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Nutrigdo Subdtima e Comportamento Alimentar de Hemipteros
em Plantas Menos Preferidas

RESUMO - Hemipteros (heterépteros) fit6fagos sédo, em geral, polifagos,
alimentando-se de uma ampla variedade de pld¢asre essas plantas, fontes
nutricionais menos preferidas sdo também exploradas como alimento e/ou abrigo.
Para ilustrar isso, 0 comportamento alimentar do percevejoNemdea viridula

(L.) (Pentatomidae) em plantas menos preferidas no Norte do Parana é discutido.
Essa espécie de percevejo alimenta-se de varias plantas selvagens, ndo cultivadas,
e de plantas cultivadas, as quais sdo menos preferidas. Nessas plantas o percevejo
muda seu habito alimentar, ou seja, deixa de ser um tipico sugador de sementes
ou frutos, passando a se alimentar de tecido vegetativo, como folhas e ramos,
com consequéncias no desempenho das ninfas e dos adultos. Outros sugadores
de sementes, tais como os pentatomidaaschistus herof-.) e Dichelops
melacanthugDallas) e o alididedeomegalotomus parviigestwood, também

mudam seus habitos alimentares em plantas menos preferidas, trocando as
sementes por tecidos vegetativos. Esses e outros exemplos mencionados,
demonstram para esse agrupamento (guilda) alimentar, que as fontes nutricionais
constituidas por plantas menos preferidas desempenham um papel importante
na histdria da vida desses insetos, e que, em geral, esse fato é subestimado.

PALAVRAS-CHAVE: Insecta, Hemiptera, Pentatomidae, plantas hospedeiras,
ecologia nutricional.

ABSTRACT - Phytophagous hemipterans (heteropterans) are, in general, poly-
phagous, feeding on a wide array of plants. Among these, less preferred plant
food sources are also explored as food and/or shelter. To illustrate this, | will
discuss the feeding behavior of the southern green stinkNezgra viridula

(L.) (Pentatomidae) on less preferred plants in Northern Parana state. This bug
feeds on several uncultivated-wild, and on cultivated plants, which are less pre-
ferred, changing its feeding behavior, from a typical seed/fruit sucking habit, to
leaf/stem feeding, with consequences for its nymphal and adult performance.
Other seed suckers, suchEsschistus hero@-.) andDichelops melacanthus
(Dallas) (Pentatomidae) amdeomegalotomus parviwestwood (Alydidae),

also change their feeding behavior from seeds to vegetative tissues (leaf, stems)
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when feeding on less preferred food plants. These and other mentioned exam-
ples demonstrate that for this feeding guild in particular, the less preferred food
plant sources play an important role in the life history of these bugs, and that
this fact is, in general, underestimated.

KEY WORDS: Insecta, Hemiptera, Pentatomidae, host plants, nutritional eco-

logy.
Introduction Feeding Behavior of Hemipterans
The nutritional quality of plants is vari- Phytophagous hemipterans feed by insert-

