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Predadores Prejudicando Parasitoides no Controle Bioldgico Natural

RESUMO - Foi analisado um caso bem conhecido de insucesso técnico no
controle bioldgico natural: a coexisténcia enigmética do bicho-mineiro-do-
cafeeiro, Leucoptera coffeellum (Guérin-Méneville), e seus inimigos naturais.
Apesar de ser umapresaadegquadaaoito espéciesde parasitdides etrés espécies
de vespas predadoras, todas ocorrendo simultaneamente, o bicho-mineiro-do-
cafeeiro apresenta, muito frequentemente, populagdes acima do nivel de dano
econdmico parao cafezal. Foi demonstrado que vespas predadoras e parasitoides
interagem negativamente, possivelmente porgue vespas matam as lagartas de
bicho-mineiro-do-cafeeiro parasitadas. Fazendo assim, vespas predadorasmatam
parasitéidesindiretamente, prejudicando a€ficiénciado control e bi ol 6gico natu-
ral. Conclui-se que programas de controle biol6gico deveriam estar baseados
em conhecimentos deinteragdestroficas, ao invés de simplesmente se basearem
em estratégias que envolvam aintroduc&o de inimigos naturais exoticos.

PALAVRAS-CHAVE: Insecta, Interacdo intraguilda, Leucoptera coffeellum,
café.

ABSTRACT - A well known case of ineffective natural biological control: the
puzzling coexistence of the coffee leaf miner, Leucoptera coffeellum (Guérin-
Méneville), and its natural enemieswas analyzed. Despite being asuitable prey
to eight parasitoid speciesand three wasp species, all occurring simultaneously,
the coffee leaf miner too often presents populations far above the damaging
level for the coffee plantation. It is demonstrated that predatory wasps and
parasitoidsinteract negatively, possibly because predatory waspskill parasitized
miner’slarvae. In doing so, predatory waspsindirectly kill parasitoids, thereby
impairing the efficacy of the natural biological control. It iswarned that biologi-
cal control programs should be based on knowledge of food web interactions,
rather than simply on strategiesinvolving introduction of exotic natural enemies.

KEY WORDS:. Insecta, Interguild interaction, Leucoptera coffeellum, coffee.

Therearemany situationsinwhichstrate-  populati ons bel ow damaging levels. For such
gies of the natural biological control arenot  cases, thecritics often recommend acomplete

effective, failing to keep insect pest switchto“morereliable” strategies, such as
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chemical control. More ecologically con-
cerned professional s, on the other hand, would
recommend some kind of improvement to the
system at hand, aiming to hopefully correct
the faults. Solutions, apparently, tend to be
based on ageneral assumption that when bio-
logical control fails, it happens simply because
the natural enemies are not killing the pest.
I deas such asthose are so deeply rooted, that
importation of natural enemies have too of-
ten been regarded as trivial. That is, since
native natural enemies are assumed to bein-
effective, the easiest solution would be to
bring along some “ effective”’ ones. The sce-
nario is somewhat more complex, however.
Whether they attack or not aprey population,
natural enemies may fail to keep pests at ac-
ceptable levels (Fig. 1).

This paper analysesawell known case of
agronomic lack of successin biological con-
trol: the puzzling coexistence of the coffeeleaf
miner, Leucoptera coffeellum (Guérin-
Méneville), and its natural enemies. Despite
being a suitable prey of nine species of
parasitoids and two species of predatory
wasps, al occurring simultaneously (Avilés
1991), the coffeeleaf miner too often presents
populations far above the damaging level.
Thisfact has generated much controversy re-
garding the real role of natural enemies as
controllers of the coffee leaf miner. Some au-
thors (e.g. Souza 1979) consider that preda-
tory wasps, rather than parasitoids, play the
significant role in the natural biological con-
trol of the coffee leaf miner. Others
(Konnorova 1985, Konnorova 1986, Campos
et al. 1989, Avilés 1991) believe that
parasitoidsdo play animportant role, but their
effect is overlooked by the current sampling
procedures. Shedding lighting on thisissue,
Avilés (1991) observesthat predatory wasps
oftendonotkill al larvaeintheattacked mine,
and hypothesi zesthat these wasps may be at-
tacking only parasitized larvae.

