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ABUNDANCE DIFFERENCES OF PHYTOPHAGOUS
TROPICAL INSECTS: THE CASE OF FOREST GRASSHOPPERS
(ORTHOPTERA, CAELIFERA)

Klaus Riede

Institut fir Biologie | (Zoologie), AlberstralRe 21 a, 7800 Freiburg i.Br, Germany

Zusammenfassung. Wahrend die groRRe Artenvielfalt zahlreicher tropecinsektenordnungen gut belegt ist, exi-
stieren nur wenige Untersuchungen zur Haufigkgjensvaldbewohnender Arten, die bekanntermal3en s¢hr s
ten sind. Man beobachtet betréchtliche regionalefigléeitsunterschiede, die am Beispiel regenwaldifevender
Kurzfuhlerheuschrecken (Caelifera) in Tieflandregahigebieten Nordwestamazoniens und Borneos verglei
chend untersucht werden. Verschiedene Arten digsitrentfernten Standorte zeigen bemerkenswertmobo-
gische Konvergenzen, die als Anpassungen an dasnLebden Baumkronen gedeutet werden kénnen. Heu-
schrecken (Acridoidea) sind jedoch auf Borneo wiisbnseltener als in Amazonien, wahrend Griller wwaub-
heuschrecken (Ensifera) an beiden Standorten éimekie Abundanz aufweisen. Als mégliche Ursachienfir
kommen sowohl die unterschiedliche Architektur Besnenregion als auch eine geringere Zahl geeigmtite-
tyledoner Futterpflanzen auf Borneo in Betracht.

Summary. While increased species diversity of most tropinakct groups is a well-established fact, Inforonati
about their abundance is scarce and it is commomlauge that most species are extremely rare Oserobs
considerable interregional abundance differenceshwivere analyzed by comparing population sizelwfand
rainforest grasshoppers (Caelifera) in Northwesaaomia and Northeast Borneo. Forest grasshopperstoth
sites show remarkable convergences with respeuobtphological adaptations for life in the canopgspite con-
siderable geographic and systematic distance. icgrhsshoppers are much rarer in Borneo than ithiest
Amazonia, while the abundance of long-horned giagsérs (Ensifera) is similar at both sites. It ypdthesized
that different canopy architecture and a lower nentdf palatable dicotyledonous food plants limasghopper
abundance on Borneo.

Key words: Amazonia, Bomeo, herbivory, abundance, nutrition ecology, Orthoptera, grasshoppers.

