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ABSTRACT: Insect faunas associated with 10 tree species growing in a sub-
montane area in Papua New Guinea are described and compared. In total,
75,000 insects were collected on these trees during the day and night by hand
collecting, beating, branch clipping, intercept flight traps, and pyrethrum knock-
down over a 1-yr period. Association of chewing insects with the hosts was in-
ferred from feeding trials. Characteristics of the fauna associated with each tree
species are briefly outlined, with an emphasis on chewing insects. Four subsets
of data, of decreasing affinity with the host, were analyzed by canonical corre-
spondence and cluster analyses: (1) specialist leaf-chewers, (2) proven leaf-
chewers, (3) all herbivores (including transient leaf-chewers and sap-suckers),
and (4) all insects (including nonherbivore categories). Analyses of similarity
between tree species were performed using number of either species or in-
dividuals within insect families. Analyses using number of individuals appeared
more robust than those using number of species, because transient herbivore
species artificially inflated the level of similarity between tree species. Thus, it is
recommended that number of individuals be used in analyses of this type, par-
ticularly when the association of insects with their putative host has not been
ascertained. Not unexpectedly, the faunal similarity of tree species increased
along the sequence (1)-(2)-(3)-(4). Convergence or divergence in faunal sim-
ilarity among tree species certainly results from many factors. Among those
identified, successional status (which can be related more generally to the type
of habitat in which the host grows) appeared important for specialist leaf-
chewers; gross features of the host, such as leaf palatability and leaf weight
(related to leaf toughness), were important for leaf-chewers; features presum-
ably influencing insect flight and alighting (leaf area, probably related to foliage
denseness) seemed be important for all herbivores; and features related to host
architecture (tree height, type of bark) were important for all insects. Taxo-
nomic isolation and phylogeny of trees were clearly unrelated to faunal sim-
ilarity, even for specialist leaf-chewers. We discuss briefly from a conservation
perspective the loss of tree species in our system and the outcome for associated
insect faunas.

IN SOME INSTANCES, a close correspondence
between the faunal similarity of insect herbi-
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“vores and the taxonomic affinity of their her-

baceous host plants has been demonstrated
(e.g., Berenbaum 1981). Trees usually offer
a much more complex set of habitats for in-
sects than herbaceous plants, both in terms of
plant architecture (e.g., Lawton 1983) and of
genetic variability (e.g., Whitham and Slo-
bodchikoff 1981). As a result, trees often sup-
port a much more diverse insect fauna than
herbs (Lawton and Schrioder 1977). This, in
turn, may explain why (diffuse coevolution:
see Fox 1981) faunal similarities in trees
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often do not reflect their taxonomic affinities
(e.g., Futuyma and Gould 1979, Scriber 1988,
Holloway 1989, Cytrynowicz 1991; but see
Holloway and Hebert 1979). In addition, trees
frequently also support a rich nonherbivore
fauna of predators, parasitoids, wood-eaters,
fungal-feeders, and scavengers (Moran and
Southwood 1982).

Although we can expect biogeographical
and historical factors (accounting for host
biochemistry and geographical distribution)
to shape in a similar way the insect faunas
associated with host trees of close taxonomic
affinity and history, numerous other factors
may decrease or increase the congruence be-
tween faunal similarity and host phylogeny.
These factors, which are discussed at more
length by several authors (e.g., Lawton and
Schroder 1977, Kennedy and Southwood
1984, Nicolai 1986, Cornell and Kahn 1989,
Jones and Lawton 1991, Basset 1991, Basset
and Burckhardt 1992), fall in three main
categories: (1) local variables such as meso-
climate and local productivity; (2) host-
related variables less directly related to host
phylogeny (however, in some cases, this can
be debated) such as tree phenology, shape,
size, toughness and hairiness of leaves, den-
seness of foliage, local abundance and height
of tree, and complexity of the bark; (3) the
intrinsic composition of the fauna and, in par-
ticular, the identity of the dominant her-
bivores, which, in turn, is likely to influence
the suite of main predators and parasitoids.