able in space and in time. In order to coming their stylets into plant tissues and inject-
pensate for the changes in the quality of thang a watery saliva, which contains digestive
food, insects must adapt to explore alternatenzymes, sucking out the liquefied food con-
food plants, most of the time, on less preferretents (Miles 1972). This “lacerate-and-flush”
plants, while the most suitable and preferrednode of feeding probably evolved from a
hosts are unavailable. rasping-sucking type of feeding (Goodchild
Insects are known to have several type$966). In addition to the digestive saliva, an-
of compensatory responses when faced witbther saliva that solidifies to form a stylet
the variability in quality of the available foods. sheath is produced, which remains in plant
As pointed out by Simpson & Simpsontissues and can be used to estimate feeding
(1990), there are three main compensatory rérequency of these insects (Bowling 1979,
sponses: altering consumption, dietary seled980). The external part of the stylet sheath
tion, and post-ingestive compensation. In thiss actually seen and recorded; it was called
paper | will discuss some aspects of thes#lange’ by Nault & Gyrisco (1966), and oc-
compensatory responses, and how hecurs also in other plant sucking insects
mipterans behave, with regard to feeding, anthphids).
how nymphs and adults perform, on less pre- The damage to plant tissues, including
ferred plants food sources. This paper is basexteds and fruits, results from the frequency
on field observations and on field and laboraef stylet penetration and feeding duration,
tory studies conducted mostly with aassociated with salivary secretions that can be
pentatomid, the southern green stink bugpxic and cause tissue necrosis (see reviews
Nezara viridula(L.), a major pest of soybean by Slansky & Panizzi [1987] for further de-
[Glycine maxL.) Merrill] in Londrina, North-  tails on seed-suckers feeding behaviors, and
ern of Parana state (latitude’23' S, longi- by Hori [in press] on salivary secretions and
tude 52 11' S), Brazil. Data from other spe-tissue damage).
cies of hemipterans studied under similar cir-
cumstances will be touched on, as well. Fi- Polyphagy in Hemipterans
nally, it should be mentioned that it is not my
purpose to present an extensive review of the Phytophagous hemipterans are, in general,
literature on this topic, which has been dongolyphagous. However, they may show feed-
by other authors elsewhere, but, rather, dishg preferences for certain taxa. For instance,
cuss a case study, i.Bl.,viridulaon less pre- generalist feeders such as the pentatdsnid
ferred food plants in Northern Parand, to demviridula prefer legumes and brassicas (Todd
onstrate the role of these so called “foo& Herzog 1980); another pentatomittjessa
plants” on the life history of insects. meditabunddF.), prefers legumes and solana-
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ceous plants (Silvat al. 1968); and species used as food sources. Several species of
of the generdAcrosternumand Euschistus hemipterans feed preferably on stems, such
feed preferably on legumes, while species ois the neotropical rice bugdlibraca

the generaDebalus, MormideaAelia and limbativentrisStal, which feeds mostly on rice
Eurygasterprefer to feed on graminaceousstems near the ground (Rizzo 1976). The
plants (Panizzet al, in press). These and pentatomicEdessa meditabundg.) feeds on
other trends make hemipterans to evolve closstems of host plants, such as soybean (Gali-
relationships with certain plant species. Howleo & Heinrichs 1979) and on leaves of most
ever, because preferred plants are often nhbst plants (Rizzo 1971). When feeding on
available, hemipterans are forced to feed omoybean stems, adit meditabundatay in
less preferred plants, showing different feedan upside down position (Panizzi & Machado-
ing behavior and variable performance, andNeto 1992), which may better facilitate pen-

this will be discussed further on. etration of tissues by their relatively short
stylets than would the normal (head-up) posi-
Seeds as Main Feeding Sites tion; the shortness of the mouthparts may ex-

plain why this bug tends not to feed on seeds
Among the many structures of plantswhich, because they are protected by pod
seeds and immature fruits are the main feedvalls, are somewhat out of reach.
ing sites of hemipterans (Schuh & Slater Leaffeeding has been observed in the seed
1995). Seeds are packages of highly concesuckerN. viridula, particularly on leaf veins
trated nutrients compared to other plant part®f the preferred host, soybean, and on the less
Mean values of percentage content of propreferred host, castor bedicinus commu-
tein and oil range between 10 — 30 and 10nisL. (A.R. Panizzi, unpublished).
40 in seeds, while in leaves these values sel- Several species of hemipterans feed on
dom reach 15 and 10%, respectivelybranches of trees, such as the pentatomids
(Shorland 1963, Slansky & Scriber 1985) Antiteuchus mixtuéF.) andA. tripterus(F.)
These characteristics make seeds preferrdidat feed on privet,.igustrum lucidumAit.
feeding sites, from which nutrients are morgOleaceae) (Panizzi & Grazia, in press). These
easily obtained (I do not consider here physibugs are abundant on privet trees in Londrina.
cal (hardness, small size, etc.) and chemic@lttempts to raise nymphs on fruits (berries)
(toxic allelochemicals) features that may makef privet failed. Apparently, they need to feed
seeds less suitable as food [see review lyn the branches (bark) of this tree, where they
Slansky & Panizzi 1987]). get the nutrients that allow their development.
When seeds are not available, seed suckdther hemipterans, such as aradids, are spe-
ers are able to obtain nutrients from other plartialized to feed on mycelia of higher fungi,
tissues, such as growing tips or flowers; bugrown under the loose bark of trees; but one
in general these do not allow complete nymspecies feeds on phloem, cambium and xy-
phal development or egg production. In thigem tissues of pine tree#\fadus cinna-
case adults will fly and disperse to locate aPmomeusanzer) (Helibvaara, in press).
propriate food plants at reproductive stages. other species of hemipterans feed on
Nymphs, however, will have their survi- ,q4¢5 such as the cydnidcaptocoris
Vct))_rlshlp sderlously ghrealtsned, lde;p;te| the'{:astanec";Perty andAtarsocoris brachiariae
Sy leherse by Wl el on pecker, major psts o evera rops and pas-
1987) y “ures (Becker 1996, List al, in press), and
' Cyrtomenus mirabiligPerty) pest of peanuts,
Arachis hypogaed. in Brazil (Zucchiet al.
1993). However, this feeding habit among
hemipterans is restricted, probably due to the

