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RESUMO - A aplicacgo do trabalho em sistemética e filogenéticapode ter muitos
efeitos préticos na entomologia aplicada. A filogenia € o estudo das relacdes
evolucionarias dos organismos; a s stematicausaosresultadosdafilogeniapara
contrair sistemas de classificagdo. Se alguém sabe algo sobre as relaces
filogenéticas e sistematicas de uma praga de uma cultura, entdo ele sabe os
parentes da pragaou cultura, e pode predizer o que poderdo fazer no futuro. Tal
conhecimento e predi¢des sdo especialmente importantes em paises em
desenvolvimento, os quais estéo diversificando sua agricultura. Insetos que se
alimentam de plantas selvagens podem se tornar pragas quando os parentes
destas plantas séo introduzidas como culturas. Similarmente, nesses paises,
parentes selvagens de pragas de outros locais, podem €eles tornarem-se pragas
guando amesmaculturaéintroduzida. Habilidade defazer tais predicfes permite
aos paises estarem preparados para combater pragas antes que elas tomem este
status. Exemplos de tais predi¢des de heterOpteros para as culturas no Brasil
incluem: certos Blissidae (pragas do arroz e da cana de aglicar na Asia), certos
Alydidae (pragas delegumes naAsiae agoradasojano Brasil); também alguns
triatomineos Reduviidae (vetores da doenga de Chagas na Regido Neotropical,
potencia mente transmissores da doenca de Chagas na India). Em adi¢do, o
conhecimento dafilogeniae das stemética pode permitir o controle de percevejos
do géneros Lygus, um grupo de pragas da Regido Holé&rtica (Miridae).

PALAVRAS-CHAVE: Insecta, hemiperos, taxonomia, entomol ogia aplicada.

ABSTRACT - The application of systematics and phylogenetic work can have
very practical effectson applied entomology. Phylogeny isthe study of the evo-
Iutionary relationships of organisms; systematics uses the results of phylogeny
to construct systems of classification. If one knows something about the

This paper is expanded from atalk | gave at the XV Congresso Brasileiro de Entomol ogia,
in August, 1998. Inrewritingit for publication, | have retained some of theinformality of the
spoken presentation. | hope doing so makesthe paper more accessible and moreinteresting to
awider audience.



500

Schaefer

phylogenetic and systematic relationships of a pest or a crop, then one knows
the wild relatives of pest or crop, and can predict what either might do in the
future. Such knowledge and predictions are especially important in developing
countries which are now diversifying their agriculture. Insects now feeding on
wild plants may become pests when relatives of those plants are introduced as
crops. Similarly, wild relativesin these countries of pests el sewhere, may them-
selves become pestswhen the same crop isintroduced. The ability to make such
predictions allows countries to be prepared for pests before they actualy be-
come pests. Heteropteran examples of such predictionsfor Brazilian crops are:
certain Blissidae (pests of rice and sugarcane in Asia), certain Alydidae (pests
of legumesin Asia, and of soybean now in Brazil); also some triatomine Redu-
viidae (vectors of Chagas disease in the neotropics, potentially of Chagas' dis-
easein India). In addition, knowledge of phylogeny and systematics may allow

one to control lygus bugs, a Holarctic group of pests (Miridae).
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For many years the study of both
phylogeny and systematics was considered
(and by many isstill considered) arather eso-
teric matter: Perhaps of interest to afew, but
of no greater practical valuethan the study of
fugal design in Brahms, or the influences on
the novels of Dickens. (Was Brahms more
deeply influenced by Bach or by Handel
[Brahms was studying Handel when Brahms
died].) (Was Smollett’s “The Expedition of
Humphrey Clinker” a greater influence on
“The Posthumous Papers of the Pickwick
Club” [see Saintsbury 1895] than was Gold-
smith’s “The Vicar of Wakefield”? Surely it
is of interest, if not of practical interest, to
note the similarities among the protagonists
of these novels: Matthew Bramble, Samuel
Pickwick, and the Rev. Primrose; and to real -
ize the creator of the second was well ac-
quainted with thefirst and third.)

Many people would argue that of even
narrower interest isthe study of evolutionary
relationships among living things (except
among humans): And so—to take an exam-
ple not at all at random—the phylogenetic
relationships of the subfamilies of Reduvii-
dae might fascinate a few people here and
there, but surely these relationships cannot
have any practical value. As we shall see,
thisideaisdangerously false.