Most of these findings derive from the
study of temperate tree species and their in-
sect associates. Patterns of insect distribution
on tropical tree species are much less under-
stood. In one of the few studies addressing
this issue, Stork (1987a) reported that taxo-
nomic similarity of the trees, the distance
between them, and their epiphyte load were
important variables determining the faunal
similarity of Bornean rain forest trees. Many
past and current investigations of arboreal
insect faunas (e.g., Erwin and Scott 1980,
Stork 1987a) used pyrethrum knockdown
to collect a large number of insects rapidly.
The specimens collected in those conditions
were, most often, dead (but see Paarmann
and Stork 1987). As a result, it is often dif-

'PACIFIC SCIENCE, Volume 50, April 1996

ficult to ascertain whether insect herbivores

collected do actually feed on the tree species
sampled. Recently, Moran et al. (1994) ques-
tioned whether the lack of information about
the closeness of association between herbiv-
orous insects and their putative hosts was
confusing our understanding of insect distri-
bution on tropical trees. Other alternatives,
which could help in resolving this uncer-
tainty, to “snapshots” of insect communities
obtained with pyrethrum knockdown include
repeated fogging of the same tree species
along altitudinal gradients or different loca-
tions (e.g., Allison et al. 1993), careful long-
term surveys of many potential hosts (e.g.,
Marquis 1991), and feeding trials and rear-
ing of live specimens collected with different
techniques (e.g., Basset 1992, 1994).

Studying the faunal similarity of tropical
trees may be important both for a better un-
derstanding of food-web ecology in tropical
forests and for their biological conservation.
For the latter, it can result in important
implications for management of tropical for-
ests. For example, if most of the tree species
support very different insect faunas, then the
percentage loss of species will approach the
percentage loss of area by, for example, log-
ging (e.g., Mann 1991).

There are various ways to report faunal
similarity between different host trees. For ex-
ample, it is equally, if not more, interesting
to investigate why tree species A supports
more species/individuals of, say, Geometri-
dae than tree species B, compared with in-
vestigating why species Z of Geometridae is
present on tree species A but not on tree
species B. Note that these two questions may
be related, but not necessarily. In this contri-
bution, we focus on the first approach and
explore broad patterns of insect similarity
among 10 tree species in New Guinea at the
familial level and the reasons for convergence
or divergence in faunal similarity. Our sam-
pling protocol enabled us to ascertain the
closeness of association between leaf-chewers
and their putative hosts. Consequently, our
analyses of faunal similarity could be per-
formed with particular reference to the close-
ness of association between insects and hosts,
using the following sequence: specialist leaf-
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chewers, ascertained leaf-chewers, all herbi-
vores (including transient leaf-chewers and
sap-suckers), and all insects (including non-
herbivore groups). As an introduction to our
analyses of similarity, we briefly characterize
the insect fauna associated with each tree
species studied.

'MATERIALS AND METHODS

7 Study Site and Study Trees

Sampling was performed on the slopes of
Mount Kaindi, near and within the grounds
of the Wau Ecology Institute, Wau, Papua
New Guinea (7°24'S, 146°44'E). Altitude
of collecting ranged from 1100 to 2362 m
(summit), but was mostly confined to 1200-
1400 m. Mount Kaindi has been cleared
locally, leaving a mosaic of grasslands and
forest patches, dominated by secondary for-
est (Valkenburg and Ketner 1994). The main
forest formations encountered on the slopes
include lower and midmontane rain forest
(Johns 1982). The climate is “humid to per-
humid mesothermal with little or no water
deficit” (McAlpine et al. 1983). The study
area was further detailed by Gressitt and
Nadkarni (1978) and Valkenburg and Ketner
(1994).

Ten woody plant species (native forest
trees and shrubs) were studied. Criteria for
choosing these species included (1) they were
common within the Mount Kaindi area; (2)
they were representatives of 10 different plant
families; and (3) they included species of dif-
ferent successional stage, different leaf pro-
duction patterns, and different height. Here-
after, they are designated by their generic
names.

Insect Collecting

Insects were collected by Y.B. from the
foliage of the study trees by hand collecting,
foliage beating, branch clipping, intercept
flight traps, and pyrethrum knockdown. The
first four of these methods were used dur-
ing both day and night, whereas pyrethrum
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" knockdown was only performed during the

day, in early morning. Living specimens from
the first three methods were used in feed-
ing trials (see next section). Hand collect-
ing and foliage beating represented, for each
tree species, about 50 hr of hand-collecting
activity and 300 beating samples distributed
among different individual trees. Branch clip-
ping represented, for each tree species, 55
samples of about 33 m? of leaf surface, ob-
tained from different individuals. One inter-
cept flight trap (as described in Springate
and Basset 1996) was set up in the middle of
the crown of one individual of each tree spe-
cies. The trap collected insects continuously
throughout 1 yr and was surveyed approx-
imately every 11 days. One individual of each
tree species was sampled using pyrethrum
knockdown [solution of 5% Pyranone (Fair-
field American Corp., Rutherford, NJ) and
kerosene], using from 12 to 20 trays (each
1 m? of surface), depending on tree size (total:
159 trays used for all tree species). The pro-
tocol of Allison et al. (1993) was followed
with the only difference being that trees were
fogged by climbing directly into them, not
from an adjacent tree.

