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Abstract. In many insects, mate finding is mediated by volatile sex pheromones, but evidence in nabids is still fragmentary. The role
of odour-mediated sexual attraction in two nabid species, Nabis pseudoferus and N. rugosus, was studied in a Y-tube olfactometer.
Females of the two species were significantly attracted by odours of conspecifics males, and males of N. rugosus, but not of N.
pseudoferus, were attracted by odours of conspecific females. Odours of conspecifics of the same gender were unattractive. These
results suggest the existence of male pheromones in both species and a different female pheromone in N. rugosus.

INTRODUCTION

In arthropods, mates use visual, chemical and/or acoustic
communication to find each other (Lewis, 1984), but volatile
sex pheromones are the most widespread means of sexual attrac-
tion (Cardé & Minks, 1997). Although communication between
genders is well-studied in some heteropterans (e.g. Aldrich,
1988, 1995; Landolt & Philips, 1997), there is little information
on pheromones in the Nabidae, a predatory heteropteran family,
(Aldrich, 1988; Lattin, 1989), which is remarkable in view of
their importance for pest suppression in agroecosystems (Coll &
Ruberson, 1998; Braman, 2000). Moreover, nabids reveal
unusual phenomena in their mating behavoiur. Males of several
nabid species have retained a bilaterally symmetric structure of
their genitalia including their parameres, but only one paramere
is used for copulation (Remane & Thielen, 1973; Roth &
Remane, 1993). In order to understand the evolution of this phe-
nomenon more background information about sexual communi-
cation and mating behaviour are needed.

Sound measurements revealed no evidence that nabids use
acoustic signals (Leston, 1957), and the extent to which they use
visual cues to find mates is unknown (Freund & Olmstead,
2000; Roth & Remane, 2003). A role for chemical cues in
sexual attraction has been suggested for nabids (Harris, 1928;
Socknick, 1974; Carayon, 1977; Pericart, 1987; Hartwig, 1990;
Roth & Remane, 2003), but the evidence so far concerns the
existence of male pheromones in the nabid Prostemma guttula
(Kott, 2000) only (see Aldrich, 1988, 1995).

In this article we present results on odour-mediated sexual
attraction in two European nabid species, Nabis pseudoferus and
Nabis rugosus. These species are polyphagous predators in
natural and semi-natural habitats with dense vegetation,
including grasslands (Pericart, 1987), where they occur in densi-
ties of about 2-4 individuals per m? (Roth, 1999). Hence, the
mean distance between the genders is in the order of 1 m. They
have similar life cycles, are usually univoltine and overwinter as
dormant adults. Nabis pseudoferus is macropterous and can
readily fly (Southwood, 1960), both genders of N. rugosus are
brachypterous and only the hindwings are developed. These dif-
ferences in dispersal capacity may affect mate finding in the
field. Fertilisation and oviposition occurs in spring and early
summer, but insemination occurs both in autumn and spring

(Pericart, 1987; Kott et al., 2000). The reasons for mating both
in autumn and spring are unknown. Possibly, mating before
winter dormancy serves as a kind of fertility insurance because
mortality of nabid males during winter is high (see Kott et al.,
2000).

We tested for attraction of males and females of the two nabid
species to odours of conspecifics of both genders in a bioassay
using a Y-tube olfactometer.

MATERIAL AND METHODS

Due to difficulties with rearing of European nabids (Roth,
1999), we used field collected specimens of Nabis rugosus L.
and N. pseudoferus Remane. In total about 400 individuals were
caught with a sweep net in grasslands in Thuringia (Germany)
in late summer and autumn. In the laboratory, nabids were kept
individually in petri dishes (t = 18-20°C, r.h. = 60-65%, 17L :
7D) and were supplied with wet tissue paper as a source of
water and Drosophila spp. as prey. Owing to this relatively
laborious method, the number of individuals available for
experiments was rather limited.

Bioassay

Olfactometer experiments were carried out using a Y-shaped
glass tube with a white Y-shaped metal wire runway in the
centre (Sabelis & van de Baan, 1983). The Y-tube was posi-
tioned at an angle of 30° with the arms higher than the base,
because preliminary experiments showed that the bugs were
more active in this set-up. The base of the Y-tube was connected
to a vacuum pump, causing air to flow from the arms to the
base. The wind speed was ca. 0.5 m/s in each arm of the tube
and was measured with a hot-wire anemometer. With equal
wind speeds in both arms, the odours form two neatly separated
fields in the base of the Y-tube with the interface coinciding
with the metal wire (Sabelis & van de Baan, 1983). The odour
source (i.e. one individual male or female) was kept in a glass
tube with mesh at both ends and wet tissue paper for moisture
supply. This tube was connected to one of the arms of the olfac-
tometer. As alternative odour source, a similar tube without het-
eropterans but with wet tissue was connected to the other arm.
Thus, each tested individual always had the choice between an
odour of a conspecific (odour source) and a control odour (fresh
air).
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TaBLE 1. Response of male and female Nabis rugosus to odours of the opposite gender (I; IT) and to odours of the same gender (III;
IV) when offered against clean air. Significance of the G-Tests is indicated by * (p < 0.05) and ** (p <0.01).

