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Abstract Sap-sucking insects (Auchenorrhyncha, Hem-
iptera) were sampled quantitatively from the foliage of
15 species of Ficus (Moraceae) in a lowland rain forest in
Papua New Guinea. Continuous sampling throughout
12 months produced 61,777 individuals and 491 species.
Two seasonality parameters, circular statistics and
Lloyd's index, were calculated for 139 species with a
sample size of more than 36 individuals. Most of the
species were present in the adult stage for at least half of
the year, and many of them continuously throughout the
year. However, almost all species exhibited marked
seasonal changes in abundance. The abundance peaks of
species were scattered throughout most of the year, but
more species reached their population maximum during
the wet, especially early wet, season than during the dry
season. Overall species richness and abundance of Au-
chenorrhyncha were also higher during the wet than the
dry season. A signi®cant correlation between seasonality
and host speci®city was revealed in the auchenorrhync-
han community. In particular, species evenly distributed
throughout the year had a tendency to feed on a larger
number of Ficus species than seasonally more restricted
species. The seasonality, and the seasonality versus
speci®city correlation, were independent of species
abundance. Among the most abundant species (n > 300)
there was a marginally signi®cant negative correlation
between abundance and host speci®city, so that polyp-
hagous species had, on average, larger populations than
specialists. There was no similar correlation among rarer
species. The Auchenorrhyncha comprises three feeding

guilds, which were also analysed separately. The meso-
phyll-feeding guild exhibited more pronounced season-
ality than the phloem- and xylem-feeders. This di�erence
could be explained as a part of the overall correlation
between seasonality and host speci®city as mesophyll-
feeders were signi®cantly more host speci®c than the
other two guilds.
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Introduction

Herbivorous insects in rain forests display almost all
conceivable patterns of seasonal change in abundance
and activity (Wolda 1988). Various types of seasonality,
displayed by species in the same ecosystem, probably
result from speci®c life history traits. Among such traits,
host plant range may be a particularly important one
since (1) the phenology of host plants, especially their
production of new leaves, is an important factor in the
population dynamics of herbivorous insects (Scriber and
Slansky 1981; Wolda 1982; Coley and Aide 1991; Aide
1993; Coley and Barone 1996), and (2) rainforest trees
display a wide variety of seasonal patterns in leaf, ¯ower
and seed production (van Schaik et al. 1993; Reich
1995). Thus, a reasonable expectation may be that her-
bivores able to feed on a wide range of locally available
plant species will be facing less constraints on their dis-
tribution throughout the year than monophagous spe-
cies. As a result, species with a wide range of host plants
will exhibit low seasonality. Host speci®city limits the
amount of resources available in any particular ecosys-
tem, while seasonality limits the length of time that
available resources can be used. Other things being
equal, polyphagous and non-seasonal species are likely
to attain the highest population size in herbivore com-
munities since the largest amount of resources is avail-
able to them.
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Quantitative descriptions of community-wide pat-
terns of insect seasonality in rain forests are few,
probably because they require a continuous, at least
year-long, monitoring of many, usually hundreds, of
species (e.g. Wolda 1980, 1982; Wolda and Broadhead
1985; Barlow and Woiwod 1990; Basset 1991; Janzen
1992). Sampling devices most suitable to accomplish
such task are continuously operated traps which moni-
tor the activity of insects, such as light, pitfall or Malaise
traps (Basset et al. 1997a). Indeed, most seasonality
studies targeting tropical insect communities are based
on samples obtained by such traps, often light traps.
Unfortunately, data provided by these methods cannot
be used for interspeci®c comparisons of abundance since
various species may respond di�erently to traps, and
they do not provide information on the spatial distri-
bution or host plant preferences of insects. In contrast to
studies on temperate insects, these shortcomings cannot
be recti®ed by using additional information because
most of the species are not even formally described (e.g.
Hodkinson and Casson 1991).

In the present study, the relationships between insect
seasonality, host speci®city and abundance are explored
in the community of sap-sucking insects (Auchenor-
rhyncha) feeding on 15 species of Ficus in a lowland rain
forest in Papua New Guinea. This analysis, probably the
®rst to examine the relationships between seasonality
and host speci®city in a tropical insect community, was
made possible by large-scale hand collecting of live
insects from the foliage of trees, which simultaneously
provided information on insect seasonality, abundance
and host speci®city.

