frequency

Density

Frequency

2.99

87

0.04

5

0.1

8

0

0

0.98
0
0.04

63
0
10

0.03
0.04
0.49

5
5
53

0.1
0
0.6

8
0
58

0
0.2
0.4

0
25
50

0
0
0.3

0.01

3

0.16

26

0.2

25

0.2

50

0

0

2.67

57

15.77

63

13.9

83

33.3

17

0

0

1.20

37

10.17

47

6.9

58

27.6

50

0

0

0

0

0.01

5

0.1

8

0

0

0

0

0.01

3

0.25

32

0.3

42

0

0

0.2

0.02

7

0.45

16

0.5

8

0.01

3

0.06

11

0.1

17

0.01

3

0.02

5

0
0.03

0
7

0.07
0.05

5
11

0.08
0.01

17
3

0.22
0

0.01
0.10

3
17

0.04

0

0

Frequency
0
0
0
33

33

50

0

0

0

0

0

0

0.1

25

0

0

0
0.1

25
17

0.3
0

25
0

0
0

0
0

16
0

0.2
0

17
0

0.4
0

50
0

0.3
0

0.02
0.16

5
21

0.1
0.2

8
25

0
0.1

0
25

0
0

0
0

10

0.13

16

0.1

17

0.3

25

0

0

0

0

0.06

11

0.1

8

0

0

0.2

0.01

3

0.01

5

0.1

8

0

0

0

9.2
17

28.22

23.7

63.6

1.0

20

17

11

4

combined (Table 2). At least half of the species in the study
occurred at a density of less than 0.1 individual per m2 of
foliage (Fig. 1) and were represented by less than 10 individuals. Considering both mistletoe and eucalypt assemblages, two
species were represented by only two individuals (i.e.
doubletons) and seven species by only one individual (i.e.
singletons).
Two of the most abundant and frequently occurring psylloid
species on box mistletoe, Acizzia loranthacae Taylor and
Acizzia amyemae Taylor (Table 2, Fig. 2), are considered host
specific to Amyema mistletoes (Taylor 1999). These data are
© 2014 Australian Entomological Society
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33
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33
0

the first confirmed host records of these two species on
A. miquelii. Furthermore, these two species were significantly
more abundant and frequent on box mistletoe than the eucalypts and, thus, were identified as indicator species of box
mistletoe (Table 3). Only one A. amyemae and two
A. loranthacae occurred in the eucalypt samples; therefore,
they are considered tourist species on the eucalypts. The single
individual of an undescribed species of Acizzia (Acizzia sp. 1,
Table 2) that occurred on E. melliodora was also deemed a
tourist because Eucalyptus is not recorded as a host for this
genus (Hollis 2004; Taylor & Moir 2014). Amyema, Acacia,
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Fig. 1. The relative abundance of
psylloid species inhabiting box mistletoe
and the eucalypts, comparing assemblages with all species to those with hostspecific species only (i.e. those
considered to be host-specific to either
Amyema or Eucalyptus). , Eucalypts –
all psylloid species; , Eucalypts – hostspecific species; □, Box mistletoe – all
psylloid species; ■, Box mistletoe – hostspecific species.
Table 3 Psylloid species with significant indicator species
values (P < 0.05), based on the abundance (density of individuals
per m2 leaf area) and frequency of the species in the mistletoe and
eucalypt samples (n = 30 and n = 19, respectively)
Species
Acizzia loranthacae
Acizzia amyemae
Anoeconeossa communis
Anoeconeossa sp. 1
Australopsylla sp. 1
Australopsylla sp. 2
Blastopsylla sp. 1

Indicated host†

Indicator
value (%)‡

P-value

Mistletoe
Mistletoe
Eucalypts
Eucalypts
Eucalypts
Eucalypts
Eucalypts

85
61
55
28
61
48
34

0.0002
0.0012
0.0002
0.0044
0.0340
0.0366
0.0022

†The group of samples (mistletoes vs. eucalypts) that contains the
maximum indicator value for each psylloid species.
‡Derived from multiplication of the average relative abundance and
average relative frequency of each psylloid species among the mistletoe
samples and the eucalypt samples. Values shown are for the identified
indicator group.

