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Mesophyll cell-sucking herbivores (Cicadellidae:
Typhlocybinae) on rainforest trees in Papua New
Guinea: local and regional diversity of a taxonomically
unexplored guild
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Abstract. 1. Host specificity of a guild of sucking insects tapping leaf mesophyll cells
(Auchenorrhyncha: Typhlocybinae) was surveyed for the first time in the tropics, on 65
woody species from a lowland rainforest in Papua New Guinea (PNG).

2. Typhlocybinae species were host specific, feeding on 1–3 (median 1) plant species.
Their assemblages did not functionally connect populations of different plant species,
as an overwhelming majority (> 99%) of tree species pairs coexisting in the same forest
did not share any typhlocybine species.

3. Cell-sucking typhlocybines were more specialised than phloem- and xylem-sucking
Auchenorrhyncha. Typhlocybines were also more specialised in PNG than on trees
in temperate Europe, even after standardisation for different phylogenetic diversity of
tropical and temperate trees.

4. The cell-sucking guild was species poor, with 0–5 (median 1) typhlocybine
species per tree species. Their distribution among tree species conformed to a Poisson
distribution, suggesting that tropical typhlocybine assemblages are not saturated with
species.

5. Early succession plants supported a higher number of typhlocybine species than
primary forest hosts but this preference could not be explained by successional trends in
specific leaf area, foliar nitrogen content, wood density, tree abundance, or tree size.

6. The effective specialisation of typhlocybines on 65 plant species E = 0.79 was
extrapolated to the entire known flora of PNG and used to estimate that there may be at
least 2775 typhlocybine species in PNG, in comparison to the global total of only 4508
taxonomically described species, including merely 40 from PNG.

Key words. Auchenorrhyncha, effective specialisation, food webs, Papua New Guinea,
plant–insect interactions, species diversity.

Introduction

Herbivore guilds are highly variable in their local species
diversity and host specificity (Novotny et al., 2010). We can
expect similar variance also in the size of their regional species
pools, determined by plant species diversity, herbivore diversity
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per plant species, and host specificity (Novotny et al., 2012).
Unfortunately, regional species pools are virtually unknown for
insect herbivorous guilds in tropical regions. Our estimates of
global species richness also remain tentative and based mostly
on a single, leaf-chewing, guild (Hamilton et al., 2013).

Host specificity can determine the potential impact of herbi-
vores on their host plants species. Specialised herbivores may
have density dependent impacts on their host plant species
and thus maintain plant diversity in tropical forests (Wright,

© 2014 The Royal Entomological Society 325



326 Leontine Baje, Alan J. A. Stewart and Vojtech Novotny

1983; Dyer & Letourneau, 2003) while generalists can mediate
apparent competition among their shared hosts (Van Veen et al.,
2006). The latitudinal trend of increasing host specialisation
of insect herbivores from temperate to tropical forests could
explain a parallel trend in their species richness, but empiri-
cal evidence remains controversial, and limited to leaf-chewers;
higher host specificity in the tropics was found for Neotropi-
cal Lepidoptera (Dyer et al., 2007) but not for Palaeotropical
leaf-chewers (Novotny et al., 2006).

Verification of host species, requiring feeding experiments
and rearing to adults, and quantifying the damage caused to
plants is more difficult in sap-sucking insects than in chewing
herbivores. A disproportionate number of tropical studies have
thus focused on leaf-chewing guilds, particularly caterpillars and
beetles, whereas sap-sucking insects, although species-rich in
tropical forests (Hodkinson & Casson, 1991), have been espe-
cially neglected (Novotny & Basset, 2005). Sap-sucking insects
can be classified into four guilds defined by a combination
of feeding mode and target plant tissue, namely insects feed-
ing by (i) tapping phloem vascular elements (Sternorrhyncha
and a majority of Auchenorrhyncha), (ii) tapping xylem vascu-
lar elements (Auchenorrhyncha: Cicadoidea, Cercopoidea and
Cicadellidae: Cicadellinae), (iii) dissolving and sucking leaf tis-
sues (Heteroptera), and (iv) piercing and sucking individual leaf
mesophyll cells (Auchenorrhyncha: Cicadellidae: Typhlocybi-
nae) (Novotny & Wilson, 1997; Andrew & Hughes, 2005).

