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Abstract This experimental study focused on the effects
of a mirid bug herbivore, Capsodes infuscatus on the
flower nectar yield of a Mediterranean geophyte, Asph-
odelus aestivus. The effects of increasing densities of adult
C. infuscatus bugs on A. aestivus, on the nectar volume and
concentration were examined. Significant decreases were
found in the number of flowers and nectar production as
C. infuscatus densities increased. Analysis of covariance
(ANCOVA) showed that nectar production was not affec-
ted by environmental variables (air temperature, relative air
humidity and day-time) that were treated as covariates for
the various bug herbivory intensities. Sugar concentration
did not vary significantly among treatments, indicating that
abiotic conditions were not responsible for differing nectar
amounts. In light of A. aestivus’s dependence on pollinator
visits to produce seeds, we conclude that C. infuscatus
could impair pollination success by reducing the amount of
nectar in flowers. To the best of our knowledge, the present
study is the first to show that insect herbivores do not
necessarily have to remove segments from the flower in
order to decrease nectar secretion.
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Introduction

Nectar production in plants is affected by both biotic and
abiotic factors. Abiotic factors play an important role in
nectar production, as they affect its evaporation, conden-
sation, and secretion, and its re-absorption by the plant
(Corbet 1978). One of the most important biotic factors
that affect nectar production is foraging by pollinators,
which changes the standing yield of nectar (Corbet 1978;
Pacini et al. 2003; Nicolson 2007). Whether this is done in
the course of pollination or through simply “stealing” the
nectar, it has a direct effect on flower nectar availability.
Few studies have addressed the indirect effects of insect
herbivore activity on flower nectar productivity. Indirect
effect occurs when an herbivore causes changes in floral
traits that may affect pollinator activity; for example, leaf
damage may influence corolla diameter and thus reduce
fruit set because of diminished pollinator preference or
attraction (Mothershead and Marquis 2000). Potential
indirect effects of herbivory on plant fitness, which
accompany pollen-associated rewards, such as reduced
pollen export, smaller pollen grains, and reduced numbers
of staminate flowers or pollen grains, have been described
previously (Quesada et al. 1995; Krupnick and Weis 1999;
Lehtild and Strauss 1999), but little is known about the
effect of herbivory on nectar rewards. In the present study
we examined whether an herbivore that does not consume
nectar can affect nectar yield by feeding from leaves and
inflorescence stalks. The studied insect herbivore was a
mirid bug, Capsodes infuscatus, which is monophagous
and feeds on leaves and inflorescences of Asphodelus
aestivus Brot.

Asphodelus aestivus Brot. (synonyms A. microcarpus
Salzn., A. ramosus L.) is a common Mediterranean geo-
phyte belonging to the Liliaceae family (Feinbrun-Dothan
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and Danin 1998). Each paniculate inflorescence comprises
tens to hundreds of flowers, and flowering starts at the base
of each branch and proceeds towards the tip (Schuster et al.
1993). The flowers open synchronously in the morning and
close in the evening of the same day, and on the following
day the style withers completely, so that the stigma cannot
receive any more pollen (Lifante 1996). The plant is self-
compatible, but insects are required in order to achieve a
successful pollination because the stigma is located higher
than the anthers (Schuster et al. 1993). Lifante (1996)
found that A. aestivus nectar secretion rate was constant
throughout the day, and that the amount of sugar content
increased until the flower withered; however, the volume
and concentration of the nectar changed in response to
environmental conditions. Pollinators, of which Hyme-
noptera are the most frequent visitors, are attracted to the
nectar as well as to the pollen (Lifante 1996). A. aestivus is
characterized by septal ovarial nectary (Fahn 1990). The
nectar is discharged from small holes in the ovary and
stored in a cavity (sealed off by 6 stamens base, which
surround the ovary); thereby, reducing evaporation (Sawidis
et al. 2008).

Soon after the first rain, C. infuscatus nymphs emerge
from the bases of dry A. aestivus leaves and/or previous
year’s dry inflorescence stalks, and feed by sucking on
A. aestivus leaves, thereby causing leaf discoloration.
Alternatively, if inflorescence stalks are developing, nymphs
prefer them as a food source (Ayal 1994). C. infuscatus is
characterized by piercing-sucking mouth parts (Alon 1985),
and feeding by nymphs can suppress the development of the
inflorescence (Ayal 1994). Plants that overcome the original
feeding activity and develop inflorescences are exposed to
damage to their buds, flowers and fruits by adult bugs (Ayal
and Izhaki 1993). Previous studies have shown that this mirid
bug can reduce reproductive success of A. aestivus by
destroying up to 100% of their fruit production (Ayal and
Izhaki 1993). In the present study we asked: Does mirid bug
herbivory affect flower production and nectar secretion in
A. aestivus? Nectar production is important for rewarding
pollinators, and its reduction can decrease pollinators’ vis-
iting rates. Thus, considering the essential role of pollinators
in achieving fruit production in A. aestivus, the effect of
herbivores on nectar production may have an indirect neg-
ative impact on plant fitness.