And, as| hope also to show, we can never
know what other evolutionary relationships
among insects may prove to have great prac-
tical importance. We can never be certain
what will proveto beimportant. After all, as
St. Paul wrote to the Hebrews, “Be not for-
getful to entertain strangers; for thereby some
have entertained angelsunawares’ (Hebrews
13:2).

Ignorance is not bliss, what we do not
know can indeed hurt us.

| am certainly not disparaging knowledge
for its own sake. Knowing what influenced
Charles Dickens as he wrote, and knowing
what the evolutionary relationshipsare of vari-
ous organisms—this knowledge isimportant
for its own sake. After all, a feature which
sharply distinguishes primates, is curiosity.
Satisfying curiosity is satisfying avery basic
urge or need of human beings.

However, my topic here is the practical
benefits of systematic and phylogenetic work.
And my examples are from the hemipteran
suborder Heteroptera, the true bugs.

How might a knowledge of systematics
and phylogeny help with practical, or applied,
entomology? The study of phylogeny yields
information on the evol utionary relationships
of organisms. Systematics takes that infor-
mation and organizesit into a system (hence
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thename). Thissystem is hierarchical—that
is, each groupisjoined with othersinalarger
group, whichinturnisjoined with other larger
groupsinto ayet larger group, and so on. All
members of any one of these groups share
certain characteristics, and so phylogeny and
systematics, taken together, allow oneto make
predictions about organisms once their posi-
tion in aclassification (and thus their evolu-
tionary relationships) are known. Some of
these predictions may be of great importance
to the practical (applied) entomologist—for
example, in ascertaining what insects may
become pests when a crop isintroduced into
a new area, in deciding what methods may
most effectively control or manage pests al-
ready established inacrop, andin oneinstance
perhaps in determining whether a group of
disease vectors presents a threat.

Or, to put the argument more basically and
more simply: Thisishow aknowledge of sys-
tematics and phylogeny can help entomolo-
gists with practical problems: If we know
something about one species of organism, then
we can extend that knowledgetoitsrelatives.
The closer these relatives are—that is, the
more closely related they are phylogene-
tically,—then the closer and the more exact
and the more detailed is the knowledge that
we can extend. Two speciesin the same ge-
nus share many characteristics. Two genera
in the same family share fewer characteris-
tics, but they share more characteristics than
two familiesin the same order.

Some of this shared information can be
useful in practical entomology. But of course
before it can be useful, we must know accu-
rately what these systematic and phylogenetic
relationships are.

In this paper | shall give two kinds of ex-
amples, from Heteroptera. First, three situa-
tions where a knowledge of evolutionary re-
lationships may help in controlling pests or
preventing serious economic consequences.
And second, three examples where a knowl-
edge of evolutionary relationships may help
predict what heteropterans might become
pests of Brazilian crops.

My first exampleishighly speculative. It
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is based on some recent physiological and
biochemical work on a serious plant pest,
Lyguslineolaris(Palisot de Beauvais), known
in North America as the tarnished plant bug.
This bug is polyphagous and causes major
damage to many crops in North America; it
has perhaps as broad a host range in North
America as the southern green stink bug
(Nezara viridula (L.)) has worldwide. In
1996, Dickens & Callahan described fromthe
tarnished plant bug a protein which occurs
only in the antennae of this species. Later
(1998), Dickens & Callahan and others (Dick-
ens et al. 1998) showed that this protein oc-
cursin al sexes and stages of the tarnished
plant bug, and aso in the congener Lygus
hesperusKnight, itself apest of several crops
in the southwestern United States. This par-
ticular protein does not occur in two distantly
related heteropterans, one a predacious and
the other a phytophagous pentatomid (Dick-
enset al. 1998).

This protein is believed to bind odors,
perhaps those from host plants and/or sex
phermones. But what these bits of informa-
tion have to do with systematics and
phylogeny?

There are about 51 undisputed species of
Lygus, in Europe and North America
(Schwartz & Foottit 1998; for distribution, see
Schaefer 1999). There are also about 135
species in the Old World Tropics, listed as
“incertae sedis’ in Schuh’s Catalog (1995).

