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ABSTRACT Oviparous species have evolved eggs with traits that provide protection, nutrients, or
symbionts for the offspring. In the assassin bug genus Zelus (Hemiptera: Reduviidae), newly hatched
Þrst instars have been observed to collect a sticky substance from their eggs and coat it on their legs.
Here, we tested the hypotheses that the sticky substance improves predation success and substrate
adhesion ability of theZelus renardiiKolenati Þrst instar.Z. renardii instars that had access to the sticky
substance imposed higher mortality on adult ßies and became dislodged at higher wind speeds than
instars without access to sticky substance.
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Parental traits that increase the survival of their off-
spring are expected to be favored by natural selection.
For oviparous (egg-laying) animal species, embryos
develop outside of the parents and are exposed to
many abiotic and biotic threats. It is not surprising
then that oviparous parents have evolved eggs with
traits that help mitigate these risks (for reviews, see
Hinton 1981, Hilker and Meiners 2002). In oviparous
insects, eggs can have antimicrobial compounds to
protect against pathogens (Marchini et al. 1997).
Many insect eggs, equipped with complex external
structures or chemicals, are also very well defended
against predators and parasitoids (Blum and Hilker
2002, Ware et al. 2008). Moreover, functions of eggs
are not limited to the prehatching phase. Eggs can
serve as substrates for essential endosymbionts verti-
cally transferred from the ovipositing mother and then
acquired by the offspring (Prado and Almeida 2009).
Trophic eggs, inviable eggs that serve as food for
hatched offspring, are also common among insects
(Kudo and Nakahira 2004, Perry and Roitberg 2005).
In some species, the empty eggs are also the Þrst meals
of newly hatched individuals.

A peculiar function of the egg case may be found in
the assassin bug genus Zelus (Hemiptera: Reduvi-
idae). In some tribes of assassin bugs, namely the
Apiomerinii, Ectinoderinii, and Harpactorinii (to
which Zelus belongs), the individuals feed by captur-
ing prey with their forelegs, which are covered in a
viscous sticky substance (Ambrose 1999). In these
groups, some species obtain the sticky substance from
external sources such as plant resin (Usinger 1958,
Miller 1971), whereas others, such asZelus, produce it

autogenously (Wolf and Reid 2001). Interestingly, the
Þrst instars of Zelus longipes L. and Zelus luridus Stål,
unlike their adult counterparts, lack the glandular
units thought to be responsible for producing the
sticky substance (Wolf and Reid 2001, Weirauch
2006). For these Þrst instars, the main (and perhaps,
only) source of sticky substance seems to be the layer
of sticky substance secreted by their mothers onto the
surface of the eggs. This notion is supported by ob-
servations of newly hatched Þrst instar of Z. longipes
and Z. luridus actively returning to their eggs and
coating their legs with the sticky substance from the
eggs (Wolf and Reid 2001, Weirauch 2006). Several
hypotheses have been proposed to explain the func-
tion of the sticky substance found on the eggs, such as
protecting the eggs from desiccation, predation, and
parasitism (Weirauch 2006). For Zelus speciÞcally, it
has been proposed that the sticky substance is impor-
tant for the predation success of Þrst instars (Wolf and
Reid 2001). If so, then the eggs of Zelus also serve as
a means by which parents can improve the predation
success of their offspring. Another nonmutually ex-
clusive hypothesis is that the sticky substance helps
Þrst instars to adhere better to substrate.
Zelus renardii Kolenati, a species native to Califor-

nia, has been observed to exhibit posthatching behav-
ior similar to that ofZ. longipes andZ. luridus (Y.-H.L.,
personal observation; see Supp. Video S1). Z. renardii
Þrst instars would remain in proximity to their eggs
after hatching. �20Ð30 min posthatching, Þrst instars
would return to the eggs and apply the sticky sub-
stance from the eggs onto their fore- and midlegs by
using their foretibia.

Here, we test the functions for the sticky substance
found on Z. renardii eggs. SpeciÞcally, we hypothe-1 Corresponding author, e-mail: ylaw@ucdavis.edu.
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sized that the sticky substance from the egg improves
the ability of Þrst-instarZ. renardii to capture prey and
adhere to substrates.

