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ABSTRACT During surveys for natural enemies that could be used as classical biological control
agents of Schinus terebinthifolius Raddi (Brazilian pepper), the caterpillar, Tecmessa elegans Schaus
(Lepidoptera: Notodontidae), was recorded feeding on the leaves of the shrub in South America. The
biology and larval and adult host range of this species were examined to determine the insectÕs
suitability for biological control of this invasive weed in North America and Hawaii. Biological
observations indicate that the larvae have Þve instars. When disturbed, the late instar larvae emit
formic acid from a prothoracic gland that may protect larvae from generalist predators. Larval host
range tests conducted both in South and North America indicated that this species feeds and completes
development primarily on members of the Anacardiaceae within the tribe Rhoeae. Oviposition tests
indicated that when given a choice in large cages the adults will select the target weed over Pistacia
spp. However, considering the many valued plant species in its host range, especially several North
American natives, this species will not be considered further for biological control of S. terebinthifolius
in North America.
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Brazilian peppertree (Schinus terebinthifolius Raddi,
Anacardiaceae) is a perennial shrub native to Argen-
tina, Brazil, Paraguay and Uruguay (Barkley 1944,
1957; Muñoz 2000; F. M., unpublished data). This spe-
cies has been introduced into many countries around
the world as an ornamental and has successfully nat-
uralized in sub-tropical areas (15Ð30�) of both the
northern and southern hemispheres (Morton 1978,
Ewel 1986, Panetta and McKee 1997). Currently, Bra-
zilian peppertree is listed as a prohibited plant and a
noxious weed in Florida, and is considered an invasive
species in Florida, California, Texas, and Hawaii (Ran-
dall 2000, Hawaii State Alien Species Coordinator
[HSASC] 2001, Florida Exotic Pest Plant Council
[FLEPPC] 2005, U.S. Department of Agriculture-Nat-
ural Resources Conservation Service [USDA-NRCS]
2009). In its exotic range the tree decreases the bio-
diversity of infested natural areas by aggressively in-
vading a variety of coastal and upland habitats (Myt-
inger and Williamson 1987, Gann et al. 2001). In
Florida, infestations of S. terebinthifolius are estimated
to occupy over 283,400 ha (Ferriter and Pernas 2005).
Brazilian peppertree constitutes not only a threat to
natural areas but also to agriculture and cattle pro-

duction in Florida and Hawaii (Morton 1978, Ewel
1986, Yoshioka and Markin 1991). This species pro-
duces allelopathic compounds that suppress the
growth of other plant species (Gogue et al. 1974,
Morgan and Overholt 2005) and is also suspected of
causing allergic reactions and respiratory illness in
sensitive humans from volatiles released by the leaves,
ßowers, and fruits (Morton 1978).

Biological control efforts of Brazilian peppertree
began in Hawaii in the 1950s and resulted in the
release of three insect species: a gall-forming cater-
pillar, Crasimorpha infuscata Hodges (Lepidoptera:
Gelechiidae), a leaf-tying caterpillar, Episimus un-
guiculus Clarke (�E. utilis Zimmerman) (Lepidop-
tera: Tortricidae), and a seed-feeding beetle,Lithraeus
atronotatus (Pic) (Coleoptera: Bruchidae) (Davis and
Krauss 1962; Krauss 1962, 1963; Hight et al. 2002). Only
the last two species established Þeld populations in
Hawaii, but they are exerting only negligible control
of the weed population (Hight et al. 2002).

Exploration in South America for potential natural
enemies for the classical biological control of Brazilian
peppertree in Florida conducted in the 1980s and
1990s revealed the presence of at least 200 species of
natural enemies (Bennett et al. 1990, Bennett and
Habeck 1991). Three insects were selected for further
studies: the leaf-feeding sawßy Heteroperreyia hubri-
chiMalaise (Hymenoptera: Pergidae), the sap-sucking
thrips Pseudophilothrips ichini Hood (Thysanoptera:
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Phlaeothripidae), and the defoliating caterpillar E.
unguiculus (Medal et al. 1999, Hight et al. 2002, Martin
et al. 2004). To date, none of these biological control
candidates have been released in the continental
United States. The continuous spread of invasive Bra-
zilian peppertree and the environmental concerns re-
garding pesticide exposure motivated the search for
natural enemies that are safe biological control agents
against this weed.

Recent genetic characterization of Brazilian pepper
using chloroplast DNA revealed the presence of
eleven haplotypes in South America (haplotypes A,
C-J), only two of which occur in Florida (haplotypes
A, B, and intraspeciÞc hybrids) (Williams et al. 2005).
Apparently, not all these haplotypes have the same
nutritional value or attractiveness to specialized her-
bivore species. Comparative insect feeding and sur-
vival trials with two thrips species indicated that dif-
ferent host haplotypes may be more acceptable and
nutritious (Manrique et al. 2008). Other insects being
developed for biological control may be similarly re-
stricted to particular haplotypes and thus these results
are relevant to our testing of potential biological con-
trol agents of S. terebinthifolius.