The mesophyll cell-sucking guild comprises a single clade of
small and taxonomically difficult insects, often requiring dissec-
tion of genitalia for morphological identification of species. It is
thus often ignored in ecological studies in the tropics, even in
those focused specifically on the Auchenorrhyncha (e.g. Wolda,
1980). This is unfortunate as Typhlocybinae represent an impor-
tant part of the entire Auchenorrhyncha diversity in tropical
communities (e.g. 18% of species in a New Guinea rainforest;
Basset & Novotny, 1999), as well as temperate zone regional
faunas (e.g. 25% of species in Great Britain; Stewart, 2013; no
tropical faunas have been sufficiently documented).

Mesophyll cell-suckers constitute an ecologically inter-
esting guild, feeding on the same plant tissue as several
leaf-chewing guilds (Novotny et al., 2012). Temperate zone
studies, particularly on the taxonomically well-described Euro-
pean fauna, revealed ecological parallels between mesophyll
cell-suckers and miners, as both guilds are highly host-specific
and species-poor (Claridge & Wilson, 1981a,1981b, 1982).
While at least one quantitative study of plant-miner food webs
is available from tropical forests (Lewis et al., 2002), the present
study is to our knowledge the first analysing assemblages of the
mesophyll cell-suckers on tropical trees.

Our survey of Typhlocybinae assemblages on rainforest trees,
in combination with the data available from temperate forests, is
used to test the following hypotheses: (1) host specialisation and
species richness of Typhlocybinae increase in parallel from the
temperate to tropical areas, as high host specificity facilitates the
coexistence of higher number of species in the tropics, (2) host
specialisation of Typhlocybinae increases from highly dynamic
secondary to more stable primary vegetation in the tropics, in
parallel to similar trends documented from temperate zone veg-
etation (Novotny, 1994, 1995), and (3) high host specialisation

of Typhlocybinae combined with high species diversity of plants
in tropical forests leads to a high, and largely undocumented,
species diversity of Typhlocybinae in the tropics.

Materials and methods

Focal plant taxa

The field work was situated in an approximately 10× 20 km
mosaic of primary and secondary lowland forests, centred on
the forests near Ohu, Baitabag, and Mis Villages in the Madang
Province of Papua New Guinea (PNG). The annual rainfall in the
study area is 3558 mm, with a moderate dry season from July
to September; the mean air temperature is 26.5 ∘C and varies
little throughout the year (McAlpine et al., 1983). The field work
was completed in 6 months from May to November 2006, thus
including both dry and rainy seasons.

Typhlocybine larvae were sampled from 65 woody plant
species, including closely related species (12 Ficus, 5
Macaranga, 4 Syzigium, 3 Psychotria, and 2 Tabernaemontana
species) as well as representatives of 44 genera and 27 families
from all major plant lineages, including gymnosperms, basal
angiosperms, monocots, rosids, and asterids (APG, 2009) (Table
S1). Plant phylogenetic relationships were reported in Novotny
et al. (2010), based on 1285 base pairs of aligned chloroplast
DNA encoding ribulose-1,5-bisphosphate carboxylase (rbcL)
and assuming the monophyly of families and orders classified
according to angiosperm phylogeny (APG, 2009). Plant vouch-
ers are deposited in the PNG Forest Research Institute in Lae.