Materials and methods

Study area and insect collecting

The study area was situated in the lowlands of the Madang Prov-
ince in Papua New Guinea, extending from the coast to the slopes
of the Adelbert Mountains and bounded by the Gogol and Sempi
Rivers. This area encompasses about 434 km2 of primary and
secondary rain forests, 21 km2 of coastal habitats and some de-
veloped areas. Field work was concentrated in primary and sec-
ondary lowland forests near the villages of Baitabag, Ohu and Mis,
and in a coastal area near Riwo village (145°41±8¢E, 5°08±14¢S, ca.
0±200 m). These four sampling sites were from 3 to 25 km distant
from each other. General descriptions of a forest similar to these
sites is given by Bowman et al. (1990).

Climatic data relevant to the study area are available for
Madang (1956±1970; McAlpine et al. 1983). Most of the climatic
parameters vary little throughout the year. Monthly means range
from 26.2 to 26.7°C for temperature, from 85 to 89% for humidity,
and from 126 to 168 mm for evaporation. Rainfall is more sea-
sonal, with a relatively dry season from June to September. The
average annual rainfall is 3,588 mm. During the study year, the
annual rainfall was 3,766 mm, i.e. close to the long-term average
(Fig. 1).

Fifteen species of Ficus trees (Appendix 1), all locally abundant
and easy to recognise in the ®eld, were selected for the study. These
species included trees of various architectures and growing in dif-
ferent habitats, i.e. primary and secondary forest, regrowth in
abandoned gardens, and coastal vegetation (see Basset et al. 1997b
for further details on their ecology).

All species of Auchenorrhyncha were the subject of this study.
This group is one of the four lineages in Hemiptera, although re-
cent analyses indicate that it may be a paraphyletic taxon (Sorensen
et al. 1995). All species of Auchenorrhyncha are sap-sucking her-
bivores, members of one of the following three guilds (see Novotny
and Wilson 1997 for details): (1) xylem-feeding: Cercopoidea,
Cicadoidea, Cicadellidae: Cicadellini (sensu Hamilton 1983; Cica-
dellinae sensu Young 1968) and Mileewini (their position is un-
clear; they were treated as xylem-feeders, based on the present ®eld
observations); (2) mesophyll-cell-feeding: Cicadellidae: Typhlocy-
binae; (3) phloem-feeding: the remaining Auchenorrhyncha (note
that the present study does not concern Sternorrhyncha, which
form another important part of the phloem-feeding guild).

All species of Auchenorrhyncha were sampled from the foliage,
individually by hand or with an aspirator. Only adults were sam-
pled and analysed. Most trees could be sampled from the ground or
easily climbed; access to larger trees was gained using the single-
rope technique (Perry 1978). Insects were collected by ®ve collect-
ing teams with, usually, three people per team. Collecting e�ort was
recorded as the time spent looking at the foliage of each of the Ficus
species studied, which was approximately proportional to the leaf
area examined. Sampling e�ort was kept identical for each species
of Ficus. Samples from all 15 Ficus species and all four sampling
sites were pooled and analysed together. The total sampling e�ort
amounted to 316 h spent searching foliage for insects and to 4,573
tree inspections (i.e. a particular tree sampled at a particular time).
The sampling was semi-continuous, carried out on 182 sampling
days scattered throughout 1 year, from 1 July 1995 to 30 June 1996.
For the analysis of seasonality, this sampling period was parti-
tioned into 36 10-day sampling units. Monthly sampling e�ort
varied from 17.5 to 37.8 h.

All insects were assigned to morphospecies. Diagnosis of mo-
rphospecies was based on external morphology as well as mor-
phology of male genitalia, with few exceptions where only females
were available. In critical groups, which included most of the
Typhlocybinae as well as several species complexes in other taxa, all
specimens were routinely dissected and morphotyped using char-
acters on genitalia. The status of many species was later veri®ed by
specialists.