We present atest for such an hypothesis,
which conforms to one branch of Fig. 1: by
attacking parasitized larvae, predatory wasps
limit the population of parasitoidsby preying
indirectly on them.

ReisJr.etal.

Theoretical Considerations. Natural en-
emies may not attack the prey when they are
not adapted to it (Fig. 1; box A); thisisthe
simplest reason for the failure of biological
control programs. On the other hand, natural
enemies may fail to kill the prey when they
arenot ableto locate, fight, or subdueit (Fig.
1; box B). This may happen when the natural
enemy does not fulfil all phases of a preda-
tor’ sforaging dynamics, whichinclude search,
pursuit, and domain of the prey (Griffiths
1980). Accomplishing these phasesisnot only
amatter of how finely tuned arethe biologies
of the natural enemy and the prey, but also
dependson theidiosyncrasies of theenviron-
ment in which biocontrol agents are intro-
duced. Sinceconventional agroecosystemsdo
not resemble natural systems, failing natural
enemies are not at al surprising because the
dynamics of predation (sensu latu) may be
easily impaired by the novel plant commu-
nity composition and spatio-temporal arrange-
ment (Altieri et al. 1993).

Natural enemiesmay alsofail to keep pests
at acceptable levels when they promote a
moderate attack to the pest population, kill-
ing fewer individual s than would be needed
for a successful biological control program.
Thismay happen when several speciesof suit-
able prey coexist in the same area, thereby
diverting the natural enemy from thetarget of
the biological control program (Fig. 1, box
C). Sometimes, even though when the pestis
the primary prey available, the successis not
achieved (Fig. 1, box D). Firstly, if the popu-
lation of natural enemies oscillates too
asynchronically relative to that of the prey,
chancesareincreased that not enough natural
enemies will be present at appropriate times
to suppress populations prey. Normally, one
would assign such fluctuationsto climatic fac-
tors (Villacorta 1980, Campos et al. 1989,
Nestel et al. 1994). Mostly overseen, and per-
haps moreimportant than climate, are the os-
cillationswhich areoriginatedintrinsically, as
the consequence of a reproductive rate “r”
greater than 3.0. A popul ation presenting such
values of “r" will most likely show a fluctua-
tion pattern that, although absolutely similar
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Figure 1. Theoretical reasons for technical failure in biological control programs. Boxes
represent hypothetical biological mechani sms/processeswhich prevent natural enemiesto keep
pest population at technical acceptable levels. Boxes are kept apart for the sake of reasoning
only, but several of these processes may occur simultaneously.

to climatic effects, obey a chaotic dynamics
which does not depend on external factors
(Miramontes & Rohani 1998). Therefore, if

either natural enemiesor pest present high“r”

values, their population will fluctuate in a
chaotic manner, establishing thereby an
asynchrony deleteriousto any biological con-
trol program. Therefore, reproductive rate
should be one of the first traits to be exam-

ined when deciding whether or not a given

natural enemy issuitable asabiological con-
trol agent.

Secondly, natural enemiesmay not achieve
population numbers high enough to signifi-
cantly lower the pest population. Low num-
bersof natural enemiescan beaconseguence
of low “r” which arise from genetic and/or
environmental factors. In such cases, massal
rearing and releasing of natural enemies may
improve the success of biological control pro-
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grams. However, when the popul ation of natu-
ral enemies is limited by biological interac-
tions, low numbers of natural enemies may
not be totally overcome by mass rearing and
releasing. For instance, when natural enemies
are under severe predation pressure. There-
fore, before recommending a given natural
enemy as a biological control agent, itisim-
perativeto verify the occurrence of potential
negative biological interactions in the envi-
ronment into which the organism is going to
beinserted.

Thus, when biological control programs
fail, theassumption that native natural enemies
need to be replaced (or other natural enemy
species must be added to the system) may
prove to be an oversimplified, if not a naive,
approach. Thereare many theoretical reasons,
other than unsuitability of the natural enemy,
for the lack of success of pest management
programs based on biological control strate-
gies.

