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Abstract 

We evaluated the suitability of selected food items for the adult spined stilt bug, Jalysus wickhami Van Duzee 
(Hemiptera: Berytidae), by providing one of seven diet treatments: (1) prepupae of the parasitoid, Cotesia con- 
gregata (Say) (Hymenoptera: Braconidae), on a leaf of tobacco (Nicotiana tabacum L., 'NC 2326') (Solanaceae); 
(2) C. congregata prepupae alone (i.e., no tobacco leaf); (3) eggs of the parasitoid's host, Manduca sexta (L.) 
(Lepidoptera: Sphingidae), on a tobacco leaf; (4) M. sexta eggs alone; (5) tobacco aphids, Myzus nicotianae 
Blackman (Homoptera: Aphididae), on a tobacco leaf; (6) a tobacco leaf alone; and (7) no prey and no tobacco. 
A tobacco leaf was necessary for the long-term survival of stilt bugs, but prey source did not affect longevity. 
Regardless of the prey type, stilt bugs with access to a tobacco leaf lived 21-23 days, while stilt bugs without 
access to tobacco lived less than 12 days. Animal prey provided a protein source required for egg deposition in 
J. wickhami, and prey species differed in their relative nutritive values. Female stilt bugs that fed on M. sexta eggs 
or on C. congregata prepupae were significantly more fecund (102 and 106 nymphs per female, respectively) than 
females that fed on tobacco aphids (24 nymphs per female). Results suggest that stilt bugs may feed on tobacco 
aphids and C. congregata prepupae when other prey are unavailable. 

Introduction 

A typical feature of the nutritional ecology ofhemipter- 
ans is the opportunistic feeding habit exhibited by 
both phytophagous and predatory species. Many phy- 
tophagous bugs are facultative predators, and some are 
reported to occasionally feed on carrion, bird drop- 
pings, dung, or even blood (Wheeler, 1976; Adler & 
Wheeler, 1984; Bryan et al., 1976). Likewise, plant 
feeding appears to be fairly common in predatory bugs 
and, at least for some species, supports optimal devel- 
opment, longevity, or fecundity (York, 1944; Stoner, 
1970, 1972; Dunbar & Bacon, 1972). 

The spmed stdt bug, Jalysus wickhami Van Duzee 
(Hemiptera: Berytidae) (=Jalysus spinosus [Say] in 

the eastern USAbefore  1981) feeds on plant sap 
and arthropods associated with its numerous host 
plants (Wheeler & Henry, 1981). Typical host plants 
are 'glandular hairy herbs' in the Solanaceae, Mal- 
vaceae, Scrophulariaceae, Oxalidaceae, and Ona- 
graceae (Wheeler & Henry, 1981). The spined stilt 
bug was first reported as a phytophagous pest of toma- 
to (Somes, 1916) and its predatory habits were first 
observed on tobacco (Gilmore, 1938). Although plant 
feeding is common, a prey source is required for 
proper development and fecundity (Elsey & Stinner, 
1971). On tobacco, Nicotiana tabacum L., a common 
host plant, prey include tobacco aphids, Myzus nico- 
tianae Blackman (Homoptera: Aphididae) (Kulash, 
1949; Elsey & Stinner, 1971), and the eggs of several 
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lepidopterans, including Manduca spp. (Lepidoptera: 
Sphingidae) (Lawson, 1959; Elsey, 1972). 

Recently, we found that spined stilt bugs also 
feed on the prepupae of Cotesia congregata (Say) 
(Hymenoptera: Braconidae), a major parasitoid of the 
tobacco hornworm, Manduca sexta L. (Kester & Jack- 
son, 1996). In order to assess the importance of C. con- 
gregata as a prey item for J. wickhami, we evaluated 
its nutritive value relative to tobacco hornworm eggs, 
tobacco aphids, and tobacco leaves. 