Each focal tree species was characterised by local abundance,
succession optimum, maximum individual size, wood density,
specific leaf area, and foliar nitrogen, i.e. the traits shown
or hypothesised as important for the composition of other
folivorous herbivores as they determine the amount or quality
of resources available for herbivores (Kennedy & Southwood,
1984; Basset & Novotny, 1999; Whitfeld et al., 2012). All
individuals with a diameter at breast height (DBH)> 1 cm from
the focal species were surveyed within 50 forest plots 20× 20 m
each (2 ha in total) at our study sites. The plots were situated
both in primary and secondary forests. The latter were 15-
to 30-year-old forest resulting from natural succession after
swidden agriculture (Leps et al., 2001, Whitfeld et al., 2012).
The mean basal area (m2 ha−1) for primary and secondary
forests was used as an index of local abundance for each focal
plant species. Further, the succession preference of each plant
species was derived from its distribution between primary and
secondary forest plots of the same size, as the percentage of
basal area present in the primary forest. This Succession Index
[SI =Bp/(Bp +Bs)× 100 where Bp and Bs is the basal area, in
m2 ha−1, for the studied plant species in respectively primary
and secondary forests] ranges from 0 to 100 for tree species
entirely confined to secondary and primary forest, respectively.
Species with SI < 50 were classified as secondary forest species,
the remaining ones as primary forest species. The maximum
DBH was recorded for each tree species as an index of tree size.
The presence or absence of latex outflow from damaged leaves
was recorded for all studied species.
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Specific leaf area (SLA), defined as leaf area divided by dry
leaf mass (cm2 g−1), was estimated from leaf discs 2.3 cm in
diameter punched from multiple individuals for all species from
fully expanded, mature leaves without obvious signs of pathogen
or herbivore damage. Further, foliar nitrogen (% of dry leaf
mass) was measured in leaf samples taken from three different
individuals for each tree species. The details for SLA and
nitrogen measurements are reported in Whitfeld et al. (2012).
Wood density (g cm−3) was estimated as wood dry biomass
divided by volume, obtained from wood cores taken from three
individuals of each tree species.

Focal herbivore taxa

Each focal plant species was sampled with equal effort, which
amounted to 1500 m2 of foliage area per species, removing
potential effects owing to variations in host plant abundance.
There were > 150 individual plants from each species sampled
for herbivores, and > 300 sampling events (i.e. a particular plant
sampled at a particular time) per plant species. Sampling focused
on understory and mid-storey for trees which could be easily
climbed.

Typhlocybine nymphs were hand-collected from the foliage
of the focal tree species, using an aspirator. They were brought
to the laboratory where they were individually placed into
rearing vials with a section of leaf from the plant species
from which they were collected. Only reared adult males were
used in the analysis; in Typhlocybinae, the taxonomy is based
mostly on the morphology of male genitalia whereas females
are often impossible to identify morphologically. All males were
dissected and identified to morphospecies. Insect vouchers have
been deposited at the Entomology Institute of the Academy of
Sciences of the Czech Republic.

Statistical analysis

In this context, a herbivore assemblage was defined as all
Typhlocybinae feeding partially or exclusively on a particular
plant species. Each herbivore assemblage on plant i was char-
acterised by the number of species (Si) and individuals (Ni) per
plant species. The distribution of Si values was tested against the
Poisson distribution which would result from mutually indepen-
dent plant colonisation events by herbivore species, when the
probability of a plant species acquiring a new herbivore is not
influenced by the number of herbivore species already present
on that plant species.

The effective specialisation (E) was defined as the proportion
of typhlocybine species feeding on a particular host plant that
was unique to that plant and estimated as E = S/T , that is, as the
ratio of the total number of typhlocybine species (S) found on
vegetation comprising H plant species, divided by the number of
their trophic interactions (T) involving these plant species (May,
1990).

The number of typhlocybine species in PNG was estimated
as SPNG = Savg ×HPNG ×EPNG where Savg is the mean number of
typhlocybine species per plant species, HPNG is the number of
plant species in PNG (from Hoft, 1992), and EPNG is the effective

specialisation estimated for SPNG plant species by extrapolation
from the relationship between E and H for H = 1–65 tree species
in our data set (Thomas, 1990).