Test No. of individuals No. of indiv. responding to G-Test Statistical summary
es
tested responding odour control df G-value Test df G-value
I Male response to females odours
1 13 13 8 5 1 0.70
2 10 8 7 1 1 5.06* Pooled 1 5.61%
3 11 10 6 4 1 0.40 Heterogeneity 3 2.19
4 10 10 7 3 1 1.64 Total 4 7.81
II Female response to males odours
1 11 11 9 2 1 4.82* Pooled 1 10.74**
2 10 10 8 2 1 3.85% Heterogeneity 2 0.29
3 11 11 8 3 1 2.35 Total 3 11.03*
III Male response to males odours
1 11 11 7 4 1 0.83 Pooled 1 1.06
2 11 10 6 4 1 0.40 Heterogeneity 2 0.24
3 13 13 7 6 1 0.08 Total 3 1.31
IV Female response to females odours
1 12 12 6 6 1 0.00 Pooled 1 0.13
2 10 10 6 4 1 0.40 Heterogeneity 2 1.92
3 10 10 3 7 1 1.65 Total 3 2.05
Individual nabids were released, one at a time, by putting RESULTS

them on the downwind end of the wire after disconnecting the
pump from the base tube. A test trial started with reconnecting
the pump to the olfactometer and ended with removing the bug
when it had reached the end of one of the arms or after it had
spent 5 min in the olfactometer. Per replicate 10—13 individuals
were tested. The two tubes were interchanged to correct unfore-
seen asymmetries in the set-up after each of the five nabids had
reached the end of one of the arms. Preliminary experiments
showed that the individuals tested were not significantly
attracted or repelled by tubes in which a conspecific had walked
before. Two to 4 replicates were conducted, each with a new
odour sources. Because of the restricted numbers of individuals
available, some individuals were tested in more than one olfac-
tometer experiment. However, all individuals were used for a
choice-experiment involving intraspecific attraction only once.
Hence, they were always naive with regard to the odour sources
offered, but they differed with regard to experience of the
set-up. This experience proved not to affect choice (S. Roth,
pers. obs.).

The following combinations of responder and odour source
were tested: (1) male to female, (2) female to male, (3) male to
male, (4) female to female.

Because there is no evidence that copulations are restricted to
a specific period during the day in either nabid species studied;
the olfactometer experiments were mostly conducted during
10.00 am — 05.00 pm. In general, nabids mate and remate easily
under laboratory conditions (see Roth & Remane, 2003) and,
therefore we did not rigorously control lighting and temperature
for the olfactometer experiments.

Statistical analysis

To enable testing for heterogeneity among replicates in each
experiment, we applied a replicated goodness-of-fit test
(G-statistic) against a 1 : 1 null hypothesis (Sokal & Rohlf,
1995). Differences between treatments were tested in pairwise
comparisons between results using 2 x 2 contingency tables and
G-tests of independence.
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Nabis rugosus

In N. rugosus, about 94% of 188 individuals made a choice
for one of the odour sources within 5 min. Males were signifi-
cantly attracted to females in one out of four replicates and the
other 3 replicates showed the same trend, resulting in non-
significant heterogeneity among replicates and a significant
overall response (Table 1, Experiment I). Females were signifi-
cantly attracted to males in 2 out of 3 replicates and the third
replicate showed the same trend, resulting in non-significant
heterogeneity and a significant pooled response (Table 1,
Experiment II). Neither gender was significantly attracted or
repelled by odours of the same gender (Table 1, experiment IIT
and IV).

Nabis pseudoferus

In total, 85% of the 136 N. pseudoferus tested chose one of
the odour sources within 5 min. Females of N. pseudoferus were
attracted to male odours (Table 2, Experiment II), but this
attraction was not significant in any of the separate replicates.
This is likely to be due to the low numbers of animals tested in
each replicate. However, the heterogeneity among replicates
was small (Gy = 0.48), indicating that all replicates show the
same trend, and the pooled results show a significant attraction
of females to male odours.

In contrast, males were not significantly attracted to female
odours (Table 2, Experiment I). However, heterogeneity among
replicates (Gy) was high and males were significantly attracted
to odours of females in one out of three tests. With an exception
of one test in the male to male experiment, neither gender was
significantly attracted or repelled by odours of the same gender
(Table 2, Experiment III and IV).

