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Abstract

The study of insect-plant interactions such as flower visitors, pollina-
tors, and florivores, are important for understanding the natural world.
However, not all flower-visiting insects are equally well known, especially
in the biodiverse Southeast Asian region. One group is the orthopterans,
comprising of grasshoppers, crickets, and katydids. Natural history obser-
vations were made around Southeast Asia to document flower-visiting
orthopterans. Owing to the limited studies on the ecology of orthopter-
ans in Southeast Asia, we provide here the first documentation of flower-
visiting orthopterans from Southeast Asia and the most extensive one for
the Tropics. Based on 140 incidences of orthopteran visiting flowers, 41
orthopteran species have so far been recorded to visit 35 different plant
species, in mainly Singapore, Malaysia, part of Thailand, and Brunei
Darussalam. We conclude that orthopterans are indeed overlooked flower-
visitors in this region and warrant further investigation.
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Insects and plants make up a large proportion of the organis-
mal diversity on Earth. Interactions between plants and insects are
complex and can be intriguing (Novotny et al. 2006, Hu et al. 2008,
Lewinsohn and Roslin 2008, Novotny and Miller 2014). Research
on insect-plant interactions helps to shape our understanding of
ecology and coevolution (e.g. Crepet 1984, Grimaldi 1999, Novotny
et al. 2006, Novotny and Miller 2014), resource management (e.g.
Lundberg and Moberg 2003, Cardel and Koptur 2010, Hudewenz et
al. 2012), and conservation (e.g. Kearns et al. 1998, Bale et al. 2002,
Tscharntke and Brandl 2004). There are many aspects to insect—
plant interactions, such as pollination biology and herbivory (and

more specifically, folivory). Among the different functional groups
of flower-visiting insects, a less-studied group is the florivores (as
compared to pollinators) (Breadmore and Kirk 1998, McCall and
Irwin 2006). Florivory is defined as the feeding of floral parts, and
florivores can have direct and indirect effects on floral adaptions,
interspecific interactions, and community dynamics (e.g. Krupnick
and Weis 1999, Krupnick et al. 1999, Frame 2003, McCall and Irwin
2006). While we have estimates for flower pollinator-insect species
(Bawa et al. 1985, Ollerton et al. 2011) and for folivore-insect spe-
cies (@degaard 2000, Novotny et al. 2006, Dyer et al. 2007), we do
not have a good estimate of the number of insect species that feed
on flowers (Wardhaugh 2015).

Many insects visit flowers, and some primarily feed on flow-
ers (Rentz and Clyne 1983, Rentz 1993, Rentz 2010, Corlett 2016,
Kondo et al. 2016, Sing et al. 2016). These include members of
the Coleoptera, Blattodea, Hemiptera, and Orthoptera (Nagamitsu
and Inoue 1997, Wardhaugh 2015). The Orthoptera is an order of
insects commonly known as the grasshoppers, crickets, and katy-
dids. There are more than 27,000 species globally, and about 2,000
recorded species in biodiverse Southeast Asia (Myers et al. 2000,
Cigliano et al. 2017, Tan et al. 2017a). Owing to the diversity in
species and forms, orthopterans provide numerous ecosystem func-
tions, such as herbivory (including florivory) (Tan and Tan 2017,
Tan et al. 2017b), predation (Poo et al. 2016), and even pollination
(Hugel et al. 2010, Micheneau et al. 2010, Lord et al. 2013). None-
theless, few records of orthopterans visiting flowers have been pub-
lished (see e.g. Schuster 1974, Rentz and Clyne 1983, Micheneau et
al. 2010, Rentz 2010, Wardhaugh 2015, Krenn et al. 2016) and none
of these involve Southeast Asian orthopterans. This is not surpris-
ing since even studies on the taxonomy of orthopterans in South-
east Asia remain incomplete and fragmentary (Tan et al. 2017a).

Understanding the diversity of flower-visiting orthopterans
can have potential applications. As many Southeast Asian coun-
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tries still rely on agriculture as a main source of economic growth
(Rigg 1998), baseline information on flower-visitors may be use-
ful to managers to take notice of potential orthopteran pests in
the future (Jago 1998, Willemse 2001, Alford 2012). Nevertheless,
orthopterans may also potentially be pollinators of flowers they
visit (Micheneau et al. 2010), hence providing a valuable service to
plants. Without such documentation, it is not possible to assess the
risks presented by these potential pest species, as well as to conduct
further investigations into the beneficial roles of the flower-visiting
orthopterans.

Here, we surveyed seven localities around Southeast Asia and
made natural history observations of orthopterans visiting flowers.
We identified the orthopteran and plant species, whenever possible,
and provided notes and remarks on the behaviour and ecology. We
aim to provide the first report of flower-visiting orthopterans in this
region and provide baseline information for further investigation
into flower-visiting, florivory and pollination by orthopterans.

Material and methods

Field observations.—Natural history observations were carried out
between 2015-2017 mainly in seven surveyed sites around South-
east Asia (Fig. 1, Table 1). A few sporadic observations were also
made from four other locations in Southeast Asia by chance (Fig.
1). Opportunistic observations were made during both day and
night because many flower-visiting orthopterans are nocturnal,
while some are more active in the day. We considered an orthop-

teran a flower-visitor if it i) exhibited foraging or feeding behav-
iours and ii) carried pollen grains. This reduced overestimation
owing to orthopterans landing on flowers by chance. The orthop-
terans and flowers were identified in the field with the aid of guides
(e.g. Tan 2012a, 2012b, Tan and Kamaruddin 2014, Dawwrueng
et al. 2017), whenever possible. Otherwise, specimens were col-
lected for further identification. Whenever possible, photographs
were taken using a Canon EOS 500D digital SLR camera with a
compact-macro lens EF 100 mm 1:2.8 USM. The specimen’s life
stage and presence of pollen grains were noted, and the GPS coor-
dinates of the locality were recorded.

Analyses.—To visualise and summarise the respective orthopteran
species that visited a specific flower species, an interaction network
was constructed using the ‘plotweb’ function in bipartite package
(Dormann et al. 2008) in R software v.3.3.3 (R Core Team 2016).
The default method “cca” was used to minimise the number of
crossings between the orthopteran and plant levels.