Active sampling was performed from Feb-
ruary to July 1992 and from November 1992
to April 1993; traps were run from April
1992 to April 1993. Field data have thus been
gathered over more than a year and take into
account the seasonal variation in insect di-
versity and abundance at the Wau site. When
the foliage could not be sampled from the
ground, the single rope technique provided
access to the crowns (Perry 1978). Sampling
effort was the same for each tree species, and
all material thus derived has been considered
for subsequent analyses.

Because knowledge of the ecology of most
Papuan insects is fragmentary, specialization
of adult insects had to be assessed from feed-
ing trials in the laboratory. Live insects were
stored in plastic vials at room temperature
and in conditions of near-saturated relative
humidity. The insects were provided with
fresh foliage of the tree species from which
they were collected until they died or ac-
cepted food. In the latter case, they were then
tested in random order for 24-h periods on
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the foliage of the nine other study species.
Feeding damage was scored visually, relative
to insect body size, on a logarithmic scale, as
follows: 0, no feeding; 1, attempting to feed;
10, moderate feeding; 100, extensive feeding.
This procedure emphasized regular feeding
as contrasted to food probing. Insects were
assigned to four leaf-feeding categories ac-
cording to the results of the feeding tests: (1)
“specialists” (i.e., insects tested on three or
more plant species but fed only on the plant
they were collected from [sum of feeding
scores < 100]); (2) “generalists” (i.e., insects
tested on three or more plant species and fed
on two or more plants belonging to different
plant families [sum of feeding scores = 100]);
(3) “unknown specialization” (i.e., insects
that, because of death, could not be tested on
more than two plant species); and (4) “in-
cidentals” (i.e., insects that did not feed in the
trials). Together, categories 1, 2, and 3 are
referred to as “proven feeders.” Leaf-chewers
that were collected dead (by the traps and
pyrethrum knockdown) were labeled as “ad-
ditionals.” Species of Cerambycidae that fed
on foliage or on shoots for maturation feed-
ing were also included in the chewing cate-
gory and tested in feeding trials. The procedure
is further detailed and discussed elsewhere
(Basset 1994, Basset and Samuelson in press).

Resolution of Sorting

Although a wide range of arthropods was
collected from the foliage of study trees, the
analyses focused on insects. Information
about Acari is not detailed here because their
small size and the sampling protocol used in-
creased the probability that their abundance
and species richness was underestimated.
Araneae were counted but not sorted to fam-
ilies. As far as possible, the insect material
was sorted to families, except Psocoptera and
imagines of Lepidoptera. The latter, collected
in alcohol, were difficult to study.

A higher resolution of sorting was adopted
for insect herbivores. Sap-sucking species were
assigned to morphospecies on the basis of
external characters, but not cross-checked
among tree species. Furthermore, feeding on

' PACIFIC SCIENCE, Volume 50, April 1996

the tree species from which they were col-
lected could not be ascertained. Coccoidea
were not sorted to families. Chewing insects
were assigned to morphospecies and cross-
checked among tree species. For Lepidop-
tera, only mature larvae were assigned to
morphospecies. As far as possible, cater-
pillars were reared to obtain adults and to
refine morphospecies assignments. Adults of
insect herbivores were later dry mounted at
the Bishop Museum, Honolulu. Morphospe-
cies assignment, hereafter “species’ for sake
of simplicity, was checked by G.A.S. (Cole-
optera) and S.E.M. (Lepidoptera) and verified
by specialists in many cases. In some cases,
chewing species could be named, at least
to genus. However, the protocol adopted in
feeding trials resulted in the death of many
caterpillars and lack of adults for identi-
fication. The material has been deposited in
the collections of the Bishop Museum.

