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Canopy crane survey of the hemipteran assemblage structure in a 
Bornean forest

Keiko Kishimoto-Yamada1*†, Tadashi Ishikawa2, Masayuki U. Saito1, Paulus Meleng3, Hiroshi O. 
Tanaka4 and Takao Itioka4

Abstract. Tropical forest canopies are home to an extremely high diversity of arthropods, but the abundance and 
community structures of species inhabiting tropical forest canopies remain unclear. We characterised assemblages 
of canopy-foraging hemipteran species, which are one of the most dominant groups in tropical forest canopies. We 
used a canopy crane to sample hemipteran assemblages in a Bornean rain forest from an average of 165 canopy 
trees per sample, over six sampling periods. Our sampling periods occurred during and after a community-wide 
synchronous flowering, called a general flowering (GF) event, which occur at irregular, supra-annual intervals 
in the region. During each sampling period, we assessed hemipteran abundance, species richness and species 
compositions. We also analysed correlations between GF events and tree families for the abundance and occurrence 
of the abundant hemipteran species. The results showed that the GF event caused dynamic changes in the species 
diversity and species compositions of adult hemipterans. We hypothesise that the availability of flowers, buds and 
seeds during a GF event influences assemblages of phytophagous hemipteran adults. In addition, the abundances 
of some opportunistic predaceous species were strongly correlated with the GF event, possibly due to increases 
in the abundance of prey that rely on floral resources, as well as plant materials. We found that specialisation of 
phytophagous species to the tree family level was uncommon in our study, with most species having more general 
occurrences and distributions. Our study highlights the usefulness of canopy cranes to characterise hemipteran 
assemblages in tropical forest canopies.
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INTRODUCTION

Tropical forest canopies are home to an extremely high 
diversity of arthropods. Since the late 1970s, many studies 
have examined insects in tropical forest canopies (Erwin, 
1995; Basset, 2001a; Ozanne et al., 2003), but we still have 
little idea regarding the number of species, community 
structure, spatial or temporal distribution patterns and how 
canopy insects interact with other arthropods and plants 
(Novotny & Miller, 2014; Wardhaugh, 2014). Unveiling such 
patterns could reveal the structure of arthropod assemblages 
in tropical canopies as well as how such a high diversity of 
tropical arthropods can evolve and be maintained.

Canopy cranes allow detailed investigation of canopy 
arthropod assemblages. Arthropods are collected from the 
foliage of tree crowns by beating, sweeping and hand-
collecting from the gondola of a canopy crane (Basset et 
al., 2003). Studies using canopy cranes in tropical forest 
canopies have revealed temporal variation in arthropod 
fauna (Kitching et al., 2007), interactions among insects 
and plants (Ødegaard, 2000, 2006), differences in herbivore 
communities among different tree species and groups (Basset, 
2001b; Ødegaard, 2004), the distribution of arthropods in 
different microhabitats (Kitching et al., 2007; Wardhaugh 
et al., 2012; Wardhaugh, 2014), and species interactions 
between ants and spiders (Katayama et al., 2015).

One advantage of a canopy crane is the relatively easy 
access to many tree crowns within the diameter of the crane 
jib, allowing a more thorough assessment of the canopy 
community. Previous studies using canopy cranes have 
examined relatively large numbers of trees, i.e., more than 
50 plants (Ødegaard, 2000, 2006; Katayama et al., 2015), 
and sought to clarify distribution patterns of arthropod 
assemblages. Other methods, such as fogging (Basset, 2001a), 
have targeted fewer than 20 trees (Moran & Southwood, 1982;  
Stork, 1987a, b; Adis et al., 1997; Davies et al., 1997; Floren 
& Linsenmair, 1997; Mawdsley & Stork, 1997; Wagner, 
1997). Other canopy research methods, such as single-rope 
techniques, ladders, walkways and towers have similarly 
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collected arthropods from only a handful of trees (Basset, 
1997; Barone, 1998; Kishimoto-Yamada & Itioka, 2008). 
Because of the limited number of tree species examined 
using these methods, the species numbers of host-specific 
herbivores may be overestimated. Recent empirical studies 
have demonstrated that the proportion of host-specific species 
is lower than previously believed (e.g., Novotny et al., 2012; 
Kishimoto-Yamada et al., 2013).

Canopy cranes also allow temporal replication because 
of easy access and non-destructive survey methods. By 
contrast, fogging studies kill many arthropods in the entire 
tree and probably in adjacent parts of neighbouring trees, 
eliminating the possibility of re-sampling the same tree 
before re-colonisation by arthropods (Basset et al., 1997); 
thus, most fogging studies of tropical canopy arthropods have 
used only one or two censuses (e.g., Erwin, 1982; Stork, 
1987a, b; Floren & Linsenmair, 1997; Guibert, 1997; Dial 
et al., 2006). Since beating, sweeping, and hand-collecting 
from the gondola of a canopy crane remove a relatively 
small fraction of the arthropods on the tree, the arthropods 
can recolonise relatively quickly. Consequently, canopy 
crane censuses can be conducted at regular intervals over a 
relatively long period (Basset, 2001b; Kitching et al., 2007; 
Wardhaugh et al., 2012; Wardhaugh, 2014; Katayama et 
al., 2015). Considering the dynamic changes in populations 
and species compositions that can occur in tropical insects 
(Wolda, 1978, 1983, 1992; Inoue et al., 1993; Kishimoto-
Yamada et al., 2009), investigations of canopy arthropod 
assemblages need to include a temporal aspect in sampling.

Arthropods associated with flowers are likely to make up 
a large proportion of the canopy fauna and need to be 
considered when estimating the true diversity of canopy 
arthropods. A study of an Australian forest canopy showed 
that the density of arthropods on flowers can be significantly 
higher than on immature and mature leaves (Wardhaugh et 
al., 2012). In lowland dipterocarp rain forests in the Southeast 
Asian tropics, community-wide synchronous flowering 
events, called general flowering (GF), occur irregularly at 
intervals of several years (Appanah, 1985; Ashton et al., 1988; 
Sakai, 2002) and last from a few weeks to a few months 
(Ashton et al., 1988; Sakai, 2002). Most Dipterocarpaceae 
and many other canopy trees flower profusely during GF 
events and rarely flower between GF periods (Sakai et al., 
1999a). GF events strongly influence insect populations that 
depend on floral resources, e.g., pollinators and pollen and 
flower feeders (Appanah & Chan, 1981; Kato et al., 2000; 
Itioka et al., 2001). Understanding canopy arthropod structure 
in Southeast Asian forests requires an examination of the 
effects of GF events on arthropod communities.