Data analysis

The seasonality of each species was quanti®ed as the variance of its
distribution among 36 10-day periods, which were the basic time
units in the analysis. Lloyd's index

L � S2X ÿ X

X
2
� 1;

where S2X and X are variance and mean of the sample, respectively,
was used as the seasonality parameter (SE1). This index is con-

Fig. 1 Rainfall in the study area (Christensen Research Institute, Jais
Aben, Madang) from January 1994 to December 1996 (thin line). The
long-term monthly average in Madang (20 km south of Jais Aben,
thick line) is plotted for comparison with the study period of July
1995±June 1996
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sidered to be the best way to standardise variance with respect to
the mean (LepsÏ 1993; see also McArdle and Gaston 1995). The SE1
value is minimum for an equitable distribution and increases with
increasing unevenness; species characterised by low/high SE1 are
reported as those with low/high seasonality. One serious drawback
of the SE1 statistic is that it only characterises variance and does
not incorporate any information on the temporal sequence of in-
dividual sampling periods. Consequently, erratic short-term chan-
ges in abundance cannot be distinguished from more persistent,
and more interesting, seasonal trends. To redress this problem,
another index, the circular statistic (Batschelet 1981), was used to
study the changes in abundance over time. The abundance of a
species in each sampling period was expressed as a vector. Its length
was proportional to the species' abundance and its angle was (p/
36)*360 degrees, where p was the serial number of the sampling
period (1, 2,. . ., 36). The seasonality is given by the length of the
mean vector (SE2), resulting from the addition of the 36 vectors,
characterising sampling periods. The seasonal optimum is given by
the angle of the mean vector, transformed back to the weeks of the
year (cf. Wolda and Chandler 1996). One serious drawback of the
SE2 statistic is that it can underestimate the seasonality for species
having more than one seasonal maximum as the opposite vectors
(e.g., those for the sampling periods no. 1 and 19, i.e. with the
angles 10° and 190°) cancel each other out. Since both the SE1 and
SE2 indices have disadvantages, it is prudent to use them simul-
taneously.

Seasonal distribution was also measured by two parameters
introduced by Wolda (1979), season length (SL) and the seasonal
maximum (SM). The season length is 1 year minus the longest
stretch of 10-day sampling periods in which the species was not
observed. The seasonal maximum is the number of individuals
found in the three consecutive 10-day sampling periods with
maximum abundance, divided by the average number of individ-
uals per 30 days for the whole year. The seasonal maximum thus
ranges from 1 (constant abundance throughout the year) to 12.2
(all individuals concentrated within a single 30-day period).

Host speci®city was estimated as the variance of the species'
distribution among 15 species of Ficus, quanti®ed again by Lloyd's
index (SP).

It was not possible to keep sampling e�ort exactly the same for
all 36 sampling periods. When comparing composite community
characteristics, such as density or species richness, the data were
always standardised to identical sampling e�ort. The number of
species was standardised to a common sample size by rarefaction
(Hurlbert 1971). Uneven sampling e�ort was ignored in the ana-
lyses of relative di�erences between species (e.g. in their SE1 or SE2
values) since all species were likely to be in¯uenced in a similar way.

Many species were too rare to derive any sensible estimates of
their seasonality or host speci®city. Since seasonality was measured
as the distribution of species among 36 sampling periods, all species
collected as less than 36 specimens were excluded from all analyses.
In some analyses, the more restrictive minimum sample of N ³ 120
(ten specimens per month) was applied. The species abundance (N),
seasonality (SE1) and host speci®city (SP) had very skewed distri-
butions which were normalised by double loge transformation. The
hypothesis of normal distribution could not be rejected for the
original SE2 and the transformed SE1, SP and N data (P > 0.05,
Kolmogorov-Smirnov test with the Lilliefors' correction). The
relationships between seasonality, host speci®city and abundance
were explored by locally weighted regression scatter plot smoothing
(LOWESS; the tension 0.65 was used; Cleveland 1979) which, un-
like the standard regression, can be used to explore non-linear
trends in the data. Pearson's (multiple) correlation (r) and ANOVA
were also used.

Results

Altogether 61,777 individuals and 491 species, repre-
senting 20 auchenorrhynchan families were collected
from the 15 Ficus species during 1 year (Appendix 2).

Many species of Auchenorrhyncha were rare in the
samples: 109 species were represented by only a single
individual, while only 139 species had sample size
N ³ 36 individuals, and 79 species N ³ 120 individuals.

The number of sampling periods in which each
species was recorded was strongly correlated with its
abundance (r � 0.758, P < 0.001, n � 139). Most
species were present during more than half of the year;
the median length of species' presence was 23 sampling
periods (i.e. about 7� months). Almost all abundant
species were present for most of the year. For instance,
the median for the 79 species with sample size N ³ 120
was 29 sampling periods (i.e. about 9� months; Fig. 2).
Among these most abundant species, 62 had SL > 30,
which means that the longest period of time they were
absent was 1� months or less. Despite their almost
continuous presence, most of the species varied greatly
in abundance over the course of the year. The popula-
tion dynamics of most species were characterised by a
single peak of abundance. Among the 79 species with
N ³ 120, only 4 species were distributed so evenly round
the year to have SM < 2, while 18 species had SM > 5
(Fig. 3).