During explorations conducted in northern Argen-
tina and Brazil between 2006 and 2010, the leaf-feed-
ing moth Tecmessa elegans Schaus (Lepidoptera: Not-
odontidae), was recorded as damaging to S.
terebinthifolius and identiÞed as a candidate for fur-
ther investigations (Mc Kay et al. 2009, G.S.W. et al.,
unpublished data). Four species of Tecmessa have
been described, namely, T. annulipes Berg, T. cerurata
Dognin, T. elegans, and T. phyllis Druce (Pastrana
2004, BayScience Foundation INC. 2004Ð2008, Bec-
caloni et al. 2003). However, host records are available
for only two species: T. annulipes recorded on Lithrea
brasiliensis Marchant, Schinus molle L., and Salix sp.
(Salicaceae) in Argentina (Pastrana 2004) and T. el-
egans on L. brasiliensis, Lithrea sp., S. terebinthifolius,
and S. weinmannifolius Engl. in Argentina (Pastrana
2004, Mc Kay et al. 2009) and Lithrea sp. (“aroeira”)
(DÕAraujo et al. 1968, Pastrana 2004) and S. terebin-
thifolius (G.S.W., unpublished data) in Brazil.

Many Notodontidae larvae have an exocrine gland
opening in the ventral portion of the Þrst prothoracic
segment of the fourth and Þfth instars (Weatherston
et al. 1986, Godfrey and Appleby 1987, Markin et al.
1989). These glands have been shown to emit defen-
sive compounds that protect the caterpillar from pred-
ators (Eisner et al. 1972). The presence of such a
potentially antipredator defense could provide pro-
tection to larvae from generalist natural enemies and
facilitate establishment of this biological control agent
after release (Wheeler et al. 2002).

In view of the limitations of existing control meth-
ods for Brazilian pepper and its continued spread, we
conducted additional biology and host speciÞcity
studies, both in South and North America, to deter-
mine the actual suitability of T. elegans as a biological
control agent in the United States.

Materials and Methods

Distribution of T. elegans in South America. The
distribution of T. elegans was determined by periodic
surveys conducted generally for biological control
agents throughout the range of the host, Brazilian
pepper. The plant is distributed from Natal, Rio
Grande Do Norte, Brazil (S5.78975 W35.20858) to
Concordia, Entre Rios, Argentina (S31.35089
W58.09275) (G.S.W. et al., unpublished data). When
found, cultures of T. elegans were established at lab-
oratories in Argentina and the USA from eggs and
larvae collected on S. terebinthifolius between 2006
and 2009 in Argentina and Brazil, respectively (Fig. 1).
Biology of T. elegans. Forty newly hatched larvae

were reared individually in 0.7-liter plastic jars with
perforated lids and moist tissue paper containing bou-
quets of freshly excised leaves. Leaf petioles of S.
terebinthifoliuswere inserted in smallßoral tubesÞlled
with water. Bouquets were replaced every 48 h. Head
capsule widths were measured with a stereo micro-
scope (40�) to determine the number and the dura-
tion of larval instars. The duration of the pupal stage
was also recorded. Adult longevity and fecundity were
estimated from 13 pairs of newly emerged T. elegans.
Each pair was placed in a 3-liter ventilated plastic
container and reared as above. A replicate was termi-
nated when the female died; males were replaced if
they died before the female. For each pair, we re-
corded preoviposition period, number of eggs laid and

Fig. 1. Map of the distribution of S. terebinthifolius in
South America. Small black dots represent sites where host
plant S. terebinthifolius was sampled and open boxes repre-
sent sites where T. elegans was found during surveys from
2006 to 2009.
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longevity of females. All experiments were conducted
in controlled environment chambers at 25 � 1�C and
60 � 5% RH, with a 14:10 (L:D) photoperiod unless
described otherwise.
Defensive Gland. Microscopic examination of all

larval instars was conducted searching for an exocrine
gland opening. Once found, the analysis of the gland
contents was conducted with 13C nuclear magnetic
resonance (NMR) spectrum measured on a Brüker
AC-200 NMR spectrometer; 10% deuterium oxide
served as the solvent.

Host Range of T. elegans

The host range of T. elegans was determined with
no-choice larval survival tests (Argentinean and North
American tests) and adult no-choice and multiple-
choice oviposition tests. Experiments were performed
on native South American, agricultural, and ornamen-
tal species at the USDA-ARS-SABCL in Hurlingham,
Argentina (see Tests Conducted in Argentina below).
Additionally, no-choice larval survival tests were per-
formed on native North American, Hawaiian, and Ca-
ribbean species and agricultural species at the USDA-
ARS-IPRL in Ft. Lauderdale, FL (see Tests Conducted
in North America below).
Tests Conducted in Argentina. Ten plant species in