Hemiptera is the most diverse exopterygote order, with 
almost 100,000 described species (Gullan & Cranston, 
2010), and is among the most abundant and species-rich 
canopy arthropod groups (Sutton & Hudson, 1980; Sutton et 
al., 1983; Stork, 1991; Moran et al., 1994; Guilbert, 1997). 
Hemipteran species include herbivores that feed on plant sap, 
predators, scavengers, necrophages, and a few hematophages 

(Hodkinson & Casson, 1991; Gullan & Cranston, 2010). 
In a Bornean rainforest, Itioka et al. (2003) showed that 
the abundance of the light-attracted Hemiptera assemblage 
increased during GF periods. This led us to hypothesize 
that GF events strongly affect the structure of hemipteran 
assemblages in the Bornean rainforest. However, no study 
has examined whether the increases in the abundances of 
some anthophilous hemipterans contribute to the increase 
in the overall species abundance, and whether the species 
composition of the hemipteran assemblage changes between 
non-GF and GF periods. In addition, the interactions between 
canopy plants and hemipteran species have never been 
investigated in detail in the Southeast Asian rainforest. In 
this study, we characterise patterns of variation in hemipteran 
assemblages using a canopy crane in a Bornean rain forest.

MATERIAL AND METHODS

Study site. The study was conducted in the Crane Plot 
(CP) (4 ha, 200 × 200 m) in Lambir Hills National Park, 
Sarawak, Malaysia (4°20’N, 113°50’E; 150–200 m asl; 
Yumoto & Nakashizuka, 2005). The park covers ca. 6,949 
ha (Yumoto & Nakashizuka, 2005). The mean annual 
temperature is ca. 27°C (Kumagai et al., 2009), and the 
monthly temperature varies less than 2°C (Harrison, 2005). 
The mean annual rainfall in the park for the period 2000–2006 
was approximately 2,600 mm (Kumagai et al., 2009). The 
drier months are from February through September and 
the wetter months are from October to January (Kumagai 
et al., 2009). During 2000–2006 periods, however, March 
and January were not always the driest and wettest periods, 
respectively (Kumagai et al., 2009). In the CP, for long-term 
monitoring, all trees over 10 cm in diameter at breast height 
(DBH, 1.3 m above the ground) were tagged and identified 
to species based on vegetative samples (Nakagawa et al., 
2013). There were 2,365 trees belonging to 404 species in 
the CP (M. Nakagawa, unpubl. data). Dipterocarpaceae is 
the most abundant plant family, followed by Burseraceae 
and Euphorbiaceae (M. Nakagawa, unpubl. data). The CP 
contains an 85-m canopy crane with a jib length of 75 m 
(Sakai et al., 2002), which allows three-dimensional access 
to the tree crowns of about 200 trees of at least 70 species 
within 1.77 ha using a gondola attached to the jib on the 
crane. From the gondola, we determined the name of each 
tree using the number plates attached to the crowns that 
corresponded to the trees tagged and identified by ground-
based monitoring. When the number plates were lost, we 
checked the location information of each tree crown visible in 
the operating room on the top of the crane and then checked 
the tags of the tree on the ground.

Sample collection. We sampled arthropods on the surface of 
tree crowns, where twigs and leaves are the main components, 
for 4–9 days during six time periods: September 2009 (9 
days), February 2010 (7 days), April 2010 (4 days), August 
2010 (5 days), September 2010 (4 days) and February 2011 
(4 days). During each sampling period, we targeted 151–184 
trees (Table 1) with a height range of 19.7–58.9 m. Weather 
conditions in the canopy, particularly rain and winds, often 
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changed the numbers of trees that we accessed each sampling 
day; in adverse conditions, we were unable to access some 
of the target trees.

Arthropods were sampled from each target tree by sweeping 
10 times from several clumps of leaves and twigs with a 
net (60 cm diameter, 100 cm depth) from the gondola of 
the crane. Each tree crown was spatially isolated from other 
crowns. The sampled arthropods were put into plastic bags, 
brought to the laboratory, kept in the freezer and then sorted 
to taxonomic order.

Sorting and identification. Of the arthropods collected over 
six sampling periods, Hemiptera adults and nymphs were 
the second most abundant group (ca. 23%), surpassed only 
by Araneae (K. Kishimoto-Yamada, unpubl. data). Tadashi 
Ishikawa sorted hemipteran samples to morphospecies. 
Nymphs were identified only to the superfamily or family 
level, because diagnostic characteristics are poorly developed 
in nymphs. Voucher specimens were deposited at the Forest 
Research Centre of Sarawak in Kuching, Malaysia, and in 
the Kyoto University Museum, Japan.

Feeding types. We determined the feeding type for each of 
the abundant species based on information on feeding guilds 
for other species in the family, according to Hodkinson & 
Casson (1991). For herbivores, species were classified as 
phloem, xylem or leaf juice feeders, following Novotny 
et al. (2010). Some groups of hemipterans, particularly 
those in the family Miridae, have more than one feeding 
guild. For example, some Campylomma spp. feed on small 
arthropods, such as mites, aphids and thrips, along with 
plant material (e.g., Hirose et al., 1993; Reding et al., 2001). 
Termatophylum spp. also prey on small arthropods such as 
thrips (Nakatani, 1997). The majority of Zanchius spp. are 
associated with plants, but have some predaceous behaviours 
(Yasunaga, 1999). Therefore, we regarded all species with 
some predaceous feeding as belonging to opportunistic 
predator guilds.

Tree phenology. We roughly assessed the phenological 
condition of target trees during each sampling event (Fig. 
1). Based on characteristics observed at the sampling site, 
trees were placed into the following categories: 1) mature, 
immature leaves and other reproductive organs absent; 2) 
immature, at least a few immature leaves present and no 
evidence of reproductive organs; 3) bud, at least one bud 
visible; 4) flower, at least one flower visible; 5) seed, at 
least one seed visible. At the regional scale, the GF period 
was defined as the time when more than 6% of canopy trees 
(ca. 500) in the 8 ha plot within the park were flowering. In 
this study, GF occurred between April and November 2009 
(S. Sakai, unpubl. data). During that time, the proportion of 
trees with buds, flowers or seeds was higher than in other 
periods (Fig. 1).

Data analyses. To estimate the completeness of sampling in 
each sampling period, we calculated species accumulation 
curves for adult hemipteran assemblages, based on individuals 

collected from all trees sampled at each sampling event, 
using EstimateS ver. 9.10 (Colwell, 2013).