Fig. 2 Number of 10-day periods during which a species was
recorded in the adult stage (open bars species with sample size
36 £ N < 120; cross-hatched bars species with N ³120)

Fig. 3 Distribution of the seasonal maximum values for Auchenor-
rhyncha on Ficus (hatched bars) and in a lowland rainforest in
Panama (open bars; data from Wolda 1982). Only species with total
sample N ³ 120 are analysed
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The total abundance and species richness of Auche-
norrhyncha also exhibited considerable variability dur-
ing the year. The dry season was characterised by lower
numbers of individuals and species than the wet season
(Fig. 4). Most of the species had their peak abundance
(Fig. 5A) as well as their overall abundance (character-
ised by the mean vector; Fig. 5B) concentrated in the
wet season, while many, even those otherwise abundant,
species were absent during the dry season (Fig. 5A).

The two seasonality indices, SE1 and SE2, were sig-
ni®cantly, but not very tightly, correlated with each
other (r � 0.642, P < 0.001, n � 139). There was
no signi®cant correlation between the seasonality
(SE1, SE2) and sample size (r � )0.117 for SE1 and
r � )0.099 for SE2; P > 0.1, n � 139). Their LOW-
ESS regressions on sample size were also not signi®cant.

The overall correlation between the host speci-
®city (SP) and abundance (N) was not signi®cant
(r � )0.158, P � 0.062, n � 139). However, the
LOWESS regression showed a negative correlation
between host speci®city and abundance, limited to the
most abundant species (N > 300). The ®tted LOWESS
model (Fig. 6) was statistically signi®cant (P � 0.044,
e�ective df � 1.55, analysis of deviance performed in
the S+ statistical package).

There was a signi®cant correlation between season-
ality (SE1, SE2) and host speci®city (SP), even after the
e�ect of sample size had been removed using N as a
covariable (r � 0.538 for SE1 and r � 0.321 for SE2,

P<0.001, n � 139). This correlation was found
throughout the whole range of both variables (Fig. 7).

Species in the mesophyll-feeding guild showed a sig-
ni®cantly higher seasonality (SE1, but not SE2) than the
phloem- and xylem-feeders. This di�erence could be
explained entirely as a result of the higher host speci®city
of the mesophyll-feeders (Table 1) and the overall
correlation between host speci®city and seasonality.
No di�erence in seasonality (SE1) between the guilds
was detected when host speci®city (SP) was used as a
covariable (ANOVA, P > 0.4).

Fig. 4 Number of individuals (A) and species (B) of Auchenor-
rhyncha collected monthly during the study period (line rainfall data)

Fig. 5 Number of species reaching an abundance peak (hatched bars)
and number of species absent (open bars) during each month (A) and
with their mean vector pointing to each week (weeks numbered from
the ®rst week in July 1996, i.e. the start of the study) (B). Only species
with total N ³ 120 included in A. Peak abundance and mean vector
are de®ned in Materials and methods (line rainfall data)

Fig. 6 Relationship between the abundance (N ) and the host
speci®city (SP) for auchenorrhynchan species. Both axes are double
loge transformed; the LOWESS regression is ®tted to the data
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Discussion

Sample size and sampling artefacts

The sampling intensity was relatively high (61,777
specimens per year) and concentrated on a small and
well-de®ned subset of rainforest habitats, the foliage of
15 species of Ficus. Still, 22% of the species in the
samples were represented by a single individual and only
86 species (18%) by more than 100 individuals. Al-
though the proportion of singletons was lower than in
most studies of arboreal insects in the tropics (e.g. Morse
et al. 1988; Basset and Kitching 1991; Novotny 1993;

