September;, 2001

361

ECOLOGY, BEHAVIOR AND BIONOMICS

Males Are Attracted by Female Traps.
A New Perspective for Management of Diabrotica speciosa
(Germar) (Coleoptera: Chrysomelidae) Using Sexua Pheromone

Mauricio U. VENTURAY, ELMO P. MELLOY, ALFREDO R.M. OLIVEIRAZ, FABIO SIMONELLI?,
Francisco A. MARQUES? AND PauLo H.G. ZaRBIN?

Depto. de Agronomia, CCA, Universidade Estadual de Londrina
Caixa postal 6001, 86051-970, Londrina, PR, e-mail: mventura@uel.br
2Depto. de Quimica, Universidade Federal do Parand
Caixa postal 19081, 81531-990, Curitiba, PR

Neotropical Entomology 30(3): 361-364 (2001)

Machos sdo Atraidos por Armadilhas com Fémeas. Uma Nova Perspectiva para Mangjo de
Diabrotica speciosa (Germar) (Coleoptera: Chrysomelidae) Usando Feroménio Sexua

RESUMO - Asrespostas de Diabrotica speciosa (Germar) paraarmadilhas com adultosforam estuda-
das como sugestdo da producdo de feromdnio. Inicialmente, um ensaio para estabel ecer a altura ade-
guada para colocagdo de armadilhas para capturar D. speciosa foi conduzido em campo de feijéo.
Armadilhas colocadas a 0,25 m de altura capturaram cercade 3,5 vezes mais adultosdo que a0,5; 0,75
e 1,0 m. Asrespostas para fémeas e machos virgens de duas idades (mais novos = 24 a 72h e mais
velhos = 72 a 120h ap6s emergéncia de adultos), fémeas e machos copulados foram avaliadas em
campo de feij&o consorciado com café, Coffea arabica L. Armadilhas com fémeas virgens capturaram
cercade 22 (maisjovens) e 13 vezes (maisvelhas) mais adultos machos do que as testemunhas (arma-
dilhas sem insetos). Capturas foram cercade 70% mais efetivas usando fémeas maisjovens. Nenhum
dos outros tratamentos aumentou as capturas nas armadilhas. Osresultados indicam que hdum feroménio

sexual produzido por fémeas em D. speciosa.

PALAVRAS-CHAVE: Insecta, semioquimico, alturade colocacéo de armadilhas, L uperini, Fucata.

ABSTRACT - Thefield responses of Diabrotica speciosa (Germar) to traps baited with adults were
studied as an suggestion of the pheromone production. Firstly, an assay to settle a suitable height
placement to capture D. speciosa was carried out in common beans, Phaseolus vulgaris L., field. Traps
placed at 0.25-m height captured ca. 3.5 times more beetles than 0.5, 0.75 and 1.0-m traps. The re-
sponsesto virgin females and males of two ages (younger = 24 to 72h and older = 72 to 120h after adult
emergence), mated femal es and mal eswere assessed in common bean interplanted among coffee, Coffea
arabica L., field. Virgin females baited traps captured ca. 22 times (younger) and 13 times (older
females) more male beetles than control traps. Captures were ca. 70% more effective using younger
females. None of the other treatmentsimproved trap attraction. These results strongly indicated that
thereisafemale-produced sexua pheromoneinD. speciosa.

KEY WORDS: Insecta, semiochemical, trap height placement, Luperini, Fucata.

In the American continent, Diabrotica Chevrolat genus,
of neotropical origin, includes several important pests. Two
taxonomic groups proposed for Diabrotica: Diabrotica
speciosa (Germar) in the fucata group together with D.
undecimpunctata howardi Barber, D. balteata LeConteand
D. tibialis Jacoby, among others (Krysan 1986). Thefucata
group species are multivoltine and, aslarvae, polyphagous.
The virgifera group species are univoltine and larval host
rangeisrestricted to somegrasses (Branson & Krysan 1981).

Theleaf beetle D. speciosa isapolyphagous species associ-
ated with awide range of botanical familiesand isone of the
most important pests of Latin Americaagriculture. It dam-
ages vegetables, fruits, legumes, cucurbits and grasses.
Management strategies for D. speciosa are restricted to
chemical control. Adult beetlesare controlled by foliar spray-
ing. However, insecticideslosetheir effectsquickly and adults
reinfest crops. Hence growers use them severa timesthrough-
out the growing season. Rootworms are controlled by great
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amounts of soil-applied insecticides that are expensive and
an environment hazard.