Materials and methods
Study site and treatments
Forty mature tubers of A. aestivus were randomly collected

in summer 2004 from a natural site in suburban Tel Aviv,
Israel (32°7'N, 34°48'E). Tubers were dug out with shovels
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and collected from clearly distinguished individual plants,
separated by at least 2 m. At this natural site, C. infuscatus
had not been observed in the two previous winter seasons
of tuber collection.

Individual A. aestivus tubers were then brought to Tel
Aviv University Botanical Garden and transplanted into
polystyrene containers containing peat soil. The tubers were
transplanted to a nethouse in September 2004, just before the
start of the rainy season. Following leaf emergence, the
plants were irrigated regularly with a sprinkler system. The
nethouse protected the plants from any contact with C. in-
fuscatus or any other insect herbivores. Out of the 40 trans-
planted tubers, only 14 produced inflorescence stalks, with
one to three inflorescences per plant. Following maturation
of the inflorescence stalks and beginning of the blooming
period, the herbivory treatments started. Treatments inclu-
ded different herbivory pressure on the inflorescence stalk
covered with an organza fabric bag as follows: (a) stalks with
five adult C. infuscatus; (b) stalks with ten adult C. infuscatus
and (c) stalks with no C. infuscatus individuals served as
controls. Each treatment was replicated seven times. Each
inflorescence stalk was covered with its organza fabric bag
from 1 day before the beginning of the herbivory experiment
through the following four study days in February 2005.
Numbers of flowers per inflorescence were counted daily,
and the flowers were examined for nectar yield from midday
till dusk, i.e., from 14:30 to 17:30 hs. Nectar volume was
estimated with the aid of 10- and 1-pl microcapillary tubes,
and the exact time of the day was recorded. Sugar concen-
tration in the nectar was also examined, as sucrose equiva-
lent, with manual refractometers (Bellingham & Stanley
Ltd., Tunbridge Wells, UK), and the data were corrected
against the “International Temperature Correction Table”
(1936) for determining the sucrose percentage by mean of
refractometer when the readings are made at a temperature
other than 20°C. Flowers from each treatment were taken
randomly for nectar measurements, and nectar was assessed
in three flowers per inflorescence, unless fewer flowers were
present. In addition to these measurements, abiotic condi-
tions, i.e., temperature and relative humidity, were recorded
with a digital thermo-humidity meter. Table 1 present the
numbers of studied flowers and plants, in addition to the
mean temperature and humidity associated with all mea-
surements in each treatment. Table 1 also shows equivalent
abiotic conditions as well as similar measurements number
for each treatment.

Data analysis
All data collected during the study period were merged

and subjected to ANCOVA. Covariate factors were tem-
perature, relative humidity and time of day. Nectar
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Table 1 C. infuscatus

herbivory treatments and Date Density treatment No of examined No of examined Mean . Mean
environmental variables (No of bugs per bag) flowers plants temp. (°C) RH (%)
measured during each 1422005 0 6 2 154 33.0
experiment day
5 9 3 15.9 327
10 4 2 15.6 327
15.2.2005 0 9 3 18.6 327
5 9 3 19.1 323
10 8 4 18.5 32.7
16.2.2005 0 11 4 214 37.3
5 12 5 222 36.1
10 10 5 21.9 36.0
17.2.2005 0 3 224 382
5 3 23.0 36.9
10 12 5 22.9 37.1
Total 0 35
5 39
RH relative humidity 10 34
volume and sugar concentrations were tested in each 9 a =
treatment. The nectar volume data were log(x) trans- 8
formed and the sugar concentration data, expressed as - T a
sucrose percentages, were arcsin transformed, following a o |
normal distribution test. Numbers of flowers per treatment g
were subjected to ANOVA. The differences were sub- 2 5] b
jected to post-hoc examination with the Tukey—Kramer © 41
HSD test, by means of the JMP 5.01 software (SAS g 3
Institute Inc. Cary, NC). 5
14
Results 0 ' :