Results

Observations.—We recorded 140 incidences of orthopterans vis-
iting flowers in five countries around Southeast Asia: Singapore
(82), Peninsular Malaysia (23), Thailand (27), Brunei Darussalam
(7), and Indonesia (1). While the sampling was distinctly higher
in Singapore, the species that were recorded are mostly Southeast
Asian species and can be found in most parts of Southeast Asia.
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Indonesia
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Fig. 1. Map of Southeast Asia with black squares indicating sampling locations between 2015-2017.
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Table 1. A list of localities and habitats surveyed between 2015-2017.

Sampling effort

No. Locality Habitat(s) Surveyed (in days)
1 Singapore Scrublands, gardens, herbaceous plots, lowland secondary forests >100
2 Bukit Larut, Perak, Peninsular Malaysia Gardens, lowland secondary forests, herbaceous plots, 12

lower montane forests
3 Bukit Fraser, Pahang, Peninsular Malaysia Gardens, lower montane forests 27
4 Ulu Gombak Fl?]d Studies Cer}tre, Selangor, Lowland secondary forests 4
Peninsular Malaysia
5 Pulau Tioman, Pahang, Peninsular Malaysia Gardens, lowland secondary forests 3
6 Sakaerat Biosphere Rese.rv ¢, Nakhon Ratchasima, Dry dipterocarp forest, dry evergreen forest, herbaceous plots 36
Thailand
7 Kuala Belalong Field Studies Centre, Temburong, Gardens, primary hill dipterocarp forests 21

Brunei Darussalam

Habitats with the largest number of observations include scrub-
lands (59), and evergreen dipterocarp forest and gardens (both
13). In total, 99 records were of Ensifera (crickets and katydids) in
contrast to 41 of Caelifera (grasshoppers). Fifty of the orthopteran
records were adults whereas 90 were nymphs.

Species richness.—Forty-one orthopteran species from six families
were recorded to visit flowers of 35 plant species from 15 fami-
lies (Fig. 2). The coverage of flower-visiting orthopteran lineages
in the orthopteran phylogeny was restricted to five main clades
among the 10 lineages (Song et al. 2015): (i) Grylloidea, (ii) Tet-
tigonioidea, (iii) Pyrgomorphoidea, (iv) Acridoidea, and (v) Sten-
opelmatoidea.

Network.—We found that most flower-visiting orthopterans visit
very few flower species (Fig. 2). Only Phaneroptera brevis (Serville,
1838) (13), Nisitrus vittatus (Haan, 1844) (8), Valanga nigricornis
(Burmeister, 1838) (6), Conocephalus species (5), Xenocatantops
humilis (Serville, 1838) (5), and Atractomorpha species (4) visited
more than three different flower species (Fig. 3). Most flower-visit-
ing orthopterans are also widely distributed species across South-
east Asia or parts of Southeast Asia (except Tremellia timah Goro-
chov and Tan, 2012 which is so far known only from Singapore).
Likewise, many flowers were visited by only a few orthopteran spe-
cies (Fig. 2). Ageratum conyzoides L. (7), Bidens pilosa L. (7), Praxelis
clematidea (Griseb.) (15), and Sphagneticola trilobata (L.) (6) (all
Asteraceae), and Lantana camara L. (Verbenaceae) (6) were among
the most widely visited flowers. Only 19% (26 observations) of
total observations had the respective orthopteran carrying some
pollen grains on its body.

Discussion

Orthopterans are only some of the many invertebrates that visit
flowers (Wardhaugh 2015). To our best understanding, we provide
here the first documentation of flower-visiting orthopterans from
Southeast Asia and the most extensive one from the tropical re-
gion. The last known report by Schuster (1974) listed merely seven
orthopteran species visiting six flowers from Peru and Panama
from two years of sampling which may also have underestimated
the diversity of flower-visiting orthopterans. Wardhaugh (2015)
suggested that orthopterans are rare flower-visitors but we showed
that there are more flower-visiting species than previously known.

There are two main types of orthopterans that visit flowers.
Firstly, some orthopterans are floriphilic, clearly preferring flow-

ers over other plant parts as their diet (Tan and Tan 2017). These
include species from the subfamily Phaneropterinae (katydids)
(Rentz 2010, Suetsugu and Tanaka 2014). Some of these katydids
even specialize on flowers (Rentz 2010, Hemp et al. 2013). These
floriphilic species also tend to feed more on the pollen and nectar
of the flowers (Rentz and Clyne 1983, Suetsugu and Tanaka 2014).
In Southeast Asia, P. brevis is a very common scrubland species
and has been observed frequently visiting the flowers of different
species. Juveniles of Phaneropterinae are also often encountered
visiting flowers along forest edges in different parts of Southeast
Asia (Fig. 4). Orthopterans from the subfamilies Zaprochilinae
and Phasmodinae are known as specialist flower-feeders (Rentz
1993) but they are endemic to Australia. Apart from a raspy cricket
from the Mascarene Islands acting as an obligate pollinator of an
orchid (Micheneau et al. 2010), we have not established any ob-
ligate specialist flower-visiting orthopterans from Southeast Asia
based on our sampling.

The second group of flower-visiting orthopterans are oppor-
tunistic polyphagous species. These polyphagous species are usu-
ally folivores (feeding on the foliage) but can be facultative flori-
vores when floral parts are available (Burgess 1991, Bernays and
Chapman 2007, Higginson et al. 2015). They were observed to
feed on the petals and/or petal-like analogues (e.g. ray florets of a
capitulum and flag calyx lobes). Examples of these species are V.
nigricornis (Fig. 3c) and X. humilis (Fig. 3e) which are also known
to be economic pests around Southeast Asia (Willemse 2001). By
feeding on flowers, these facultative florivores can obtain supple-
mentary nutrition (Held and Potter 2004, Merwin and Parrella
2014) since floral parts tend to (but not always) contain greater
concentrations of nitrogen and water while not being as tough as
leaves (e.g. Thompson 1983, Burgess 1991).

Nonetheless, there are also other interesting encounters of
flower-visiting orthopterans. These include a predatory katydid
from the subfamily Meconematinae feeding on flowers of Dillenia
suffruticosa (Griff. ex Hook.f. and Thomson) (Fig. 5a). It is unclear
exactly why a predatory katydid would visit flowers, but we sus-
pect that it is eating the pollen in the anthers of the smaller sta-
mens at the base of the whortl of larger stamens. This species may
be exploiting a cheap source of protein since adinandra belukar
(a species-poor, anthropogenic heath forest dominated by Adinan-
dra dumosa Jack [Sim et al. 1992]) tends to be more faunistically
depauperate because of the poorer soils in this forest type (Sim
etal. 1992, Chua et al. 2013, 2016).