Systematics—inthiscase, therevision by
Schwartz & Foottit (1998)—tells us that al
these temperate-zone Lygus are related. The
protein occursin two Lygus species, and per-
hapsit occursinall. If the protein can some-
how be used in biological control of the pest
Lygus speciesinwhichit occurs(L. lineolaris
and L. hesperus), then perhapsit can be simi-
larly used in control of pest Lygus speciesin
which it has not yet been found. The facts
that this protein occurs in both L. lineolaris
and L. hesperus, and that these two species
arenot closely related (see Schwartz & Foottit
1998, Fig. 498), suggest that this protein may
indeed occur throughout the genus.

How might it be used? If the protein can



502

be synthesized, it should then be possible to
useit, or an analog of it, to disrupt the scent
signals that Lygus species use either to find
host plants or to find mates. If this can be
done, it may help control not just the two
Lygus species, but other pest species in the
genus. This possibility of controlling other
pest Lygus exists for two reasons. First, be-
cause systematics tells us that all Lygus spe-
ciesare related, and therefore what is true of
one species (e.g., this protein) may betrue of
all

The second reason is this: This protein
occurs in these Lygus species, al of which
are very general feeders. Yet it does not oc-
cur in N. viridula, also avery genera feeder.
Thisissignificant, becauseit tellsusthis par-
ticular protein may well berestricted to Lygus,
and is not a protein generally found in poly-
phagous heteropterans. In other words, the
protein is systematically restricted, because
itisfound in only one systematic group. But
it isalso phylogenetically restricted, because
itisnot foundin aphylogenetically distant—
that is, distantly related—group, the
Pentatomi dae—even though members of this
group, like membersof the mirid genusLygus,
often feed very generally.

Because of these restrictions—systematic
and phylogenetic—this protein may proveto
be useful in helping to control a group of se-
rious heteropteran pests, species of Lygus.
Odor-binding proteins occur in other groups
of insects, and possibly in all (Dickenset al.
1998). They occur in Lygus, and doubtless
thereforethey occur in N. viridulaaswell (al-
though they are of course different in N.
viridula than in Lygus). Once found in N.
viridula, the odor-binding protein (if that is
what itis) may help control the southern green
stink bug too.

My second example is very much a Bra-
zilian one. An important pest of soybean
throughout Brazil’s soybean-growing areas,
is a member of the heteropteran family
Alydidae, specifically of the subfamily
Alydinae (Panizzi 1988). For many years
alydines were believed to feed rather gener-
aly. But in 1980, a paper appeared whose
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author had surveyed the literature and found
that members of the subfamily Alydinaefeed
almost exclusively on legumes (Schaefer
1980); afurther survey (Schaefer & Mitchell
1983) confirmed thisfact.

If oneintroducesalegume cropinto anew
area, it is not unexpected that local wild leg-
ume-feeders will begin to feed on that crop
and, if not controlled, will become a pest on
it. Thisis exactly what happened when
soybean was introduced into Brazil: Several
feeders on wild legumes turned to soybean,
and became pests on this crop: Euschistus
heros(F.), Leptogl ossus zonatus (Westwood),
Piezodorusguildinii (Westwood), and severa
others; and the southern green stink bug (N.
viridula), apest on everything that grows, also
became a pest on Brazilian soybean; among
these new pestswasamember of the Alydinae
(see Panizzi & Slansky 1986, Panizzi 1988,
1989, 19974, b; Panizzi & Corréa-Ferreira
1997).

Systematics and phylogeny would have
allowed us to predict that this alydine might
become a pest on soybean—because 1) it be-
longs to a group al of whose members feed
on legumes (Alydinae), and 2) it occurswild
in the very regions where soybean is now
grown. What more can systematics tell us
about this bug?

Thissoybean pest hasbeen included inthe
genus Megalotomus, as M. parvus
(Westwood). We know quite a bit about the
biology of another species of Megalotomus,
M. quinquespinosus (Say) (Yonke & Medler
1965). Presumably then we can use thisin-
formation about one species of Megal otomus
to help control the soybean pest. However,
systematics tells us that we cannot. In his
unpublished 1964 dissertation, J. C. Schaffner
showed that the Neotropical speciesincluded
in Megalotomus are in fact unrelated to the
rest of the speciesinthisgenus. In particular,
M. parvus is not related to M. quin-
quespinosus. Therefore any attempt to ex-
trapolate knowledge about M. quin-
quespinosus to M. parvus would be wrong;
and any attempt to control M. parvus using
what we know about M. quingquespinosus,
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would waste time and money. But because
Schaffner’ s dissertation has remained unpub-
lished, this soybean pest has remained in the
wrong genus. The sort of predictions| men-
tioned at the beginning of thistalk caninthis
case not be made; and, if they had been, they
might have been wrong. And the reason they
cannot be made, or would have been wrong,
is a systematic one: These two species of
alydinesarenot related except at the subfamily
level. Thereforewe could have predicted that
both would feed on legumes. But we could
not have predicted that what we know about
the biology of M. quinquespinosus might be
true also of M. parvus, except insofar as both
belong to the same subfamily (Alydinae).
They do not belong to the same genus. Thus,
because they belong to the same subfamily,
we can make some predictions; but if they
belonged to the same genus, we could have
made even more—but we cannot.