Herbivore assemblages were analysed and their species diver-
sity estimated separately for major plant clades including Aster-
ids, Rosids 1 and Rosids 2, as well as a paraphyletic ‘Basal’ clade
comprising the taxa basal to the Rosid-Asterid clade, including
basal Eudicots, Monocots, and Magnoliids and Gymnosperms
(plant phylogeny based on the APG, 2009) as many herbivo-
rous taxa exhibit a strong association with only particular plant
clades (e.g. Pellissier et al., 2013). The extrapolation of species
richness to PNG flora excluded 2705 species of Orchideaceae,
a particularly species-rich family which is most likely entirely
devoid of typhlocybines (V. Novotny, pers. obs.).

The accumulation of herbivore species with increasing num-
ber of plant species was described by the Mao Tau function,
an analytical analogue of a species accumulation curve derived
by amalgamation of samples in random order. The total num-
ber of species, including those missing from the samples, was
estimated using the Chao 1 index. The Mao Tau function and
Chao 1 index were calculated by the program EstimateS (Col-
well, 2008), where they are also explained. The trends in her-
bivore species richness were extrapolated from local to regional
plant species richness using a power function fitted to the species
accumulation curve for 40–65 plant species (as in Novotny
et al., 2012). Plant - herbivore interactions supported by a sin-
gle feeding individual were retained in the analysis of species
richness but were excluded from the analysis of host specificity
as poorly supported. The robustness of host specificity analyses
was tested by filtering our data set, progressively excluding rare
species, or rare plant–herbivore interactions, and recalculating
host specificity parameters (Figure S1).

Relationships between plant and herbivore traits were
explored by classic correlation using 65 plant species as
independent data points as well as by independent contrasts
analysis, based on the phylogenetic relationships among plant
species detailed in Appendix S1 and calculated by Compare 4.6.
software (Martins, 2003). The similarity in herbivore assem-
blages between two different plant species was quantified by
Jaccard’s similarity index. The correlation between herbivore
assemblage similarity and the phylogenetic distance between
their host plant species was tested on all pair-wise comparisons
between plant species using the Mantel test.

Our tropical data were compared with an analogous data
set on typhlocybines from trees in Great Britain, published by
Claridge and Wilson (1981a). Only the herbivore assemblages
on plants identified to species were used in this comparison,
thus reducing the original matrix to 28 tree and 45 typhlocybine
species. Further, we used arboreal species from the regional
fauna of Italy (Vidano & Arzone, 1981, 1987a,1987b; Arzone
& Vidano, 1987) and Germany (Nickel & Remane, 2002) for
similar comparisons.

Results

We reared 450 adult males from 47 typhlocybine species feeding
on 65 plant species sampled. Typhlocybine species richness
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ranged from 0 to 5 (median 1) species per tree species, including
26 tree species which were not colonised by any typhlocybine
herbivores. This species diversity is an underestimate (Chao 1
estimate was 129 species for the entire data set). The distribution
of species richness among host plant species followed a Poisson
distribution (Fig. 1a).

The Rosid 1 species hosted the highest and the Asterid species
the lowest number of typhlocybine species (Fig. 2a). This pattern
was determined primarily by the proportion of tree species
colonised by typhlocybines in each clade (Fig. 2b).

The number of typhlocybine species per tree species decreased
with SI, both in the classic analysis (Spearman’s r =−0.488,
P< 0.01) and the independent contrasts analysis (Spearman’s
r =−0.365, P< 0.01). This correlation was generated by the
differential likelihood of tree species from secondary and pri-
mary forests being colonised by typhlocybines (Fig. 3a) as there
was no correlation between S and SI once the tree species
with no typhlocybines had been removed from the analysis
(P> 0.05).