Other plant parts, besides seeds/fruits, af@W content of nutrients in roots, in addition

Feeding on Stems, Branches,
Leaves and Roots
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to the difficulty of access. sources. However, they may be forced to
change the feeding habits they use on pre-
Less Preferred Plants as Food Sources ferred host plants. This may happen for seve-
ral reasons: the less preferred plants possess
Most species of hemipterans spend onlgeeds or fruits the bugs are not used to feed
a third of their lifetimes feeding on spring/on; the less preferred plants may be at the
summer crops, usually their preferred hostsiegetative stage and, although producing suit-
The rest of the time they spend feeding andble seeds and fruits, these are not present at
breeding on alternate hosts, some of them dfiat moment; or the less preferred plants avail-
low nutritional quality, or occupying able may produce fruits and seeds suitable but
overwintering sites. Therefore, the less preinaccessible (out of reach - like seeds pro-
ferred food plants are usually overlooked, antected by thick pod walls, or by an empty space
their roles in the life history of hemipteransbetween the pod walls and the seeds). Faced
are, in general, underestimated. with one or more of these conditions or
Although hemipterans do not breed orotherelse, bugs will need to change their feed-
these plants (at least on some of these plant&)g habits and feed on other plant structures,
they provide nutrients, to some extent, andisually not explored as food sources.
water, as well. However, because bugs are not To illustrate this, | will present some ex-
used to them, sometimes they may not recogimples using the southern green stink Hug
nize these “host plants” as potential toxicviridula (Pentatomidae) as a case study. Some
plants, despite their polyphagy and wide caether cases will be mentioned in less detail,
pacity to overcome toxic allelochemicals orincluding other species of pentatomid and one
lack of essential nutrients. species of alydid, common in Northern Parana
Among the less preferred host plants obtate.
hemipterans, some are cultivated and some
are wild, uncultivated plants. Usually, these Local Populations with Specific
less preferred host plants, which are used as Feeding Habits
food or shelter, are present near cultivated
fields, where preferred hosts were harvested Despite being polyphagous, but showing
or ended their cycle and became mature. Ipreferences for certain plant taxa, phytopha-
some cases, weeds that remain green in bgeus hemipterans may restrict their diet, and
tween mature plants of a certain crop, are tenactually act as olygophages, depending upon
porarily used as a source of nutrients anébod availability and time of exposure to re-
water. This situation is common in tropical orstricted hosts (see Fox & Morrow 1981 for
subtropical areas, where most bugs are activarther discussion of feeding specialization as
during the entire year (some species, howeva,species property and/or local phenomenon).
enter diapause, underneath debris, without Several species of hemipterans are re-
feeding, such as the neotropical brown stinkerred in the literature as feeding and breed-
bug, Euschistus hero@-.) [Panizzi & Vivan ingin one plant species in a certain place, and
1997)). not feeding, or feeding but not reproducing,
on the same host plant in another place (see
Changes in Feeding Habits several examples in Panizzi 1997). This phe-
nomenon seems to be more common than usu-
When phytophagous hemipterans face ally thought, and adds more complication to
scarcity of preferred host plants and environthe interactions of polyphagous bugs and the
mental conditions are favorable, i.e., temperaole of their host plants in their life history.
ture and humidity are relatively high and pho-Therefore, it seems reasonable to make state-
toperiod is adequate, bugs will feed and rements based on bug vs. host plants on a local
main active on less preferred plant foodasis, and not to try to generalize results as
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being “globally true”. Feeding on Castor Bean