Materials and Methods

Z. renardii. Field-collected gravid Z. renardii fe-
males were reared individually in 25-ml vials (30�C
and a photoperiod of 14:10 [L:D] h) on a variety of
Þeld-collected insects. Females were removed after
they oviposited. Eggs usually hatched 8Ð9 d after ovi-
position. Beginning on the seventh day after oviposi-
tion, the eggs were monitored for hatching. First in-
stars used for the study were collected from 14
females.
Establishment of Treatments. The experiments re-

quired two treatments each: Þrst instars with sticky
substance and Þrst instars without sticky substance. In
both experiments, Þrst instars were randomly allo-
cated into one of two treatments: 1) without eggs, in
which Þrst instars were removed within 3 min of their
hatching and housed in another vial such that they had
no further access to eggs and sticky substance; and 2)
with eggs, in which the Þrst instars were left in the
original vial with their own eggs and could thus access
the sticky substance.
Predation Experiment. This experiment tested the

effects of the sticky substance on the predation
success of Þrst instars. First instars used for the ex-
periment were �36 h old. Each instar from the two
treatments (with eggs, n � 41; without eggs, n � 44)
was placed singly in a covered petri dish (35 by 10
mm) with two live adult Drosophila melanogaster
(Meigen) (Diptera: Drosophilidae) adults. The Þrst
instars were then observed continuously for 7 min.
The number of attack attempts on the ßies and num-
ber of successful captures (holding onto a ßy for �5
s) were recorded.

After the continuous observation period, the Z.
renardii Þrst instars and ßies were left in the petri dish
for another 6 h. Mortality of ßies was recorded after 1,
2, and 6 h. The experiment was conducted between
1400 and 2000 hours in a well-lit environment.
Wind Tunnel Experiment. This experiment exam-

ined the inßuence of sticky substance on the ability of
Þrst instars to adhere to the substrate. Our approach
was to test the wind speed at which the Þrst instars
would be dislodged from the substrateÑÞrst instars
with better substrate adhesion should be dislodged at
higher wind speeds that those with weaker substrate
adhesion. Only Þrst instars that were �36 h old were
used.

The setup is diagrammed in Fig. 1. The arena was a
clear tube (Tygon R-3603, 25 mm in diameter). Mesh
was afÞxed across both the upwind and downwind
ends of the arena. Once an instar was placed on the
bottom of the arena, air from a compressed air source
was blown through the arena. An anemometer (EA-
3010U, La Crosse Technology. La Crosse, WI) Þtted to
the downwind end of the arena measured wind speed.
Airßow was manually controlled with a valve; wind
speed was initiated at 0.4 ms�1 and was increased �0.1

ms�1 every second. The behavior of the instar was
observed, and the wind speed at which it became
dislodged from the arena surface was recorded. Before
each trial, the interior of the arena was wiped with 70%
ethanol to remove any sticky substance residues. Each
instar was tested only once. There were a total 36
replicates for the without eggs treatment and 37 rep-
licates for the with eggs treatment. This experiment
was conducted over 3 d and always between 1400 and
1600 h.
Statistical Analysis. Data for the predation experi-

mentdidnot satisfy assumptionsof analysis of variance
(ANOVA) and were thus analyzed with the nonpara-
metric Wilcoxon test. The data for the wind tunnel
experiment were Þtted using a linear regression model
with treatment and experiment date as factors and
analyzed with ANOVA. An � value of 0.05 was used for
all tests. All results reported in this paper are means �
SEM.

Results

Predation Experiment. In the 7-min observation,
Þrst instars with or without access to the eggs had
similar number of attack attempts on the ßies (1.31 �
0.24 and 1.02 � 0.17 times, respectively; �2 � 0.68, P�
0.411). There was also no difference between the
successful captures rates of Þrst instars with or without
access to eggs (27.16 � 7.76 and 31.09 � 8.24%, re-
spectively; �2 � 0.13,P� 0.715). Mortality rates of ßies
were low (with eggs, 8.54 � 2.97%; without eggs,
10.23 � 3.08%) and similar between treatments (�2 �
0.17, P � 0.692).

Access to eggs did, however, affect ßy mortality
over the 6-h assay period (Fig. 2). Although ßy mor-
tality was similar between treatments at the 1-h mark
(�2 � 0.68, P � 0.411), Þrst instars with access to the
sticky substance imposed higher mortality on fruit
ßies after 2 h (�2 � 7.75, P� 0.005) and 6 h (�2 � 7.06,
P � 0.008).
Wind Tunnel Experiment.When airßow began at

0.4 ms�1 and up to 2.0 ms�1, Þrst instars were fre-

Fig. 1. Setup of test arena for the wind tunnel experi-
ment. One Z. renardii Þrst instar was placed into the arena
made of a clear plastic tube. Air was blown through the arena,
and wind speed recorded by an anemometer. Dashed lines
indicate location of mesh nets, and solid arrows show the
direction of airßow. Wind speed was controlled by a valve.
Diagram is not drawn to scale.
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quently observed walking within the test arena. Be-
yond wind speed of 2.0 ms�1, Þrst instars were ob-
served to lower their bodies to the arena surface and
pull in all legs. First instars with access to eggs dis-
lodged at a higher mean wind speed of 6.25 � 0.33
ms�1, whereas those without dislodged at 5.31 � 0.33
ms�1 (F � 6.43; df � 1, 68; P � 0.014).