The Rosid 1 clade had significantly lower SI values, i.e.
more secondary forest species, than the remaining clades
(anova, F1,3 = 8.625, P< 0.01). A combined analysis of the
effects of plant lineage and SI on the number of typhlocy-
bine species revealed the primary importance of their suc-
cession preference (generalized linear model with plant lin-
eages as a categorical and SI as a continuous explanatory vari-
able, F4,59 = 6.749, R2 = 0.267, P< 0.001). Thus there are more
typhlocybine species on early succession plant species, and there
are more early succession plant species in Rosids 1 than in the
other plant taxa.

The preference of typhlocybines for secondary forest species
could not be explained by any of the remaining ecological vari-
ables of the tree species (specific leaf area, foliar nitrogen con-
tent, wood density, tree local abundance, and maximum tree
size) as none of these variables were correlated with typhlocy-
bine species richness (Spearman’s r, P> 0.05) or probability that
a tree species will be colonised by typhlocybine species (anova,
F1,2 < 3.8, P> 0.05) in classic as well as independent contrasts
analyses. Further, the incidence of latex also did not affect the
probability of plant colonisation by typhlocybines, although the
statistical power of the test was low owing to the small number
of plant species with latex (Fig. 3b).

Within the 65 plant species studied, typhlocybine species fed
on 1–3 plant species from up to three different families, but
typically (83% of species) they were specialised on a single
host species (Fig. 4a). The percentage of monophages remained
high, 79%, even when only the plant genera with > 1 species
sampled were included in the analysis to make sure that there
was always at least one closely related, potential alternative
host sampled for each herbivore. In this analysis, there were
15 monophagous species from the total of 19 species. The
narrow host specificity was robust with regard to sample size, as
even species sampled by ≥ 10 individuals were predominately
monophagous (Figure S1).

There was no difference in host specificity between plants
reaching the highest abundance in the secondary forest (i.e. with
SI < 50), which hosted 27 typhlocybine species including 22
monophages, and the primary forest species (SI > 50) with 10

typhlocybine species, nine of them monophagous (Fisher’s exact
test, P> 0.05).

The similarity between herbivore assemblages, estimated by
Jaccard’s index, was negatively correlated with phylogenetic
distance between their host tree species, but this correlation
explained only < 2% of the variability in community similarity
(Pearson’s r = 0.130, P= 0.006, Mantel test). Among the 2080
pairs which can be formed from the 65 plant species, 1339 did
not share any typhlocybine species because one or both plant
species in the pair were not colonised by typhlocybines. An
additional 725 pairs between plant species with typhlocybines
also did not share any species, whereas only 16 pairs, i.e. < 1%
of the total, shared at least one species.

The entire typhlocybine assemblage on 65 plant species was
characterised by an effective specialisation value of E = 0.79.
The E value decreased with the number of plants sampled
H, after a power function (Fig. 5). We used this function to
extrapolate E values for the number of plant species known
from PNG in the main plant lineages as well as for the entire
flora (excluding orchids) of 10 662 plant species at EPNG = 0.30
(Table 1). The expected number of typhlocybine species feeding
on all plant species in PNG was then estimated using the
extrapolated EPNG values, multiplied by the mean number of
typhlocybine species per plant species (Fig. 2a) and the number
of plant species in PNG (Table 1). These calculations lead to
the estimate of 2775 typhlocybine species summed across the
main four plant clades, and to 2855 species when all plant
species were combined into a single extrapolation irrespective
of differences in typhlocybine species richness among clades
(Table 1).

Discussion

The Poisson distribution of species richness among plant species
suggests that colonisation events can be seen as mutually inde-
pendent, and also independent of the number of herbivore
species already present on the colonised plant species (Novotny
et al., 2012). This, together with a large number of plant species
predicted as well as observed to be devoid of typhlocybines, sug-
gests that mesophyll cell-sucking assemblages are not saturated
with species.