The systematic confusion here has now
been cleared up, with the publishing of the
new generic name for parvus:
Neomegalotomus (Schaffner & Schaefer
1998). And moreinformation on the biology
of Neomegalotomus parvus (Westwood) is
now available (Santos & Panizzi 1998). The
genus itself (Neomegalotomus) is being re-
vised (Schagfer, in preparation). A more ac-
curate knowledge of its systematics, and the
more thorough knowledge of its biology pro-
vided by Panizzi and his colleagues, will to-
gether make easier the control of thissoybean
pest.

My third exampleismore seriousthan the
other two, because it involves human health.
It too concerns Brazil, although not directly.
The subfamily Triatominae of the heteropteran
family Reduviidae contains the vectors of
Chagas’ disease. Brazilians better than any-
one know about Chagas' disease, not only
because it is a serious disease in Brazil, but
because so much of the work on the disease,
especialy on the biological and ecological
aspectsof the disease and itsvectors, hasbeen
carried out at the Oswaldo Cruz Ingtitute (ina
building designed by Oswaldo Cruz himself).
Indeed, the disease was discovered here by
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Carlos Chagas, and hisclassic paper was pub-
lished in the first volume of the Institute’s
Memodrias (see Morel 1998). Much, if not
most, of the major work since, especially on
the systematics of the trypanosome and its
vectors, has continued to be published inthese
Memodrias.

The Triatominae contains 16 genera and
about 120 species (Lent & Wygodzinsky 1979,
Maldonado C. 1990, Carcavallo et al. 1997,
Jurberg & Galvao 1997). All of these except
afew speciesof the genus Triatoma, and mem-
bersof thegenusLinshcosteus, liveinthe New
World tropics or semitropics, from southwest-
ern United States south into Chile and Argen-
tina. Most New World members of the sub-
family can transmit the trypanosome which
causes Chagas' disease (although because of
their biologies or behaviors, many of these
species do not threaten humans).

Several members of Triatoma livein the
Old World tropics; and the four or five spe-
ciesof Linshcosteus al livein India. Sofar,
Chagas' disease hasnot been reported in these
areas. However, trypanosomes close to
Trypanosoma cruzi Chagasoccur inthesere-
gions, and so of course do small mammals,
especially rodents—thewild reservoirs of the
trypanosomes and the wild hosts of the bugs.

Chagas' disease is a remarkably serious
one (although remarkably little known in the
United States). Thistrypanosomiasisseverely
harms the health of some 100,000 people a
year from Mexico to southern South America,
at an estimated treatment cost of some US$40
million annually (Schofield 1994, and see
Schaefer 1995). Might this serious disease
ever develop in India?

It has been suggested that Linshcosteus
(the Indian triatomine) is not actually a
triatomine, although phylogenetic evidence
for this view is scant (Schofield 1988, J.-M.
Bérenger [letter to me, 1997], Gorla et al.
1997) (thislast was a morphometric study).

Thus several people who are very famil-
iar with these bugs (Schofield) or are at least
well acquainted with them, believe that
Linshcosteusisphylogenetically more closely
related to some other subfamily than to
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Triatominae. Linshcosteus looks like a
triatomine (so the suggestion goes) because
it has independently come to feed upon ver-
tebrate (and sometimes human) blood—just
as have the lygaeids Mizaldus and the
cleradines (see Schaefer 1997). Maria
Coscaron of the LaPlataMuseum and | plan
to study the phylogenetic relationships of
Linshcosteus, looking not only at morphol-
ogy but using a'so biologica and behavioral
data gathered by a student of Dunston
Ambrose, of Palayankottai, India.