Despite its neotropical origin and importance to Latin
American agriculture, the chemical ecology of D. speciosa
has been poorly studied. Studies are restricted on the North
American species of Diabrotica, to which, besides
pheromones, natural compounds from host plants
(kairomones) have been focused (e.g., Metcalf & Lampman
1989, Deem-Dickson & Metcalf 1995). Pheromones, vola-
tileand non-volatile kairomones have been proposed to moni-
tor and control Diabrotica spp (e.g., Deem-Dickson &
Metcalf 1995, Herbert et al. 1996, Hoffmann et al. 1996,
Venturaet al. 1996, 2000). This study was conducted to sug-
gest the pheromone production by adults of D. speciosa.
Firstly, we carried out an assay to settle an appropriate trap
height placement to capture D. speciosa in common bean
fields. Using the best trap placement, we compared the at-
tractiveness of virgin males and females of two ages and
mated males and femalesto individual s of both sexes.

Material and Methods

Thefield experimentswere carried out at the Universidade
Estadual de Londrina School Farm, in Londrina (latitude
23°19'S, longitude 51°12' W), Parana State, Brazil. In 1997,
traps were placed in common beans, Phaseolus vulgaris L.,
cv. lapar 57 (sown on February 10, 1997), crop. In 1998,
common beanswasinterplanted (September 15, 1998) among
ten-month grown coffee, Coffea arabica L. Plastic cups (750
ml) painted with yellow gold Suvinil paint 2450-0103 (Basf
S/A Séo Bernardo do Campo, SP) were placed upside down
on wooden stakes. Traps were externally coated with clear
insect adhesive Tangle Trap (Tangle Foot Co., Grand Rap-
ids, Mich. MI, USA).

Insect Rearing. Beetles were field collected using sweep-
ing net. Adultswere provided with carrot slicesand water in
rearing cages (40 x 40 x 40 cm). Females laid eggs on a
black gauze (Milanez 1995). Twice a week, eggs were re-
moved and placed in corn seedlingsin plastic vessels (26 X
16 X 9 cm). Seedlings were replaced once during larval de-
velopment when vessel swere put in adult cages. Adultswere
collected from cages and sexed before mating every day.
Males and females were put in separate vessels. For treat-
ments with mated insects, pairs (age = four days) were con-
fined inthe vesselsand observed. Only insectsthat were seen
mating were used.

Trap Height Placement. Traps were placed at 0.25, 0.5,
0.75 and 1.00-m above the ground level on March 27, 1997.
A 0.25-m minimal height trap placement was used because
of strong rain in this season frequently covering the yellow
surface of thetrap with soil land sparkles. Trapswere placed
inthefield at 3:00 PM. and removed after 24h.

Pheromone Production Evidence. A plastic cagemadewith
photography filmvia (cylinder 3cm diameter X 5 cm height)
containing three adults insects was glued on the bottom of
each trap. The cage contained four holes (1 X 3 cm) around.
The holes were closed with nylon screen. The screen pre-
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vented beetlesto fly away and allowed volatile chemicalsto
emanate. Treatmentswere: virgin males, 24 to 72h after adult
emergence (a.a.e.) or 72to 120h a.a.e.; virgin females, 24 to
72haae. or 7210 120h a.a.e.; mated femalesand males; and
control (no insects). Traps were placed in the field (in the
best height placement determined before) at 3:00 PM. on
October 19, 1998 and returned to the laboratory after 48h
where the beetles were counted and sexed.

Experimental Design and Statistical Analysis. Experiments
were conducted in afour replicate randomized complete block
design. Distance among traps was 5-m within a block, and
10-m between blocks. Analysis of variance (ANOVA) was
performed on data. Tukey’ s studentized rangetest (HSD) was
used to compareindividua means (SAS Ingtitute 1989). Data
were transformed using log (x+1) constant to normalize the
dataand reduce heterogeneity of variances of the height place-
ment assay. Means and standard errors of means presented
areuntransformed.

Results and Discussion

Trap Height Placement. Traps placed at 0.25-m height cap-
tured ca. 3.5 timesmore beetl esthan those placed 0.5-, 0.75-
and 1.0-m heigh (Table 1). Diabrotica spp. trap height cap-
tures, in general, have been recorded as variable, according
to crop development. Hoffmann et a/. (1996) found that in
capturing striped cucumber beetlein the small and medium-
height sgquash, traps placed closest to the ground were the
most effective. On the other hand, in taller cucurbits they
would be positioned at mid- or upper canopy level. Northern
corn rootworm, D. barberi Smith and Lawrence, exposed
outside of cornfields (Ladd et al. 1983), was caught more
close to the ground level. However D. virgifera virgifera
LeConte captures were greater in traps placed at ear height
than in traps placed at ground level (Weissling & Meinke
1991). HenceD. speciosa capturesin thelowest trap place-
ment near the level of plant canopy are probably reflecting
beetle moving activity.