We observed that non-native weeds in Southeast Asia are fre-
quently visited by many orthopterans. These weeds tend to flower
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(Ast) Praxelis clematidea \

(Ast) Ageratum houstonianum [ ]

(Ast) Coreopsis (?) sp ]

(Con) Ipomoea sp ==

(Fab) Mimosa sp
(Fab) Sesbania sesban
(Ast) Tithonia diversifolia?

(Ast) Youngia japonica

(Fab) Neptunia plena

(Ast) Sphagneticola trilobata

(Ast) Bidens pilosa

(Fab) Vigna reflexopilosa
(Ast) Ageratum conyzoides

(Rub) Mussaenda erythrophylla

(Con) Ipomoea cairica

(Ver) Lantana camara

(Mal) Hibiscus rosa-sinensis
(Mal) Malvaviscus cf. arboreus (?)
(Apo) Allamanda cathartica
(Rub) Gardenia jasminoides
(Orc) Vanilla aphylla

(Con) Ipomoea pes-caprae
(Vit) Leea indica

(Fab) Centrosema molle

(Cos) Costus lucanusianus
(Ast) Elephantopus tomentosus
(Acan) Asystasia gangetica

(Poa) Poaceae sp

(Dil) Dillenia suffruticosa [ |

(Apo) Tabernaemontana

(Mel) Melastoma malabathricum
(Ama) Crinum album

(Ast) Sonchus arvensis

(Fab) Acacia auriculiformis

(Rub) Ixora congesta

Fig. 2. The interaction web between flower-visiting orthopterans (right row) and flower species (left row) in Southeast Asia. The width
of the linkage represents the number of observations. Legends for orthopteran families: Acri = Acrididae; Grylla = Gryllacrididae;
Grylli = Gryllidae; Mogo = Mogoplistidae; Pyrg =Pyrgomorphidae; Tett = Tettigoniidae. Legends for flower families: Aca = Acanthaceae;
Ama = Amaryllidaceae; Apo = Apocynaceae; Ast = Asteraceae; Con = Convolvulaceae; Cos = Costaceae; Dil = Dilleniaceae; Fab = Fabaceae;
Mal = Malvaceae; Mel = Melastomataceae; Orc = Orchidaceae; Poa = Poaceae; Rub = Rubiaceae; Ver = Verbenaceae; Vit = Vitaceae.
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Ducetia melodica (Tett)
Catantopinae sp (Acri)
Diabolocatantops pinguis (Acri)
Dialarnaca sp (Grylla)
Letana rubescens (Tett)
Paraducetia cruciata (Tett)
Phaneroptera gracilis (Tett)
Phlaeoba antennata (Acri)
Phlaeoba infumata (Acri)
Velarifictorus bilobus (Grylli)
Ceracris cf fasciata (Acri)
Elimaea sp 1 (Tett)
Pseudomorphacris sp (Pyrg)
Acrida sp (Acri)

Chlorizeina cf unicolor (Pyrg)

Phaneroptera brevis (Tett)

Natula cf longipennis (Grylli)
Conocephalus melaenus (Tett)

Conocephalus sp (Tett)
Oxyinae sp (Acri)

Valanga nigricornis (Acri)

Xenocatantops humilis (Acri)

Ducetia malayana (Tett)
Svistella sp? (Grylli)
Phaneropterinae sp 2 (Tett)
Elimaeini sp 1 (Tett)
Elimaeini sp 2 (Tett)

Atractomorpha sp (Pyrg)

Nisitrus vittatus (Grylli)

Tagasta marginella (Pyrg)

Conocephalus maculatus (Tett)
Elimaea chloris (Tett)

Gryllinae sp (Grylli)
Phaneroperinae sp 1 (Tett)
Alloteratura sp (Tett)

Tremellia timah (Grylli)
Aphonoides (Grylli)

Elimaea carinata (Tett)
Elimaea sp 2 (Tett)
Holochlorini sp (Tett)

mmmm Ornebius rufonigrus (Mogo)
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Fig. 3. Examples of common flower-visiting orthopterans from Southeast Asia: A. Phaneroptera brevis feeding on the anthers of Tithonia diversifolia
in Bukit Larut, B. Nisitrus species feeding on the petals of Centrosema molle in Ulu Temburong, C. Valanga nigricornis feeding on a corolla lobe of
Hibiscus rosa-sinensis in Pulau Tioman, D. Conocephalus species feeding on the florets of Ageratum conyzoides, E. Xenocatantops humilis feeding on a
corolla lobe of Gardenia jasminoides in Singapore, and E Atractomorpha species on the corolla of Ipomoea pes-caprae in Pulau Tioman.

frequently and abundantly. In scrublands in Singapore, B. pilosa is a
prominent weed and is known to be an important food source for
many flower-visitors including the pollinator bees (Lok et al. 2010,
Tan et al. 2017b). In the more exposed patches of the dry deciduous
and evergreen dipterocarp forests in Sakaerat, many orthopterans
were found to feed on weedy P. clematidea (Fig. 6). These include
floriphilic katydids (e.g. Ducetia melodica Heller and Ingrisch, 2017,
Paraducetia cruciata (Brunner von Wattenwyl, 1891), and Letana

rubescens (Stdl, 1861)) and opportunistic species (e.g. Dialarnaca?
species and Velarifictorus (Pseudocoiblemmus) bilobus Tan et al., 2015).

Gardens, where different kinds of flowers (often of non-native
species) are planted, are another habitat with numerous records
of flower-visiting orthopterans. In the highlands of Peninsular
Malaysia, gardens are common in hill resorts and the flowers
tend to attract floriphilic orthopterans. Some of these flowering
plants (e.g. Ageratum houstonianum Miller and Tithonia diversifo-
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Fig. 4. Examples of unidentified Phaneropterinae nymphs visiting flowers of various plants: A. Dillenia suffruticosa in Singapore, B. Aca-
cia auriculiformis in Singapore, C. Costus lucanusianus in Singapore, D. Youngia japonica in Bukit Larut, E. Praxelis clematidea in Sakaerat,
and F Lantana camara in Sakaerat.

lia (Hemsl.) (Fig. 3a) have become naturalised and can be found
near the edges of pristine, lower-montane forests. Similarly, the
high diversity of flower plants in gardens such as the Singapore
Botanic Gardens can also attract floriphilic orthopterans (Fig. 3e).
This corroborates findings of how flowers in gardens (particularly
in urban areas) can generally help attract native insects includ-
ing pollinators and orthopterans (Matteson and Langellotto 2011,
Blaauw and Isaacs 2014, Garbuzov and Ratnieks 2014, Shwartz et
al. 2014, Vrdoljak et al. 2016).