Robinson and Tuck 1996; Allison et al. 1997; most
studies detailed in Stork et al. 1997), rare species still
represented an important part of the community. Two
even more extensive samples of the tropical Auchenor-
rhyncha, obtained by light trapping, exhibited similar
patterns: despite the sample size of 87,547 and 89,039
individuals, 23% and 20% of species were singletons,
and only 9% and 20% of species were collected as
N > 100 individuals (Wolda 1982 and 1980, respec-
tively). With such abundance patterns, it is di�cult to
de®ne the boundaries of the community considered. In
the absence of feeding experiments and ®eld observa-
tions, it is di�cult to decide which of the rare species are
only transient (tourists) and which feed on a given host
tree (Basset and Samuelson 1996). A purely pragmatic
approach was adopted here: all species with su�cient
sample size were included in the ``community'' analysis.
The resultant inclusion of common transient species and
the exclusion of rare genuine members of the community
could not be avoided. Further, transient species may
bias host speci®city estimates. The SP index, based on
quantitative distribution data, is less sensitive to such
bias than estimates based merely on the presence or
absence of the herbivore species on each of the plant
species studied.

In quantitative descriptions of the distribution of
individuals among sampling periods or host plants,
genuine e�ects of species abundance on seasonality and
host speci®city must be carefully disentangled from the
statistical e�ects of sample size on the SE1 and SP
indices. All estimates of variance in the species' distri-
bution, both spatial (e.g. among the host plants) and
temporal (seasonality), are sensitive to sample size
(Wolda 1979; LepsÏ 1993; Gaston and McArdle 1994).
There is thus always a possibility of spurious correlation
of the seasonality and host speci®city indices with the
species' abundance. The only remedy to this problem is
the exclusion of inadequately sampled species from the
analyses. This step necessitates a substantial sampling
e�ort in order to obtain representative data for rare
species. Any restriction of a community analysis to only
the most abundant species is highly undesirable since
such analysis would concern only patterns peculiar to
these species, rather than those typical of the whole
community. In this study, species found as N < 36 in-
dividuals were excluded from all analyses using the
seasonality (SE1, SE2) and host speci®city (SP) indices.
This threshold was su�cient to remove a positive cor-
relation between the N and the SE1, SE2 and SP values
for small sample sizes, where such correlation is always
suspect. The analysis was therefore limited to only 139,
i.e. 29% of species. The same approach was used e.g. by
Spitzer and LepsÏ (1988) in the analysis of temporal
variability of insect populations (with an N � 5 thresh-
old). The negative correlation between sample size (N)
and host speci®city, detected in the present data among
the most abundant species, is unlikely to be a statistical
artefact since the correlation concerns only high values
of N.

Fig. 7 Relationship between host speci®city (SP) and seasonality
(SE1, A; SE2, B) of Auchenorrhyncha on Ficus. Residuals after
regression on the number of specimens collected are shown

Table 1 Seasonality, host speci®city and abundance of species
from various feeding guilds: SE1, SE2 seasonality indices, SP host
speci®city index, N number of specimens per species [mean calcu-
lated from the original (SE2) and normalised (SE1, SP and N) data
is given for each guild], n number of species analysed. Values
signi®cantly di�erent from the other two guilds are italiticised
(P < 0.05, ANOVA, Tukey multiple comparisons)

Guild SE1 SE2 SP N n

Mesophyll 4.9 0.56 3.9 157.6 23
Phloem 2.6 0.46 1.6 137.2 92
Xylem 2.7 0.43 1.7 305.3 24
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The monthly samples had to be adjusted a posteriori
to equal sample size by rarefaction. This algorithm is
based on the assumption that each individual is collected
independently of the others so that the opposite process,
i.e. the reduction of the sample size, can proceed by
random resampling of the original sample (Hurlbert
1971). The aggregated distribution of insects on Ficus
trees (V. Novotny and Y. Basset, in preparation) vio-
lated this assumption so that the rarefaction probably
overestimated the number of species. However, it is
unlikely that this resulted in important bias because the
adjustments of sample sizes were relatively small (the
largest sample was twice the size of the smallest one).

In all analyses, species are treated as independent
data points. Such an approach implies that the species
traits analysed do not have any phylogenetic compo-
nent, which is an unrealistic assumption (Harvey and
Pagel 1991). Consequently, the correlation between host
speci®city and seasonality, found in the present study,
cannot be interpreted as a tendency for these two traits
to evolve in concert. However, the analysis is still valid
as the means of description of existing community pat-
terns.