Significant (P < 0.01) differences were noted between the
average numbers of flowers per inflorescence in the several
herbivory density treatments (Fig. 1). Fewer buds per
inflorescence started anthesis as the mirid bug sucking
pressure on stalks increased. Total nectar production per
flower ranged from O to 5.64 pl, and it too diminished as
herbivory pressure on the stalks increased (Fig. 2). Dif-
ferences between control and bug exposure treatments
were highly significant (P < 0.001), with less nectar in
flowers that were exposed to higher numbers of C. in-
fuscatus trapped in the bag. In several measurements there
was no nectar at all. It is important to emphasize that at no
point in the observations were C. infuscatus insects seen
feeding on nectar directly from flowers. The environmental
covariates (time of day, temperature and relative humidity)
did not elicit significant effects on either nectar production
or sugar concentration, indicating that differences among
treatments in nectar traits were not due to environmental
conditions. The sugar concentration in nectar was similar in
all treatments (Fig. 3).

0 5
No. of C. infuscatus in bag

Fig. 1 Number of blooming flowers per inflorescence in the various
infestation density treatments. Different letters indicate significant
differences among treatments according to Tukey’s HSD test.
** Indicates P < 0.01

Discussion

Our results suggest that the mirid bug’s activity of sucking
on inflorescence stalks leads to a reduction in the total
number of blooming flowers. Similar results were noted in
desert populations of A. aestivus, where the mirid bug’s
feeding included flower buds and flowers (Ayal and Izhaki
1993): damage to the buds would most likely cause a
reduction in the total number of flowers. Production of
fewer flowers because of herbivory is not rare and has been
observed on other plants also (Karban and Strauss 1993;
Quesada et al. 1995; Strauss et al. 1996; Juenger and
Berelson 1997; Lehtild and Strauss 1997; Mothershead and
Marquis 2000). This activity may exert an important
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=
= 1.5
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81
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2
0.5 7
0 T T
0 5 10

No. of C. infuscatus in bag

Covariates:
Temperature: NS Humidity: NS Time of day: NS

Fig. 2 Nectar volume per flower in the various infestation density
treatments. Different letters indicate significant differences among
treatments according to Tukey’s HSD test. *** Indicates P < 0.001
for the ANCOVA analysis. NS, not significant

80
NS
70

60

50 1

40 1

30 1

20 1

Sugar concentration,
as % of sucrose

0 5 10
No. of C. infuscatus in bag

Covariates:
Temperature: NS Humidity: NS Time of day: NS

Fig. 3 Sugar concentrations (as % sucrose equivalent) in nectar in
the various infestation density treatments. NS, not significant

influence on reproductive success, as it can reduce the
plant’s attractiveness to pollinators and thereby reduce its
fitness (Willson and Price 1976; Strauss et al. 1996; Lehtild
and Strauss 1997; Keasar et al. 2008).

Environmental conditions such as temperature and
humidity have been regarded in the past as major factors in
determining nectar yield (Corbet 1978; Bertsch 1983;
Pleasants 1983). However, our present results showed no
effect of these abiotic conditions, nor of the time of day, as
covariates in the ANCOVA evaluation, which implies that
differences in the nectar yield were indeed caused by the
differences between the herbivore density treatments.
The measurements were taken randomly throughout the
experiment period, and therefore, we can rely on our sugar
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concentration data to provide a fine estimate for our nectar
measurements across the herbivory density treatments.
Such high values of sugar concentration in A. aestivus are
not rare and have also been reported by Fahn (1948) and
Lifante (1996). The finding that sugar concentrations were
similar in all treatments supports the conclusion that the
reductions in the amounts of nectar were due to the higher
density treatment, and not to evaporation. According to
Corbet (1978), the sugar concentration depended mostly on
evaporation and the quantity of secreted sugar. In our
present case, no sugar differences in concentration were
noted. Changes in nectar volume were not due to differ-
ences in water evaporation that might have resulted from
herbivory stress, but to a real effect of the herbivory on the
nectary activity.