six South American Anacardiaceae genera were se-
lected based on taxonomic relatedness to S. terebin-
thifolius, economic importance, and availability, as fol-
lows: Schinus terebinthifolius haplotype D from
Argentina and haplotype B from Florida (commer-
cially available in Argentina) (Williams et al. 2005,
G.S.W., unpublished data), S. areira L. (aguaribay), S.
lentiscifolius Marchand (Caroba), S. molle L. (Peru-
vian peppertree), Astronium balansae Engl. (urun-
day),Lithreamolleoides (Vell.) Engl (aroeira blanca),
Schinopsis balansae Engl. (quebracho), and the agri-
cultural species Pistacia integerrima J.L. Stewart ex
Brandis, P. vera L. (pistachio nut) (all from the tribe
Rhoeae), and Mangifera indica L. (Mango) (tribe
Anacardieae) (Mitchell and Mori 1987). Special at-
tention was given to Pistacia spp., important crops in
the western United States. Test plants also included
three South American species of Sapindaceae: Car-
diospermum grandiflorum Swartz (showy balloon-
vine), Sapindus saponariaL. (wingleaf soapberry; also
native to North America) and Serjania glabrataKunth.
These are closely allied to the Anacardiaceae within
theorderSapindales(Gadeket al. 1996,Pell 2004,APG
III 2009). All plants were grown in 3 liter pots con-
taining potting soil. No fertilizers or pesticides were
applied to these plants.
No-Choice Larval Survival and Growth Tests. In

each replicate, Þve newly emerged larvae were placed
in 0.7-liter plastic containers and fed freshly excised
leaves as described above (see Biology of Tecmessa
elegans). Prepupae were transferred to 0.5-liter plastic
jars containing a layer of moist peat moss for pupation.
These jars were kept under the same controlled con-
ditions until adult emergence. We recorded the pro-
portion of larvae that survived the Þrst 72 h of testing,

the development time to pupation and the number of
adults that emerged for each test plant.
Fecundity and No-Choice Oviposition Tests. Fe-

cundity and no-choice oviposition of T. elegans were
assessed on S. terebinthifolius (haplotype B), P. vera
and P. integerrima. In each replicate, one pair of newly
emerged adults was placed in a 3-liter plastic container
and provided freshly excised bouquets of each species
as described above (see Biology of Tecmessa elegans).
A replicate was ended when the female died; if the
male died Þrst it was replaced. We recorded the num-
ber of eggs laid on leaves.
Multiple-Choice Oviposition Test. The oviposition

preference of T. elegans was evaluated for the entire
duration of the adult lifespan (�7 d) in an outdoor
walk-in screen cage (3 � 6 � 2 m). The plants had not
been used in previous tests and included: S. terebin-
thifolius (haplotype D), P. vera, and P. integerrima.
Eightpottedplantsofeachspecies(1.5Ð2mhigh)with
similar foliar area were randomly arranged inside the
cage. Twenty four adults were released in the center
of the cage. The number of eggs and the location of
eggs and adults were recorded daily at 10 a.m. This test
was replicated three times with fresh adults.
Tests Conducted in North America. Plants were

grown in a research garden and fertilized with both
liquid (Miracle-Gro for acid loving plants, 30N-10P-
10K) and slow-release (Multicote 4, 14N-14P-16K)
formulations according to label directions. No pesti-
cides were applied within 3 mo of the beginning of
these experiments. Just before feeding to larvae,
leaves were clipped from plants and dipped in a 2%
bleach solution for 60 s to reduce larval exposure to
disease organisms. This treatment was immediately
followed by two tap-water rinses to remove residual
bleach. Plant species included the North American
Anacardiaceae speciesMetopium toxiferum (L.) Krug
& Urb. (Florida poisontree), Toxicodendron radicans
(L.) Kuntz (eastern poison ivy),Cotinus obovatusRaf.
(American smoketree), Rhus copallinum L. (winged
sumac), Malosma laurina (Nutt.) Nutt. Ex Abrams
(laurel sumac), the Hawaiian speciesRhus sandwicen-
sis A. Gray, the Caribbean species Comocladia
dodonaea (L.) Urb. (poison ash) (all Rhoeae tribe),
Spondias mombin L (yellow mombin), S. purpurea L.
(purple mombin) (tribe Spondiadeae), and the agri-
cultural species, Anacardium occidentale L. (Cashew)
(Anacardieae tribe) (Mitchell and Mori 1987). A cul-
ture was established from T. elegans larvae collected
during the February 2009 survey in Campo Largo,
Paraná, Brazil. These larvae were introduced under
quarantine at the USDA-ARS-IPRL and reared to the
adult stage on Florida Brazilian pepper leaves (hap-
lotypes A and B). Once the Þrst instars from the F1

generation hatched, they were brießy (�24 h) al-
lowed to feed on Brazilian pepper leaves on which the
eggs were laid before assignment to speciÞc plant
treatments. The neonates transferred without assis-
tance onto new test leaves in plastic vented boxes
(13 � 3 cm height). These containers were positioned
in a greenhouse (28 � 5�C), under ambient photope-
riod, and lightly misted daily to add humidity. Each
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container was lined with Þlter paper that was replaced
as needed.
No-Choice Larval Survival and Growth Rate. The