We evaluated patterns of temporal fluctuation in the number 
of species and individuals of hemipteran adults, and the 
number of nymphs on each target tree during the six study 
periods. The total numbers of species and individuals on each 
target tree in each study period were log-transformed using 
log(x + 0.5) as per Yamamura (1999). The homogeneity of 
variance was unequal for all combinations (Bartlett tests, p 
< 0.01 for the individual numbers of adults and nymphs, 
p=0.016 for the number of adult species), so we performed 
a Kruskal–Wallis rank sum test with Nemenyi post hoc 
tests in the PMCMR package ver. 1.0 (Pohlert, 2015) of R 
statistical software ver. 3.1.2 (R Core Team, 2014).

In addition, to evaluate the similarity in the species 
composition of hemipteran adults among the study periods, 
we generated a two-dimensional ordination of the matrix 
using nonmetric multidimensional scaling (NMDS) in 
the vegan package ver. 2.2-1 of R (Oksanen, 2013). For 
this analysis, to equal sampling effort, we used adult data 
collected from 130 trees over the six study periods. We used 
the Sørensen similarity index based on presence/absence data 
for all species and the Bray–Curtis dissimilarity index based 
on abundance data for abundant species (≥ 10 individuals 
in 780 tree collections: 130 trees × 6 periods).

To evaluate the effects of GF and tree family on species-
level abundance and occurrence, we constructed a zero-
inflated Poisson model (see Martin et al., 2005), which is 
appropriate for modelling count data with many zero values, 
using data from the 33 abundant species (those with ≥ 10 
individuals in 995 tree collections during the six sampling 
periods). This modelling method can analyse count data as 
a mixture of a Poisson component (model abundance) and a 
logistic compornent (model occurrence). In our analysis, we 
tested whether the GF event (September 2009) or non-GF 
periods (all others) determined the abundance (the number 
of insects observed) of species (i.e., the Poisson part) and 

Fig. 1. Proportions of target canopy tree individuals with mature 
leaves, immature leaves, buds, flowers or seeds (see text for 
definitions). Numbers above bars represent the number of target 
trees during each sampling period.
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Table 1. List of tree species and the number of tree individuals that we assessed in each sampling period.				  
			 

Family Species 2009 2010 2011
Sep Feb Apr Aug Sep Feb

Cornaceae Mastixia sp. 1 1 1 1 1 1

Ebenaceae Diospyros areolata 1 1 1 1 1 1
Diospyros dictyoneura 2 1 2 2 2 2
Diospyros simaloerensis 0 1 0 0 1 1

Sapotaceae Madhuca crassipes 2 2 3 3 3 3
Madhuca sessilis 2 2 2 2 2 2
Palaquium sp. 1 1 1 1 1 2
Payena endertii 0 1 1 1 1 1
Pouteria malaccensis 2 2 2 2 2 2

Fabaceae Dialium indum 0 0 1 1 1 1
Dialium platysepalum 0 0 0 0 0 1
Koompassia malaccensis 3 4 4 4 4 5
Sindora coriacea 1 1 1 1 1 1

Fagaceae Lithocarpus luteus 1 1 1 1 1 1

Gentianaceae Fagraea caudata 1 1 1 1 1 1

Rubiaceae Mussaendopsis beccariana 1 1 1 1 1 1

Lamiaceae Teijsmanniodendron simplicifolium 2 2 2 2 2 2

Lauraceae Endiandra sp. aff. srobiculata 1 1 1 1 1 1

Annonaceae Mezzettia macrocarpa 1 1 1 1 1 1

Myristicaceae Gymnacranthera bancana 4 4 4 4 4 4
Myristica gigantea 1 1 1 1 1 1
Myristica smythiesii 0 0 0 0 0 1

Magnoliaceae Magnolia ashtonii 2 1 2 2 2 2

Achariaceae Hydnocarpus castanea 1 1 0 1 1 1

Calophyllaceae Calophyllum sp. aff soulattri 1 1 1 1 1 1

Clusiaceae Garcinia parvifolia 1 1 1 1 1 1

Euphorbiaceae Blumeodendron calophyllum 1 0 0 0 1 1
Endospermum diadenum 2 2 3 3 2 3
Ptychopyxis glochidiifolia 1 0 1 1 1 1

Ixonanthaceae Allantospermum borneense 5 4 4 5 5 5

Ctenolophonaceae Ctenolophon parvifolius 1 1 1 1 1 1

Dipterocarpaceae Dipterocarpus globosus 5 5 5 5 5 6
Dipterocarpus stellatus 1 1 1 1 1 2
Dryobalanops aromatica 7 7 7 7 9 8
Shorea acuta 9 9 9 9 9 9
Shorea beccariana 17 19 18 18 18 21
Shorea bullata 2 2 2 2 2 2
Shorea crassa 6 6 6 6 6 6
Shorea curtisii 2 1 2 2 2 2
Shorea exelliptica 2 2 2 2 2 2
Shorea fallax 3 3 3 3 3 3
Shorea kunstleri 7 6 7 7 7 7
Shorea laxa 2 2 2 2 2 2
Shorea ochracea 1 1 1 1 1 1
Shorea quadrinervis 1 1 1 1 1 1
Shorea sp. cf. ovata 1 1 1 1 1 1
Vatica micrantha 1 1 1 1 1 1
Vatica oblongifolia 1 1 1 1 1 1
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Family Species 2009 2010 2011
Sep Feb Apr Aug Sep Feb

Malvaceae Durio lanceolatus 1 1 1 1 1 1
Durio sp. 1 1 1 1 1 1
Pentace adenophora 0 1 1 1 1 1
Pentace borneensis 2 2 2 2 2 2
Scaphium macropodum 2 1 1 2 2 3

Myrtaceae Eugenia megalophylla 0 1 1 0 1 1
Eugenia ochneocarpa 1 1 1 1 1 1
Eugenia sp. 2 2 2 2 2 2

Cannabaceae Gironniera hirta 1 0 1 1 1 1

Moraceae Artocarpus anisophyllus 4 3 4 4 5 4
Artocarpus obtusus 1 1 1 1 1 1
Parartocarpus venosus 0 1 1 1 1 1

Anacardiaceae Parishia sericea 0 1 1 0 1 1
Swintonia acuta 10 6 9 10 10 10
Swintonia foxworthyi 5 6 6 7 6 7
Swintonia sp. 3 3 3 3 4 5