Native plant species that flower regularly are also visited by
orthopterans. These include D. suffruticosa (Fig. 4a), Melastoma
malabathricum L. (Fig. 5¢), and Ixora congesta Roxb. (Fig. 5d), all
from secondary forests, and beach vegetation species, Ipomoea
pes-caprae (L.) (Fig. 3f). While many of the orthopterans that visit
non-native plants are non-forest species, forest species such as T.
timah (Fig. 5b) and Ornebius rufonigrus Ingrisch, 1987 (Fig. 5d)
(both of which tend to be found in coastal forests in Singapore)
do also visit flowering plants in secondary forests. We would
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Fig. 5. Examples of flower-visiting orthopterans on native plant species: A. Alloteratura species on Dillenia suffruticosa in Singapore,
B. Tremellia timah on Dillenia suffruticosa in Singapore, C. Elimaea carinata on Melastoma malabathricum in Singapore, and D. Ornebius
rufonigrus on Ixora congesta in Singapore.

expect more forest orthopterans to visit flowers of dipterocarp
forest species during synchronous flowering events (also called
masting or mass flowering). Owing to the relatively rare synchro-
nous flowering events (Jackson 1978, Chang-Yang et al. 2013,
Lasky et al. 2016), we did not encounter any synchronous flower-
ing events between 2015 and 2017 in the surveyed sites. As such,
we were hitherto unable to document dipterocarp flower-visiting
orthopterans.

While we provide baseline information of flower-visiting or-
thopterans in Southeast Asia, there is still a dearth of informa-
tion on the ecology and behaviours of flower-visiting orthopter-
ans from this region. A major area for further study is to moni-
tor how flower-visiting orthopterans respond to synchronous
flowering events in the dipterocarp forests (Bawa et al. 1985,
Azmy et al. 2016). Studies on the relationship between insects
and flowering phenology tend to focus on pollinators and their
effects on the fruiting output of the flowering species, but we
also know little about the effect of florivores (Gross and Werner
1983, Appanah 1985, Elzinga et al. 2007). Investigation into
the latter can help us understand how plants respond to flori-
vores and to make comparisons with herbivory escape via syn-
chronous leaf production (Aide 1992, van Schaik et al. 1993,
Reich 1995). Additionally, many forest orthopteran species are
also cryptic and rare (yet diverse), and as such, we expect there
may be many more flower-visiting orthopterans than what we

have observed here, as well as perhaps novel behaviours or eco-
logical patterns.

We should also aim to better understand the distribution
of flower-visiting orthopterans as well as how to predict their
occurrences. Although presence-only data can be challenging
to analyse using conventional modelling techniques, recent
development of MaxEnt modelling can help to overcome the
shortcomings of such data (Jiménez-Valverde et al. 2008). In
fact, MaxEnt modelling has been shown to be able to predict
insect-plant distribution of suitable and non-suitable habitats
for insect pests and hosts, thus assessing vulnerability to insect
pests (e.g. Barredo et al. 2015, Restrepo Correa et al. 2016).
However, we still need more observational records before run-
ning a robust and predictive MaxEnt model to understand the
occurrence and distribution of flower-visiting orthopterans in
this region (Pearse and Altermatt 2015). These can in turn ad-
dress our knowledge gaps on the understudied ecological roles
of orthopterans as florivores and/or pollinators, particularly in
Southeast Asia.
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Fig. 6. Examples of flower-visiting orthopterans visiting weedy Praxelis clematidea in Sakaerat: A. Ceracris cf. fasciata, B. Chlorizeina cf. uni-
color, C. Dialarnaca? species, D. Velarifictorus (Pseudocoiblemmus) bilobus, E. Ducetia melodica, F. Paraducetia cruciata and G. Letana rubescens.

JOURNAL OF ORTHOPTERA RESEARCH 2017, 26(2)




M.K. TAN, T. ARTCHWAKOM, R.H.A. WAHAB, C.-Y. LEE, D.M. BELABUT AND H.T.W. TAN

151

tion of material in Kuala Belalong Field Studies Centre, Brunei
Darussalam was kindly granted by the Institute for Biodiversi-
ty and Environmental Research, Universiti Brunei Darussalam
(UBD/AVC-RI/1.21.1 [a]). The authors are grateful to the In-
stitute for Biodiversity and Environmental Research, Universiti
Brunei Darussalam, for allowing us to work in Kuala Belalong
Field Studies Centre, and to the Biodiversity and Research Inno-
vation Centre (BioRIC), Ministry of Industry and Tourism, Bru-
nei Darussalam for the issuance of our export permits (BioRIC/
HoB/TAD/51-73 and 51-80). The permission for the collection
of material in the Sakaerat Environmental Research Station
was kindly granted by the National Research Council, Thailand
(No. 0002/209, Registration no. 9/57). MKT is also grateful to
the staff members of the Sakaerat Environmental Research Sta-
tion for their support and hospitality. Permission for the col-
lection of material in Peninsular Malaysia was kindly granted
by the Research Promotion and Co-Ordination Committee,
Economic Planning Unit, Prime Minister's Department (UPE:
40/200/19/3103 for Bukit Larut, 40/200/19/2923 for Bukit
Fraser and 40/200/19/3395 for Pulau Tioman) and supported
by the Institute for Biodiversity, Department of Wildlife and Na-
tional Parks (Perhilitan) and Universiti Malaya. Permission for
the collection of material in Singapore was kindly granted by
the National Parks Board (NP/RP10-073). The work of MKT was
supported by the Lady Yuen Peng McNeice Graduate Fellowship
of the National University of Singapore.