Thisstudy isof great practical interest. If
Linshocosteus is truly a member of the
Triatominae—that is, if Linshcosteus is
phylogenetically closely related to the New
World Chagas' vectors,—then it may also it-
self become a vector of T. cruz, or of some
Indian relative equally able to cause disease
in humans. In other words, if a study of the
bug's phylogeny reveals that its systematic
placement is correct, Linshcosteus may be-
come a disease vector in India.

Ontheother hand, if Schofield, Bérenger,
and Gorlaet al. are correct, then Linshcosteus
is not related to the Chagas vectors, is not
correctly placed systematically, and is not
likely to be avector of Chagas' disease or of
some disease similar to Chagas'. | thinkiitis
clear that establishing the phylogenetic rela-
tionships, and thus the systematic placement,
of Linshcosteusisof literally vital importance.

Next | shall discuss someinsectsthat may
become pests, especially of cropsthat arerela-
tively new to an area.

Intwo recent papers, Antdnio Panizzi, has
discussed many of the practical and ecologi-
cal aspects of my paper. In hisAnnua Re-
view of Entomology article (1997a), he con-
siderstheimportance of wild hoststo thelives
of pest pentatomids. He points out that these
pest pentatomids usually do not abandon or
forsake their wild hosts, when these bugs
move onto crops. Rather, thewild hostsserve
asreservoirs, maintaining the pests when the
crop plants are not available. Thereforeitis
important to know what thesewild host plants
are—and thisis another practical taxonomic
and systematic question, but of plants, not
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insects.

| would add that it is also important to
know what the relatives of these pest
pentatomids are, even relatives not now feed-
ing on crops. If these relatives of the pests
feed on wild relatives of the crops, then the
relatives of the pests may themselvesbecome
pests.

Alsoin 1997, Panizzi (1997b) and Panizzi
& Corréa-Ferreira (1997) looked at the
changes in the soybean fauna over the last
quarter-century, when soybean has become a
major crop in Brazil. They noted that some
insects quickly became pests; that other in-
sects gradually became pests; and that still
other insects became important pests at first
but gradually became lessimportant. In many
cases the differences were associated with
parasitesin the soybeanfields. Thereforewe
need to know not only what these parasites
are. We should also know what the relatives
of these parasites are, for some of them may
parasitize insects that feed on wild relatives
of crops. And thisis another practical taxo-
nomic and systematic question, but of para-
sites, not pests. And so, wherever welook—
crops, wild reservoirs, pests, parasites—we
see the need for systematics. Systematics
hel ps us predict what arthropods may become
pests, what wild plantsthey live on, what crops
they may attack, and what enemiesthey may
have, parasites and predators. Certainly sys-
tematicsisapractical study.

| might add that it may be the absence of
parasites that alows an insect to become a
pest rapidly. When awild insect movesfrom
itsusual wild hostplant to anew crop, it gains
severa advantages. The obvious advantage
is a food source that is both very abundant
and very accessible. After al, if 1,000 hec-
tares are planted to soybean, an insect feed-
ing on soybean can find its food very easily.
There is also another advantage. When the
insect movesfromawild hostplant toacrop,
that insect may leave behind predators and
parasites associated with the old hostplants.
Many parasites and predatorsfind their hosts
by first looking for the plantsthose hostsfeed
on. If those hosts are now feeding on a dif-
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ferent plant, they can escape those parasites
and predators—at least for a while. During
that period of release (before parasites and
predators find them), the new pests can build
up large populations, especially of course
because they now have an abundant supply
of new food.

However, just astheintroduction of anew
crop affords prospective pests a new vast
source of food, so do those pests themselves
offer alarge source of food to pests and para-
sites. Pestsand parasitestoo will increaseboth
in population and in number of species.
Panizzi & Corréa-Ferreira (1997) show this:
from 1970to 1997, the number of species(in-
cluding nonHeteroptera) of soybean pestsin-
creased from about 10 to 25 (a 250% in-
crease); the numbers of species of pests and
parasites in soybean fields increased (1970-
1997) from 20 to 95 (a greater increase,
450%). More specifically, the number of
parasites of pentatomid eggs and adults in-
creased from about 3 species to about 35—
anincrease of 1167% (calculated from Figs.
land?2, of Panizzi & Corréa-Ferreira[1997]).

A knowledge of systematics and
phylogeny allows one to make some predic-
tions about future pests. For if one knows
something about the biology of some mem-
bers of agroup, a knowledge of that group’s
systematics and phylogeny allows one, by
extrapolation, to explore possibilities about
other members of that group. In exactly the
same way, we can predict that any new spe-
cies of insect will have six legs—because if
the new organismisaninsect, our knowledge
of arthropod phylogeny and systematicstells
us that this new entity must have six legs. (I
shall not discussthe possiblecircular reason-
ing here.)