INTRODUCTION reach here in months of unremitting search. In

) ) birds there is the same difference ... Yet, along
It is generally accepted that there is & huge nulyith this poverty of individuals and of species,
ber (_)f scientifically un_descrl_bed troplc_al inSeCthere are in almost every class and order some
species, though the dimension of our ignorantpne or two species of such extreme beauty or
is still a matter of debate (cf. Stork 1988). Iare singularity, &s to vie with, or even surpass,
ed diversity is coupled with low abundance angnything that even South America can produce.”
patchy distribution of most insect populations iiThese remarks seem anecdotal, but sum-marize
tropical rain forests (cf. Elton 1973). For examiong years of collector's experience Even today,
ple, Central Amazonia is well-known for its ex-because of different sampling methods employed
tremely low animal biomass due to mineral defiat different sites, only very few studies allow a
ciency (Fittkau 1985). Scarcity and considerablcomparison of insect abundance in different
regional abundance differences of butterflies artropical regions (cf. Elton 1973). Conse-quently,
birds were already observed by Wallace (186<the comparative study of herbivore load has been
"The few days | stayed here [Batachian, Moluktackled from the plant side by measur-ing leaf
ken] produced me several new insects, but scarrdamage (Wint 1983). This study reveals a
ly any birds. Butterflies and birds are in facstriking similarity of leaf damage levels of
remarkably scarce in these forests. One m:around 12 % in Papua New Guinea and Panama,
walk a whole day and not see more than two (mainly due to phytophagous insects. However, it
three species of either. In everything but beetliis evident that there should be considerable
these eastern islands are very deficient compairegional differences with respect to the species
with the western (Java, Borneo, &c.) and muc composition of the herbivore guild. For exam-
more so if compared with the forests of Soutple, in the Neotropics leaf-cutting ants alone are
America, where twenty or thirty species of butthe top consumers (mammals included) of phy-
good days a hundred — a number we can hard/duction (Cherrett 1986).
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The following reflections on factors affecting collectors, and two decades ago their poor
phytophagous insect populations were stimirepresentation in museum collections and the
lated by the observation of noteworthy abunongoing reductions of their habitat were the
dance differences of short-horned grasshoppemain reasons for Descamps (1970) to call for an
(Caelifera) at a Neotropical and a Paleotropiciincreased collecting effort. Since then, our
lowland forest. Caelifera are exclusively phyto knowledge of Neotropical TFGs, though still in-
phagous throughout all larval stages, in contracomplete, improved considerably, especially after
to their omnivorous or carnivorous orthopteraithe discovery of grasshoppers from the most in-
sister group, the Ensifera (long-horned grasshoaccessible forest stratum, the canopy (Roberts
pers: crickets and katydids). For temperate zon1973; Descamps 1976). In contrast, the TFG
holds that Ensifera dominate bushy or woodfauna of the Paleotropics is still poorly known.
areas, while principally graminivorous Caelifera
dominate in grasslands or savannahs (Schmidt
1987). This is no longer true in tropical forests,,STUDY SITES
where a considerable number of grasshoppThe following observations of grasshopper abun-
species feed on both mono- and dicotyledonoidance were made during studies on the beha-
plants and inhabit all strata of forest habitevioural ecology of forest grasshoppers in North-
(Table 1). However, tropical forest grasshoppe west Amazonia (NWA) at Ecuador (San Pablo de
(TFGs) have never been an esteemed prize fcKantesiya, Prov. Sucumbios, lat. 0°15'S, long.

76°27"W, 300 m altitude) and in South-East Asia

) (SEA) at Northeast Borneo, Malaysia (Poring,

TABLE 1 Species numbers and abgno]ance of SEA aSabah, South East slope of Mt. Kinabalu; 500 m
Neotropical grasshoppers (Acridoidea):  Specie 5y4ide). Both study sites are characterized by
numbers reflect the state of knowledge from 197, nical'|owiand forest (for habitat descriptions
Savannah grasshoppers” ~ comprise - subfamilicgo o pie e 1987 for the NWA, Stein 1978 for the
Gomphocerinae, Acridinae and Truxalinae which hav . . .

North Borneo site). Conspicuous colouration

not succeeded in colonizing forest habitats, intiest . . . . .

to "others" which recrute forest forms, the larggsb- t(_)gether with a diurnal life style and an |mag_|nal
family being the artficial assemblage of "Catan-SiZ€ Of at least | cm makes TFGs comparatively
topinae". easy to census by scanning the Vegetation careful-
ly with binoculars. Canopy forms were observed

or number of individuals in secondary formations Ofrom platforms or walkways and searched for at

500 sgqm. Data from various authors: ' regroupeelraftmgg'_ng operatlons.
Descamps 197¢; Amedegnato & Descamps 1980, Field observations were complemented by a
* Stork 1991, * own observations. Further detaile seStudy of Bornean museum material at the collec-

text. tions C. Willemse (Maastricht), Sarawak Mu-
seum (Kuching) and material from a collecting

Abundance is given &s number of individuals pee tre

- . SOl-JAt;iEaSt expedition of F. Siegert in 1986. In addition, the
Neotropis profound studies of Amedegnato & Descamps
(1980) on the composition of Amazonian TFG
number of speciés communities and results from fogging opera-
(Acridoidea) 930 821 tions at Celebes (Project Wallace: Butlin &
% savannah grasshoppers Monk 1990) and Borneo (Stork 1991) were
(Gomphocerinae, Acridinae) 18% 28% evaluated.
% others
(mainly "Catantopinae") 82%  72%  NEOTROPICAL FOREST GRASS-
Abundance HOPPERS
forest canopy 6—18 0,6

indJtre€ indJireé A surprising number of species and genera new
to science has been discovered by collecting in
freshly felled trees (cf. Descamps 1976; Riede
(500 sgm forest gaps) . .
— minimal (7-yr.Cecropia) P ind. O* 1990 a). This canopy grasshopper fauna is espe-
— maximal (21-’yr) 367ind. € cially species-rich and abundant in West Amazo-
nian lowland forests, but impoverishes towards