References

Aide TM (1992) Dry season leaf production: an escape from herbivory.
Biotropica 24: 532-537. https://doi.org/10.2307/2389016

Alford DV (2012) Pests of ornamental trees, shrubs and flowers: A colour
handbook. CRC Press. https://doi.org/10.1201/b15136

Appanah S (1985) General flowering in the climax rain forests of South-east
Asia. Journal of Tropical Ecology 1: 225-240. https://doi.org/10.1017/
50266467400000304

Azmy MM, Hashim M, Numata S, Hosaka T, Noor NSM, Fletcher C (2016)
Satellite-based characterization of climatic conditions before large-
scale general flowering events in Peninsular Malaysia. Scientific Re-
ports 6: 32329. https://doi.org/10.1038/srep32329

Bale JS, Masters GJ, Hodkinson ID, Awmack C, Bezemer TM, Brown VK,
Butterfield J, Buse A, Coulson JC, Farrar J, Good JEG, Harrington
R, Hartley S, Jones TH, Lindroth RL, Press MC, Symrnioudis I,
Watt AD, Whittaker JB (2002) Herbivory in global climate change
research: direct effects of rising temperature on insect herbivores.
Global Change Biology 8: 1-16. https://doi.org/10.1046/j.1365-
2486.2002.00451 .x

Barredo JI, Strona G, Rigo D, Caudullo G, Stancanelli G, San-Miguel-Ayanz
J (2015) Assessing the potential distribution of insect pests: case stud-
ies on large pine weevil (Hylobius abietis L) and horse-chestnut leaf
miner (Cameraria ohridella) under present and future climate condi-
tions in European forests. EPPO Bulletin 45: 273-281. https://doi.
org/10.1111/epp.12208

Bawa KS, Bullock H, Perry DR, Coville RE, Grayum MH (1985) Repro-
ductive biology of tropical lowland rain forest trees. II. Pollination
systems. American Journal of Botany 72: 346-356. https://doi.
0rg/10.2307/2443527

Bernays EA, Chapman RF (2007) Host-plant selection by phytophagous
insects (Vol. 2). Springer Science Business Media.

Blaauw BR, Isaacs R (2014) Larger patches of diverse floral resources in-
crease insect pollinator density, diversity, and their pollination of na-
tive wildflowers. Basic and Applied Ecology 15: 701-711. https://doi.
org/10.1016/j.baae.2014.10.001

Breadmore KN, Kirk WD (1998) Factors affecting floral herbivory in
a limestone grassland. Acta Oecologica 19: 501-506. https://doi.
0rg/10.1016/S1146-609X(99)80004-6

Burgess KH (1991) Florivory: the ecology of flower feeding insects and
their host plants. PhD Dissertation, Harvard University, Cambridge,
Massachusetts.

Cardel YJ, Koptur S (2010) Effects of florivory on the pollination of flowers:
an experimental field study with a perennial plant. International Jour-
nal of Plant Sciences 171: 283-292. https://doi.org/10.1086/650154

Chang-Yang CH, Lu CL, Sun I, Hsieh CF (2013) Flowering and fruiting
patterns in a subtropical rain forest, Taiwan. Biotropica 45: 165-174.
https://doi.org/10.1111/j.1744-7429.2012.00911

Chua SC, Ramage BS, Ngo KM, Potts MD, Lum SK (2013) Slow recovery of
a secondary tropical forest in Southeast Asia. Forest Ecology and Man-
agement 308: 153-160. https://doi.org/10.1016/j.foreco.2013.07.053

Chua SC, Ramage BS, Potts MD (2016) Soil degradation and feedback pro-
cesses affect long-term recovery of tropical secondary forests. Journal
of Vegetation Science 27: 800-811. https://doi.org/10.1111/jvs.12406

Cigliano MM, Braun H, Eades DC, Otte D (2017) Orthoptera species file
online. Version 5 (5.0) http://orthoptera.speciesfile.org

Corlett RT (2016) Ecological roles of animals in tropical forests. Tropical
Forestry Handbook, 503-510. https://doi.org/10.1007/978-3-642-
54601-3_54

Crepet WL (1984) Advanced (constant) insect pollination mechanisms:
pattern of evolution and implications vis-a-vis angiosperm diversity.
Annals of the Missouri Botanical Garden 71: 607-630. https://doi.
org/10.2307/2399041

Dawwrueng P, Tan MK, Artchawakom T, Waengsothorn S (2017) Species
checklist of Orthoptera (Insecta) from Sakaerat Environmental Re-
search Station, Thailand (Southeast Asia). Zootaxa 4306: 301-324.
https://doi.org/10.11646/zootaxa.4306.3.1

Dormann CE Gruber B, Friind J (2008) The bipartite package. Version
0.73. R Project for Statistical Computing, Vienna, Austria.

Dyer LA, Singer MS, Lill JT, Stireman JO, Gentry GL, Marquis RJ, Ricklefs
RE, Greeney HE Wagner DL, Morais HC, Diniz IR, Kursar TA, Coley
PD (2007) Host specificity of Lepidoptera in tropical and temperate
forests. Nature 448: 696-699. https://doi.org/10.1038/nature05884

Elzinga JA, Atlan A, Biere A, Gigord L, Weis AE, Bernasconi G (2007)
Time after time: flowering phenology and biotic interactions. Trends
in Ecology and Evolution 22: 432-439. https://doi.org/10.1016/j.
tree.2007.05.006

Frame D (2003) Generalist flowers, biodiversity and florivory: impli-
cations for angiosperm origins. Taxon 52: 681-685. https://doi.
0rg/10.2307/3647343

Garbuzov M, Ratnieks FL (2014) Quantifying variation among garden
plants in attractiveness to bees and other flower-visiting insects.
Functional Ecology 28: 364-374. https://doi.org/10.1111/1365-
2435.12178

Grimaldi D (1999) The co-radiations of pollinating insects and angio-
sperms in the Cretaceous. Annals of the Missouri Botanical Garden
86: 373-406. https://doi.org/10.2307/2666181

Gross RS, Werner PA (1983) Relationships among flowering phenology,
insect visitors, and seed-set of individuals: experimental studies on
four co-occurring species of goldenrod (Solidago: Compositae). Eco-
logical Monographs 53: 95-117. https://doi.org/10.2307/1942589

Held DW, Potter DA (2004) Floral affinity and benefits of dietary mixing
with flowers for a polyphagous scarab, Popillia japonica Newman. Oe-
cologia 140: 312-320. https://doi.org/10.1007/s00442-004-1582-7

Hemp C, Heller KG, Warchatowska-Sliwa E, Grzywacz B, Hemp A (2013)
Biogeography, ecology, acoustics and chromosomes of East African
Eurycorypha Stal species (Orthoptera, Phaneropterinae) with the de-
scription of new species. Organisms Diversity Evolution 13: 373-395.
https://doi.org/10.1007/s13127-012-0123-1

Higginson AD, Speed MP, Ruxton GD (2015) Florivory as an opportuni-
ty benefit of aposematism. The American Naturalist 186: 728-741.
https://doi.org/10.1086/683463