Burseraceae Canarium apertum 1 1 1 1 1 1
Dacryodes incurvata 1 1 1 1 1 1
Dacryodes sp. 1 0 1 1 1 1
Santiria grandiflora 1 1 1 1 1 1
Santiria griffithii 2 2 2 2 3 3
Santiria laevigata 2 3 3 3 2 3
Santiria mollis 5 4 5 5 5 4
Santiria sp. 1 0 0 1 1 1

Total numbers of the studied tree individuals 157 151 163 167 173 184

if tree families determined the occurrence (presence or 
absence) (i.e., the logistic part) of each of the abundant 
species. Bayesian inference with Markov chain Monte Carlo 
(MCMC) simulations was used to estimate the parameters. 
We performed three chains of 10,000 steps each and sampled 
at 20-step intervals after a 5000-step burn-in. The priors 
for fixed-effect parameters were non-informative Gaussian 
distributions with mean 0 and variance 100. If the 95% 
credible interval (CI) of an explanatory variable did not 
include 0, we considered the variable significant. We used 
JAGS ver. 3.4.0 (Plummer, 2013) in the R ver. 3.0.2 (R Core 
Team, 2013) package R2jags ver. 0.03-11 (Su & Yajima, 
2013) for calculations.

RESULTS

Hemipteran assemblage structures in the forest canopy. 
In total, we collected 1,172 hemipteran adults of 248 species 
and 431 nymphs. Cicadellidae was the most abundant adult 
in terms of both species and individual numbers, followed 
by Miridae (Table 2). Of adults, 42% were singletons 
(106 species). Although species accumulation curves for 
hemipteran adults did not reach an asymptote for any of the 
study periods, the total species number observed in September 
2009 was higher than in the other periods (Fig. 2).

Fig. 2. Species accumulation curves (Sobs, Mao Tau) for adult 
hemipteran species during each sampling period. The curves are 
the result 50 randomisations.
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Fig. 3. Log-transformed numbers of (a) adult species, (b) adult 
individuals and (c) nymphs during each sampling period. Different 
letters indicate significant differences in abundance (Kruskal–Wallis 
with post hoc tests, p < 0.01). Box plots indicate the range of the 
data within the ends of the whiskers; the middle two quartiles 
are within the box; and the median value is indicated by the bold 
line. The end of the whisker indicates Q3 + 1.5×(Q3  – Q1) and 
the outliner is above it.



478

Kishimoto-Yamada et al.: Canopy foraging Hemipteran assemblage
Ta

bl
e 

3.
 S

um
m

ar
y 

of
 z

er
o-

in
fla

te
d 

Po
is

so
n 

m
ix

tu
re

 m
od

el
s 

fo
r 

th
e 

ef
fe

ct
s 

of
 G

F 
an

d 
tre

e 
fa

m
ily

 o
n 

th
e 

ab
un

da
nc

e 
of

 3
3 

ab
un

da
nt

 h
em

ip
te

ra
n 

sp
ec

ie
s. 

						








	 Sp
ec

ie
s

Fe
ed

in
g 

T
yp

e
G

F 
co

ef
s.

T
re

e 
Fa

m
ily

 (R
ef

. A
ch

ar
ia

ce
ae

)

C
or

E
be

Sa
p

Fa
b

Fa
g

G
en

R
ub

La
m

L
au

A
nn

M
yi

M
ag

C
al

C
lu

E
up

Ix
o

C
te

D
ip

M
al

M
yr

C
an

M
or

A
na

B
ur

Ps
yl

lo
id

ea
 s

p.
4

Ph
lo

em

Ps
yl

lo
id

ea
 s

p.
5

Ph
lo

em
+

Ps
yl

lo
id

ea
 s

p.
10

Ph
lo

em

Id
io

ce
rin

ae
 s

p.
1

X
yl

em
+

M
ac

ro
ps

in
ae

 s
p.

1
X

yl
em

+

M
ac

ro
ps

in
ae

 s
p.

3
X

yl
em

+

Ty
ph

lo
cy

bi
na

e 
sp

.1
Le

af

Ty
ph

lo
cy

bi
na

e 
sp

.2
Le

af
+

Ty
ph

lo
cy

bi
na

e 
sp

.3
Le

af

Ty
ph

lo
cy

bi
na

e 
sp

.4
Le

af

Ty
ph

lo
cy

bi
na

e 
sp

.6
Le

af

Ty
ph

lo
cy

bi
na

e 
sp

.7
Le

af

Ty
ph

lo
cy

bi
na

e 
sp

.1
1

Le
af

Ty
ph

lo
cy

bi
na

e 
sp

.1
3

Le
af

Ty
ph

lo
cy

bi
na

e 
sp

.2
1

Le
af

−

A
ch

ili
da

e 
sp

.1
Ph

lo
em

A
ch

ili
da

e 
sp

.2
Ph

lo
em

D
er

bi
da

e 
sp

.8
Ph

lo
em

−

Fl
at

id
ae

 s
p.

4
Ph

lo
em

 

Is
si

da
e 

sp
.2

Ph
lo

em

Is
si

da
e 

sp
.6

Ph
lo

em
+

M
ee

no
pl

id
ae

 s
p.

1
Ph

lo
em

C
am

py
lo

m
m

a 
sp

.1
O

P
+

Te
rm

at
op

hy
lu

m
 s

p.
1

O
P

+

Te
rm

at
op

hy
lu

m
 s

p.
2

O
P

+



479

RAFFLES BULLETIN OF ZOOLOGY 2015

Temporal patterns in assemblages. Significantly more 
species and individuals of adults were collected in September 
2009, during the GF event, than in any other study period 
(Fig. 3a, b; Kruskal–Wallis with post hoc tests, p < 0.01). 
For the nymphs, the individual numbers caught in September 
2009 were significantly higher than those in February 2010 
(Fig. 3c; Kruskal–Wallis with post hoc tests, p < 0.01).

In the NMDS ordination of adult assemblages based on 
presence/absence data, each study period group was located 
separately (Fig. 4a), suggesting that species compositions 
differed among study periods. In the NMDS plot of adult 
assemblages based on abundance data, groups collected in 
the latter part of the study (August 2010, September 2010, 
February 2011) clustered closely together, while groups 
collected in the earlier part of the study (September 2009, 
February 2010, April 2010) were distinct (Fig. 4b), suggesting 
that species compositions of abundant species varied in the 
earlier study periods but became more similar during the 
later sampling periods.