secondary formations
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the East (Amedegnato & Descamps 1982). Maitions. Especially in the latter certain species
species are characterized by a vivid colouratio showed increased abundance, probably due to the
stout body form, contrasting colouration of hintincrease of food plants at certain successional
femura and prolonged hind tarsae (Fig. 1). Stistages. For example, in a 3 year old field of @5 h
dulation is absent, but functional tympana arsmall populations ofsalidacris variabilis, each
present (Riedet al. 1990). Protuberant eyes ancconsisting of 3 and 10 individuals of different-lar
characteristic hindleg movements indicate thval stages, could be found on each of its food
importance of intraspecific optical communica plant (Potomorphe peltata (L.); Piperaceae). In-
tion (Riede 1987). Besides these "dendrophilou terestingly, this species accepts a much wider
grasshoppers, Descamps (1976) differentiatesvariety of food plants in captivity which indi-
variety of other ecological types. A rieh fauna ccates that other factors like plant architecture
"thamnorhabdophilous” species inhabits shrutmight affect plant preference in the wild. Several
and young trees in gaps and small anthropogeispecies show gregarious tendencies, from small
secondary formations. Many of these species ¢larval hopper bands between 10 and 40 indivi-
brightly coloured and brachypterous or apterousduals (LeptysminaeComops sp., Na.dia.cris sp.)
Amedegnato and Descamps (1980) studitto numerous (up to 300), dense aggregations of
composition, abundance and succession of fortblack larvae ofChromacris icterus feeding on tox-
grasshopper populations in primary and secoic Solanaceae (cf. Pfrommer 1990). With the ex-
dary forests and their succession in indigenoiception of successional stages dominated by the
old field communities at 6 Amazonian studyant-protectedCecropia tree, each successional
sites (4 in NWA, one in southern Peru and or stage can be characterized by a typical communi-
in Guyana). Abundance of canopy species variity of TFGs which often exceed the abundance of
site-specific between 6 to 18 specimens per treprimary forest species.
In secondary formations, composition of species
communities and abundance vary with succer,
sion. It is minimal at 7 years, during dominanc: SOUTH-EAST ASIAN FOREST
of the ant-inhabiteCecropia tree and reaches a GRASSHOPPERS
maximum at 21 year old formations (Table 1). AOur knowledge of SEA grasshoppers is founded
Mamepo site (NWA), abundance in 21 year foron the early work of Ramme (1941) and the
mation is 36 times higher than at a parcel of th extensive taxonomic studies of Willemse (1956,
most populated primary forest (Colonia, Yubi-1957). Many species descriptions are based on
neto). An equally rieh gap fauna is known fronsingle specimens. Type material was examined at
Central America (cf. Rowell 1987; Braker 1991). the collection of F. Willemse, Eygelshoven; the
Species composition and abundance of TF aspect of a considerable number of species shows
observed during my field studies on behaviouriremarkable morphological convergences to the
ecology in the Napo area of Amazonian Ecuadi"dendrophilous" amazonian forms (Fig. 1). A
was similar to the Mamepo site studied by Amefurther convergence can be observed between the
degnato & Descamps. Between 1983 and 198{SEA genusPemkia (Hemiacridinae) and Neotro-
visited 21 logging operations (Riede 1990)pical genera likeHyleacris (Romaleidae), which
Canopy grasshoppers were encountered at are twig-mimicking, short winged forms with
sites. Twenty per cent of medium-sized trees alexcavated sterna, adapted to a cryptic life on
all of epiphyte-rich emergents harboured gras small branches ("dendrorhabdophiles”). The ex-
hopper populations between 10 and 120 indivireme rarity of these forms in collections in-
duals at various larval stages belonging to seve dicates that these are accidental findings of a
species. Sedentary species Wdrolampis colom-  fauna limited to the tree tops. Females might des-
biae or Trybliophorus sp. stayed at "their" trees cend for oviposition which could explain the
for several days (Riede 1987). Observations elevated percentage of females among unique
undisturbed populations were made from simpltype material. Systematically, most of these sup-
wooden platforms at 4 sites, all of which harposed canopy forms are subsumized under the
boured small populations of canopy grasshojartificial subfamily Catantopinae and urgently
pers on neighbouring trees. need to be regrouped according to modern
Gap-inhabiting species were observed isystematic criteria (cf. Table 1). In any caseythe
natural and anthropogenic secondary forma are unrelated to the strictly Neotropical Roma-
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FIG. 1. Morphological convergences between canopgshoppers from SEA (a) and NWA (b). Both speares
characterized by a vivid colouration, stout bodgnfpprotuberant eyes, contrasting colouration aefifiemura
and prolonged hind tarsae.@janeopsis olivaceus (Catantopinae), male, from Sibu (Sarawak), legi€gert (1986).
This species was previously only known from a fersggecimen. The spine on the front femur is ongsent
in the male and points to an interesting matinge8ys b)Helicopacris sp. (Bactrophorinae) from Limoncocha,
Napo (Ecuador), leg. K. Riede. The red knees oflleigs stand out from the greenish femura.