JOURNAL OF ORTHOPTERA ResEARCH 2017, 26(2)


https://doi.org/10.2307/2389016
https://doi.org/10.1201/b15136
https://doi.org/10.1017/S0266467400000304
https://doi.org/10.1017/S0266467400000304
https://doi.org/10.1038/srep32329
https://doi.org/10.1046/j.1365-2486.2002.00451.x
https://doi.org/10.1046/j.1365-2486.2002.00451.x
https://doi.org/10.1111/epp.12208
https://doi.org/10.1111/epp.12208
https://doi.org/10.2307/2443527
https://doi.org/10.2307/2443527
https://doi.org/10.1016/j.baae.2014.10.001
https://doi.org/10.1016/j.baae.2014.10.001
https://doi.org/10.1016/S1146-609X(99)80004-6
https://doi.org/10.1016/S1146-609X(99)80004-6
https://doi.org/10.1086/650154
https://doi.org/10.1111/j.1744-7429.2012.00911.x
https://doi.org/10.1016/j.foreco.2013.07.053
https://doi.org/10.1111/jvs.12406
http://orthoptera.speciesfile.org
https://doi.org/10.1007/978-3-642-54601-3_54
https://doi.org/10.1007/978-3-642-54601-3_54
https://doi.org/10.2307/2399041
https://doi.org/10.2307/2399041
https://doi.org/10.11646/zootaxa.4306.3.1
https://doi.org/10.1038/nature05884
https://doi.org/10.1016/j.tree.2007.05.006
https://doi.org/10.1016/j.tree.2007.05.006
https://doi.org/10.2307/3647343
https://doi.org/10.2307/3647343
https://doi.org/10.1111/1365-2435.12178
https://doi.org/10.1111/1365-2435.12178
https://doi.org/10.2307/2666181
https://doi.org/10.2307/1942589
https://doi.org/10.1007/s00442-004-1582-7
https://doi.org/10.1007/s13127-012-0123-1
https://doi.org/10.1086/683463

152

M.K. TAN, T. ARTCHWAKOM, R.H.A. WAHAB, C.-Y. LEE, D.M. BELABUT AND H.T.W. TAN

Hu S, Dilcher DL, Jarzen DM, Taylor D (2008) Early steps of angiosperm-pol-
linator coevolution. Proceedings of the National Academy of Sciences
105: 240-245. https://doi.org/10.1073/pnas.0707989105

Hudewenz A, Klein AM, Scherber C, Stanke L, Tscharntke T, Vogel A, Weigelt
A, Weisser WW, Ebeling A (2012) Herbivore and pollinator responses
to grassland management intensity along experimental changes in
plant species richness. Biological Conservation 150: 42-52. https://
doi.org/10.1016/j.biocon.2012.02.024

Hugel S, Micheneau C, Fournel J, Warren BH, Gauvin-Bialecki A, Pailler
T, Chase MW, Strasberg D (2010) Glomeremus species from the Mas-
carene islands (Orthoptera, Gryllacrididae) with the description of
the pollinator of an endemic orchid from the island of Réunion.
Zootaxa 2545: 58-68.

Jackson JF (1978) Seasonality of flowering and leaf-fall in a Brazilian sub-
tropical lower montane moist forest. Biotropica 10: 38-42. https://
doi.org/10.2307/2388103

Jago ND (1998) The world-wide magnitude of Orthoptera as pests. Journal
of Orthoptera Research 7: 117-124. https://doi.org/10.2307/3503507

Jiménez-Valverde A, Lobo JM, Hortal J (2008) Not as good as they seem:
the importance of concepts in species distribution modelling. Diver-
sity and Distributions 14: 885-890. https://doi.org/10.1111/j.1472-
4642.2008.00496.x

Kearns CA, Inouye DW, Waser NM (1998) Endangered mutualisms: the
conservation of plant-pollinator interactions. Annual Review of Ecol-
ogy and Systematics 29: 83-112. https://doi.org/10.1146/annurev.
ecolsys.29.1.83

Kondo T, Nishimura S, Tani N, Ng KKS, Lee SL, Muhammad N, Okuda T,
Tsumura Y, Isagi Y (2016) Complex pollination of a tropical Asian
rainforest canopy tree by flower-feeding thrips and thrips-feeding
predators. American Journal of Botany 103: 1912-1920. https://doi.
org/10.3732/ajb.1600316

Krenn HW, Fournel J, Bauder JA, Hugel S (2016) Mouthparts and nectar
feeding of the flower visiting cricket Glomeremus orchidophilus (Gryl-
lacrididae). Arthropod Structure Development 45: 221-229. https://
doi.org/10.1016/j.asd.2016.03.002

Krupnick GA, Weis AE (1999) The effect of floral herbivory on male and fe-
male reproductive success in Isomeris arborea. Ecology 80: 135-149. htt-
ps://doi.org/10.1890/0012-9658(1999)080[0135:TEOFHO]2.0.CO;2

Krupnick GA, Weis AE, Campbell DR (1999) The consequences of floral
herbivory for pollinator service to Isomeris arborea. Ecology 80: 125~
134. https://doi.org/10.2307/176984

Lasky JR, Uriarte M, Muscarella R (2016) Synchrony, compensatory dynam-
ics, and the functional trait basis of phenological diversity in a tropi-
cal dry forest tree community: effects of rainfall seasonality. Environ-
mental Research Letters 11: 115003. https://doi.org/10.1088/1748-
9326/11/11/115003

Lewinsohn TM, Roslin T (2008) Four ways towards tropical herbivore
megadiversity. Ecology Letters 11: 398-416. https://doi.org/10.1111/
j.1461-0248.2008.01155.x

Lok AFSL, Tan KX, Tan HTW (2010) The ecology and distribution in Singa-
pore of Bidens pilosa L. (Asteraceae). COSMOS 6: 39-44. https://doi.
0rg/10.1142/S0219607710000450

Lord JM, Huggins L, Little LM, Tomlinson VR (2013) Floral biology and flow-
er visitors on subantarctic Campbell Island. New Zealand Journal of
Botany 51: 168-180. https://doi.org/10.1080/0028825X.2013.801867

Lundberg J, Moberg F (2003) Mobile link organisms and ecosystem func-
tioning: implications for ecosystem resilience and management. Eco-
systems 6: 87-98. https://doi.org/10.1007/s10021-002-0150-4

Matteson KC, Langellotto GA (2011) Small scale additions of native plants
fail to increase beneficial insect richness in urban gardens. Insect
Conservation and Diversity 4: 89-98. https://doi.org/10.1111/j.1752-
4598.2010.00103.x/full