experimental larvae were fed excised leaves from dif-
ferent test plant species in no-choice studies. The tests
were replicated with 25 larvae for T. radicans, S.
mombin, and S. purpurea, and with 10 larvae for all
other plant species. All leaves were changed every 2Ð3
d. Each larva was reared individually in vented boxes
(13 � 3 cm height). As the larvae stopped feeding and
turned a pink color, extra paper towels were added as
a pupation substrate. Data were collected on survival
at the 4 d larval stage, survival to the adult stage, and
development time to the pupal and adult stages. Ad-
ditionally, the pupae were sexed and weighed (�0.1
mg; Ohaus E10640) at 14 d.
Statistical Analysis.Data from the Argentinean tests

were analyzed with statistical package Statistica (Stat-
Soft. Inc., 1984Ð2000). For the biology studies, the
mortality of each life stage was compared using the
Fisher exact test (Zar 1996). For the larval no-choice
trials, the proportion of dead larvae after 72 h
were compared using a Kruskal-Wallis test with mul-
tiple comparisons (Conover 1999). The proportion of
emerged adults for each test plant was compared using
aone-wayanalysisof variance(ANOVA).Beforeanal-
ysis the data were square root-arcsine transformed to
comply with the assumptions of the ANOVA. Means
were compared using TukeyÕs honestly signiÞcant dif-
ference (HSD) for unbalanced designs (Zar 1996).
The larval stage duration was compared using a
Kruskal-Wallis test with multiple comparisons. In the
adult no-choice oviposition tests, all the variables re-
corded were analyzed using a Kruskal-Wallis test. The
number of eggs was transformed (Log10 �1) before
analysis to comply with the assumption of homoge-
neity of variance. Data from the North American no-
choice tests were analyzed with SAS (SAS Institute
1990). The larval, pupal, and adult survival results from
the tests of North American, Hawaiian, and Caribbean
plants were analyzed with �2 tests. Pupal weights and
development times were each analyzed with one-way
ANOVAs using plant species as the main effect. In all
ANOVAs, means were compared with a TukeyÕs HSD
(P � 0.05).

Results

Distribution of T. elegans in South America. Gen-
eral surveys conducted for biological control agents of
S. terebinthifolius found that T. elegans was restricted
to the more southern region as it was never collected
north of Minas Gerais, Brazil (Fig. 1). In Argentina, T.
elegans was found at seven sites in the northeastern
provinces of Corrientes and Misiones on S. terebin-
thifolius and S. weinmannifolius (Mc Kay et al. 2009);
in Brazil, it was found near Viçosa, Minas Gerais,
Castro, and Campo Largo, Paraná, on S. terebinthifo-
lius and L. brasiliensis (G.S.W. and F.M., unpublished
data). Eggs and larvae ofT. eleganswere present in the
Þeld from December to April.

Biology of T. elegans. Adults (wingspan: 3 cm) are
creamy white in color with three sinuous narrow dark
lines across each forewing. The antennae are sexually
dimorphic, pectinate in males and simple in females
(Fig. 2). Females laid 90.2 � 75.7 (mean � SD) chalky,
hemispherical eggs (0.96 � 0.03 mm diameter) in
compact clusters of varying number (10Ð80 eggs)
generally on the lower leaf surface, after a 2 � 1 d
preoviposition period. Egg incubation period was �12
d. Larvae of T. elegans completed Þve instars distin-
guished by distinct head capsule widths (Table 1).
Each successive instar head capsule width was gen-
erally 1.6�-fold larger than the previous instar and
ranged from 0.55 to 3.35 mm. Neonates fed gregari-
ously skeletonising the leaf blade usually on the lower
surface. As larvae develop, they eat most of the leaf
except for the larger veins. When at rest, the larvae
hold their last four abdominal segments in an elevated
position. Body color changed progressively from bur-
gundy in the early instars to alternate yellow and
burgundy rings in the latter instars.

When the larvae reached the Þfth instar, they dis-
persed throughout the plant and fed solitarily. The
larval stage lasted 22.7 � 0.8 d (Table 1). Total mor-
tality in the larval stage was 40%, being higher during
the Þfth instar (Table 1). Mature larvae spun a debris-

Fig. 2. Sexually dimorphic antennae of T. elegans adults:
(a) female simple antenna; (b) male pectinate antenna. (On-
line Þgure in color.)

608 ENVIRONMENTAL ENTOMOLOGY Vol. 40, no. 3



encrusted cocoon buried a few centimeters in soil
where they pupated. Male and female pupae differed
in the position and distance of the anus and genital
oriÞces (Fig. 3). The time between cocoon formation
and adult emergence was 29.0 � 5.7 d (Table 1).
Defensive Gland. An exocrine gland opening was

located on the ventral portion of the Þrst prothoracic
segment of fourth and Þfth instar larvae (Fig. 4). The
larvae responded when disturbed with sudden move-
ments and emitted a Þne spray that had a range of ca.
10 cm. Analysis of the gland contents revealed only the
presence of formic acid.