Materials and methods 

Stilt bugs used in this study were removed from a lab- 
oratory colony of J. wickhami that was maintained on 
hornworm eggs and tobacco plants as described by 
Elsey & Stinner (1971) and Jackson & Lam (1989). 
This colony originated from stilt bugs collected from 
commercial tobacco varieties at the Tobacco Research 
Station, Oxford, N.C., USA in the summer of 1989. 
Cocoons containing prepupae of C. congregata were 
supplied from a laboratory colony that originated from 
field collections at Oxford in 1988. This colony was 
maintained on hornworm larvae using techniques mod- 
ified from Postley & Thurston (1974) and Barbosa et al. 
(1991). Tobacco hornworm eggs were supplied from 
the Oxford laboratory colony, established in 1965 and 
maintained according to Baumhover (1985). Tobacco 
aphids were reared on tobacco in a greenhouse. This 
colony originated from a field collection from flue- 
cured tobacco in 1989 at Oxford. Tobacco for experi- 
ments was grown in a greenhouse without pesticides. 
All experiments were conducted in 1989. 

Experiment 1. In this experiment, we tested the suit- 
ability of three diets for sustaining stilt bug adults. 
Diets were: (1)cocoons containing C. congregata pre- 
pupae on a tobacco leaf, (2) tobacco hornworm eggs 
on a tobacco leaf, and (3) a tobacco leaf alone. Equal 
numbers of unmated, teneral adult males and females 
of J. wickhami were randomly assigned to treatment 
groups and were held individually in plastic Petri dish- 
es (5 cm diam.). Before adding prey items and bugs, 
a thin layer (ca. 1 cm thick) of wateragar (10 g car- 
rageenan in 1 liter of nearly boiling water) was poured 
into each dish and then cooled to provide moisture and 
maintain quality of the tobacco leaves. Dishes were 
held in a growth chamber at ca. 27 ~ and LI4:D10. 
Tobacco leaves were changed twice weekly; dead stilt 
bugs were counted and removed at that time. Ten repli- 

cates were established for each of the three treatments, 
and the experiment was run twice. Data were analyzed 
by ANOVA (factorial treatment design) to test for main 
and interactive effects of gender, food, and experimen- 
tal replication, using SAS (SAS Institute, 1989, 1993). 
All assumptions for parametric analyses were met. 

Experiment 2. In this experiment, we tested the suit- 
ability of a larger selection of diets for sustaining stilt 
bug adults. Diets were: (1) parasitoid prepupae on a 
tobacco leaf, (2) parasitoid prepupae alone, (3) horn- 
worm eggs on a tobacco leaf, (4) hornworm eggs alone, 
(5) apterous tobacco aphids on a tobacco leaf, (6) a 
tobacco leaf alone, and (7) no prey and no tobacco 
leaf. Prey in treatments without a tobacco leaf were 
placed on a slightly moistened filter paper. Procedures 
were the same as described for Experiment 1, except 
that five replicates were established for each treatment 
group and the experiment was run five times. Data 
were analyzed by ANOVA with orthogonal contrasts 
to test for main and interactive effects of food source 
and experimental replication, as described above (SAS 
Institute, 1989, 1993). 