In the present study the mirid bug was never seen to feed
directly from the enclosed nectar chamber. Therefore, we
concluded that feeding pressure exerted by C. infuscatus
indirectly caused a reduction in nectar volume, without
the bug feeding directly on the nectar. A decrease in the
amount of available resources may reduce nectar secretion,
for instance, as a result of reductions in the total photo-
synthetic area, in the carbohydrate reserves or in nutrient
stored (Mutikainen and Delph 1996). Resource availability
is also a major determinant of the amount and type of plant
defenses (Coley et al. 1985). Under herbivory conditions, a
shift in nectar production towards chemical defense might
be formed (Kessler and Baldwin 2002). In the present
study, the mirid bug infection was confined to the inflo-
rescence by means of a closed bag that contained trapped
adults, while the leaves remained undamaged. Therefore, it
is unlikely that any significant damage had occurred to the
photosynthesis or to the stored nutrients.

One possible alternative explanation for the nectar
reduction is that C. infuscatus feeding caused direct dam-
age to the nectariferous tissues. Unlike many Homopterans
and Psyllids, which imbibe fluid from phloem cells, most
of the species from the Heteroptera order feed on paren-
chyma cells or xylem sap (Gullan and Cranston 2000;
Schoonhoven et al. 2006). In light of the fact that nectaries
are characterized by closely packed parenchyma cells
(Esau 1965), it is possible that direct damage to the nec-
tariferous tissue by C. infuscatus might be the cause of the
decreased nectar yield.

Nevertheless, it seems that the effect of feeding from
plant cells or xylem sap by this herbivore is similar to that
of dehydration. Fahn (1948) examined the influence of soil
moisture conditions on nectar secretion of flowers of
Centaurea hyalolepis, Punica granatum and Antirrhinum
majus. These plants secreted lower amounts of nectar under
dehydration conditions. Furthermore, Zimmerman (1983)
found that watered plants of Delphinium nelsonii produced
significantly more nectar per flower than the un-watered
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controls. Other studies have also shown that water avail-
ability, in years of higher precipitation or under irrigation,
increased nectar production (Wyatt et al. 1992; Petanidou
et al. 1999; Keasar et al. 2008) or decreased sugar con-
centrations (Petanidou et al. 1995). In the present study,
sugar concentration remained unchanged, whereas nectar
volume decreased substantially. If lower soil moisture
causes a decline in nectar amount, it is reasonable to
assume that feeding from plant cells by C. infuscatus might
have a similar effect. Moreover, drier conditions are gen-
erally reflected in lower flower production (Nicolson and
Thornburg 2007). Considering that C. infuscatus effect on
A. aestivus is similar to dehydration, it might also explain
the lower number of flowers per inflorescence found in the
present study.

Several aspects of the relationship between herbivory
and nectar production have been studied. Some studies
have pointed out a possible connection between herbivore
activity and nectar production, through changes in sugar
and alkaloid concentrations (Strauss 1997; Adler et al.
2006). Moreover, Krupnick et al. (1999) showed that petal
feeding of Isomeris arborea by the beetle Meligethes ruf-
imanus caused a significant decline in nectar production by
a factor of up to 3, compared with undamaged flowers. To
the best of our knowledge, the present study is the first to
show that insect herbivores do not necessarily have to
remove segments from the flower in order to decrease
nectar secretion. Such a decline in the total amount of
nectar secreted due to herbivory, could be of great
importance in plant fitness. It has long been established that
nectar plays an important role in determining pollination
frequency (Marden 1984; Keasar et al. 2008). Nectar
amount and concentration can both affect pollinator
response, in such a manner that can influence plant
reproductive success (Whitney and Glover 2007). Several
studies have also shown that flowers that offer larger
quantities of nectar can receive more pollinator visits than
others (Zimmerman 1983; Real and Rathcke 1991;
Mitchell 1993; Hodges 1995). In the present study, some
A. aestivus flowers contained no nectar at all due to the
herbivore activity. This would increase variability in nectar
volume reward, that might lead to risk aversion by the
pollinator (Waddington et al. 1981; Hambick 2001;
Drezner-Levy and Shafir 2006). Variability in nectar
reward may play a crucial role when considering plants,
which unlike A. aestivus, do no have the capability to
reproduce vegetatively. In such cases, pollination success
is essential. Bees, such as bumblebees, have a foraging
strategy capable of involving longer flights in case that
poor flower reward patches are found (Burns and Thomson
2006). Consequently, variability in nectar amount due to
herbivory can affect pollinator activity. Nevertheless,
increased variability in nectar amount does not necessarily

compromize pollination success. In some cases it may
reduce geitonogamy, due to the pollinator avoidance from
repeated visits to the same plant (Keasar et al. 2008).
Therefore, such indirect effect of insect herbivore on flower
nectar quantity might influence pollinators’ activity in
several aspects, and ultimately could affect plant repro-
ductive success.
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