Effects of GF and tree families on abundant species. Our 
models showed significantly higher abundances of insects 
during the GF period than during the non-GF periods for nine 
of the 33 abundant species (Table 3). Of the nine species, 
Psylloidea sp. 5, Termatophylum sp. 1, and Termatophylum 
sp. 2 were caught only in the GF event. For the other six 
species, most individuals were caught on canopy trees with 
immature and/or mature leaves during the non-GF periods. 
Six of these nine species were herbivores, including phloem, 
xylem and leaf suckers, and three were opportunistic predators 
(Table 3).

Five species (Psylloidea sp. 4, Achilidae sp. 2, Tingidae sp. 
7, Plataspidae sp. 2, and Plataspidae sp. 3) were collected 
only from a single tree family and included phloem and 
leaf suckers (Table 3).Other species showed non-significant 
occurrences on one particular tree family, and these species 
often occurred on more than two tree families (Table 3). 
This tendency was found among phloem, xylem and leaf 
suckers (Table 3).

DISCUSSION

This study investigated 184 canopy trees from 25 different 
families, using a canopy crane in a Bornean rain forest. 
Few studies have targeted such numerous and diverse 
canopy trees to sample the canopy arthropods. In addition, 
we repeatedly sampled arthropods in the canopy and our 
study encompassed a significant flowering event of many 
canopy tree species. However, despite our large sampling 
effort involving numerous target trees and the flowering 
period, the proportion of singletons was high. This tendency 
is often observed for insect groups in tropical forests (e.g., 
Allison et al., 1997; Basset, 1997; Novotny & Basset, 2000). 
The high proportion of the singletons may be attributable 
to ecological traits such as diffusion and association with 
specific plants (Novotny & Basset, 2000) or may be due to 
insufficient sampling (Coddington et al., 2009). Our study 
primarily surveyed the hemipteran assemblage foraging on Sp
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the surface of the canopy tree crowns. Further investigations 
of arthropods foraging in the interior of crowns may be 
required to enhance our knowledge regarding the structure 
of hemipteran assemblages in tropical forest canopies.

Our canopy crane approach revealed patterns of temporal 
fluctuation in adult hemipteran assemblages. In particular, 
GF events caused dynamic changes in adult species diversity 
and species composition. Our study showed relatively high 
proportions of flowers, buds and seeds during the GF event 
compared to non-GF periods. Phytophagous hemipteran 
species feed on a wide variety of plant parts and many prefer 
flowers, buds and seeds (Schuh & Slater, 1995). Therefore, 
these resources seem to be valuable for canopy-foraging 
phytophagous hemipteran adults at our study site.

GF events may also increase the diversity of opportunistic 
predatory hemipterans. Campylomma and Termatophylum, 
which prey on small arthropods such as thrips (Hirose et 
al., 1993; Nakatani, 1997; Reding et al., 2001), increased 
markedly in abundance during the GF event. Moreover, 

two Termatophylum species did not appear during non-GF 
periods. We observed that the number of thrips during the 
GF event was roughly 350 times higher than during non-GF 
events (K. Kishimoto-Yamada et al., unpubl. data). Such a 
dramatic increase of thrips and possibly other arthropods may 
attract these hemipteran species, resulting in the high density 
observed in this study. Moreover, it is possible that the high 
density is caused by the increase in plant materials, such as 
flowers, buds, and seeds available during GF events since they 
have more than one feeding guild. Detailed investigations are 
required to determine what resources that directly influence 
the abundance of these opportunistic predators.

As GF events occur at supra-annual and irregular intervals 
(Appanah, 1985; Ashton et al., 1988; Sakai et al., 1999a; 
Sakai, 2002), it is not clear how hemipteran adults that rely 
on plant or animal materials that increase during GF events 
survive during non-GF periods. Three possible strategies have 
been demonstrated empirically: (1) immigration; (2) short-
term reproduction; and (3) resource switching between GF 
and non-GF periods. For example, Apis dorsata, which are 
pollinators of various canopy trees during GF events (Momose 
et al., 1998) immigrate to forests where GFs occur (Itioka et 
al., 2001). Pollinator thrips tend to reproduce rapidly during 
GF periods, while they maintain their populations at low 
levels on the forest floor during non-GF periods (Appanah 
& Chan, 1981; Ashton et al., 1988). Canopy-foraging 
chrysomelid beetles, which are presumed to be pollinators 
of canopy trees during GF periods (Sakai et al., 1999b), tend 
to switch their food resources from young leaves to flowers 
(Kishimoto-Yamada & Itioka, 2008). Any of these strategies 
allow the survival of canopy foraging hemipteran populations 
through GF and non-GF periods. Alternatively, hemipterans 
may concentrate on the inner or lower parts of tree crowns 
during non-GF periods, and move into the upper canopy layer 
during GF periods to seek temporary high-quality resources, 
such as seeds, buds, and flowers. Currently, insufficient 
information is available on the ecological traits of canopy-
foraging hemipterans to determine which hypothesis is the 
most likely. Further studies should focus on the life-history 
strategies of canopy-foraging hemipterans.

The result of the NMDS ordination plots for the abundant 
species showed that species compositions were similar among 
three study periods: August 2010, September 2010 and 
February 2011. This high similarity seems to be due to the 
short interval between August and September. In addition, 
the high occurrence of young leaves may determine species 
composition, which has been shown to be an important factor 
in determining herbivore communities in tropical forest 
canopies (Basset, 1991; Kishimoto-Yamada & Itioka, 2008).

For the abundant hemipteran species, herbivores that 
specialise on certain tree families appear to be rare in the 
Bornean rain forest canopy. A study in Papua New Guinea 
(PNG) rainforests clearly demonstrated that specialisation on 
certain plant families was rare for phloem- and xylem-sucking 
insects (Novotny et al., 2010). This study also confirmed 
that most phloem and xylem suckers occurred on more 
than one plant family. For leaf-sucking species, however, 

Fig. 4. NMDS ordination plots for (a) all species based on the 
Sørensen similarity index and (b) abundant species based on the 
Bray–Curtis dissimilarity index. White circle indicates the GF 
period and black circle indicates the non-GF period.
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our result showed that only 3 of the 16 leaf-sucking species 
appeared on a single tree family and the tendency seems to 
differ from their result: all of the leaf-sucking species in the 
PNG rain forest specialised on a single family (Novotny 
et al., 2010). Our study did not exclude possible tourist 
species, which accidentally occur on trees without having 
an ecological relationship with the species. Consequently, 
further investigations including rearing and feeding trials on 
host plants of canopy foraging hemipteran adults are needed 
to clarify the degree of specialisation.