leidae, to which many canopy forms belong (c found 466 Orthoptera among the 23874 ar-
Amedegnato 1974). Several autochthonous gthropod specimens collected from 10 Bornean
nera of ancient stock are limited to Borneo antrees by insecticide fogging. The majority were
adjacent islands: the subfamily Borneacridinae Ensifera, while Caelifera were represented by only
represented by the monotypic genBrameacris 55 individuals, with a great proportion of
and Moultonia (Kevan 1963); the description of Tetrigidae (47), 2 Eumastacidae and only 6
this subfamily was based on only 5 individual acridid grasshopper specimens representing 3
and a single tegmen! A further example is thspecies (Table 1). In a sample of similar size
eumastacoid genuBomerianthus (Descamps (24 148 specimens) from Manaus, Erwin (1983)
1975). counted 1177 Orthoptera, but did not differen-
Recent collecting expeditions to Sulawesi antiate between Caelifera and Ensifera.

Borneo did not add much to our knowledge ¢ At the Poring study site, a canopy walkway
the supposed canopy fauna, though canopy fo¢ System of 300 m length provided access to dif-
ing was done during both projects. Only twcferent strata of lowland mixed dipterocarp forest
undescribed species were discovered besides cat two sites 500 m apart. During a 6 weeks stay
siderable collecting effort during Project Wallace (Apri—May 1991), no canopy species could be
Sulawesi (Butlin & Monk 1990). The samespotted (2 h control walks at different times of
authors stress the low population densities 1day, every two days). During two logging opera-
forest grasshoppers. In Borneo, Stork (1991 'tions, no canopy grasshoppers were found
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within 6 man days of intensive search. Up tigrasshoppers may partly be due to their low
now, the only canopy specimen collected durinabundance. As shown in Table |, there is a
a logging Operation was found by F. Siegert ¢higher proportion of species belonging to grass-
Sibu, Sarawak, in an epiphyte-rich mountaiifeeding subfamilies confined to savannah and
forest (Fig. | a). open habitat. Bornean canopy grasshoppers do

In small gaps (<500 sgm) and along foresexist, but their distribution is probably so punc-
trails one regularily observeSraulia xan- tual that sampling efforts must be increased con-
thostigma. This conspicuous species is also we siderably to get series of specimens comparable
represented in museum collections. It resemblto collections of Neotropical species. Such local
the South Americafetrataenia surinama which  populations are extremely susceptible to extinc-
inhabits forest gaps, edges and glades. Bation, and in the light of current deforestation
species have light-tipped antennae which facilrates, it could be that single museum specimens
tate optical communication. In contrast to thiwill remain our only testimony of their ex-
gregarious South American species, populatioiistence. With respect to the SEA gap fauna, up to
of T. xanthostigma consisted of few dispersed in-now there are no indications of such pronounced
dividuals in each gap. In larger gaps (about | h:faunal succession &s known from NWA.
small colonies belonging to 4 species of th  The data on SEA grasshopper abundance are
generaMétripata and Systella were observed. In still preliminary due to the limited number of
one gap, a single population of 6 adult indivistudy sites and short observation periods. There
duals ofMeltripata sp. fed on a climber (Aristo- might be seasonal abundance fluctuations, in-
lochiaceae) and stayed on this particular plant fcluding hyperannual cycles (mast years) or shifts
10 days, though this climber was abundant ¢to a nocturnal life style Despite thesaeats, all
over the gap. In other gaps, this species fed observations indicate that forest grasshopper
bamboo sprouts. All these gaps were inhabiteabundance in SEA is lower than on any known
by diurnal eneopterine crickeffNisara sp.) in Amazonian site so that it seems justified to
considerable densities (around 2 individuals/gm)speculate about possible reasons. These hypo-