Statistical Methods

Our analyses focused on explaining sim-
ilarities (or contrasts) among study trees in
terms of the number of species or individuals
within insect families, rather than studying
the faunal overlap in terms of particular spe-
cies present on study trees. This procedure
was followed for the following reasons:. we
were interested in explaining broad patterns
of insect similarity among study trees and
the putative reasons for their resemblance
or divergence; only part of the material (in-
sect herbivores) was sorted to species cross-
checked between trees; not all species of Lep-
idoptera could be cross-checked among study
trees because of larval death; and analyses of
patterns reflected by the overlap in presence
or abundance of particular herbivore species
are more likely to reflect patterns of foraging
by generalist species than broad patterns in
overall faunal similarity because study trees
all belong to different plant families and the
associated insect fauna is relatively special-
ized (see Basset 1994) (for an example deal-
ing with foraging patterns of leaf beetles, see
Basset and Samuelson in press).

Several multivariate techniques are avail-
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able for analyzing similarity, particularly clus- 7

tering and ordination. First, we performed
canonical correspondence analysis (CCA), an
ordination method that represents a direct
gradient analysis (see Ter Braak [1986] for
the interpretation of CCA diagrams and
statistics). This allowed us to test whether
certain qualities (variables) of the study trees
were important in structuring similarities
among tree species. The first step of the com-
putations involved performing a correspon-
dence analysis (CA). Second, we performed
cluster analysis using the unweighted arith-
metic average clustering method (UPGMA).
This allowed us to account for the total var-
iance in tree similarity, not just for that ex-
pressed in the few axes of the ordination (see
Digby and Kempton 1987).

The matrices used in both types of analy-
ses were either the number of species or the
number of individuals within the most com-
mon insect families collected on each tree
species. We performed the analyses for seven
data sets (Table 2), grouped in decreasing
order of affinity of taxa with the host tree as
follows: (1) data relevant to leaf-chewing
specialists only; analyses performed with the
number of species and individuals; insect
families were only included in the analyses if
the total number of individuals collected was
=3; (2) data relevant to proven leaf-chewers
only; analyses performed with the number of
species and individuals; in addition to fam-
ilies included in (1), other families were in-
cluded if their total number of individuals
was = 3; (3) data relevant to herbivores only
(including sap-suckers and incidental/addi-
tional chewers); analyses performed with the
number of species and individuals; in addi-
tion to families included in (2), other families
were included if their total number of in-
dividuals was =10; (4) data relevant to all
insects (including nonherbivores); analyses
performed with the number of individuals; in
addition to families included in (3), other
families were included if their total number
of individuals was =15. For the analyses,
Miridae and Phlaeothripidae were included
in the nonherbivore fauna, because only some
of these insects are probably truly phytopha-
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gous; the others are predators and/or fungal-
feeders (e.g., Basset 1991).

CCA was performed using the program
ADE 3.6 (Chessel and Dolédec 1993). CCA
relates known variation in the environment
to community composition. Ordination axes
are chosen in the light of known environ-
mental variables by imposing the extra re-
striction that the axes be linear combinations
of environmental variables (Ter Braak 1986).
Our environmental variables were related to
host characteristics and differed for each data
set. The choice of these variables followed
the potential predictors of insect species rich-
ness on temperate trees (see references in
the introduction), plus those that have been
found of importance in the tropical system
studied here (Y.B., unpubl. data). For data
set 1, these variables included leaf water
content, leaf palatability, total nitrogen con-
tent of mature leaves, successional status
(pioneer or persistent), taxonomic isolation,
and the number of young leaves recorded year-
long in branch-clipping samples. For data
set 2, variables included leaf water content,
leaf palatability, nitrogen, successional sta-
tus, young leaves, and specific leaf weight, a
measurement related to leaf toughness. For
data set 3, variables included leaf water con-
tent, leaf palatability, mean leaf area, succes-
sional status, young leaves, and specific leaf
weight. Eventually, for data set 4, variables
included mean tree height, type of bark, mean
leaf area, successional status, young leaves,
and specific leaf weight. All variables and
their measurements are detailed elsewhere
(Basset 1994 and Y.B., unpubl. data), with
the exception of bark type, which is listed in
Table 1.