Itis known that the same insectand plant  ~_ ;. beanR. communigEuphor-
species will be |nfl_uenced by a_v_anable ?nv"biaceae) is a wild berennial plant very com-
;(I)ch)n\?;]rtié\{)vlglCﬂovtwgorﬂggre]gﬂtlre]g 'gn;ﬁgg'ggss[non in several parts of the world. In North-
o ' ; : . ern Parand state it grows in abandoned areas,
ticity of both organisms. This dynamic co-

existence over ecological time, makes the bu [oadsides, etc., being very abundant. Abuit
9 ' iridula may be captured on this plant

and their interactions with host plants an endfhroughout the year (Fig. 1). Adults show an

less game. Therefore, studies on host pla E : : ; :
- e ical feeding behavior by feeding on leaf
sequences and their impact to the bug’s blo%e)i/rrl)s of this plzf]nt, and, som)étimes, ?)n imma-

ogy should be considered locally. ture fruits. Eggs are not laid by females on
castor bean leaves, unless accidentally. Dur-
ing winter and fall, adults and late instars may
be found aggregated on leaves, showing bask-
The polyphagous southern green stin ing behavior (Fig. 2A). These late instars, did
ot develop on castor bean, but developed on

bug, N. V|r|dula,_ IS r.eported to feed on over other more suitable hosts, and moved to cas-
100 plant species in more than 30 families,

because of its worldwide distribution severafor bean leaves to bask.
- 1 While on castor bean, adults are less sus-
host plant sequences are utilized by this bu

including some less preferred plants (refer%’epuble to parasitization by tachinid flies than

. g when on other host plants (Panizzi 1989).
ences in Panizzi 1997). In Northgrn Parani"erhaps, flies that follow the bugs on their host
state, host plant sequences utilized Nby

viridula have been characterized, includin lants, will not visit castor bean so often, look-
‘ ' . ng forN. viridula, because numbers of bugs
plants which are used as sources of nutrien

: . h this plant are relatively low or because the
and water, but not of reproduction (Fig. 1). plant may have chemical or physical traits that

During summer and early autuni. ~ will repel the flies.
viridula concentrates on its preferred host,
soybean, where it completes three genera- Feeding on Star Bristle
tions. It moves to other suitable legumes dur-
ing autumn where a 4th generation is com- Another less preferred plant food source
pleted. During the mild “winter” it completes ©f N. viridula is the weed, star bristle,
a 5th generation on wild brassicas — brassicdscanthospermum hispiduC. (Com-
are the second preferred taxon of this bug;rzos'tae)- This is a common weed in soybean

The PolyphagousNezara viridula
(L.) as a Case Study

6th and last generation is completed o ields in Northern Parana as well as in more
siberian motherwortleonurus sibiricud.. orthern soybean production areas of Brazil.

(Labiatae), a common weed plant, which is N. viridulais commonly found feeding on

used only occasionally, before the bug start3ia" Pristie during the late soybean season, and
colonizing soybean again particularly after soybean harvest during au-

tumn (Fig. 1). Although a seed sucker, the bug
In Northern Parand. viridulawill feed  strongly prefers to feed on stems of this plant
on less preferred host plants, which are usg@ig. 2B). The stems are mostly filled with an
as sources of nutrients and/or shelter. NympAqueous tissue and the insects apparently can
mortality on these host plants is high in thaletect this abundant source of water.
laboratory (in the field nymphs may noteven On several occasions, dead adult$Nof
feed on these plants), and adults will not reviridula were found on the ground near the
produce on them, and their longevity is replant stem, indicating that the bugs were prob-
duced (Panizzi 1997). ably feeding on the stem and died. Labora-
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Figure 2. Different behaviors of hemipterans on less preferred plant food sources. A = Late instarsldndiaduld aggregated on
castor bean leaf, showing basking behavior.[8. wiridula, a typical seed/fruit feeder, feeding on star bristle stem (arrow indicates where
the stylets are introduced in the stem). C = a pdi. tieros a seed sucker, in copula and feeding on star bristle stem (arrow indicates
where the stylets are introduced in the stem by the female). D = a male of theNalpdid/us specialized to feed on mature seeds,