DISCUSSION

We have shown that female nabids of both species are
attracted to conspecific males. This is not the first inference on
the existence of male pheromones in heteropterans in general
(Aldrich, 1995) and in nabids in particular (Kott, 2000). How-



TaBLE 2. Response of male and female Nabis pseudoferus to odours of the opposite gender (I; II) and to odours of the same
gender (III; IV) when offered against clean air. Significance of the G-Tests is indicated by * (p < 0.05).

Test No. of individuals No. of indiv. responding to G-Test Statistical summary
es
tested responding odour control df G-value Test df G-value

I Male response to females odours

1 10 10 4 1 0.40 Pooled 1 0.15

2 10 8 7 1 1 5.06* Heterogeneity 2 5.82

3 10 8 3 5 1 0.51 Total 3 597
II Female response to males odours

1 10 9 7 2 1 2.94

2 11 8 5 3 1 0.51 Pooled 1 5.94%*

3 11 7 5 2 1 1.33 Heterogeneity 0.48

4 11 10 7 3 1 1.64 Total 4 6.42
IIT Male response to males odours

1 11 11 6 5 1 0.09 Pooled 1 0.33

2 11 9 5 4 1 0.11 Heterogeneity 2 3.83

3 10 7 1 6 1 3.96% Total 3 4.16
IV Female response to females odours

1 10 10 3 7 1 1.65 Pooled 1 0.57

2 11 10 7 3 1 1.65 Heterogeneity 2 4.81

3 10 8 2 6 1 2.10 Total 3 5.38

ever, males attract females in most heteropteran families (Ald-
rich, 1988, 1995), with exceptions for Miridae (e.g. King, 1973;
Blommers et al., 1988; McBrien & Millar, 1999) and Lygaeidae
(Marques et al., 2000). The presence of female pheromones or
attraction to female odours, as shown only for N. rugosus, is
novel for the Nabidae. Neither species showed significant
attraction to odours of conspecifics of the same gender. This
shows that the attraction was caused by gender-specific odours,
suggesting the presence of gender-specific pheromones.
Although we found significant attraction to members of the
opposite gender, 30-40% of the individuals were not attracted.
One reason for this may be that the nabids were given only 5
min for a choice and this may be too short a time interval for
some individuals. Secondly, there may be individual differences
in sexual activity and/or physiological state. These differences
may lead to (a) differences in the response of the insects tested,
and (b) differences in the attractiveness of the animals used as
odour source. Individual variation in sexual behaviour has been
reported for several insects (McNeil, 1991; Raina et al., 1992;
Landolt & Philips, 1997). For example, the mating activity in
some species of nabids depends on the age of the individual
(Koschel, 1971a; Perkins & Watson, 1972). Thirdly, not all con-
ditions relevant for a response to sex pheromones can be pro-
vided in olfactometer experiments. For example, host plant cues
stimulate and regulate pheromone production in several insects
(Raina et al., 1992; Landolt & Phillips, 1997). Fourthly, the
release of pheromones was not controlled in our experiments. In
fact, we tested attraction to odours of conspecifics, regardless of
the individual nabids used as odour source producing phero-
mones. It has been suggested that the release of at least some of
the male sex pheromones of several species of nabids is associ-
ated with specific behaviour of the males, in which males stroke
with either of two hind legs (their tibia bears a row of long
spines) against the corresponding “comb” of an abdominal
organ (Ekblom, 1926; Harris, 1928; Leston, 1957; Kott, 1995).
It may serve to enhance diffusion of pheromones and/or may
provide additional cues to females, either through the air or via
the substrate (Kott, 2000; Roth & Remane, 2003). However,
males attractive to females were not observed to show this spe-

cific behaviour in our experiments. Possibly, the olfactometer
set-up did not trigger the males that were used as odour source
to produce pheromones, and this may be another reason for low
responsiveness of the females in the olfactometer. Moreover, the
set-up might cause tested individuals to release defensive secre-
tions (including alarm pheromones) (see Aldrich, 1985, 1995).
This might explain the occasional repellent behaviour to conspe-
cifics in male N. pseudoferus (Table 2).

Nevertheless, our results show that the experimental design
can be used to study odour-mediated long range attraction in
nabids. Moreover, they are the first experimental evidence for
odour-mediated sexual attraction of species of the subfamily
Nabinae.

Future studies should focus on chemical identification of the
sex pheromones of nabids. Such studies have been carried out
for phytophagous heteropterans (Groot et al., 1998; McBrien &
Millar, 1999), showing that sex pheromone compounds may be
obscured by products from glands that produce defensive secre-
tions (Aldrich, 1988, 1995). Elucidation of the chemical struc-
ture of the sex pheromone will provide new perspectives for
analysing the sexual behaviour of nabids and contribute to the
study of the ecology of this important group of predators
(Koschel, 1971b; Remane & Thielen, 1973; Socknick, 1974;
Carayon, 1977; Richards & Harper, 1978; Kott, 2000, Roth &
Reinhardt, 2003; Roth & Remane, 2003).
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