UPGMA is a clustering method routinely
used in numerical ecology (e.g., Legendre
and Legendre 1984). It was calculated with
the program “R” of Legendre and Vaudor
(1991). We used the coefficient of Kulczynski
as a measure of similarity for these compu-
tations. This coefficient is particularly suit-
able for quantitative data, does not include
double zeros, and does not give more weight
to either abundant or rare taxa (Legendre
and Vaudor 1991).
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TABLE 1
SUMMARY OF RESULTS OF STUDY OF 10 TREE SPECIES

“HOSTS " PLANT FAMILY Stafus", H* Ph° B Sp° Chw/  Tot¢
Elmerrillia tsiampacca (L.) Dandy 7 Magnoliaceae 7 Pe, T c 4 20 5 6,920
Cinnamomum cf. culilaban (L.) Presl Lauraceae Pe, S I 4 37 212 6,974
Piper plagiophyllum K. Sch. & Laut. Piperaceae Pi, S C 2 18 339 9,361
Ficus nodosa Teys. & Binn. Moraceae Pi, T D 3 61 517 7,606
Pipturus argenteus Wedd. Urticaceae Pi, S C 2 52 629 7,816
Castanopsis acuminatissima A. DC. Fagaceae Pe, T I 4 94 408 8,936
Caldcluvia brassii Hoogl. Cunoniaceae Pi, S C 2 39 454 4,699
Aleurites moluccana Willd. Euphorbiaceae Pe, T C 1 25 111 8,839
Melicope denhamii (Seem.) T. Hartley Rutaceae Pe, S I 2 36 335 7,449
Boraginaceae Pi, T D 4 45 262 7,136

Cordia dichotoma Forst.

2 Successional status: Pe, persistent; Pi, pioneer.
® Average height when mature: S, <15m; T, >15m.

¢ Phenology of leaf production: C, continuous; D, deciduous; I, intermittent.
4Bark type (mature trees): 1, smooth, pale bark; 2, rugose, dark bark; 3, rugose, dark bark with some hollow branches; 4, scaly,

rifted and dark bark.
¢Number of associated chewing species recorded.

/ Total number of individuals represented by these associates (CHW).

?Total number of insect individuals collected (TOT).

" RESULTS

General Accounts of the Insect Faunas
Associated with the Study Trees

In total, 75,736 and 2746 individuals of
insects and spiders, respectively, were col-
lected from the 10 study trees (Table 1). This
material represented at least 199 insect fami-
lies. Herbivore densities and the proportion
of specialized leaf-chewers on each tree spe-
cies are reported and discussed elsewhere
(Y.B., unpubl. data). It is of interest to note
that the contribution that leaf-chewers that
feed on the study tree made to the overall
insect fauna was rather low, between 1%
(Elmerrillia) and 9% (Caldcluvia) of the in-
dividuals collected. This emphasizes trees as
being habitats for a rich and diverse fauna,
far from being restricted to herbivores.

Brief descriptions of the insect fauna as-
sociated with each tree species are summa-
rized below, emphasizing abundance and spe-
cies richness of insect families. Appendix 1
details the identity of the chewing species as-
sociated with each tree species, when known.
For many insect species/genera, this con-
stitutes the first ever host plant records.
Appendix 2 lists the number of species and

individuals of sap-suckers collected on each

tree species, and Appendix 3 lists the number
of individuals in the most common nonher-
bivore families collected on each tree species.
In terms of number of individuals, the fam-
ilies listed in Appendices 1, 2, and 3 repre-
sented 65% of all individuals collected; the
rest were mostly unassigned juvenile speci-
mens, caterpillars too young to be assigned
with certitude, and insect families of low oc-
currence. A very common species of Psylli-
dae, Heteropsylla cubana Crawford, which
feeds on Leucaena leucocephala (Lamk) De
Wit, contaminated the samples, irrespective
of the sampling method used (see Appendix
2). This species, which was introduced to
New Guinea in the 1980s (Muddiman et al.
1992), was not included in the analyses.
Elmerrillia. The herbivore fauna was poor-
ly developed on this tree, with few specialist
species among leaf-chewers, which were
dominated by Lagriidae and Geometridae.
Of interest is the record of several species
of Papilionidae, whose status could not be
ascertained and whose adults could not be
reared. Cicadellidae, Derbidae, Pentatomi-
dae, Lygaeidae, and Psyllidae were species-
rich or abundant among sap-suckers. In par-
ticular, the free-living psyllid Euryconus sp.



‘Insect Faunas Associated with Ten Tree Species—BASSET ET AL,

attained relatively high densities and pre-
sumably was exploited by several predators
and parasitoids, such as Coccinellidae, Cleri-
dae, Miridae, Nabidae, Encyrtidae, and Hem-
erobiidae. Scavengers such as Blattellidae and
Tenebrionidae were relatively common, along
with Formicidae, which foraged mainly on
the trunk and limbs of this large tree species.