Host Range of T. elegans

No-Choice Larval Survival and Growth Tests: Ar-
gentina. T. elegans showed a wide host range within
the tested Anacardiaceae species (Table 2). Although
larval mortality and duration of the larval stage varied
signiÞcantly among test plants, adult emergence was
recorded on all of the South American Anacardiaceae
and also on the economically important Pistacia spe-
cies. HoweverT elegans larvae did not survive �24Ð48
h when fed the economic species M. indica nor did
they survive on the Sapindaceae species C. grandiflo-
rum, S. glabrata, or S. saponaria.
No-ChoiceLarval Survival andGrowthTests:North
America. As with the tests conducted in Argentina,
similar tests on T. elegans in the United States showed
a broad host range. Complete larval development oc-
curred on all plants except the two Spondias spp. and
T. radicans. Relatively low survival occurred with lar-
vae fed the Caribbean C. dodonaea and the Hawaiian
species R. sandwicensis (Table 3). Additionally, de-
velopment time to pupal and adult stages were gen-
erally longer on these same species, C. dodonaea and
R. sandwicensis. Pupal weights were signiÞcantly
higher for females (548.9 � 16.2 mg) compared with
males (413.2 � 13.0 mg; F 1,48 � 60.26; P� 0.0001). In
addition, pupal weights were greatest for larvae fed S.
terebinthifolius and R. copallinum compared with
those fed C. obovatus, C. dodonaea, and R. sandwicen-
sis. Insect gender did not inßuence pupal or adult
developmental time.

Table 1. Life stage duration, mortality, and larval head capsule widths of T. elegans fed S. terebinthifolius

Life stage n
Life stage duration (d) No. of dead

individuals in
each stagea

Head capsule width (mm)

Mean � SD Range Mean � SD Range

L I 40 4.1 � 0.6 4Ð5 1a 0.55 � 0.01 0.54Ð0.59
L II 39 3.9 � 0.6 3Ð5 4a 0.84 � 0.02 0.78Ð0.87
L III 35 4.0 � 0.9 3Ð5 5ab 1.34 � 0.06 1.12Ð1.44
L IV 30 3.7 � 0.7 3Ð5 0ab 2.10 � 0.08 1.90Ð2.22
L V 30 7.3 � 1.2 5Ð9 6c 3.35 � 0.26 3.17Ð3.83
Pupa (cocoon) 24 29.0 � 5.7 24Ð45 2a

a Total no. dead individuals compared by FisherÕs exact test (2 � 2 Tables); those followed by the same letter are not signiÞcantly different
(P � 0.05).

Fig. 3. Differences in the position of the anal and genital
oriÞces of T. elegans pupae: (a) female pupa; (b) male pupa.
(Online Þgure in color.)

Fig. 4. Ventral prothoracic gland of T. elegans larvae.
(Online Þgure in color.)

June 2011 OLEIRO ET AL.: BIOLOGY AND HOST RANGE OF Tecmessa elegans 609



Fecundity and No-Choice Oviposition Tests. The
average number of eggs laid on leaves was higher on
S. terebinthifolius than the other test species, however,
a considerable number of eggs were found on P. in-
tegerrima and relatively few on P. vera (Table 4).
Despite large differences, variation in oviposition was
very high and signiÞcant differences were only found
between P. vera and the other two species (Table 4).
Multiple-Choice Oviposition Tests.When offered a

choice, females of T. elegans showed a clear oviposition
preference for S. terebinthifolius (Table 5). In the large
cage, eggs were only found on plants of this species and
on the walls of the cage. In the Þrst replicate, eggs were
only laid on the cage walls. In addition, visual observa-

tions indicated that adults were only found on S. tere-
binthifolius plants and on the walls of the cage.

Discussion

The laboratory results presented here showed that
T. elegans larvae fed and completed development on
many valued plant species from South and North
America, Hawaii, and the Caribbean. This is in con-
trast to previous indications of T. elegans as a potential
biological control candidate against S. terebinthifolius
in the United States. Available records from the liter-
ature, Lepidoptera host-plant database (Pastrana
2004, Robinson et al. 2009) and Þeld host data obtained

Table 2. No-choice larval survival, development time test of T. elegans in Argentina

Test plant family/species
Number of
replications

Proportion of surviving
larvae within 72 ha

Larval duration to pupa
(d) (Mean � SD)b

Proportion survival to the
adult (Mean � SD)c

Anacardiaceae
Schinus terebinthifolius haplotype D 11 0.76 � 0.15c 23.6 � 2.2ab 0.44 � 0.23c