Fig. 2. Psylloid taxa (Hemiptera: Psyllidae) collected from box
mistletoe (Amyema miquelii): (a) Acizzia loranthacae, (b) Acizzia
amyemae.

Grevillea and Hakea are known host genera for Acizzia species
(Hollis 2004; Taylor & Moir 2014); therefore, to be conservative, Acizzia sp. 1 was treated as unassigned to a host genus in
this study.
The other psylloid taxa (identified to species or genus)
belong to genera that have been recorded on Eucalyptus
species or other Myrtaceous taxa (Table S1). Five of these
(Anoeconeossa communis, Australopsylla sp. 1 and 2,
Anoeconeossa sp. 1, Blastopsylla sp. 1) occurred at significantly greater frequency and density on eucalypts than mistletoes and, thus, were identified as indicator species of the
eucalypts in this study (Table 3). Given that psylloids are
usually mono- or oligophagous, and that all of the remaining
taxa are recorded from Eucalyptus (indeed that the entire subfamily Spondyliaspidinae feeds almost exclusively on
Myrtaceae, Hollis 2004), they can be provisionally nominated
as eucalypt associated, and considered tourists on mistletoes.

Based on this provisional assessment of host plant associations, the observed species richness of the assemblages were
two species on box mistletoe, 18 on the eucalypts, and one
(Acizzia sp. 1) on neither host taxa. The estimated species
richness of the psylloid assemblage inhabiting box mistletoe
was also two species because Acizzia amyemae and
A. loranthacae (the two mistletoe-associated species) occurred
at densities of greater than two individuals per square metre
(N.B. the 95% CI of the Chao 1 mean was zero after five
samples and, therefore, is not shown on Fig. 3). The estimated
species richness of the psylloid assemblage on the eucalypts
was 21 (95% CI: 18–43, Chao1 index, Fig. 3).
The similarity between the psylloid assemblages on box
mistletoe and the eucalypts was reduced from 30% when
tourist species were included (for paired samples in the same
tree, and 17% for all possible pairwise sample combinations),
to zero similarity when tourist species were excluded from the
assemblages (Fig. 4). Thus, assemblage dissimilarity between
the mistletoe and eucalypt sample groups was statistically
significant (P < 0.0001, MRPP). Assemblage similarity was
greater among mistletoe assemblages than among the eucalypt
© 2014 Australian Entomological Society
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Fig. 3. Species accumulation curves for observed and estimated
species richness of the psylloid assemblages inhabiting Eucalyptus host plants (estimated richness, Chao 1 mean: solid black line
and 95% confidence interval: dotted lines; observed richness:
crossed black line and 95% CI: crossed grey lines; n = 16) and
Amyema miquelii (estimated richness, Chao 1 mean: dashed black
line; n = 29). N.B. For the psylloid assemblage on mistletoes, the
observed species richness is not shown because it was very similar
to the estimated richness, and the 95% CI of the Chao 1 mean is
not shown because it was zero after five samples. Tourist species
were excluded.

assemblages (Fig. 4). This would be due to the occurrence of
fewer species on the mistletoes and less variation in density of
individuals compared with the eucalypt assemblages (Table 2).

D ISCUSSION
Composition and similarity of the
psylloid assemblages
We found that the box mistletoes and eucalypt trees hosted
different species assemblages of psylloids, after determination
of probable host specificity. Furthermore, the species richness
and overall density of psylloids was greater on eucalypts than
mistletoes. This was not only a consequence of sampling three
species of eucalypts vs. one species of mistletoe, because at
least 10 species of psylloids occurred on each of two of the
eucalypt species. The differences in diversity may be related to
the abundance and apparency of host plants in the landscape.
Thus, plant identity was a key determinant of the community
composition of the psylloid assemblages.
Our results suggest complete dissimilarity between the
‘host-specific’ psylloid assemblages inhabiting box mistletoe
and the host eucalypts, based on the assumption that psylloids
are primarily mono- or oligophagous and are genetically constrained in host selection and utilisation (van Klinken 2000;
Hollis 2004). The species richness of the psylloid assemblage
on box mistletoe was quite low, with only two species of
Acizzia. We found a third Acizzia species, but it was at low
density and found only on eucalypt foliage. One other species
of Acizzia (Acizzia pendulae) occurs on Amyema pendula,
which is closely related to A. miquelii (Barlow 1984). Addi© 2014 Australian Entomological Society