Cinnamomum. Lepidoptera dominated
the chewing guild on this tree (Geometridae
and Tortricidae; several species of the latter
fed on leaf buds). Leaf-miners were common
on young leaves (at least four species re-
corded, mostly Gracillariidae). Cicadellidae
and Aphididae were species-rich or abun-
dant. Herbivore densities were generally low
but were much higher on young than on
mature leaves, the latter being quite tough.
Scavengers were mostly represented by Blat-
tidae, Entomobryidae, and presumably some
species of Staphylinidae. The small and dense
flowers of this tree were attractive to a
number of beetles, such as Anthicidae and
Cantharidae, and were also visited by pred-
ators such as Mantidae. Formicidae were
often abundant, and some species nest on the
foliage.

Piper. Chewing species were mostly rep-
resented by a few species of Chrysomelidae
(Alticinae), Geometridae, and Curculionidae.
The proportion of specialist species was rather
low. Sap-suckers were prominent and were
dominated by Cicadellidae, Derbidae, Lygaei-
dae, Aphididae, and Cercopidae. Some pred-
ators, such as Coccinellidae, Anthocoridae,
and Hemerobiidae, may have been feeding
on aphids and other sap-suckers. Some Ci-
cadellidae and Cercopidae appeared to be
xylem-feeders, sometimes rejecting copious
amounts of sap on the foliage. This may en-
hance growth of molds and fungi, on which
several fungal-feeding beetles may have been
feeding (e.g., Biphyllidae, Lathridiidae, and
Mycetophagidae). Although some Formici-
dae established their nests on the foliage,
none were found inside the stems of the host.

Ficus. Densities of both sap-sucking and
chewing species were relatively high, with a
high proportion of specialists for the latter.
Chewers were dominated by Chrysomeli-
dae, Lymantriidae, Tortricidae, Crambidae,
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and Cerambycidae, whose larvae can pre-

sumably develop easily in the hollow twigs of
the upper crown. Sap-suckers were domi-
nated by Cicadellidae, Derbidae, Pentato-
midae, Lygaeidae, Ricaniidae, and Flatidae.
Coccinellidae were relatively abundant on
the foliage. The soft wood offered a good hab-
itat for some scavengers (Blattellidae, Tene-
brionidae) and wood-borers (Cerambycidae,
Buprestidae). Formicidae were common, al-
though they did not establish their nests on the
foliage, but, presumably, in dead branches.

Pipturus. Most chewing insects were rep-
resented by Chrysomelidae (Eumolpinae),
Noctuidae, Choreutidae, Nymphalidae, and
Tettigoniidae, which attained high densities.
The proportion of specialists was rather high.
Sap-suckers were also abundant, including
mainly Lygaeidae, Cicadellidae, Plataspidae,
and Membracidae. Cecidomyiidae, Miridae,
Corylophidae, and Coccinellidae also foraged
commonly on the foliage. Formicidae, de-
spite being relatively abundant, were not
observed nesting on the foliage.

Castanopsis. This tree was colonized by
a species-rich, specialized fauna of leaf-
chewers, mostly represented by Lepidoptera:
Noctuidae, Geometridae, Tortricidae, Lyman-
triidae, and Drepanidae. Leaf-miners were
common (mainly Gracillariidae). Cicadelli-
dae, Aphididae, Lygaeidae, and Plataspidae
were species-rich or abundant among sap-
suckers, but these attained lower densities
than leaf-chewers and were mostly restricted
to young foliage. Predators and parasitoids
well represented included Coccinellidae,
Staphylinidae, Hemerobiidae, Mantispidae,
Braconidae, and Pteromalidae. Cecidomyiidae
and Stratiomyidae were also common. For-
micidae were abundant and often established
their nests in the foliage.

Caldcluvia. Overall, the proportion of
specialized leaf-chewers was not high on
this tree. These were dominated by Curcu-
lionidae, Chrysomelidae, Tortricidae, and
Phasmatidae. A tortricid was also a common
stem-borer. Psyllidae, Cicadellidae, and Ci-
xiidae were well represented; the former in-
cluded one unidentified species that formed
characteristic leaf galls and attained high
densities. Among nonherbivores, Platypodi-