Pheromone Production Evidence. Significant differences
were found only in captures of males (Fig. 1). None of the
treatments improved trap attraction to females. Virgin fe-
mal es-baited traps attracted significantly more male beetles

Table 1. Mean number = SEM of adults of D. speciosa
caught by yellow stick traps placed at 0.25, 0.5, 0.75 and
1.00 m above the ground after 24h (March 24, 1997).

Height (m) Beetles
0.25 8.6 £ 2.90a
0.50 2.4 +0.50b
0.75 2.1+0.40b
1.00 2.4+0.75b

Means with different letter are significantly different from Tukey’'s
studentized range test (P<0.05); n = 4.
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than mae-baited traps and control. Virgin female-baited traps
captured ca. 22 and 13 times more mal e beetlesthan the con-
trol (24 to 72h a.a.e. and 72 to 120h aa.e., respectively).
Virgin males and mated insects (femal es and males) did not
improve the males caught. Therefore, these results suggest
that virgin females produce asexual pheromone. Thefemale-
produced sex pheromone system seemsto bewide spread in
Diabrotica genus. In generd, virgin females exhibit apotent
attraction to males (Gusset al. 1982). Sex pheromones also
have been isolated and identified from virgin females. Inthe
virgifera group, the compound racemic 8-methyl-2-decanol

propanoate was isolated from D. virgifera virgifera virgin
femaes. Besides D. virgifera virgifera; D. v. zeae Krisan and
Smith, D. longicornis barberi Smith and Lawrence, D.

longicornis longicornis (Say) and D. porracea Harold were
attracted to 8-methyl-2-decanol propanoate (Guss et al.

1982). Another chemical identified was the 6,12-
dimethylpentadecan-2-one, from D. balteata LeConte vir-
gin females (Chuman et al. 1987). And in the ficata group,

10-methyl-2-tridecanone wasisolated and identified from D.

undecimpunctata howardi virgin females. This compound
also attracted males of D. undecimpunctata undecimpunctata
Mannerhiem (Gusset al. 1983). Synthetic proceduresfor 8-
methyl-2-decanol propanoate (Sonnet et al. 1985) and 10-
methyl-2-tridecanone (Senda & Mori 1983) have provided

Figure legend:
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more opportunitiesfor use of these compoundsin integrated
pest management programs.

D. speciosa younger virginfemales (24to 72h a.a.e.) cap-
tured 70% more male beetles than older (72 to 120h a.a.e.)
ones (Fig. 1). Thismay indicate greater pheromone produc-
tion in the onset of the calling behavior. Pheromone extrac-
tion methods in D. speciosa must consider these differences.
Johnson et al. (1985) caught 16,000 male beetles on 10
pheromone-baited sticky traps in 24 days, compared to 70
beetles caught on unbaited traps (ca. 133 male beetles per
48h). In our study, means were 398.5 and 233.0 males per
trap (24 to 72h a.a.e. and 72 to 120h a.a.e, respectively)
baited with three females during 48h. Hence it seems that
virgin female-produced sex pheromoneisastrong attractant
to D. speciosa malesaswell.

Isolation of a pheromone produced by D. speciosa fe-
males may confirm the femal e system of sexual attraction. It
creates new challengesfor management of D. speciosa. This
speciesisaseriousrootworm pest mainly in potato and corn.
Growers are unable to settle control levels. Traps to D.
speciosa had been used with visual and gustatory cues
(Nishidaer al. 1986, Rodl & Zatarin 1989, Nishida& Fukami
1990, Ventura et al. 1996), hence pheromone isolation,
identification and synthesis may establish asuitabletool for
usein luretrapstoimprove male beetle captures. In the same

YVF = Younger virgin females. 24 to 72h after adult emergence (a.a.e.)

OVF = Older virgin females: 72 to 120h aae.
YVM = Younger virgin males: 24 to 72h aae.
OVF = Older virgin females: 72 to 120h aae.
MF = Mated females

MM = Mated males
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Figure 1. Mean number = SEM of males and females of D. speciosa caught by yellow stick trapsin response to virgin
females and males of different ages and mated females and males after 48h (October 19, 1998). Bars with the same color
with different letter are significantly different from Tukey’ s studentized rangetest (P<0.05); n=4.
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way, using 8-methyl-2-decyl-propanoatein luretraps, Meinke
et al. (1989) captured significantly moreD. virgifera virgifera
beetles than control traps throughout the season. For other
fucata group species, D. undecimpunctata howardi, the fe-
male produced pheromone 10-methyl-2-tridecanone was
more suitabl e attractant to monitor beetle popul ation changes
in peanut fields than the TIC mixture (1,2,4-
trimethoxybenzene, indole and trans-cinnamal dehyde), asim-
plified blend of Curcubita maxima Duchesneblossomsvola-
tile (Herbert et al. 1996).

Considering results obtained in our studies, laboratory
analyses are being carried out to isolate and to establish the
chemical structure of the pheromone.
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