Dense populations of grass-feeding specittheses are by no means mutually exclusive and
like Oxya and Atractomorpha were observed in should also explain abundance differences
larger, anthropogenic Clearings and rice field:within one region. They could serve &s guide-
but are not considered here &s they are nlines to find those refuges where SEA forest
typical forest grasshoppers. grasshopper thrive.

The extremely low abundance was confined
to the Acridoidea, while other orthopteranSome hypotheses conceming differencesin
groups were represented well. Among the Cael TFG abundance:

fera, several cryptic species of Tetrigoidea popi|n the following, four working hypotheses on
lated mossy or rotten tree trunkBiscotettix potential constraints for the abundance of TFGs
belzebuth inhabits humid logs were it feeds orare presented. The evidences are indirect and
the soft rotting wood. Fern-eating Eumastaco by no means conclusive. They are thought ds a
dea(Mnesides sp.) were observed regularly onframework for further investigations and more
their food plants along trails and in small trel-fa rigorous tests.

gaps. Among the Ensifera, a considerable num- . . .

ber of nocturnal Tettigonioidea and Grylloide: HyPothesis 1: Predation pressure Higher

were caught at light and monitored acousticall Prédation pressure by insectivore birds,

by sound recordings (Riede, in prep). mammmals, but especially ants could limit
abundance of SEA grasshoppers.
DISCUSSION Evidences:

This is supported by a high proportion of
Summing up, it can be said that the rarity of  cryptic grasshoppers (Trigonopterygidae),
acridoid grasshoppers in SEA is striking when  which in addition to crypsis exhibit a high
compared to Neotropical habitats, while abun-  flight distance. An adverse effect of ants on
dance of Tetrigoidea, Eumastacoidea and En- caeliferan populations is observed in SEA
sifera does not show these remarkable differen- in the ant-rich heath forests, where Caeli-
ces. Our incomplete knowledge of SEA canopy fera are practically absent. In successional
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stagesMacaranga trees in SEA an@ecropia

Hypothesis 4: Plant palatability Low

in the Neotropics are protected against he grasshopper abundance could be a conse-

bivores by symbiotic ants; fdvlacaranga,

quence of a lower number of potential food

Fiala (1989) has directly observed expulsio p|ants in SEA due to an elevated proportion of
of grasshoppers by ants, for NWA, indirec 14ic plants in SEA compared with NWA.

evidence is provided by the low numbel

of grasshoppers in the Cecnopza-dominate Evidences:

successional stage (Amedegnato & Des-
camps 1980).

Hypothesis 2: Canopy architecture The structure

of NWA canopy is more favour-able for
grasshoppers due to a more stable micro-climate
and a greater number of hiding places and
oviposition sites.

Evidences:
In comparison to NWA, SEA canopy is
characterized by a higher number of
emergents and a lower number of epiphytes
(Whitmore 1984). Microclimatic fluctua-
tion above the lower boundary of the
canopy (“inversion zone": Hallet al. 1978)
are considerable, especially at the Poring
walkway site due to a rugged terrain and ex-
tremely high trees. Crown "shyness" is an
additional feature supporting the more lof-
ty aspect of Bornean forest. It gives ample
room for the rieh flying fauna of otherwise
earthbound animals like frogs and lizards.
In comparison, NWA canopy is a mono-
layer of low height between 25—30 m with
heavy epiphyte load and rieh humus accu-
mulations providing shelter and Substrate
for oviposition. Note that most of the SEA
museum material of supposed canopy
grasshoppers are females which might have
descended to oviposit for want of canopy
humus.