This study highlights the usefulness of canopy cranes for 
characterising assemblages of canopy arthropods, as has 
been shown previously (Ødegaard, 2000, 2004, 2006; 
Basset, 2001b; Kitching et al., 2007; Wardhaugh et al., 2012; 
Wardhaugh, 2014; Katayama et al., 2015). Recently, research 
productivity using canopy cranes has decreased (Novotny & 
Miller, 2014). Studies on arthropod communities in tropical 
forest canopies are essential to better understand terrestrial 
arthropod diversity. As Novotny & Miller (2014) argued 
in their review, coordinated studies among permanent plots 
equipped with canopy cranes will enhance our knowledge 
of canopy arthropod diversity.

ACKNOWLEDGEMENTS

Our study was conducted in accordance with the 
Memorandums of Understanding signed between the Sarawak 
Forestry Corporation (SFC, Kuching, Malaysia) and the 
Japan Research Consortium for Tropical Forests in Sarawak 
(JRCTS, Sendai, Japan) in November 2005, and between 
the Sarawak Forest Department (SFD, Kuching, Malaysia) 
and JRCTS in December 2012. We are grateful to Joseph 
Kendawang, Mohad. Shahbudin Sabki, Engkamat Anak 
Lading, and Mohamad bin Kohdi of SFD and to Lucy Chong 
and Het Kaliang of SFC for help in obtaining permission to 
conduct this study. We thank Tohru Nakashizuka (Tohoku 
University, Japan) for his support of our field study. Sakai 
Shoko (Kyoto University, Japan) and Michiko Nakagawa 
(Nagoya University, Japan) kindly provided unpublished 
data. The manuscript benefited from the helpful comments 
of the two referees, Carl Wardhaugh and Edgar Turner. This 
study was financially supported by the Research Institute for 
Humanity and Nature (Project number D-04) and Grants-in-
Aid (no. 17405006 to T. I. and no. 22770026 to K. K-Y.) 
from the Japanese Ministry of Education, Science and Culture.

LITERATURE CITED

Adis J, PaarmannW, Da Fonseca CRV & Rafael JA (1997) 
Knockdown efficiency of natural pyrethrum and survival rate 
of living arthropods obtained by canopy fogging in central 
Amazonia. In: Stork NE, Adis J & Didham RK (eds.) Canopy 
Arthropods. Chapman & Hall, London. Pp. 67–81.

Allison A, Samuelson GA & Miller SE (1997) Patterns of beetle 
species diversity in Castanopsis acuminatissima (Fagaceae) 
trees studied with canopy fogging in mid-montane New Guinea 
rainforest. In: Stork NE, Adis J & Didham RK (eds.) Canopy 
Arthropods. Chapman & Hall, London. Pp. 224–236. 

Appanah S & Chan HT (1981) Thrips: the pollinators of some 
dipterocarps. Malaysian Forester, 44: 234–252.

Appanah S (1985) General flowering in the climax rain forests 
of South-east Asia. Journal of Tropical Ecology, 1: 225–240.

Ashton PS, Givnish TJ & Appanah S (1988) Staggered flowering 
in the Dipterocarpaceae–new insights into floral induction and 
the evolution of mast fruiting in the aseasonal tropics. American 
Naturalist, 132: 44–66.

Barone JA (1998) Host-specificity of folivorous insects in a moist 
tropical forest. Journal of Animal Ecology, 67: 400–409.

Basset Y (1991) Leaf production of an overstory rain-forest tree 
and its effects on the temporal distribution of associated insect 
herbivores. Oecologia, 88: 211–219.

Basset Y (1997) Species abundance and body size relationships 
in insect herbivores associated with New Guinea forest trees, 
with particular reference to insect host-specificity. In: Stork NE, 
Adis J & Didham RK (eds.) Canopy Arthropods. Chapman & 
Hall, London. Pp. 237–264.

Basset Y, Springate ND, Aberlenc HP & Delvare G (1997) A 
review of methods for sampling arthropods in tree canopies. 
In: Stork NE, Adis J & Didham RK (eds.) Canopy Arthropods. 
Chapman & Hall, London. Pp. 27–52. 

Basset Y (2001a) Invertebrates in the canopy of tropical rain forests 
– How much do we really know? Plant Ecology, 153: 87–107.

Basset Y (2001b) Communities of insect herbivores foraging on 
saplings versus mature trees of Pourouma bicolor (Cecropiaceae) 
in Panama. Oecologia, 129: 253–260.

Basset Y, Horlyck V & Wright SJ (2003) Studying Forest Canopies 
from Above: The International Canopy Crane Network.  Panama 
and the United Nations Environmental Programme, Smithsonian 
Tropical Research Institute, Panama, 196 pp.

Coddington JA, Agnarsson I, Miller JA, Kuntner M & Hormiga G 
(2009) Undersampling bias: the null hypothesis for singleton 
species in tropical arthropod surveys. Journal of Animal 
Ecology, 78: 573–584.

Colwell RK (2013) EstimateS: Statistical estimation of species 
richness and shared species from samples. Version 9. User’s 
Guide and application. http://purl.oclc.org/estimates (Accessed 
26 February 2015).

Davies JG, Stork NE, Bredell MJD & Hine SJ (1997). Beetle species 
diversity and faunal similarity in Venezuelan rainforest tree 
canopies. In: Stork NE, Adis J & Didham RK (eds.) Canopy 
Arthropods. Chapman & Hall, London. Pp. 85–103.

Dial RJ, Ellwood MDF, Turner EC & Foster WA (2006) Arthropod 
abundance, canopy structure, and microclimate in a Bornean 
lowland tropical rain forest. Biotropica, 38: 643–652.

Erwin TL (1982) Tropical forests: their richness in Coleoptera and 
other arthropod species. The Coleopterists Bulletin, 36: 74–75.

Erwin TL (1995) Measuring arthropod biodiversity in the tropical 
forest canopy. In: Lowman MD & Nadkarni NM (eds.) Forest 
Canopies. Academic Press, California. Pp. 109–127.

Floren A & Linsenmair KE (1997) Diversity and recolonization 
dynamics of selected arthropod groups on different tree species 
in a lowland rainforest in Sabah, Malaysia with special reference 
to Formicidae. In: Stork NE, Adis J & Didham RK (eds.) 
Canopy Arthropods. Chapman & Hall, London. Pp. 344–381. 

Guilbert E (1997). Arthropod biodiversity in the canopy of New 
Caledonian forests. In: Stork NE, Adis J & Didham RK (eds.) 
Canopy Arthropods. Chapman & Hall, London. Pp. 265–277.