Patterns of seasonality

The overall seasonality is distinctly lower in tropical
than in temperate ecosystems and most of the tropical
species are present during most of the year. In ®ve
communities studied in Panama by Wolda (1983), the
proportion of species present year-round ranged from 37
to 73%. This is consistent with the present results,
showing a prevalence of species constantly present
among the abundant, i.e. well-sampled, species (cf. also
Flint and Masteller 1993). Almost constant presence of
adults in many species indicates that these species may
have overlapping generations. No data are, however,
available on the voltinism of Auchenorrhyncha species
from Ficus trees, as data on their larvae were not col-
lected. Seasonally restricted occurrence of even the most
abundant species, for example as reported by Casson
and Hodkinson (1991) for a hemipteran rain forest
community from Sulawesi, may be an artefact caused by
small sample size.

Despite a low average seasonality, the seasonal pat-
terns of tropical insects are very diverse, ranging from
very synchronised, short-term appearances to year-
round presence. Previous studies (reviewed by Wolda
1988) indicate that almost all insect species in the tropics
exhibit large seasonal changes in their abundance and
often have one or more clear-cut peaks in abundance.
Wolda (1988) reports only 7.5% of species as non-sea-
sonal in the Homoptera from Panama, while in the
present data, only 5% of species can be classi®ed as non-
seasonal (de®ned as species with SM<2). Rain forest
insects attain their peak abundance most often in the wet
season (e.g., Wolda 1980), as was found in the present
study. This tendency is re¯ected also by maximum spe-

cies richness reported for insect communities during the
wet season. In Panama, this was the case for Auche-
norrhyncha (Wolda 1980, 1982) psocids (Broadhead
1983) and the herbivores collected from Luehea seem-
annii trees (Erwin and Scott 1980). The peak in species
richness is often accompanied by a peak in insect bio-
mass (Erwin and Scott 1980; Smythe 1982; Broadhead
1983; Kato et al. 1995).

Not surprisingly, rainfall seasonality can have a
marked e�ect on the seasonality of insect communities.
For instance, the lowland rain forest on Barro Colorado
Island (Panama) has a more severe dry season than the
area of the present study (cf. Fig. 1 in Wolda 1982 and
in this study), and this di�erence is paralleled by the
more seasonal auchenorrhynchan community in Pana-
ma than in Papua New Guinea, as indicated by com-
parison of the SM values from Wolda's (1982, Fig. 7)
data with those in Fig. 3 (median is in the 3.0±3.9 range
for Ficus and in the 4.0±4.9 range for Panama; di�erence
between the medians is signi®cant, P � 0.011, Mann-
Whitney test). A similar correlation between climate and
the seasonality of insect communities was found else-
where in the tropics (e.g., Barlow and Woiwod 1990;
Wolda and Broadhead 1985; Wolda and Chandler 1996;
Yule and Pearson 1996; cf. Basset 1991 for a subtropical
community). The question of which environmental fac-
tors serve as environmental cues driving population
dynamics of insects is out of the scope of this study since
seasonality data from more than 1 year and/or con-
trolled experiments would be needed for such an analysis
(cf. Wolda 1989; Wolda and Wright 1992).

Life history correlates of seasonality

The correlation between seasonality and host speci®city
in the present study was highly signi®cant for both the
seasonality characteristics, SE1 and SE2. This congru-
ence is not trivial since, as discussed above, each of the
indices captures a di�erent aspect of seasonality, which
is also re¯ected by their rather low mutual correlation.
Therefore, it can be safely concluded that species feeding
on many Ficus hosts are distributed less seasonally than
the more specialised species. This relationship can be
readily interpreted in terms of the resource base, espe-
cially young foliage, available to them throughout the
year. Young leaves are a high-quality, rare and short-
lived resource for herbivores (Aide 1993; Coley and Aide
1991; Scriber and Slansky 1981). Sap-sucking insects
often prefer young foliage because growth means in-
creased translocation of nutrients via phloem and, to
some extent, xylem vessels (Press and Whittaker 1993;
Raven 1983). Most tropical woody plants as well as the
whole forest communities display seasonal variation in
the presence of new leaves (Opler et al. 1980; van Schaik
et al. 1993) so it is probably safe to assume that a wider
host plant range enables the exploitation of subsequent
¯ushes of new foliage on di�erent host plants and,
consequently, a non-seasonal population dynamics.
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The 15 species of Ficus studied here di�er from one
another in the timing of the production of new leaves
(personal observation; cf. Spencer et al. 1996). Further,
the expansion of new leaves, together with the abun-
dance of host trees, i.e. traits relevant to the resource
base, were shown to be important determinants of the
species richness in the auchenorrhynchan communities
supported by the 15 species of Ficus (V. Novotny and
Y. Basset, in preparation). Therefore, a direct functional
relationship may connect low seasonality and host spe-
ci®city in Ficus herbivores. The positive correlation be-
tween seasonality and host speci®city is also important
methodologically as it can produce a sampling bias
against specialists, especially in snapshot samples taken
from insect communities.