Schinus terebinthifolius haplotype B 11 0.91 � 0.13abc 22.0 � 1.1a 0.42 � 0.24c

Astronium balansae 10 0.68 � 0.33c 25.4 � 1.9bcd 0.06 � 0.09ab

Lithrea molleoides 10 0.68 � 0.47abc 31.7 � 5.5de 0.22 � 0.22abc

Mangifera indica 10 0 Ñ 0
Pistacia integerrima 10 0.8 � 0.33abc 34 0.02 � 0.06a

Pistacia vera 10 0.84 � 0.16bc 25.1 � 2.8bc 0.26 � 0.28abc

Schinus areira 10 0.96 � 0.08ab 27.9 � 1.4cde 0.26 � 0.28bc

Schinus lentiscifolius 10 0.92 � 0.19ab 33.3 � 3.7e 0.18 � 0.18abc

Schinus molle 10 0.9 � 0.17abc 22.2 � 1.2ab 0.42 � 0.29c

Schinopsis balansae 10 1a 33.9 � 3.5e 0.16 � 0.18abc

Sapindaceae
Cardiospermum grandiflorum 10 0 Ñ 0
Sapindus saponaria 5 0 Ñ 0
Serjania glabrata 10 0 Ñ 0

Means within a column followed by different letters are signiÞcantly different (P � 0.05).
a Proportion of surviving larvae during Þrst 72 h: Kruskal-Wallis test (H(N: 102; df: 9) � 18.39; P � 0.01); M. indica and Sapindaceae species

were not included in the analysis.
b Larval duration to pupa: Kruskal-Wallis test (H(N: 76; df: 8) � 60.27; P � 0.0001); P. integerrima, M. indica, and Sapindaceae species were

not included in the analysis as few or no larvae pupated on these species.
c Proportion survival to adult: One-way ANOVA: F (9, 92) � 5.47; P � 0.0001); M. indica and Sapindaceae species were not included in the

analysis.

Table 3. Results (mean � SE) of neonate T. elegans feeding, survival, development time, and pupal weights on excised leaves of
different test plant species in United States

Test plant species
Total
larvae

Larval
feeding

No. larvaea

surviving
after 4 d

No. pupae
survivingb

Developing time
(d) to pupac

Pupal wt
(mg)d

No. adult
survivinge

Developing time
(d) to adultf

Schinus terebinthifolius 10 Y 10 10 24.2 � 0.3c 530.9 � 27.0a 10 52.9 � 0.9b

Metopium toxiferum 10 Y 10 7 24.3 � 0.4bc 440.3 � 23.2abc 7 52.9 � 1.1b

Toxicodendron radicansg 25 Y 0 0 Ñ Ñ 0 Ñ
Anacardium occidentale 10 Y 7 6 24.5 � 0.6bc 469.9 � 49.4abc 6 52.7 � 1.1b

Spondias mombing 25 Y 0 0 Ñ Ñ 0 Ñ
Spondias purpureag 25 Y 0 0 Ñ Ñ 0 Ñ
Cotinus obovatus 10 Y 10 8 24.8 � 0.6bc 405.0 � 26.5b 8 53.3 � 0.8b

Comocladia dodonaea 10 Y 7 4 34.0 � 3.4a 345.8 � 15.7c 4 60.0 � 3.3a

Rhus copallinum 10 Y 10 10 23.7 � 0.7c 543.3 � 24.5a 10 50.6 � 0.8b

Rhus sandwicensis 10 Y 5 5 28.4 � 0.9b 365.8 � 32.8b 5 55.8 � 1.3ab

Malosma laurina 10 Y 9 7 24.9 � 0.4bc 510.7 � 29.3ab 6 53.3 � 1.2b

a �2
10 � 124.1; P � 0.0001.

b �2
10 � 96.9; P � 0.0001.

cOne-way ANOVA: F (7,49) � 11.19; P � 0.0001. Means followed by different letters are signiÞcantly different (P � 0.05).
dOne-way ANOVA: F (7,49) � 5.73; P � 0.0001. Means followed by different letters are signiÞcantly different (P � 0.05).
e �2

10 � 98.7; P � 0.0001.
fOne-way ANOVA: F (7,48) � 4.26; P � 0.001. Means followed by different letters are signiÞcantly different (P � 0.05).
g The species T. radicans, S. mombin, and S. purpureawere not included in development time to pupa, pupal wt, or development time to adult

analyses as no larvae pupated when fed leaves of these plants.
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in Argentina and Brazil (DÕAraujo et al. 1968, Mc Kay
et al. 2009, G.S.W. and F.M., unpublished results)
suggested a narrow host range. In addition, no Tec-
messa spp. have been reported as pests in Pistacia
plantations in Argentina (1,000 ha) (Margheritis and
Rizzo 1965, Rizzo 1977, Justo and Parra 2005, Diario de
Cuyo 2005), suggesting no threats to cultivated Pista-
cia in the United States. In addition, climatic require-
ments for Pistacia plantations (hot, dry summers, and
cool winters) (Servicio Meteorológico Nacional 2000)
do not match those suitable for S. terebinthifolius and
T. elegans (tropical conditions with high humidity)
(Servicio Meteorológico Nacional 2000). This is sup-
ported by the results of the multiple-choice oviposi-
tion test (walk-in cage) where T. elegans showed a
clear preference for its natural host (Table 5). How-
ever, the physiological ability ofT. elegans to complete
larval development on Pistacia and several other
Anacardiaceae species (Tables 2 and 3), and the lack
of clear oviposition preference under a no-choice sit-
uation (Table 4), make T. elegans difÞcult to recom-
mend as a safe biological control agent.