Temperate zone typhlocybine assemblages appear to be more
species rich than tropical ones (Fig. 1) but this may be partly
or entirely as a result of a larger geographic area sampled by
the temperate study over a longer period of time, combined with
under-sampling of tropical assemblages. The Poisson distribu-
tion predicted a large number of non-colonised tree species in
tropical, but not on temperate zone hosts. No explanation is thus
needed for the absence of typhlocybines on some tree species,
other than the generally low species diversity of this herbivore
taxon on tropical trees. This paucity of species is difficult to
explain by ecological factors, such as the amount of resources
available. It is probably determined by the speciation dynam-
ics and limited size of the regional species pool, rather than
local ecological processes (Ricklefs, 2004). In particular, the
mesophyll cell-sucking guild comprises a single clade, Typhlo-
cybinae, which has undergone extensive speciation as it now
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Fig. 1. Distribution of species richness values (number of species on individual plant species) for mesophyll cell-sucking Typhlocybinae on tropical
(a) and temperate zone (b) tree species. The observed values are not significantly different from a Poisson distribution (line; P> 0.50 for tropical and
P= 0.0501 for temperate data sets, 𝜒2 test).
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Fig. 2. The mean (±SE) number of typhlocybine species feeding on plant species from different clades (a) and the number of trees colonised and not
colonised by typhlocybines in these clades (b). Basal is the clade basal to the rosid – asterid clade, including basal Eudicots, Monocots, Magnoliids, and
Gymnosperms; Rosids 1, Rosids 2, and Asterid clades follow APG (2009) classification. The values for Rosid 1 and Asterid clades were significantly
different (anova F1,3 = 3.918, P= 0.013, Tukey’s post-hoc tests, P= 0.007 for the mean number of typhlocybine species and the Kruskal– Wallis
median test with multiple comparisons, P= 0.0017 for the number of colonised species). See Table S1 for the list of plant species in each clade.

represents one of the most diverse subfamilies of Auchenor-
rhyncha (e. g. second most diverse in Great Britain, a taxonomi-
cally well-known region; Stewart, 2013). However, even a large
regional species pool results in low-diversity communities on
particular plant species for highly host-specific guilds, such as
the one studied here (Novotny et al., 2012).

The pattern of colonised and non-colonised tree species
was not entirely random, as early succession plant species
were colonised more than twice as often as those from the
primary forest. There are sound theoretical reasons for this
difference as secondary forest species tend to be less well
defended and more palatable to herbivores than the primary
forest species (Brown, 1985; Herms & Mattson, 1992). Rather
disappointingly, we were not able to explain the difference in
typhlocybine herbivores by SLA, wood density or foliar nitrogen
values. The first two parameters are closely correlated with
growth rates of tropical trees and thus presumably with their

anti-herbivore defence, whereas nitrogen defines the quality
of plant resources for herbivores (Turner, 2001). Latex, an
important defence against leaf-chewing herbivores (Agrawal &
Konno, 2009), proved to be irrelevant to mesophyll-sucking
typhlocybines, as expected considering that their feeding mode
enables them to avoid it in the leaf tissue.

Temperate zone typhlocybines are known for their narrow host
specificity (Claridge & Wilson, 1981a). We found even higher
specificity in tropical forests, where mesophyll cell-feeding was
one of the most specialised herbivore guilds (Novotny et al.,
2012). The proportion of monophagous species on New Guinea
trees was higher than on tree species in Great Britain and Italy
(Fig. 4). This difference remained significant when only plant
species from the Rosid 1 and Rosid 2 clades were considered in
all data sets, in order to control for differences in phylogenetic
diversity between tropical and temperate trees. In addition to a
higher proportion of monophagous species, broad generalists
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feeding on plants from > 10 species and > 5 families were
absent from the tropical data set while they were present in
temperate ones. The higher host specialisation in the tropical
compared with the temperate species was also supported by
the host specificity patterns in the regional fauna of arboreal
Typhlocybinae in Germany (Fig. 4a). Specialisation reduces
inter-specific competition which facilitates species coexistence.
This leads to the expectation of narrow specialisation in highly
diverse communities of tropical herbivores (Dyer et al., 2007).
This theory is however not applicable to typhlocybines as their
tropical assemblages in lowland rainforests are not markedly
more diverse per tree species than those in the temperate zone.
The present tentative, pair-wise comparison of communities
between temperate Europe and tropical New Guinea needs to be
replaced by a systematic study of host specificity trends along
contiguous latitudinal gradients.