Gullan PJ & Cranston PS (2010) The Insects: An Outline of 
Entomology. Forth Edition. Wiley-Blackwell, West Sussex, 
pp. 482–484.

Harrison RD (2005) A severe drought in Lambir Hills National 
Park. In: Roubik D, Sakai S & Hamid AA (eds.) Pollination 
Ecology and the Rain Forest Sarawak Studies Series: Ecological 
Studies. Springer Science + Business Media, Inc., New York. 
Pp. 51–64.



482

Kishimoto-Yamada et al.: Canopy foraging Hemipteran assemblage

Hirose Y, Kajita H, Takagi M, Okajima S, Napompeth B & 
Buranapanichpan S (1993) Natural enemies of Thrips palmi and 
their effectiveness in the native habitat, Thailand. Biological 
Control, 3: 1–5.

Hodkinson ID & Casson D (1991) A lesser predilection for bugs: 
Hemiptera (Insecta) diversity in tropical rain forests. Biological 
Journal of the Linnean Society, 43: 101–109.

Inoue T, Nakamura K, Salmah S & Abbas I (1993) Population-
dynamics of animals in unpredictably-changing tropical 
environments. Journal of Biosciences, 18: 425–455.

Itioka T, Inoue T, Kaliang H, Kato M, Nagamitsu T, Momose K, 
Sakai S, Yumoto T, Mohamad SU, Hamid AA & Yamane S 
(2001) Six-year population fluctuation of the giant honey bee 
Apis dorsata (Hymenoptera : Apidae) in a tropical lowland 
dipterocarp forest in Sarawak. Annals of the Entomological 
Society of America, 94: 545–549.

Itioka T, Kato M, Kaliang H, Merdek MB, Nagamitsu T, Sakai 
S, Mohamad SU, Yamane S, Hamid AA & Inoue T (2003) 
Insect responses to general flowering in Sarawak. In: Basset 
Y, Novotny V, Miller SE & Kitching RL (eds.) Arthropods of 
Tropical Forests: Spatio-temporal Dynamics and Resource Use 
in the Canopy. Cambridge University Press, UK. Pp. 126–134.

Katayama M, Kishimoto-Yamada K, Tanaka HO, Endo T, 
Hashimoto Y, Yamane S & Itioka T (2015) Negative correlation 
between ant and spider abundances in the canopy of a Bornean 
tropical rain forest. Biotropica, 47: 363–368.

Kato M, Itioka T, Sakai S, Momose K, Yamane S, Hamid AA 
& Inoue T (2000) Various population fluctuation patterns of 
light-attracted beetles in a tropical lowland dipterocarp forest 
in Sarawak. Population Ecology, 42: 97–104.

Kishimoto-Yamada K & Itioka T (2008) Survival of flower-visiting 
chrysomelids during non general-flowering periods in Bornean 
dipterocarp forests. Biotropica, 40: 600–606.

Kishimoto-Yamada K, Itioka T, Sakai S, Momose K, Nagamitsu T, 
Kaliang H, Meleng P, Chong L, Karim AAH, Yamane S, Kato 
M, Reid CAM, Nakashizuka T & Inoue T (2009) Population 
fluctuations of light-attracted chrysomelid beetles in relation to 
supra-annual environmental changes in a Bornean rainforest. 
Bulletin of Entomological Research, 99: 217–227.

Kishimoto-Yamada K, Kamiya K, Meleng P, Diway B, Kaliang H, 
Chong L, Itioka T, Sakai S & Ito M (2013) Wide host ranges 
of herbivorous beetles? Insights from DNA bar coding. PLoS 
One, 8: e74426.

Kitching RL, Boulter SL, Howlett BG & Goodall K (2007) Visitor 
assemblages at flowers in a tropical rainforest canopy. Austral 
Ecology, 32: 29–42.

Kumagai T, Yoshifuji N, Tanaka N, Suzuki M & Kume T (2009) 
Comparison of soil moisture dynamics between a tropical rain 
forest and a tropical seasonal forest in Southeast Asia: Impact of 
seasonal and year-to-year variations in rainfall. Water Resources 
Research, 45: W04413.

Martin TG, Wintle BA, Rhodes JR, Kuhnert PM, Field SA, Low-
Choy SJ, Tyre AJ & Possingham HP (2005) Zero tolerance 
ecology: improving ecological inference by modelling the 
source of zero observations. Ecology Letters, 8: 1235–1246.

Mawdsley NA & Stork NE (1997) Host-specificity and the effective 
specialization of tropical canopy beetles. In: Stork NE, Adis J 
& Didham RK (eds.) Canopy Arthropods. Chapman & Hall, 
London. Pp. 104–130.

Momose K, Yumoto T, Nagamitsu T, Kato M, Nagamasu H, 
Sakai S, Harrison RD, Itioka T, Hamid AA & Inoue T (1998) 
Pollination biology in a lowland dipterocarp forest in Sarawak, 
Malaysia. I. Characteristics of the plant-pollinator community 
in a lowland dipterocarp forest. American Journal of Botany, 
85: 1477–1501.

Moran VC, Hoffmann JH, Impson FAC & Jenkins JFG (1994) 
Herbivorous insect species in the tree canopy of a relict south-
African forest. Ecological Entomology, 19: 147–154.

Moran VC & Southwood TRE (1982) The guild composition of 
arthropod communities in trees. Journal of Animal Ecology, 
51: 289–306.

Nakagawa M, Momose K, Kishimoto-Yamada K, Kamoi T, Tanaka 
HO, Kaga M, Yamashita S, Itioka T, Nagamasu H, Sakai S & 
Nakashizuka T (2013) Tree community structure, dynamics, and 
diversity partitioning in a Bornean tropical forested landscape. 
Biodiversity and Conservation, 22: 127–140.

Nakatani Y (1997) A taxonomic study of the genus Termatophylum 
REUTER from Japan (Heteroptera, Miridae). Japanese Journal 
of Entomology, 65: 593–599.

Novotny V & Basset Y (2000) Rare species in communities of 
tropical insect herbivores: pondering the mystery of singletons. 
Oikos, 89: 564–572.

Novotny V, Miller SE, Baje L, Balagawi S, Basset Y, Cizek L, 
Craft KJ, Dem F, Drew RAI, Hulcr J, Leps J, Lewis OT, Pokon 
R, Stewart AJA, Samuelson GA & Weiblen GD (2010) Guild-
specific patterns of species richness and host specialization in 
plant-herbivore food webs from a tropical forest. Journal of 
Animal Ecology, 79: 1193–1203.