Predictions about the possible pest status
of a species may have two bases. If al or
most members of the group feed on one or a
few groupsof plants, then any member of that
insect group may become a pest on commer-
cialy grown membersof that group of plants.
Because other biological and ecological cir-
cumstances must beright, insects of thisgroup
do not inevitably become pests. But they may
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do so. The alydid N. parvus represents this
situation, as| have already mentioned. When
soybean was first planted in Brazil, it could
have been predicted that some member of the
subfamily Alydinae might become asoybean
pest. Another exampleisthe pentatomid ge-
nusPiezodorus. In Japan, Piezodorushybneri
(Gmelin) is a soybean pest (Higuchi 1997).
Itisnot surprising then that, in Brazil, another
member of the genus, P. guildinii, has also
become a soybean pest (Panizzi & Slansky
1985).

The other basisfor predicting pest status,
is membership of a speciesin agroup al or
most of whose membersfeed very generally.
Many, if not most, Pentatomidae are general
feeders; it is not surprising then that many
heteropteran pests belong to this family. A
coreid, L. zonatus, also represents this situa-
tion. Thiscoreid belongsto atribe nearly all
of whose members feed widely on plantsin
many families (Schaefer & Mitchell 1983,
Mitchell 1980). In Brazil, L. zonatus, found
usually on corn, isnow foundincreasingly on
soybean (Panizzi 1989).

| shall consider now three crops whose
importance is increasing in Brazil: wheat,
sugarcane, and rice. Each of these crops has
important heteropteran pestsin other parts of
theworld, but few heteropteran pestsin Bra-
zil. Will there ever be heteropteran pests of
these crops in Brazil? Can a knowledge of
the phylogenetic relationships of these pests
help answer this question?

Henry (1997) analyzed the family
Lygaeidae and itsrelatives. Oneresult of the
analysiswas adecision that many of the sub-
families of Lygaeidae should in fact be fami-
liesin asuperfamily Lygaeoidea. Therefore,
my first two examples are now in the family
Blissidae, although formerly they were mem-
bers of the lygaeid subfamily Blissinae. All
blissids feed on monocotyledonous plants.
The two examples are, first, pests of wheat,
and, second, of sugarcane.

In North America, one of the most seri-
ous pests of wheat is the chinch bug, Blissus
leucopterus (Say). Thisinsect causesmillions
of dollars of damage ayear. InBrazil or near
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Brazil are several other species of Blissus
(Slater 1964); and severa other species col-
lected in Brazil have never been described
(Slater 1996, personal communication).
These Blissus species now feed on wild
grasses. Recently, B. dlateri Leonard hasbeen
recorded in large numbers on valuable range
grasses (Valério et al. 1998).

For the past 50 yearsor so, wheat has been
grown inthe states of Paranaand Rio Grande
do Sul—about one and half million hectares
per year (Panizzi 1998, personal communi-
cation). It seemspossiblethat, sooner or |ater,
one of these Blissus species will discover
wheat, and movefromwild grassesto thisrich,
new, and abundant source of food. Unfortu-
nately, the systematics, and the biology and
ecology, of South American Blissus are al-
most completely unknown. Clearly itisim-
portant to learn more about these South
Americaninsects.

In Brazil, sugarcane has been grown for
about 50 years, in substantial amounts
(4,753,000 halyear), in S&o Paulo and other
northeastern states (Panizzi 1998, personal
communication).

Species in the lygaeid genus Cavelerius
are sometimes serious pests of sugarcane in
Asia (see references in Slater & Miyamoto
1963). Cavelerius aso belongs to the large
lygaeoid family Blissidae. This genus is
closely related to I schnodemus (Slater 1979),
many of whose species occur in the New
World (Slater & Wilcox 1969). The
phylogeny of Ischnodemus is complex and
poorly worked out (Slater 1979), but thereare
altogether 13 groups of species, and five of
these groups occur inthe New World. One of
these is Nearctic and another does not feed
on grasses. Membersof the other three groups
dofeed on grasses (asfar asisknown). There
arenearly 30 South American speciesin these
three groups, and it is possible that one or
more of them may become pests on sugarcane.
This prediction is based of course on
phylogeny—on the fact that this genus,
Ischnodemus, is closely related to known
sugarcane pests, members of Cavelerius—
eventhough thelatter genusisAsian. | should
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mention that although the South American
Ischnodemus are fairly well known
taxonomically (thanks to the work of J. A.
Slater), their biology and their evolutionary
relationships are virtually unknown. This of
courseistrue also of most other South Ameri-
can lygaeoids. Because Brazilian
I schnodemus could become pests of monocot
cropslikesugarcane, | recommend that grassy
areas near sugarcane fields be searched for
Ischnodemus, and indeed for other blissids.