Material and Methods

The system under study was composed of
the coffee plants (Coffea arabica L), its leaf
miner (L. coffeellum), and its set of natural
enemies. predaceouswasps (Protonectarina
sylveirae (de Saussure), Polybia scutellaris
(White) and Brachygastra lecheguana
(Latreille); and parasitoids (Mirax sp.,
Colastes sp., Horismenussp., Closterocerus
sp., Proacriassp., Eubadizon sp., Cirrospilus
sp. and Tetrastichusspp.) (Zucchi et al. 1979,
Avilés 1991).

L eavesof coffee plants, containing mines
of the coffee leaf miner, were marked in the
field, prior to the beginning of the experiment.
Leaves were chosen so as to contain only
mines which presented no sign of attack by
predatory wasps. Mineswhich have been at-
tacked by predatory wasps are easily distin-
guishable by their torn lower surface (Souza
1979). Twenty of those |eaves were collected
in a 100 m long row of contiguous trees, on
four occasions, 4, 8, 12, and 16 days after
marking them; thustotaling 80 |eaves per row.
Leavesweretaken tothelaboratory, individu-
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alized in plastic bags previously perforated
with amicropin, and kept for 30 days, or un-
til theemergenceof parasitoids. Thetechnique
to keep coffee leavesviablein the laboratory
isdescribed by Reis Jr. et al. (in press). Per-
cent of predation was defined as the number
of leaves containing torn minesdivided by the
total number of leaves collected, either in a
row or for the whole experiment. Similarly,
percent of parasitoidism was defined as the
number of leaves from which parasitoids
emerged, divided by thetotal number of leaves
collected. Theareaof all mineswasestimated
as the area of an ellipse, using the formula
pr,r, wherer, and r, are the biggest and the
smallest diameter.

The experiment was carried out in three
commercial coffee plantations in the region
of Vicosa County, state of Minas Gerais,
Southeastern Brazil. The coffeeleaf miner had
not been subjected to any non-natural kind of
control in these plantations for the last 10
years. A total of 13 (100m) rows of continu-
ous coffee plants were chosen within the se-
lected plantations, so that three rows were
located in the smaller plantation and the other
two plantations held five rows each. Rows
were chosen so asto cover thewidest spatial
range within each plantation, observing a
minimum inter-row distance of 100m along
lines of coffee plants, and 50m across lines.

Statistical analysesinspected therelation-
ship between presence of predatorsand pres-
enceof parasitoids, at thelocal scale, and the
pattern of resource exploitation by predators
and parasitoids. Regression lines were fitted
to the data, along with control variables, as

appropriate.
Results and Discussion

Predation upon coffee leaf miner is in-
versely related to parasitoidism: low levels of
parasitoidism are detected in places present-
ing high rates of predation, and vice-versa
(Fy.1y = 7.98; P=0.0165; Fig. 2); and this
phenomenon does not depend on the planta-
tionwherethe datawere collected (F,q=141;

P=0.29). This suggests some kind of nega-
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Figure 2. Local inverse relationship between predation and parasitism of L. coffeellum
attacking coffee plantations. Each dot represents one 100m long row of contiguous coffee
plants. Percents of predation and parasitism are defined as the number of leaves containing
torn mines (predation), or the number of leaves from whose mines parasitoids emerged, di-
vided by the total of leaves inspected. Data were collected within three disjunct plantations.
Statistical analysis included plantations as a blocking factor (F,, = 1.41; P= 0.29), thereby

extracting such effects from the observed trend.

tiveinteraction between predatory waspsand
parasitoids regarding their action upon cof-
fee leaf miner. Patterns of resource exploita-
tion by predators and parasitoids overlap par-
tialy, with predators exploiting mines which
areslightly larger than the mines attacked by
the parasitoids (Predators: F, o= 43.99; P=
0.0006; r°= 0.88. Parasitoids: F;, ;= 1165.18,
P< 0.0001; P= 0.99. Fig. 3).

Biological control programs are not nec-
essarily improved by assuring the coexistence
of several species of natural enemies. The

29

notion that natural enemies sum their effects
upon a prey species population is shown to
befalse, at |east for the case of the coffee leaf
miner (Figs. 2 and 3).