Discussion

Our experiments established two groups of Z. re-
nardii Þrst instars: one group with sticky substance
from eggs and another without sticky substances from
eggs. Our approach was to retain or remove the eggs
from the Þrst instars within 3 min of hatching; this
approach was justiÞed by our observation of post-
hatching behavior in Z. renardii Þrst instars. Because
newly hatched Þrst instars do not initiate application
of the sticky substance until at least 25 min posthatch-
ing, we are conÞdent that our protocols were success-
ful. In fact, one could easily tell which treatment group
a test individual belonged to just by picking it up with
a needle: Þrst instars with access to the sticky sub-
stance would adhere to the needle, whereas those
without would fall off the needle. Our observations of
posthatching behavior inZ. renardii also closely match
those reported by Weirauch (2006) for Z. luridus.

We found empirical support for the hypothesis that
the sticky substance on Z. renardii eggs improves pre-
dation success of the Þrst instars. This improvement
was evident in ßy mortality after 2Ð6 h, but not in the
7-min-longcontinuousobservationafter thepredation
assays were initiated. Why so? The overall low mor-
tality rates of ßies during the continuous observation
suggest that predation of adult ßies is not easy for Z.
renardii Þrst instars. First, the adult ßies are as large as
theZ. renardiiÞrst instars and are very mobile, making
them a challenging prey. Second, our focal Þrst instars
had no prior contact with any prey before the ßies and
thus were inexperienced predators. We speculate that
these factors combined could have posed difÞculties

such that the Þrst instars, regardless of whether they
hadsticky substanceornot,mighthaveneededseveral
attack attempts before they could subdue an adult ßy.

How did the sticky substance actually improve pre-
dation success for the Þrst instars? Because the num-
ber of attacks was similar between Þrst instars with or
without sticky substance, the improved predation was
more likely a result of higher success per predation
attempt, instead of more predation attempts. Previous
studies indicated that, when faced with a mobile prey,
Zelus species remain still and extend their sticky se-
cretion-coated forelegs to “trap” the prey (Edwards
1966, Ables 1978). Once caught, the forelegs clasp the
prey and the sticky substance may reduce the likeli-
hood of prey escape. It is easy to imagine then that a
lack of sticky substance on the forelegs would be
detrimental to the Þrst instarÕs predation success, par-
ticularly when dealing with a large or mobile prey. Our
observations and that of Weirauch (2006) indicated
that the mid- and hindlegs of Zelus Þrst instar also are
coatedwith the sticky substance. It isplausible that the
sticky substance on these legs also aid in preventing
prey escape or provide better substrate adhesion.

First instars with access to the sticky substance
became dislodged at higher wind speeds than those
without such access. Because all Þrst instars demon-
strated similar behaviors in resisting airßow in the
experimental arena, our results can be safely inter-
preted as the Þrst instarÕs capability to adhere to the
substrate. A better substrate adhesion could reduce a
Þrst instarÕs likelihood of falling off plant surfaces.
Being able to keep a Þrm foothold on the substrate also
should be important when Z. renardii Þrst instars am-
bush a prey and afterwards as they handle a struggling
prey.

Our study expands the list of possible posthatching
beneÞts provided by eggs to hatchlings to include
improved predation and substrate adhesion. These
two beneÞts are likely to be important for the hatch-
lings in capturing their Þrst prey, particularly if the
hatchlings are small and fragile compared with their
prey. We know of no other arthropods outside ofZelus
that demonstrate similar functions of the eggs in pro-
viding an offensive advantage to the hatchlings.

Several questions pertaining to Zelus and its sticky
substance biology remain. We do not know the de-
velopmental stage at which Zelus instars begin pro-
ducing their own sticky substance. In Z. luridus, sec-
ond instars were reported to collect sticky substances
from the exuvia of their Þrst molt (Weirauch 2006),
suggesting perhaps that either production of a sticky
substance is costly or impossible in second instar. Also,
does the sticky substance serve purposes other than
what we have documented here, e.g., deterring par-
asitism and predation? Is the provision of sticky sub-
stance an innate behavior of the ovipositing female, or
is it plastic? If the latter, what are the conditions that
determine the plasticity? Answering these questions
would not only enrich our understanding of Zelus
species but also contribute to our knowledge of pa-
rental investment in offspring.

Fig. 2. Mortality of adult D. melanogaster ßies (mean �
SE) caged with individual Z. renardii Þrst instars over 6 h.
First instars either had access to eggs, and thus the sticky
substance on the eggs, or not.
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