In the temperate zone, early succession vegetation dominated
by unpredictable annual herbaceous species hosts less spe-
cialised leafhopper assemblages than more permanent plants in
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sampled. The proportion of specialists (black and grey combined) in NG was compared with the three European data sets using Fisher’s exact test with
Bonferroni’s correction for multiple comparisons. The significance of results (* for P< 0.017) is reported in each graph.

T = 0.892 * H
S = 1.423 * H0.833
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Fig. 5. The trend in the number of plant–herbivore trophic interactions
(T), the number of herbivore species (S), and the herbivore effective
specialisation (E= S/T) with increasing number of plant species (H).
Herbivore assemblages on increasing number of plant species were
combined in random order. The results for 40–65 plant species are
shown and extrapolated to the 10 662 plant species for New Guinea
(excl. orchids, see Table 1) using a linear function for T (R2 = 1.00), and
a power function for S (R2 = 0.999) and E (R2 = 0.998).

the later stages of succession (Novotny, 1994, 1995). This
trend was not replicated along the rainforest succession as
even pioneer tropical plant species tend to be long-lived woody
species, and therefore sufficiently apparent (sensu Feeny, 1976)
even for specialised herbivores (Leps et al., 2001, Vlasanek
et al., 2013).

Species-poor and specialised assemblages of typhlocybines do
not functionally connect populations of different plant species
by their feeding as an overwhelming majority of tree species
pairs coexisting in the same forest do not share a single typhlo-
cybine species. In theory, they may have the potential to cause
density-dependent mortality of their hosts, thus contributing to
the high plant species diversity in tropical forests (Leigh et al.,
2004). However, the feeding damage they cause is likely to be
minor, corresponding to their low density and small body size.
Although many sap-feeding insects harm their hosts also by
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Table 1. The number of mesophyll cell-sucking typhlocybine herbi-
vores feeding on the four main plant clades, as well as the entire flora of
Papua New Guinea flora (SPNG).

Basal Rosids 1 Rosids 2 Asterids Total All plants

Savg 0.7 1.2 1.0 0.2 – 0.9
H 10 29 11 14 64 65
HPNG 2804 2188 1549 4121 10 662 10 662
EPNG 0.38 0.39 0.42 0.35 – 0.30
SPNG 743 1072 647 313 2775 2855

Savg, the mean number of mesophyll cell-sucking species per plant
species estimated from sampling H plant species; HPNG, the number of
plant species in PNG (from Hoft, 1992, excluding orchids); EPNG, the
effective specialisation estimated for HPNG plant species richness using
the power function in Fig. 5. Plant clades are defined in Fig. 2.
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Fig. 6. Species accumulation in three sap-sucking guilds. Mao Tau
species accumulation curves are shown for the mesophyll cell-sucking
guild on 65 plant species, as well as the phloem- and xylem-sucking
guilds studied on 14 plant species in the same forest by Dem et al. (2013)
(cell-suckers S= 0.986×H0.931, phloem-suckers S= 17.814×H0.600,
xylem-suckers S= 4.786×H0.597, R2 ≥ 0.99 for all guilds).

pathogen transmission, this appears not to be the case for the
cell-sucking guild (Nault & Ammar, 1989).