McCall AC, Irwin RW (2006) Florivory: the intersection of pollination
and herbivory. Ecology Letters 9: 1351-1365. https://doi.org/10.1111/
j.1461-0248.2006.00975 .x

Merwin AC, Parrella MP (2014) Preference induction and the benefits of
floral resources for a facultative florivore. Ecological Entomology 39:
405-411. https://doi.org/10.1111/een.12111

Micheneau C, Fournel J, Warren BH, Hugel S, Gauvin-Bialecki A, Pailler T,
Strasberg D, Chase MW (2010) Orthoptera, a new order of pollinator.
Annals of Botany 105: 355-364. https://doi.org/10.1093/aob/mcp299

Myers N, Mittermeier RA, Mittermeier CG, Da Fonseca GA, Kent ] (2000)
Biodiversity hotspots for conservation priorities. Nature 403: 853-
858. https://doi.org/10.1038/35002501

Nagamitsu T, Inoue T (1997) Cockroach pollination and breeding system
of Uvaria elmeri (Annonaceae) in a lowland mixed-dipterocarp for-
est in Sarawak. American Journal of Botany 84: 208-208. https://doi.
org/10.2307/2446082

Novotny V, Drozd P, Miller SE, Kulfan M, Janda M, Basset Y, Weiblen GD
(2006) Why are there so many species of herbivorous insects in tropi-
cal rainforests?. Science 313: 1115-1118. https://doi.org/10.1126/sci-
ence. 1129237

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. https://doi.org/10.1111/aen.12111

@degaard F (2000) The relative importance of trees versus lianas as hosts
for phytophagous beetles (Coleoptera) in tropical forests. Jour-
nal of Biogeography 27: 283-296. https://doi.org/10.1046/j.1365-
2699.2000.00404 .x

Ollerton J, Winfree R, Tarrant S (2011) How many flowering plants are
pollinated by animals?. Oikos 120: 321-326. https://doi.org/10.1111/
j-1600-0706.2010.18644.x

Pearse IS, Altermatt F (2015) Out-of-sample predictions from plant-in-
sect food webs: robustness to missing and erroneous trophic inter-
action records. Ecological Applications 25: 1953-1961. https://doi.
org/10.1890/14-1463.1

Poo S, Evans TA, Tan MK, Bickford DP (2016) Dynamic switching in preda-
tor attack and maternal defense of prey. Biological Journal of the Lin-
nean Society 118: 901-910. https://doi.org/10.1111/bij.12786

R Core Team (2016) R: A language and environment for statistical comput-
ing. R Foundation for Statistical Computing, Vienna, Austria.

Reich PB (1995) Phenology of tropical forests: patterns, causes, and con-
sequences. Canadian Journal of Botany 73: 164-174. https://doi.
0rg/10.1139/b95-020

Rentz DCF (1993) Tettigoniidae of Australia, Vol. 2, The Austrosaginae,
Zaprochilinae and Phasmodinae. CSIRO Publishing.

Rentz DCF (2010) A guide to the katydids of Australia. CSIRO Publishing.

Rentz DCE Clyne D (1983) A new genus and species of pollen-and nectar-
feeding katydids from eastern Australia (Orthoptera: Tettigoniidae:
Zaprochilinae). Australian Journal of Entomology 22: 155-160. htt-
ps://doi.org/10.1111/j.1440-6055.1983.tb01863 x

Restrepo Correa Z, Nunez Avellaneda LA, Gonzalez-Caro S, Veldsquez-
Puentes FJ, Bacon CD (2016) Exploring palm-insect interactions
across geographical and environmental gradients. Botanical Jour-
nal of the Linnean Society 182: 389-397. https://doi.org/10.1111/
boj.12443

Rigg J (1998) Rural-urban interactions, agriculture and wealth: a south-
east Asian perspective. Progress in Human Geography 22: 497-522.
https://doi.org/10.1191/030913298667432980

Schuster JC (1974) Saltatorial Orthoptera as common visitors to tropical
flowers. Biotropica 6: 138-140. https://doi.org/10.2307/2989827

Shwartz A, Turbé A, Simon L, Julliard R (2014) Enhancing urban biodiver-
sity and its influence on city-dwellers: an experiment. Biological Con-
servation 171: 82-90. https://doi.org/10.1016/j.biocon.2014.01.009

Sim JWS, Tan HTW, Turner IM (1992) Adinandra belukar: an anthropo-
genic heath forest in Singapore. Vegetation 102: 125-137. https://doi.
0rg/10.1007/BF00044729

Sing KW, Wang WZ, Wan T, Lee PS, Li ZX, Chen X, Wang YY, Wilson JJ
(2016) Diversity and human perceptions of bees (Hymenoptera:
Apoidea) in Southeast Asian megacities. Genome 59: 827-839. htt-
ps://doi.org/10.1139/gen-2015-0159

Song H, Amédégnato C, Cigliano MM, Desutter-Grandcolas L, Heads SW,
Huang Y, Whiting MF (2015) 300 million years of diversification:
elucidating the patterns of orthopteran evolution based on compre-
hensive taxon and gene sampling. Cladistics 31: 621-651. https://doi.
org/10.1111/cla.12116

JOURNAL OF ORTHOPTERA RESEARCH 2017, 26(2)