Novotny V, Miller SE, Hrcek J, Baje L, Basset Y, Lewis OT, 
Stewart AJA & Weiblen GD (2012) Insects on plants: explaining 
the paradox of low diversity within specialist herbivore guilds. 
American Naturalist, 179: 351–362.

Novotny V & Miller SE (2014) Mapping and understanding the 
diversity of insects in the tropics: Past achievements and future 
directions. Austral Entomology, 53: 259–267.

Ødegaard F (2000) The relative importance of trees versus lianas as 
hosts for phytophagous beetles (Coleoptera) in tropical forests. 
Journal of Biogeography, 27: 283–296.

Ødegaard F (2004) Species richness of phytophagous beetles in 
the tropical tree Brosimum utile (Moraceae): The effects of 
sampling strategy and the problem of tourists. Ecological 
Entomology, 29: 76–88.

Ødegaard F (2006) Host specificity, alpha- and beta-diversity 
of phytophagous beetles in two tropical forests in Panama. 
Biodiversity and Conservation, 15: 83–105.

Oksanen J (2013) Multivariate analysis of ecological communities 
in R: vegan tutorial. http://cc.oulu.fi/~jarioksa/opetus/metodi/
vegantutor.pdf (Accessed 26 February 2015).

Ozanne CMP, Anhuf D, Boulter SL, Keller M, Kitching RL, Körner 
C, Meinzer FC, Mitchell AW, Nakashizuka T, Dias PLS, Stork 
NE, Wright SJ & Yoshimura M (2003) Biodiversity meets 
the atmosphere: a global view of forest canopies. Science, 
301: 183–186.

Plummer M (2013) Just Another Gibbs Sampler (JAGS) Software. 
http://mcmc-jags.sourceforge.net/ (Accessed 3 March 2015).

Pohlert T (2015) Package ‘PMCMR’. http://cran.r-project.org/web/
packages/PMCMR/PMCMR.pdf (Accessed 27 February 2014).

R Core Team (2013) R: A language and environment for statistical 
computing. R Foundation for Statistical Computing, Vienna, 
Austria. http://www.R-project.org/ (Accessed 3 March 2015)

R Core Team (2014) R: A language and environment for statistical 
computing. R Foundation for Statistical Computing, Vienna, 
Austria. http://www.R-project.org/ (Accessed 27 February 2015)

Reding ME, Beers EH, Brunner JF & Dunley JE (2001) Influence 
of timing and prey availability on fruit damage to apple by 
Campylomma verbasci (Hemiptera: Miridae). Journal of 
Economic Entomology, 94: 33–38.

Sakai S, Momose K, Yumoto T, Nagamitsu T, Nagamasu H, Hamid 
AA & Nakashizuka T (1999a) Plant reproductive phenology 
over four years including an episode of general flowering in 
a lowland dipterocarp forest, Sarawak, Malaysia. American 
Journal of Botany, 86: 1741–1741.



483

RAFFLES BULLETIN OF ZOOLOGY 2015

Sakai S, Momose K, Yumoto T, Kato M & Inoue T (1999b) 
Beetle pollination of Shorea parvifolia (section Mutica, 
Dipterocarpaceae) in a general flowering period in Sarawak, 
Malaysia. American Journal of Botany, 86: 62–69.

Sakai S (2002) General flowering in lowland mixed dipterocarp 
forests of South-east Asia. Biological Journal of the Linnean 
Society, 75: 233–247.

Sakai S, Nakashizuka T, Ichie T, Nomura M & Chong L (2002) 
Lambir hills canopy crane, Malaysia. In: Mitchell AW, Secoy K 
& Jackson T (eds.) Global Canopy Handbook. Global Canopy 
Programme, Oxford. Pp. 77–79.

Schuh RT & Slater JA (1995) True Bugs of the World (Hemiptera: 
Heteroptera). Classification and Natural History. Cornell 
University Press, New York, 416 pp.

Stork NE (1987a) Guild structure of arthropods from Bornean 
rain-forest trees. Ecological Entomology, 12: 69–80.

Stork NE (1987b) Arthropod faunal similarity of Bornean rain-
forest trees. Ecological Entomology, 12: 219–226.

Stork NE (1991) The composition of the arthropod fauna of 
Bornean lowland rain forest trees. Journal of Tropical Ecology, 
7: 161–180.

Su Y-S & Yajima M (2013) R2jags: A package for running jags 
from R. http://CRAN.R-project.org/package=R2jags (Accessed 
3 March 2015).

Sutton SL & Hudson PJ (1980) Vertical-distribution of small flying 
insects in the lowland rain-forest of Zaire. Zoological Journal 
of the Linnean Society, 68: 111–123.

Sutton SL, Ash CPJ & Grundy A (1983) The vertical-distribution 
of flying insects in lowland rain-forests of Panama, Papua-
New-Guinea and Brunei. Zoological Journal of the Linnean 
Society, 78: 287–297.

Wagner T (1997) The beetle fauna of different tree species in 
forests of Rwanda and East Zaire. In: Stork NE, Adis J & 
Didham RK (eds.) Canopy Arthropods. Chapman & Hall, 
London. Pp. 169–183.

Wardhaugh CW, Edwards W & Stork NE (2012) Variation in beetle 
community structure across five microhabitats in Australian 
tropical rainforest trees. Insect Conservation and Diversity, 
6: 463–472.

Wardhaugh CW (2014) The spatial and temporal distributions 
of arthropods in forest canopies: uniting disparate patterns 
with hypotheses for specialisation. Biological Reviews, 89: 
1021–1041.

Wolda H (1978) Fluctuations in abundance of tropical insects. 
American Naturalist, 112: 1017–1045.

Wolda H (1983) Long-term stability of tropical insect populations. 
Researches on Population Ecology, 3: 112–126.

Wolda H (1992) Trends in abundance of tropical forest insects. 
Oecologia, 89: 47–52.

Yamamura K (1999) Transformation using (x+0.5) to stabilize the 
variance of populations. Researches on Population Ecology, 
41: 229–234.

Yasunaga T (1999) The plant bug tribe Orthotylini in Japan 
(Heteroptera: Miridae: Orthotylinae). Tijdschrift voor 
Entomologie, 142: 143–184.

Yumoto T & Nakashizuka T (2005) The canopy biology program 
in Sarawak: scope, methods, and merit. In: Roubik D, Sakai S 
& Hamid AA (eds.) Pollination Ecology and the Rain Forest 
Sarawak Studies Series: Ecological Studies. Springer Science 
+ Business Media, Inc., New York. Pp. 13–21.