In fact, in such a system, predators seem
to beimpairing the action of parasitoids. Such
an ideais based on three facts: (i) predators
and parasitoids are inversely related (Fig. 2);
(ii) predators and parasitoids partialy over-
lap in their resource exploitation (Fig. 3); and
(iii) predators prey on larvae in mines which
are slightly larger than those attacked by
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Figure 3. Resource partitioning among predators and parasitoids of the coffee leaf miner
(L. coffeellum). Mines have been categorized in arbitrary classes of size. Frequency of occur-
rence of predators and parasitoids is defined as the number of leaves containing torn mines
(predation), or the number of leaves from whose mines parasitoids emerged, divided by the
total of leaves inspected (n= 1040) in three commercia coffee plantations.

parasitoids (Fig. 3). The picture that emerges
is rather simple: by attacking a larvae in a
mine, a predator makes it unavailable to
parasitoidsbecausethelarvaeisremoved. The
oppositeisnot true, however: larvae attacked
by parasitoidsremaininthemine, being there-
fore potentially available to predators. Thus,
predators may kill both parasitoids and the
leaf miner. We are not in position to state
whether or not predators |ook for parasitized
mines, but our data allow the suspicion that
when predatorsattack their “ preferred” mines
(Fig. 3), many of these mines have been pre-
viously parasitized (otherwise Fig. 2 would

not present the inverse pattern). Similar re-
sults have already been reported by Moreira
& Becker (1986, 1987), working with Nezara
viridula (Linnaeus) attacking soybean. In such
asystem, parasitized eggsof N. viridula suf-
fer higher predation rate than non-parasitized
ones, but the authorsrefrain from stating that
the predators prefer such eggs. Rather, they
showed that parasitized eggs are availableto
predatorslonger than are healthy eggs, which
thereforeincreasestheir chances of being at-
tacked.

For the coffee leaf miner, when apredator
attacks parasitized mines, the parasitoid is
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consequently killed, which weakens the re-
productive success of the latter. Only
parasitoids escaping such afate would con-
tribute to the next generation. Therefore, the
next generation of parasitoidswould be guar-
anteedif (i) remaining parasitoidspresent rela-
tively high reproductiverate, (ii) predatorsare
not too abundant, or (iii) coffee leaf miner
populations are so large that many parasitized
miners are not preyed upon. In fact, despite
the pressure from predatory wasps on these
parasitoids, the system remainsrelatively sta-
ble: predatory wasps, parasitoids and the cof-
fee leaf miner coexist in the field (Le Pelley
1973, Parra et al. 1981, Reis & Souza 1996).
Apparently, such astability issustained by a
combination of the above three reasons. The
coffee leaf miner is known to present low
abundance during summer (Nestel et al. 1994,
Souzaet al. 1998), when predatory wasps in
general tend to present higher activity. Inthis
scenario, the probability of a parasitized lar-
vae being attacked is very high, which sup-
presses the population of parasitoids in the
summer. Asthewinter approaches, the abun-
dance of the coffee leaf miner reaches its
maximum (Souza op.cit.), far beyond dam-
aging levels for coffee plants (Villacorta &
Tornero 1982, Souza et al. 1998). Because of
theheavy losses suffered by parasitoidsinthe
summer, their attack upon the miner is not
severe enough to control thispest inthewin-
ter, but at least the population of parasitoids
isableto rebound in the next generation.
Successof biological control programs of
the coffee leaf miner would, thus, depend on
correct manipulations of the impacts from
some of the above items. It is important to
realize that importation of new speciesis not
among such strategies. Perhaps, the most ef-
fective strategy would be getting the best of
the compl ete suite of natural enemies. Firstly,
parasitoid abundance’ s should be increased
right in the beginning of the miner’sinfesta-
tion, when mostly small minesare present (as
showninFig. 3, small minesareattacked more
intensely by parasitoids than by predators).
As time elapses and mines get bigger, the
abundance of predatory waspsneedto bein-
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creased inlarge proportions, so that thereare
enough predators to attack healthy and
parasitized mines. Specific techniques for
such releases are yet to be devel oped, which
could certainly open up several lines of re-
search.

Specifically for such a system, introduc-
ing new highly specific parasitoid speciesmay
prove ineffective, unless such parasitoids
present explicit strategies to avoid the attack
by predatory wasps.
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