Experiment 3. In this experiment, we tested the suit- 
ability of three diets for supporting lifetime fecun- 
dity of J. wickhami. Previously mated, 2-day-old 
adult females were randomly assigned to the treat- 
ment groups and held individually in Petri dishes with 
water-agar, as described above. Diet treatments were 
an excess of: (1) parasitoid prepupae on a tobacco leaf, 
(2) hornworm eggs on a tobacco leaf, and (3) tobac- 
co aphids on a tobacco leaf. Fresh prey and tobacco 
leaves were supplied three times weekly, at which time 
stilt bug eggs were counted and removed. Five repli- 
cates were established for each treatment group, and 
the experiment was conducted five times. Experiments 
were run until all of the stilt bugs had died. Data were 
analyzed by an analysis of covariance (ANCOVA) and 
orthogonal contrasts to test for main and interactive 
effects of diet treatments and experimental replication 
(SAS Institute, 1989, 1993). Because fecundity and 
longevity were correlated, longevity was entered as a 
covariate to control for any differences in fecundity 
that could be attributed to variability in adult life span 
only. 
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Figure 1 Effects of three diet treatments on the longevity of adult 
spined stilt bugs, Jalysus w~ckharm. Treatment means d~d not d~ffer 
significantly (P>0.05) according to ANOVA (SAS Institute, 1989, 
1993) (n = 20). The vertical hne above each histogram indicates the 
standard errors for that treatment mean. 
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Figure 2. Effects of selected diets on the longevity ofspmed stilt bugs, 
Julysus wickhami Data were analyzed by ANOVA and orthogonal 
contrasts (SAS Institute, 1989, 1993) (n = 25). The contrast between 
'prey only' treatments vs all 'tobacco' treatments (with or without 
prey) was slgmficant (P<0.0001). All other contrasts were not sig- 
mficant (P>0.05). The vertical hne above each histogram indicates 
the standard errors for that treatment mean. 

Results 

Mean longevity of stilt bug adults was not affected 
by diet, as indicated by the nonsignificant (P>0.05) 
main effects of gender and food, or their interac- 
tion (Experiment 1, Figure 1). Main and interactive 
terms involving experimental replication were not sig- 
nificant (P>0.05). Interestingly, stilt bugs provided 
with only tobacco leaves (i.e., no insect prey) lived 
as long as those provided either with parasitoid pre- 
pupae on tobacco or with hornworm eggs on tobacco. 
These results demonstrate that the three diets do not 
vary in their suitability for maintaining optimal adult 
longevity. However, these results also may indicate that 
longevity is not influenced by adult diet, in that stilt bug 
nymphs were reared on the same optimal diet, horn- 
worm eggs on tobacco leaves. Alternatively, because 
all three diet treatments included tobacco leaves, adult 
longevity may be influenced more by plant feeding 
than by predation. 

In Experiment 2, ANOVA indicated that longevity 
of stilt bugs was affected by food source (P<0.0001), 
and orthogonal contrasts revealed that this result could 
best be explained by the presence or absence of tobacco 
leaves. Stilt bugs provided with a tobacco leaf lived sig- 
nificantly longer (21-23 days), even in the absence of 
prey, than those that were not provided with a tobacco 
leaf (less than 12 days) (Figure 2). Again, prey source 
had no affect on longevity. Results were consistent, 
as indicated by the nonsignificant (P>0.05) main and 
interactive effects involving experimental replication. 

In contrast, lifetime fecundity was affected by diet; 
optimal egg production required a protein-rich prey 
source (Experiment 3, Figure 3). Adult stilt bugs 
that fed on either hornworm eggs or parasitoid prepu- 
pae produced significantly more nymphs per female 
(101.5-t- 13.4 [+standard error] and 106.1 4- 14.0, 
respectively) than those that fed on tobacco aphids 
(24.3 + 13.1). These means compare well with those 
reported for stilt bugs reared on hornworm eggs (137 
eggs per female) by Elsey & Stinner (1971). These 
results demonstrate that parasitoid prepupae and horn- 
worm eggs are nutritively equivalent in supporting 
fecundity of J. wickhami and that tobacco aphids are 
nutritively inferior. 

Discussion 

Like many berytids, stilt bugs are omnivorous (Wheel- 
er & Henry, 1981; Wheeler & Schaefer, 1982), and 
they can rapidly shift food sources in the field. Our 
results demonstrate that J. wickhami requires both a 
plant and an animal food source to support optimal 
adult longevity and fecundity. Further, our results 
demonstrate that for J. wickhami, prepupae of C. con- 

gregata are as nutritive as the eggs of M. sexta, and 
that both of these food sources are more nutritious 
than tobacco aphids. 