In Asia, very serious pests of rice (both
dry-field rice and paddy rice) are members of
the same heteropteran family, Alydidae, asthe
Brazilian soybean pests, Neomegal otomus.
These rice pests however belong to a differ-
ent subfamily, Micrelytrinae, many of whose
members feed on grasses. These rice pests
are species in the genera Stenocoris and
Leptocorisa. The groups have been revised
by Ahmad (1965), and inthe New World there
are species of both generaextending from the
southern United Statesinto Brazil. The New
World species so far have not attacked rice
(see Hussey 1951).

Rice has been grown in Brazil for about
half a century, paddy rice in Rio Grande do
Sul and dry ricein central Brazil (mostly Goiés
State), for atotal of about 3,565,000 hectares
(Panizzi 1998, personal communication).
With close relatives of these Asian rice pests
in Brazil, the possibility exists that the Bra-
zilian ones will also attack Brazilian rice.
Once again, a knowledge of systematic and
evolutionary relationships of the Brazilian
Leptocorisa and Stenocoris providesawarn-
ing.

A species of Leptocorisa was recently
found to infest soybean and rubber plant
(Panizzi, unpublished). If theseinsectswere
indeed Leptocorisa, | predict they will not
become serious pests. | base this on the fact
that al of Leptocorisa’s close relatives, and
all known species of the genusitself, feed on
monocots—mostly grasses. Again, knowing
the systematics and the phylogenetic history
of these bugs, it is safe to say they will not
become serious pests of nongrasses like
soybean and rubber.
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These are just afew of many examples|
could mention, of heteropterans which are
pestsoutside of Brazil on cropsalso grownin
Brazil. These pests have close relatives in
Brazil, and the danger is always present, that
theserelatives of the pestswill movefromthe
relatives of the crop, to become pests on the
crops themselves. As we know, this has al-
ready occurred with N. parvus, and with sev-
eral species of Pentatomidae.

This potential problem may work in re-
verse. Sunflower is grown commercialy in
several statesin Brazil. A minor pest of sun-
flower isthelygaeid Xyonysius major (Berg)
(Schaefer 1998). A very close relative (see
Schaefer 1998) of this species, Xyonysius
californicus (Stal), occurs throughout the
United States, including Kansas. Sunflower
is grown commercially in Kansas, and al-
though X. californicus is not a pest on sun-
flower there, one might predict that it could
become a pest—because of the experiencein
Brazil, where the bug's relative is a pest (al-
though not an important one) on sunflower.

These examples could be multiplied, and
in many ways—the numbers of kinds of in-
sects which are pests in one area and have
nonpest relativesin other areas; the numbers
of cropswhich have noncrop relativesin other
areas and insectsthat feed on them. The pos-
sibilities are very great indeed.

Unfortunately, applied or practical ento-
mology is very much atoday study; the em-
phasis is very much on controlling the pests
of today. Littletimeis spent studying future
possibilities—that is, little time and little
money and little energy are devoted to trying
to predict what arthropods (insects and mites)
might become pestsin the future. Yet thisis
very important, becauseit givesentomologists
the chance to be ready for these new pests—
to study their biology and ecology, in order to
prepare defenses against them, in order to be
ready when (and if) these arthropods do in-
deed become pests.

Thisadvancewarning isespecially impor-
tant to a devel oping country, to acountry de-
veloping its agriculture, and diversifying its
agricultureby introducing new crops. Sucha
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country is doubly vulnerable to new pests,
because most devel oping countries are tropi-
cal or subtropical. Tropical countries, of
course, have amuch higher diversity of plant
and animal species, many more kinds of or-
ganismsthan do temperate countries (likethe
U.SA.). Thismeansthat acrop new to ade-
veloping country may have native relatives
aready living in that country. If thisis so,
these different wild native plant relativeswill
have many different insects and mites feed-
ing onthem. Andif thisisso (and | believeit
i), then there will be alarge reservoir of na-
tive arthropods available, and from this res-
ervoir there may emerge new pests on these
new crops. There may also emerge popu-
lations of parasitesand predatorsto help con-
trol these new pests. (Relatives of some of
these parasites and predators may prove use-
ful in controlling pests in temperate coun-
tries. The systematic research | advocate bene-
fitseveryone.)