Hypothesis 3: Plant diversity Higher plant

diversity in SEA hampers discovery and

colonization of potential food plants by

specialized herbivores of low mobility or host

finding capacity.

Evidences:
Especially the Kinabalu area, is famous for
its elevated floristic diversity (Stein 1978),
which could exceed the host finding capaci-
ty and mobility of short-winged grasshop-
pers. To investigate this hypothesis, data on
the degree of feeding specialization of
canopy grasshoppers are necessary.

216

Compared with temperate regions, an
elevated proportion of rain forest plants
contains toxic substances &s a protection
against herbivores (Levin & York 1978).
However, very few comparative data on
secondary compounds from different rain
forest regions exist, and the effect of these
substances on insects is debated. A study of
Waterman (1983) compares total phenolics,
Condensed tannin and fibre Contents from
five rain forests and reveals an increased
fibre content at the SEA dipterocarp forest
(Sepilok, Sabah) compared with the
Neotropical study site (Costa Rica). Higher
fibre content implies relative N-deficiency
and would especially affect the growth of
first instar grasshopper larvae (White 1984),
so that low grasshopper abundance could
be explained by lower nitrogen availability
in Bornean plants. This Interpretation
would explain the greater abundance of
crickets, Tetrigoidea and Eumastacoidea:
adults of the abundant gap-inhabiting
cricket Nisara feed on plants, while their
larvae could overcome the critical larval
stage by omnivory and switch to foliovory
later during ontogeny. Tetrigoidea and
Eumastacoidea feed on "primitive" plants
like mosses, ferns, algae or even dead wood
and it has been hypothesized by Blackith
(1987) that their strategy of transferring
huge spermatophores &s nuptial gifts is an
adaptation to overcome the low nutritional
value of these foods. The conservancy of
the association between Tetrigoidea/Euma-
stacoidea and lower plants indicates that
host plant switch to higher plants is
obstructed by their toxicity.

Monk (1987) observed occasional
feeding of SEA grasshoppers on "unusual”
food items such as fungi and animal
fragments. Together with the feeding on
senescent leaves, these strategies could be in-
terpreted as adaptations to N-deficiency.



CONCLUSIONS Blackith, R. E. 1987. Primitive Orthoptera and

. . primitive plants. Pp. 124—12#& Baccetti, B. M.
The study of coevolution between insects an (ed.). Evolutionary Biology of Orthopteroid In-

plants is most advanced in the highly specialize  ¢o.ts chichester.

butterflies and Chrysomelidae which are ex- ) )
amplespar excellence of the result from the arm's Braker, E. 1991. Natural history of a neotropicapg
race between plants and insects (cf. Fatrel. inhabiting grasshopper. Biotropica 23: 41—50.
1992). Grasshoppers do not show such hicButlin, R. K. & K. A. Monk 1990. Catantopine
degrees of specialization but nevertheless are grazsh?p%erioﬂsmawesg Pp.|89—H?Kn|g:tt,hW. .
timately related to host plant properties whicl ft;res.ts bf éou?h %V;Zi' A(ziaS.(CVaTIZ?:Z:) aCon doen rain
may include a variety of parameters like nutri- ) ) o
tional value, toxicity, abundance and architec Cherrett, J. M. 1986. History of the leaf-cuttingta
tural properties. They feed principally on leave ~ Problem. Pp. 10-1n Lofgren, C. S., & R. K.
throughout their life and show no major shift ir V_ander Meer (eds.). Fire ants and leaf-cutting:ants
feeding strategy in the course of larval develop- biology and management. Bo.ulder. )

ment. Endosymbionts are not known fronDescamp_s, M. 1970. Ge_ograph|cal_reg|ons and tax-
grasshoppers which makes them especial onomic groups of Acridomorpha in need of study.
susceptible to food plant quality. These dif. Elg)ncq's IS:ASEL&%{OCOT&%%?EM and Future Pro-
ferences to other phyllophagous insects proviae 9y '

an additional scenario for the analysis of inDescamps, M. 1975. Revision du gerifdanthus
sect/plant relations. STAL, 1875 [Orth. Eumastacoidea, Erianthinae].

Ann. Soc. ent. Fr. (N. S.) 11: 91-136.
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