The importance of plant feeding for adult longevity 
of J. wickhami may reflect an evolutionary shift from 
feeding exclusively on plants to the inclusion of sessile 
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Figure 3. Effects of three diet treatments on the lifetime fecundity 
of spined stilt bugs, Jalysus wwkhaml. Data were transformed to 
loglo (x + 10.0) before anaysis by ANCOVA (SAS Institute, 1989, 
1993) (n = 25); means shown were back-transformed. Nonsignificant 
(P>0.05) interactions involving the covariate were dropped from the 
model. The vertical line above each histogram indicates the standard 
errors for that treatment mean. 

prey in the diet of this species. Like other members 
of the subfamily Metacanthinae, J. wickhami is often 
found on sticky plants where they may feed on the glan- 
dular trichomes and, reportedly, on insects trapped by 
plant secretions (Wheeler & Schaefer, 1982). In any 
case, interesting analogies exist between omnivorous 
or predatory bugs that require a prey source and phy- 
tophagous hemipterans that require seeds for normal 
development. Seed-sucking hemipterans are differen- 
tially affected by seeds from different plant species 
(Slansky & Panizzi, 1987), they often feed on plant 
juices, they switch host plants as adults, and at least 
for some species, e.g., Nezara viridula (L.) (Pentato- 
midae), they require a green plant source for optimal 
fecundity and longevity (Kester & Smith, 1984). 

The tendency towards omnivory in predatory bugs 
is well-documented and can result in complex trophic 
interactions of potential significance to biological con- 
trol. For example, Geocoris spp. (Lygaeidae) require 
both a plant and an animal source for normal devel- 
opment (York, 1944), and at least some species can 
sustain adult longevity for months by feeding on seeds 
and water (Sweet, 1960, Stoner, 1970). The preda- 
tory anthocorid, Orius insidious (Say), can complete 
development on a diet of pollen and water (Kiman & 
Yeargan, 1985). Although plant-feeding may sustain 
predatory bugs during periods when prey are unavail- 
able or at low density (Stoner, 1970), it may also reduce 
predator numbers. For example, populations of preda- 
tory Nabis spp. and Geocoris spp. are reduced by appli- 
cations of systemic insecticides on cotton (Ridgeway 

et al., 1967), in part, because they feed substantially 
on cotton plants (Ridgeway & Jones 1968). Also, plant 
feeding may also explain why predatory bugs such as 
Geocoris punctipes (Say) are negatively affected by 
plant-resistant genotypes (Rogers & Sullivan, 1987). 
Given the importance of plant feeding suggested by 
our results, it is likely that J. wickhami may be sim- 
ilarly affected by host-plant based factors. Indeed, in 
an experiment where prey abundance was not a factor, 
Jackson et al. (1988) counted four times as many stilt 
bugs on a typical flue-cured tobacco cultivar (NC 2326) 
as they did on an insect-resistant tobacco introduction 
(TI 1112) in either solid plantings or in interplantings 
of the two plant types. 

Trophic interactions involving predatory bugs are 
further complicated when omnivory includes predation 
on potential competitors, i.e., 'intraguild predation' 
(Polis & Holt, 1992). Although intraguild predation 
has been rarely studied in agricultural systems, it is 
hypothesized to have important implications for bio- 
logical control (Rosenheim et al., 1995). Intraguild 
predation by J. wickhami on the gregarious braconid 
C. congregata results in significant mortality to prepu- 
pae of this parasitoid (Kester & Jackson, 1996). Prepu- 
pae of C. congregata are as nutritious to stilt bugs as the 
eggs of the parasitoid's host, M. sexta (Figure i), and 
aphids are less nutritious than either parasitoid prepu- 
pae or hornworm eggs (Figures 2 & 3). These results 
suggest that parasitoid prepupae could be an impor- 
tant food source for J. wickhami in the field, although 
the impact of this predation on both parasitoid and 
host population dynamics cannot be determined with- 
out additional field studies. 
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