https://doi.org/10.1073/pnas.0707989105
https://doi.org/10.1016/j.biocon.2012.02.024
https://doi.org/10.1016/j.biocon.2012.02.024
https://doi.org/10.2307/2388103
https://doi.org/10.2307/2388103
https://doi.org/10.2307/3503507
https://doi.org/10.1111/j.1472-4642.2008.00496.x
https://doi.org/10.1111/j.1472-4642.2008.00496.x
https://doi.org/10.1146/annurev.ecolsys.29.1.83
https://doi.org/10.1146/annurev.ecolsys.29.1.83
https://doi.org/10.3732/ajb.1600316
https://doi.org/10.3732/ajb.1600316
https://doi.org/10.1016/j.asd.2016.03.002
https://doi.org/10.1016/j.asd.2016.03.002
https://doi.org/10.1890/0012-9658(1999)080%5B0135:TEOFHO%5D2.0.CO;2
https://doi.org/10.1890/0012-9658(1999)080%5B0135:TEOFHO%5D2.0.CO;2
https://doi.org/10.2307/176984
https://doi.org/10.1088/1748-9326/11/11/115003
https://doi.org/10.1088/1748-9326/11/11/115003
https://doi.org/10.1111/j.1461-0248.2008.01155.x
https://doi.org/10.1111/j.1461-0248.2008.01155.x
https://doi.org/10.1142/S0219607710000450
https://doi.org/10.1142/S0219607710000450
https://doi.org/10.1080/0028825X.2013.801867
https://doi.org/10.1007/s10021-002-0150-4
https://doi.org/10.1111/j.1752-4598.2010.00103.x/full
https://doi.org/10.1111/j.1752-4598.2010.00103.x/full
https://doi.org/10.1111/j.1461-0248.2006.00975.x
https://doi.org/10.1111/j.1461-0248.2006.00975.x
https://doi.org/10.1111/een.12111
https://doi.org/10.1093/aob/mcp299
https://doi.org/10.1038/35002501
https://doi.org/10.2307/2446082
https://doi.org/10.2307/2446082
https://doi.org/10.1126/science.1129237
https://doi.org/10.1126/science.1129237
https://doi.org/10.1111/aen.12111
https://doi.org/10.1046/j.1365-2699.2000.00404.x
https://doi.org/10.1046/j.1365-2699.2000.00404.x
https://doi.org/10.1111/j.1600-0706.2010.18644.x
https://doi.org/10.1111/j.1600-0706.2010.18644.x
https://doi.org/10.1890/14-1463.1
https://doi.org/10.1890/14-1463.1
https://doi.org/10.1111/bij.12786
https://doi.org/10.1139/b95-020
https://doi.org/10.1139/b95-020
https://doi.org/10.1111/j.1440-6055.1983.tb01863.x
https://doi.org/10.1111/j.1440-6055.1983.tb01863.x
https://doi.org/10.1111/boj.12443
https://doi.org/10.1111/boj.12443
https://doi.org/10.1191/030913298667432980
https://doi.org/10.2307/2989827
https://doi.org/10.1016/j.biocon.2014.01.009
https://doi.org/10.1007/BF00044729
https://doi.org/10.1007/BF00044729
https://doi.org/10.1139/gen-2015-0159
https://doi.org/10.1139/gen-2015-0159
https://doi.org/10.1111/cla.12116
https://doi.org/10.1111/cla.12116

M.K. TAN, T. ARTCHWAKOM, R.H.A. WAHAB, C.-Y. LEE, D.M. BELABUT AND H.T.W. TAN

153

Suetsugu K, Tanaka K (2014) Consumption of Habenaria sagittifera pollinia
by juveniles of the katydid Ducetia japonica. Entomological Science
17: 122-124. https://doi.org/10.1111/ens.12035

Tan MK (2012a) Orthoptera in the Bukit Timah and Central Catchment
Nature Reserves (Part 1): Suborder Caelifera. Raffles Museum of Bio-
diversity Research, National University Singapore, Singapore, 40 pp.
[Uploaded 4 May.2012]

Tan MK (2012b) Orthoptera in the Bukit Timah and Central Catchment
Nature Reserves (Part 2): Suborder Ensifera. Raffles Museum of Bio-
diversity Research, National University Singapore, Singapore, 70 pp.
|Uploaded 14 Nov.2012]

Tan MK, Kamaruddin KN (2014) Orthoptera of Fraser’s Hill, Peninsular
Malaysia. Lee Kong Chian Natural History Museum, National Univer-
sity of Singapore, Singapore, 88 pp. Uploaded 5 Aug.2014.

Tan MK, Choi J, Shankar N (2017a) Trends in new species discovery of
Orthoptera (Insecta) from Southeast Asia. Zootaxa 4238: 127-134.
https://doi.org/10.11646/zootaxa.4238.1.10.

Tan MK, Leem, C. J. M. Tan, H. T. W. (2017b) High floral resource density
leads to neural constraint in the generalist, floriphilic katydid, Phan-
eroptera brevis (Orthoptera: Phaneropterinae) Ecological Entomology
42: 535-544. https://doi.org/10.1111/een.12414

Tan MK, Tan HTW (2017) Between florivory and herbivory: Inefficacy of
decision-making by generalist floriphilic katydids. Ecological Ento-
mology 42: 137-144. https://doi.org/10.1111/een.12369

Thompson J (1983) The use of ephemeral plant parts on small host plants:
how Depressaria leptotaeniae (Lepidoptera: Oecophoridae) feeds on
Lomatium dissectum (Umbelliferae). Journal of Animal Ecology 52:
281-291. https://doi.org/10.2307/4600

Tscharntke T, Brandl R (2004) Plant-insect interactions in fragmented
landscapes. Annual Reviews in Entomology 49: 405-430. https://doi.
org/10.1146/annurev.ento.49.061802.123339

van Schaik CP, Terborgh JW, Wright SJ (1993) The phenology of tropical
forests: adaptive significance and consequences for primary consum-
ers. Annual Review of Ecology and Systematics 24: 353-377. https://
doi.org/10.1146/annurev.es.24.110193.002033

Vrdoljak SM, Samways MJ, Simaika JP (2016) Pollinator conservation at
the local scale: flower density, diversity and community structure in-
crease flower visiting insect activity to mixed floral stands. Journal
of Insect Conservation 20: 711-721. https://doi.org/10.1007/s10841-
016-9904-8

Wardhaugh CW (2015) How many species of arthropods visit flowers?
Arthropod-Plant Interactions 9: 547-565. https://doi.org/10.1007/
$10841-016-9904-8

Willemse LPM (2001) Fauna Malesiana: guide to the pest Orthoptera of
the Indo-Malayan region. Backhuys Publishers, Leiden, 160 pp.

JOURNAL OF ORTHOPTERA ResEARCH 2017, 26(2)


https://doi.org/10.1111/ens.12035
https://doi.org/10.11646/zootaxa.4238.1.10
https://doi.org/10.1111/een.12414
https://doi.org/10.1111/een.12369
https://doi.org/10.2307/4600
https://doi.org/10.1146/annurev.ento.49.061802.123339
https://doi.org/10.1146/annurev.ento.49.061802.123339
https://doi.org/10.1146/annurev.es.24.110193.002033
https://doi.org/10.1146/annurev.es.24.110193.002033
https://doi.org/10.1007/s10841-016-9904-8
https://doi.org/10.1007/s10841-016-9904-8
https://doi.org/10.1007/s10841-016-9904-8
https://doi.org/10.1007/s10841-016-9904-8

	Overlooked flower-visiting Orthoptera in Southeast Asia
	Abstract
	Introduction
	Material and methods
	Results
	Discussion
	Acknowledgements
	References