Details of the biology and life history of T. elegans
indicate the presence of an exocrine gland on the
ventral portion of the Þrst prothoracic segment. In the
case of T. elegans, the emission of formic acid in re-
sponse to disturbance might constitute a repellent
defense against larval natural enemies as demon-
strated in other Notodontidae species (Eisner et al.
1972). Analysis of these gland secretions by GC/MS
did not detect additional lipophilic components
(G.S.W., unpublished data) as shown in other species
of Notodontidae (Eisner et al. 1972, Weatherson et al.
1986, Attygalle et al. 1993).

Both ecologists and biological control practitioners
have generalized about the co-evolutionary relation-
ship between plant phylogeny and host range of po-
tential agents (e.g., Berenbaum 1983, Briese 2005). A
modern classiÞcation of the Anacardiaceae recognizes

two infrafamilial groups: subfamily Anacardioideae,
including the Anacardieae, Dobineae, Rhoeae, and
Semecarpeae tribes and subfamily Spondioideae, in-
cluding the Spondiadeae tribe (Pell 2004, Mitchell et
al. 2006, APG III 2009). We tested members of three
of these Þve tribes; the Anacardieae (Anacardium and
Mangifera), Rhoeae (Astronium, Comocladia, Cotinus,
Lithrea,Malosma,Metopium, Pistacia, Rhus, Schinopsis,
Schinus, and Toxicodendron) and Spondiadeae (Spon-
dias). Our results suggest that T. elegans is primarily
restricted to members of the Rhoeae tribe and at least
one member of the Anacardieae tribe (e.g., Anacar-
dium); but no development was observed on other
Anacardieae tribe members Mangifera and Spondias
spp. More members of these subfamilies need to be
tested to thoroughly examine the relationship be-
tween the phylogeny of the Anacardiaceae and host
range of the associated specialized herbivores. More-
over, comparative phytochemical studies need to be
conducted to examine biochemical cues that might be
used in host plant discrimination in T. elegans and
other herbivore species.

In conclusion, the results presented here indicateT.
elegans has a broad fundamental host range, including
many ecologically and economically important North
American, Hawaiian, and Caribbean plant species.
Therefore, we do not recommend this species for the
biological control ofS. terebinthifolius in these infested
regions.

Acknowledgments

We thank K. Dyer and K. Paul, USDA-ARS-IPRL, J. Ren-
don, and M. Chawner SCA/AmeriCorps for technical assis-
tance during quarantine host testing. Insect identiÞcations
were provided by M. Pogue, USDA-ARS-SEL. Voucher spec-
imens have been placed at USDA-ARS-SEL and USDA-ARS-
IPRL. We also thank A. McConnachie (ARC-PPRI), T.
Heard (Commonwealth ScientiÞc and Industrial Research
Organization), A. Peard Bugliani, and J. Briano (SABCL) for
their valuable comments and suggestions on the manuscript.
Brazilian insect collections were conducted with the assis-
tance of M. Vitorino, Universidade Regional de Blumenau,
under the Instituto Brasileiro do Meio Ambiente permit
09BR003939/DF. Insects were imported under quarantine
USDA/APHIS/PPQ permit P526P-07-06609 issued to G.S.W.
This project was partially funded by Florida Fish and Wildlife
Conservation Commission and South Florida Water Man-
agement District.

References Cited

APG III. 2009. An update of the Angiosperm Phylogeny
Group classiÞcation for the orders and families of ßow-
ering plants: APG III. Bot. J. Linn. Soc. 161: 105Ð121.

Attygalle,A.B., S. Smedley, J.Meinwald, andT.Eisner. 1993.
Defensive secretion of two notodontid caterpillars.
J. Chem. Ecol. 19: 2089Ð2104.

Barkley, F. A. 1944. Schinus L. Brittonia 5: 160Ð198.
Barkley, F. A. 1957. A study of Schinus L. Lilloa 28: 5Ð110.
BayScience Foundation, INC. 2004–2008. (http://zipcodezoo.

com).

Table 4. Adult oviposition no-choice tests of T. elegans

Plant species
Number of
replications

Number of
eggs on leaves

S. terebinthifolius 13 75.2 � 74.3a

P. integerrima 5 25.8 � 32.1a

P. vera 5 0.2 � 0.5b

Means followed by a different letter are signiÞcantly different
(Kruskal-Wallis test and multiple comparisons P � 0.05).

Table 5. Adult oviposition in multiple-choice test on T. elegans
in walk-in cage

Replicates

Total no. of eggs

Cage
(walls)

S. terebinthifolius P. vera P. integerrima

1 225 0 0 0
2 75 60 0 0
3 200 125 0 0
Mean � SD 166.7 � 80.4 61.7 � 62.6 0 0

No statistical analyses were conducted on these data.