The species of Ficus, unlike most other rainforest
trees, do not have their reproduction cycles synchronised
within populations (Janzen 1979; Milton et al. 1982) so
that at any time of the year, a certain proportion of trees
is producing ¯owers and fruits. The translocation of
nutrients via phloem, preceding ¯ower and fruit for-
mation, may create similar periods of high host plant
quality for sap±sucking insects to that accompanying the
growth of new leaves (Walo� 1980; Mattson 1980).
However, it is not clear whether these dynamics of
reproduction, peculiar to Ficus, have any e�ect on the
seasonality of their herbivores.

Di�erences in host speci®city among the three feeding
guilds, represented in the Auchenorrhyncha, have been
noted previously (Novotny and Wilson 1997) and were
also documented for the Ficus fauna studied here
(V. Novotny and Y. Basset, in preparation). Xylem-
feeders tend to be polyphagous (Press and Whittaker
1993), while phloem-, and especially cell-feeding species
are usually more host speci®c (Claridge and Wilson
1981; Cobben 1988; Wood 1993; Wilson et al. 1994).
Nothing is known about general di�erences among these
guilds in their seasonality, but the present study
indicates that the high seasonality discovered in the
mesophyll-feeding guild does not require any special
explanation, being the result of the general relationships
between host speci®city and seasonality found across the
whole auchenorrhynchan community. On a wider scale,
Basset (1991) found di�erences in seasonality among
various insect guilds on a subtropical tree; fungal-feeders
and epiphyte-grazers exhibited lower seasonality than
leaf-chewers and sap-suckers.

The negative correlation between host speci®city and
abundance, detected among the most abundant species,
was rather weak. However, its direction conforms with
the theoretical expectation that by being able to utilise
more than one host plant at a time, polyphagous species
have a large resource base which could support higher
population densities.

Information on other life history correlates of sea-
sonality in tropical insects is very scarce. Wolda (1982)
found that the species with more pronounced seasonality
changed more in abundance from year to year. Their
distribution throughout the year may bu�er short-term

variability in resources, leading to lower year-to-year
variance. This mechanism is analogous to that proposed
for polyphagous species, which can bu�er changes in
host plant quality by switching to other host species and
are therefore expected to exhibit low between-year
variability in their abundance (MacArthur 1955; cf.
Redfearn and Pimm 1988).

In summary, various seasonality characteristics, esti-
mated for the Auchenorrhyncha on Ficus trees, are in
general concordance with those already reported for
other rainforest insects (Wolda 1988). Detailed infor-
mation on life histories of constituent species is needed if
the observed patterns are to be explained. The present
study is only a small step in this direction and its results,
such as the correlation of seasonality with host speci®-
city, await further testing.
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Appendix 1 Species of Ficus studied (identi®cations by C.C. Berg)

F. bernaysii King, F. botryocarpa Miq., F. conocephalifolia
Ridley, F. copiosa Steud., F. dammaropsis Diels, F. hispidoides
S. Moore, F. microcarpa L., F. nodosa Teysm. & Binn., F. phaeo-
syce Laut. & K. Schum., F. pungens Reinw. ex Bl., F. septica Burm.,
F. tinctoria Forst., F. trachypison K. Schum., F. variegata Bl.,
F. wassa Roxb.

Appendix 2 The number of specimens/species from various families
of Auchenorrhyncha collected on the foliage of Ficus spp.

Achilidae (52/11); Aphrophoridae (10,692/17); Cercopidae (621/9);
Cicadellidae (18,753/188); Cicadidae (165/11); Cixiidae (122/13);
Delphacidae (873/21); Derbidae (9,066/119); Dictyopharidae (967/
3); Flatidae (7,166/24); Fulgoridae (383/5); Issidae (3,226/14);
Kinnaridae (1/1); Lophopidae (2,149/5); Machaerotidae (3/1);
Meenoplidae (170/5); Membracidae (574/13); Nogodinidae (225/3);
Ricaniidae (6,045/20); Tropiduchidae (520/8).
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