feeding on a seedling soybean plant. -
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tory studies indicated that this plant can b@lants. There are reports of its damage to
toxic to N. viridula, drastically reducing its wheat in Brazil (Maia 1973), and to wheat
longevity (Panizzi & Rossi 1991) (Table 1). and corn in the United States (Viatetr al.

Table 1. Nymph and adult performanceMfviridulaon less preferred plant food sources
compared with its performance on a preferred food plant, soybean (source: references in Panizzi
1997, and A.R. Panizzi, unpublished).

Food source Development Mortality (%) Longevity (days) Fecundity
time (days) (eggs/female)
Less preferred food sources
Acanthospermum hispidum — 100.0 6.1-7.8 0.0
Albizia julibrissim — 100.0 — —
Crotalaria lanceolata 27.2-33.9 85.0 32.1-35.3 29.0
Croton glandulosus 43.5 80.0 — —
Desmodium canum — 100.0 — —
Indigofera hirsuta — 100.0 — —
Lepidium virginicum — 100.0 — —
Prunus serotina 29.3 78.0 — —
Ricinus communis 42.3-42.6 60.2-86.5 16.1-24.9 0.0-95.0
Sesbania aculeata — 100.0 — —
Sesbania vesicaria — 100.0 20.0-20.3 40.0
Trifolium repens 64.0 98.4 — 0.0
Triticum aestivum — 100.0 — —

Preferred food source
Glycine max 22.9-32.8 2.0-60.0 36.5-65.0 99.3-203.7

Food sources are seeds/fruits or fruiting plants.
2From second stadium to adult.

Feeding on Wheat 1983, Negron & Riley 1987). However, this
may be the case of local populations with spe-

Wheat,Triticum aestivunk.. (Gramineae), cific feeding habits, as previously discussed.
is largely cultivated in Southern Brazil, dur-In Northern Parana statdl. viridula may
ing winter after the soybean harvest. In someventually feed on corn, but not on corn ears,
years and in some aread$, viridula adults rather on stems of seedling corn, grown un-
have been observed feeding on reproductivéer a no-tillage cultivation system. Bugs that
plants during winter (Fig. 1). Adults will feed stay in areas with weed plants or with scat-
on seedheads, but will not lay eggs on plantsered cultivated host plants, will eventually
Attempts to raise nymphs in the laboratoryfeed on corn seedlings that are established in
using seedheads or mature seeds did not subese areas. However, these events are uncom-
ceed. mon (A.R. Panizzi, unpublished).

N. viridula, although extremely polypha- In Table 1, some examples of nymphal and
gous, is known not to breed on graminaceousdult performances ®. viridulaon less pre-
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ferred plant food sources are compared witlsonservation tillage. In these areas, bugs find
its performance on a preferred plantshelter (straw) and food (dried seeds fallen to
(soybean), based on my own work and on dathe ground) and will thrive. This differs from
from the literature. Note that on most of thewhat occurs in areas under conventional cul-
less preferred plants, nymphal mortality igivation systems, where bugs are dislodged
100% or greater than 80%, whereas on thigom their shelters and killed due to plowing.
preferred host (soybean) these values are usu- A similar situation occurs with the alydid
ally less than 30%, reaching 60% in one casdeomegalotomus parv(a/estwood). This is
(range 2.0-60.0 %). Nymphal developmentah typical seed sucker which feeds on mature
time on less preferred plants usually lastedeeds of legumes. In areas under conserva-
longer (27.2 to 64.0 days), whereas ortion tillage, this bugs will feed on soybean
soybean these values ranged 22.9-32.8 dayseedlings (Fig. 2D). In areas under conserva-
Adult longevity was drastically reduced ontion tillage, they stay on the ground feeding
some of the less preferred plants, being uswn their preferred food (mature seeds) and will
ally less than 20 days, whereas on soybearomplement their diet by feeding on a less
longevity was 36.5 days and greater. Adulpreferred food source, i.e., young plants
fecundity was also low (< 40 eggs) and mostlyPanizzi & Chocorosqui 1999).