While the mesophyll cell-feeding guild represents a small por-
tion of all herbivores feeding on any particular tree species, its
relative importance increases on diverse vegetation as its highly
specialised species accumulate rapidly with plant diversity. This
is illustrated by the accumulation of species diversity in the
mesophyll cell-, phloem- and xylem-sucking Auchenorrhyncha
studied in the same lowland rainforest in this study and by Dem
et al. (2013) (Fig. 6). While the mesophyll cell-sucking guild is
the least diverse of the three on a single plant species, its diversity
on 100 plant species already matches that of the xylem-feeders,
while it would match also the diversity of phloem-feeders on
approximately 6250 plant species, which is less than the known
PNG flora.

The data set used here is based on relatively large samples
in terms of leaf area, but produced a limited number of insect
individuals. However, our analysis showed that the conclusion
of high host specificity is robust, remaining valid when only

better sampled species and/or trophic interactions are included
(Figure S1). In contrast, we have not sampled the entire species
diversity in the studied assemblages so that the following
regional diversity calculation is likely to be an underestimate.

The local data on typhlocybine diversity and host specificity
were used for a highly tentative estimation of the total diver-
sity of typhlocybines on the flora of PNG. In this extrapola-
tion, the effective specialisation is the most difficult param-
eter to estimate. The number of herbivore species can be
described as a power function of the number of plant species,
S= c×Hz (Novotny et al., 2004). The number of trophic inter-
actions increases linearly with the number of plant species as
T = k×H where k is the mean number of herbivore species
per plant species. This implies that effective specialisation,
E = S/T , should be also decreasing with H as a power function,
E = c/k×Hz − 1 (Fig. 5). Local effective specialisation values are
thus unsuitable for the extrapolation of herbivore diversity on
large geographical scales. This was empirically demonstrated
by Thomas (1990) on local and regional data for Heliconiinae
butterflies and their Passifloraceae host plants, one of a few
plant–herbivore systems that were well documented on both
local and regional scales in the tropics (note that x and y param-
eters in Thomas, 1990 correspond respectively to local and
regional effective specialization estimates, although the author
did not use this term).

Such long-range extrapolations, relying on incompletely
known flora and relatively limited samples of herbivores, are
bound to be inaccurate but could at least provide an order of
magnitude estimate for an exceptionally poorly known taxon
such as typhlocybine leafhoppers. This estimate ignores typhlo-
cybine species turnover (ß-diversity) on the same plant species
across PNG, which is however likely to be rather low, at least
in the lowlands (Novotny et al., 2007). Further, we sampled
only woody plant species which may have higher typhlocybine
diversity than the herbaceous species included in our estimate
(other than orchids, which were excluded from the analysis).
Finally, the list of known plant species by Hoft (1992) does not
represent the entire Papua New Guinean diversity, which was
estimated at 15–20 000 species by Sekhran and Miller (1996),
whereas Roos et al. (2004) predicted 13 858 plant species for
the whole of New Guinea.

Our estimate of at least 2775 species in PNG suggests there
is a large pool of taxonomically unknown species in PNG, and
elsewhere in the tropics, as only 4508 Typhlocybinae species
have been described globally, and only 40 of them from PNG
(Dmitriev & Dietrich, 2011). Note that this estimated pool of
unknown species is based on classic morphological taxonomy
(including genitalia morphology). A similar gap between the
number of described and expected species in tropical forests was
reported for other small-bodied and taxonomically difficult taxa,
such as hymenopteran parasitoids (Veijalainen et al., 2012).
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Figure S1. Sensitivity of host specificity estimates to the
abundance of typhlocybine species. Mean (± SE) number of host
plant species estimated for data sets comprising (i) species with
minimum abundance from 1 to 10 individuals (solid squares),
and (ii) plant-herbivore trophic interactions supported by at least
1–10 herbivore individuals (solid triangles). The number of
herbivore species included in the analysis is shown for data
filtered by minimum abundance per species (empty squares) and
per trophic interaction (empty triangles).

Appendix S1. Phylogenetic relationships among the studied
plant species in the Newick format (from Novotny et al., 2010).

Table S1. Plant species sampled for herbivores, their taxon-
omy and ecological traits.
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