June 2011 OLEIRO ET AL.: BIOLOGY AND HOST RANGE OF Tecmessa elegans 611



Beccaloni, G. W., M. J. Scoble, G. S. Robinson, and B. Pitkin.
(Eds). 2003. The Global Lepidoptera Names Index (Lep-
Index). (http://www.nhm.ac.uk/entomology/lepindex).

Bennett, F.D., L.Crestana,D.H.Habeck, andE.Berti-Filho.
1990. Brazilian peppertree-prospects for biological con-
trol, pp. 293Ð297. In E. S. Delfosse (ed.), Proceedings VII
International Symposium on Biological Control of
Weeds, 6Ð11. March 1988, Rome, Italy. Instituto Speri-
mentale per la Patologia Vegetale Ministerio dellÕ Agi-
coltura e delle Foreste, Rome/CSRIO, Melbourne, Aus-
tralia.

Bennett, F. D., and D. H. Habeck. 1991. Brazilian pepper-
tree: prospectives for biological control in Florida, pp.
23Ð33. InT. D. Center, R. F. Doren, R. L. Hofstetter, R. L.
Myers, and L. D. Whiteaker (eds.), Proceedings of the
Symposium on Exotic Pest Plants, 2Ð4. November 1988,
Miami, FL.U.S. Dep. Interior, National Park Service,
Washington, DC.

Berenbaum,M. 1983. Coumarins and caterpillars: a case for
coevolution. Evolution 37: 163Ð179.

Briese, D. T. 2005. Translating host-speciÞcity test results
into the real world: the need to harmonize the yin and
yang of current test procedures. Biol. Control 35: 208Ð
214.

Conover, W. J. 1999. Practical nonparametric statistics.
John Wiley & Sons, New York.

Davis, C. J., andN.L.Krauss. 1962. Recent introductions for
biological control in Hawaii-VII. Proc. Hawaiian Ento-
mol. Soc. 18: 125Ð129.
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Quarto catálogo dos insetos que vivem nas plantas do
Brasil. Seus parasitos e predadores. Parte II, 1. Ministerio
da Agricultura, Rio de Janeiro.

DiariodeCuyo. 2005. EloroverdeatraeLaatención: San Juan
comercializa 120 toneladas de Pistacho. Verde. (http://
www.diariodecuyo.com.ar/home/new_noticia.php?
noticia_id�110126).

Eisner, T., A. F. Kluge, J. C. Carrel, and J. Meinwald. 1972.
Defense mechanisms of arthropods. XXXIV. Formic acid
and acyclic ketones in the spray of a Caterpillar. Ann.
Entomol. Soc. Am. 65: 765Ð66.

Ewel, J. 1986. Invasibility: lessons from South Florida, pp.
214Ð230. InH. A. Mooney and J. A Drake (eds.), Ecology
of Biological Invasions of North America and Hawaii.
Springer, New York.

Ferriter, A. P., and A. J. Pernas. 2005. Systematic reconnais-
sance ßight data. South Florida Water Management Dis-
trict, West Palm Beach, FL. (http://tame.ifas.uß.edu/
tame_project/index.shtml).

(FLEPPC)FloridaExoticPestPlantCouncil. 2005. Florida
Exotic Pest Plant CouncilÕs 2001 list of invasive species.
(http://www.eppc.org/05list.htm).

Gadek, P. A., E. S. Fernando, C. J. Quinn, S. B. Hoot, T.
Terrazas, M. C. Sheahan, and M. W. Chase. 1996. Sap-
indales: molecular delimitation and infraordinal groups.
Am. J. Bot. 83: 802Ð811.

Gann, G. D., K. Bradley, and S. W. Woodmansee. 2001.
Floristic inventory of south Florida database. (http://
www.regionalconservation.org/).

Godfrey, G. L., and J. E. Appleby. 1987. Notodontidae
(Noctuoidea): the notodontids and prominent, pp. 524Ð
533. In F. W. Stehr (ed.), Immature Insects. Kendall/
Hunt, Dubuque, IA.

Gogue, G. J., C. J. Hurst, and L. Bancroft. 1974. Growth
inhibition by Schinus terebinthifolius. Hortscience 9: 301.

(HSASC) Hawaii State Alien Species Coordinator. 2001. Ha-
waiiÕsmost invasivehorticulturalplants.Departmentof land

& natural resources and division of forestry & wildlife.
(http://www.state.hi.us/dlnr/dofaw/hortweeds/
specieslist.htm).

Hight, S. D., J. P. Cuda, and J. C. Medal. 2002. Brazilian
peppertree, pp. 311Ð321. In R. G. Van Driesche, S. Lyon,
B. Blossey, M. S. Hoddle, and R. Reardon (eds.), Biolog-
ical Control of Invasive Plants in the Eastern United
States. U.S. Department of Agriculture Forest Service,
Morgantown, WV.

Justo, A. M., and P. A. Parra. 2005. PerÞl breve y análisis del
mercado de frutas secas. producción tradicional y
orgánica. Documento de Trabajo N� 32, Instituto de
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