zero on less preferred plants, whereas on

soybean it ranged 99.3-203.7 eggs/female. Concluding Remarks
Alterations on Food Habits of other In the life history of phytophagous
Hemipterans hemipterans, the less preferred plant food

sources play an important role. Because bugs

Other species of hemipterans, like are in general polyphagous, food plants are
viridula, will also feed on less preferred food often assumed to be equally suitable to the
plants. For instance, the neotropical browrbug’s biology, which is certainly not true.
stink bug,E. heros which is a typical seed Moreover, some plants on which they feed are
sucker, will feed on star bristle stems (Figused only on special occasions or during lim-
2C). The bugs do not reproduce on star bristed times, and have very low nutritional value,
tle, which is used only as a source of watealthough having their specific functions.
and some nutrients. Unlikd. viridula, this And here comes the question: What re-
bug seems not to become intoxicated wheally is a host plant? A plant on which the bugs
feeding on this plant (Panizzi & Rossi 1991).commonly feed and develop but do not re-

Another pentatomid, Dichelops produce —is it a host plant? And a plant on
melacanthug¢Dallas), previously reported as which the bugs eventually feed, but do not
a pest of soybean, and feeding on pods (Galidevelop and do not reproduce — is it a host
leoet al.1977), has been observed to feed oplant? Or, a plant on which the bugs do not
corn,Zea mayd.., and on wheat. It is inter- feed, develop or reproduce, but rather use as
esting that on these two graminaceous plantshelter — is it a host plant? It seems that the
the bugs feed on the stems of young plantslefinition of what usually characterize a host
causing substantial damage. This change iplant, i.e., a plant on which an insect usually
feeding habits, from reproductive structureslevelops and reproduces, can not be re-
of more preferred hosts, such as legumestricted, but, rather, must be flexible. Inde-
(soybean), to vegetative tissues of less prgendently of what is or will come to be the
ferred hosts (graminaceous), is attributed taltimate definition of a host plant, the less
the low availability of preferred hosts. After preferred plant food sources, considered host
soybean harvedd. melacanthustays on the plants or not, are essential links in the intri-
ground underneath debris, and will feed ortate net that is the life history of hemipterans.
corn or wheat plants growing in areas under Many aspects of the biology of
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hemipterans have been investigated, some in cialization: species property or local
great detail, some in less detail, and some in phenomenon? Science 211: 887-893.
even less detail. Perhaps one of the aspects

least studied is this subject of less preferre@alileo, M.H.M. & E.A. Heinrichs. 1979.
plant food sources. If we are, for example, to  Danos causados a soja em diferentes
develop holistic integrated pest management Niveis e épocas de infestagéo durante o
systems, more attention should be devotedto  Créscimento. Pesq. Agropec. Bras. 14:
this issue. If we are, for example, to develop )

predicting population outbreak models, this. .
issue should be considered. If we are, for eXC_;ahIeo, M.H.M, H.A.O. Gastal & J.
Grazia. 1977.Levantamento popula-

ample, to develop a host-plant-sequence ~ : ;
- . cional de Pentatomidae (Hemiptera) em
model, this issue should be considered. And cultura de sojaGlycine max(L.) Merr.)

so on and on. Although generally considered 4 municipio de Guaiba, Rio Grande do
a minor component of the entire life history g, Rev. Bras. Biol. 37 111-120.
of bugs, the less preferred plants may hold

“secrets” of great value. Once revealed, they;oodchild, A.J.P. 1966 Evolution of the
may be the key to fully understanding the bi-  alimentary canal in Hemiptera. Biol. Rev.
ology of hemipterans. 41: 97-140.
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