tional sampling and life history studies are required to determine whether any of these Acizzia species inhabit and can
complete their life cycle on other Amyema species. The host
Eucalyptus species of box mistletoe were not exhaustively
sampled, as reflected by the wide confidence interval of the
Chao 1 richness estimator. To accurately determine the host
specificity of the psylloid taxa on Eucalyptus, life history
studies are required with a variety of host plants. This would
clarify whether or not host plant shifts have occurred for any of
the psylloid species found on box mistletoe and its host eucalypts. The psylloid species inhabiting Amyema mistletoes are
more closely related to those inhabiting Acacia than Eucalyptus species (Taylor 1999; Yen 2002). This may indicate an
ancient radiation of psylloids from Acacia to mistletoes on
Acacia and thence to mistletoes in the canopy of Eucalyptus
trees (Taylor 1999). Host switching by psylloids is thought to
be constrained by host plant foliage, thus resulting in
phylogenetically conservative host plant radiations (Percy
et al. 2004). Recent examples have shown host switching
among closely related (i.e. congeneric) hosts. A specific
example includes the apparent recent switch of Acizzia
solanicola Kent & Taylor (2010) from native Solanum, rock
nightshade (Solanum petrophilum), to an introduced weed,
wild tobacco tree (Solanum mauritianum), and commercial
solanaceous crops such as eggplant (Solanum melongena)
(Taylor & Kent 2013). Furthermore, studies of the foliage
chemistry of mistletoes and their host plants could help to
elucidate the causal factors relating to the patterns of psylloid
radiations and host switching.
The dissimilarity between the ‘host-specific’ psylloid
assemblages was initially masked by the large proportion of
tourist species on the mistletoes (i.e. 90% of species). The high
frequency of tourist psylloids on the mistletoes is most likely
to be due to a ‘mass effect’, i.e. ‘the establishment of species
in sites where they cannot be self-maintaining’ (Shmida &
Wilson 1985, p. 1), which is influenced by the reproductive
success and dispersal ability of species in adjacent areas, the
heterogeneity of the biota and environmental conditions in the
sampled area (Shmida & Wilson 1985). The greater mass of
eucalypt foliage and density of eucalypt-inhabiting psylloids
in our study area would have facilitated the greater occurrence
of tourist species on the mistletoe plants than the eucalypts.
Box mistletoes constitute 2–20% of canopy biomass of eucalypts, on average, in woodlands of this study area (Cooney &
Watson 2005; March & Watson 2007), which was consistent
with our study sites. Furthermore, our study sites had relatively
low plant species diversity (A Burns unpublished data 2005).
Thus, it appears that the close proximity of mistletoe and
eucalypt foliage, the higher density of eucalypt-inhabiting
psylloid populations compared with mistletoe-inhabiting
psylloid populations and the much larger canopy volume of
eucalypts relative to mistletoes led to more tourist psylloids
occurring on the mistletoes. This phenomenon would be facilitated by both active and passive dispersal of adult psylloids,
which can jump a few metres in the air and disperse longer
distances by wind (Hodkinson 1974; Hollis 2004). The observation of greater similarity between assemblages of psylloids
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Fig. 4. Mean (±1SE) percentage similarity in species composition and abundance
(Jaccard
abundance-based
estimator) of the psylloid assemblages
with and without tourist species (grey and
white bars, respectively), among and
between the mistletoe and eucalypt
samples. Paired samples from mistletoe
and eucalypt foliage were collected
within the same tree. (Number of pairwise
comparisons for each sample group: mistletoes 400, eucalypts 136, mistletoe vs.
eucalypts paired 19, mistletoe vs. eucalypts unpaired 510).
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collected in the same tree, compared with that of all tree–
mistletoe combinations, further supports the occurrence of a
mass effect. In this sense, the assemblage of psylloids on the
parasitic mistletoe includes a nested subset of the host eucalypt
tree, but the species in this subset are unlikely to be feeding on
the mistletoe foliage.
The importance of determining tourist or transient species
on host plants has been recognised since the beginning of
canopy diversity studies because it influences estimates of
species richness and guild composition and, thus, comparisons
of diversity and functional groups among plant species, ecosystems, countries and continents (Moran & Southwood 1982;
Stork 1987; Ødegaard 2006). In some diversity studies, singleton species are excluded because of the risk that they represent tourist species; however, host-specific, rare species are
also excluded by this practice. Indeed, the number of singletons and doubletons can be used to estimate species richness
(e.g. Chao 1). Therefore, we suggest that a preferable approach
is to determine actual or probable host specificity of target taxa
before analysing the diversity and similarity of assemblages.
Tourist species have been found to constitute 10–70% of insect
species in tree canopies (Moran & Southwood 1982; Stork
1987; Basset & Arthington 1992; Majer et al. 2000; Jäger &
Topp 2002; Ødegaard 2004; Southwood et al. 2005). However,
not all canopy studies determine the host specificity of the
herbivorous insects collected, especially for adult Coleoptera
or Lepidoptera (e.g. Cunningham et al. 2005). This is partly
dependent on the form of insect collection. Direct collection
from plant foliage and canopy fogging provide more useful
information about the host specificity of study taxa than do
light or Malaise trapping, for example. Inference about host
specificity is also improved when ecological surveys sample
across different plant species, allowing for probabilistic
methods of host identification, such as indicator species analysis. Feeding trials, larval rearing and/or statistical techniques
are useful when host plant records and life history information
are inadequate to determine host specificity (e.g. Novotny
et al. 2002; Vesk et al. 2010). The next steps for our research