It followsfrom thisargument that we need
to know much more about the arthropods of
developing countries. The paradox is, of
course, that because these countries are de-
veloping, and must develop, they lack re-
sources, such resources asthey have, must be
used for the devel opment itself, not for longer-
range studies, or studiesthat may never yield
practical results. In other words, developing
countries often feel that long-range studies
(such as studies of arthropods of no immedi-
ate economic importance) are a waste—that
they areesoteric, likethe study of Brahms, or
of Dickens.

The further paradox is that the need for
short-range control of pests usually means
applying pesticides. But pesticides become
ever moretoxic and expensive (and therefore
more dangerous to humans and the environ-
ment, and thereforelesspractical) every year,
as resistance to them develops. More and
more developing countries are trying to turn
away from complete reliance on pesticides,
and turning to some form of integrated pest
management (IPM).

And here lies the final paradox: IPM re-
quiresaknowledge of the biology of the pest,
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and also of its parasites and predators. Yet if
pesticides have wiped out these parasitesand
predators, and if alack of taxonomic knowl-
edge prevents one from knowing what they
were, then it becomes impossible to study
them and difficult to find them el sewhereand
re-introduce them. This meansthat effective
IPM isdoomed, or at theleast greatly delayed.

And so studies of the evolutionary rela-
tionships of noneconomic arthropods, and of
their biology and ecology, are in fact neither
a waste nor expensive. As | hope | have
shown, these studies may prepare growersfor
new pests, these studies may help growersbe
ready to combat new pests. This ability is
hardly awaste.... And basic studiesof native
arthropods are not expensive, or certainly not
S0 expensive as physiological research, or
medical research, or molecular research. Peo-
ple studying systematics and biology do not
need much equipment, and that equipment is
not expensive. What these people need is a
little technical assistance, and reasonable sala-
ries. These are not expensive.

There are other advantages of these stud-
ies—practical advantages. First, a country
which encourages research on its biotagains
considerable recognition from scientists and
other intellectualsintheworld—that is, from
important people who shape public and offi-
cial opinion. Thisisnot a negligible advan-
tage.

Second, a country which encourages re-
search onitshiota, and worksto preserve that
biota, gains both prestige in the world and
increased tourism—I think of Guyana, andits
decision to set asideamillion acresasanatu-
ral preserve; | think of Costa Rica, which is
devel oping ecotourism as animportant source
of income; and | think of Brazil, with its ex-
cellent, although sometimesfdtering, attempts
to preserve at least parts of the Amazon re-
gion, perhaps the most important biological
resourcein the world.

And third, it satisfies one to know about
one's surroundings and about the natural
worldinwhich onelives. | cannot put acom-
mercial value on this satisfaction, but it isa
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universal one and avery important one. Asl
have said, the need to know, to satisfy curios-
ity, isadeeply human need.

| may seemto have wandered far from my
topic. | may have wandered, but not far. Let
me return to my theme: The more we know
about our world, the better prepared we are
toliveinit. Organismsin our world may ap-
pear not to affect us at al. But many do in
fact affect us, and many others may affect us
inthefuture. The morewe know about them,
the better prepared we are. We may learn
about organisms by studying them, of course;
but we may also learn about some organisms
by studying their evolutionary relatives: That
isto say, we may learn about some organisms
by recognizing what their relatives are, and
by applying to those organisms what we al-
ready know about their relatives. The exam-
plesl havegivenal comefrom the hemipteran
suborder Heteroptera. As| have suggested,
many more examples could be gathered from
other, and larger, orders of insects and mites.
Brazil contains many entomologists, whose
work is known and respected throughout the
world. | urge you to devote some of your ef-
fortsand your excellenceto studying your own
insects and mites—to studying those that may
not seem to have economic value. From this
information may come the bases for making
predictions about what new economic value
some of these arthropods may yield—as re-
sources or as pests. Making predictions is
what scientistsdo. Making predictions about
thelivesof living thingsiswhat systematicists
do. And making such predictions about pos-
sible pests, isvery practical entomology.
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