Among eucalypts

Mistletoes vs.
eucalypts, paired

Mistletoes vs.
eucalypts, unpaired

Sample comparisons

would be to obtain species-level identifications for the
morphospecies we collected from Eucalyptus and more life
history information to verify host records and, thus, increase
the accuracy of host specificity and the diversity indices.

Differences in density of psylloids between
host plants
The pattern of greater density of psylloids on eucalypts than
mistletoes could be due to underlying differences in foliar
properties. The concentration of total nitrogen in the foliage of
the eucalypt species in this study was significantly greater than
that of box mistletoe (Burns et al. 2011). It is well known that
nitrogen is a limiting nutrient for the growth and development,
and hence, abundance of animals (White 1993). Several
studies have found that the abundance of insects, including
sap-sucking bugs such as psylloids, is positively correlated
with foliar nutrient concentrations (e.g. Basset 1991; Recher
et al. 1996; Tassone & Majer 1997; Peeters 2002). Furthermore, in another study of psylloid populations inhabiting eucalypts, peaks in the availability of foliar nitrogen coincided with
peaks in the abundance of psylloid adults and particular developmental stages of nymphs (Taylor 1997). The study by Taylor
(1997) also showed that some psylloid species are adapted to
low nitrogen availability in host plant foliage. Therefore, it is
highly likely that differences in foliar nutrients of the plants in
this study influenced the observed variation in density and
composition among the psylloid assemblages. This is an area
requiring further research at a finer scale, e.g. identification
and quantification of particular amino acids that influence the
density of psylloids on their host plants (Steinbauer 2013).

CON CL US ION
This study indicates that psylloid assemblages inhabiting box
mistletoes are of low diversity but high host specificity.
The close spatial and biological association between box
© 2014 Australian Entomological Society
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mistletoes and their host eucalypt trees contributed to a high
incidence of tourist or transient species in the psylloid assemblages inhabiting the mistletoe plants but there was no evidence for species sharing the two host genera. Further research
is required to verify the host specificity of the psylloid taxa and
understand species radiations among host plants. It is likely
that differences in foliar properties between the mistletoes and
eucalypt, including low nitrogen availability in mistletoe,
influenced variation in the density of the psylloids and might
restrict host switching.
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