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       Introduction 

 Insect herbivory can decrease a plant’s fitness by disrupting its 
growth, survival, and reproduction. When herbivory is focused 
on reproductive structures of a plant the damage can be espe-
cially detrimental because it directly affects reproductive suc-
cess ( Zammit & Hood, 1986; Schemske & Horvitz, 1988; Evans 
 et al. , 1989; Wallace & O’Dowd, 1989; English-Loeb & Karban, 
1992; Pellmyr & Huth, 1994; Krupnick & Weis, 1999 ). 
Florivory, which includes damage to the petals of a flower, may 
reduce pollen dispersal and seed production by disrupting the 
mutualistic relationship between a flowering plant and its 
animal pollinators. 

 Whereas numerous studies have shown that damage caused by 
insect herbivory alters floral characters and reduces rates of pol-
linator visitation to flowers of damaged plants ( Karban & Strauss, 
1993; Lohman & Berenbaum, 1996; Lehtilä & Strauss, 1997; 
Krupnick  et al. , 1999; Mothershead & Marquis, 2000 ), only a few 
studies have examined the consequences of florivory on seed pro-
duction. In one notable example,  Mothershead and Marquis 
(2000)  found that herbivory on flowers of  Oenothera macrocarpa  
(Onagraceae) in the bud stage reduced the mature flower’s corolla 
diameter, and that the two sphingid moth species that pollinate 

 O. macrocarpa  preferred flowers with larger corollas. Reduced 
visitation to bud-stage damaged flowers caused a 68% decrease 
in fruit set of the mature flower relative to undamaged flowers. 
Although  Mothershead and Marquis (2000)  showed that early 
damage to flowers alters floral development, leading to a 
 decrease in pollinator visitation and seed production, they did 
not  document the effects of herbivory on mature flowers. 

 The present study examines whether feeding damage to 
 mature flowers by chrysomelid beetles reduces the likelihood of 
pollination and fruit set in  Lepidium papilliferum  [(L. Henderson) 
A. Nels. & J. F. Macbr.], a rare mustard (Brassicaceae) endemic 
to sagebrush steppe habitat in south-western Idaho. Within 
sagebrush steppe,  L. papilliferum  inhabits microsites known as 
‘slick spots’, which are areas of high clay and salt concentration 
and high water retention that most other plants find inhospitable 
( Meyer, 1995; Quinney, 1998 ). Reaching 5 – 40 cm in height, the 
plant has numerous, multiflowered inflorescences that termi-
nate at the branches. The small flowers have white petals, and 
filaments of the anthers are covered with club-shaped hairs. 
Flower numbers range from several score to several thousand 
per plant, depending on plant size. Blooming typically begins in 
early to mid May and peaks in early June. By the end of the 
flowering period, large amounts of orbicular, flattened seed 
about 2 mm in length are produced. Each mature fruit produces 
two seeds.  Robertson and Klemash (2003)  found that approxi-
mately 70 – 80% of flowers on a plant successfully fruit and set 
seed under natural conditions. 
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  Abstract .      1.   Insect herbivory directed at flowers can decrease fruit and seed production 
by decreasing the attractiveness of a damaged flower to potential pollinators, by 
disrupting the transfer of pollen between pollinators and stigmas, or both. 

 2.   Effects of petal herbivory by a chrysomelid beetle ( Phyllotreta  sp.) on pollination 
and seed production in  Lepidium papilliferum  (Brassicaceae) were examined. 

 3.   Under natural conditions, flowers with a hole chewed in a petal produced fruit and 
seed at a significantly lower rate than undamaged flowers (44% vs. 80% respectively). 
However, when damaged and undamaged flowers were hand pollinated, there was no 
significant difference in fruit or seed set (84% vs. 80% respectively). 

 4.   Petal herbivory in  L. papilliferum  disrupts the effectiveness of insect-mediated 
pollination, but it does not physically inhibit pollination or seed production.  
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 Recent studies indicate that  L. papilliferum  is reliant on in-
sects for pollination ( Robertson & Klemash, 2003; Robertson, 
2004 ) and that fruit production is greater when pollination is 
outcrossed rather than selfed ( Robertson & Ulappa, 2004 ). 
 Robertson and Klemash (2003)  noted that at least 25 families of 
insect visit the plant’s flowers for pollen and nectar. Subsequent 
study has revealed that only a few types of insects contribute 
substantially to pollination, most notably tachinid and bomb-
yliid flies, sphecid and vespid wasps, and apid and halictid bees 
( Robertson  et al. , 2005 ). 

 Although  L. papilliferum  is reliant on insects for pollination, 
several kinds of insects visiting the plant’s flowers are herbiv-
ores. The most abundant herbivore is a chrysomelid beetle, 
 Phyllotreta  sp. (hereafter referred to as  Phyllotreta ), which 
chews holes in the flower’s petals. The damage caused by 
 Phyllotreta  ranges from a single small (  ≈  0.5-mm diameter) 
hole chewed in a petal to the loss of complete petals (    Fig.   1). 
Damage by chrysomelid feeding appears to occur on petals in a 
random fashion. 

 The objective of this study was two-fold: First, to determine 
whether petal herbivory in  L. papilliferum  reduces seed produc-
tion in affected flowers under natural conditions. Second, to 
establish whether reductions in seed production in damaged 
flowers, should they exist, were caused by (1) a reduced capac-
ity of damaged flowers to produce seed, independent of pollina-
tor visitation rates, or (2) by a change in the effectiveness of 
insect-mediated pollination.  

  Methods 

 The study was conducted from May to July 2005 using indi-
vidual  L. papilliferum  plants located throughout south-western 
Idaho. In early May, prior to blooming, 72 plants were randomly 
selected and enclosed within cylindrical cages constructed from 
10-mm hardware cloth covered in 0.25-mm white mesh and 
measuring 10 – 25 cm in diameter and 10 – 40 cm in height. The 

cages prevented insect access to plants, thereby ensuring that 
the flowers used in our experiments were unpollinated. 

 Once  L. papilliferum  was in bloom, sweep nets were used to 
collect  Phyllotreta  from  Sisymbrium altissimum  (Brassicaceae) 
plants at the same study sites. Although  Phyllotreta  also 
 occurred on  L. papilliferum  at the sites, beetles were collected 
from  S. altissimum  to avoid damaging study plants with the 
sweep nets. Five  Phyllotreta  were released into each cage and 
left undisturbed for 24 h. Caged plants were then inspected and a 
string was tied around one damaged flower (i.e. a flower with a 
single hole chewed in the petal) and one undamaged flower on 
each plant. To aid later recognition, a knot was tied at the end of the 
string around the damaged flower but not the undamaged flower. 

 Plants were randomly assigned to one of two experiments. In 
experiment 1, cages were permanently removed from the plants 
to expose both damaged and undamaged flowers to pollinators 
and test whether damaged flowers were less likely to produce 
fruit than undamaged flowers. In experiment 2, the damaged 
and undamaged flowers on each plant were pollinated by hand 
using pollen from flowers located 50 m away  –   Robertson and 
Ulappa (2004)  found that fruit set in  L. papilliferum  is highest at 
this outcrossing distance. Cages were replaced over plants im-
mediately after hand pollination to prevent access by insects. 
This manipulation was designed to determine if damaged flow-
ers had reduced capacity to produce fruit, independent of visita-
tion and pollen deposition by insects. 

 Fourteen days after exposing flowers to insects or hand pol-
lination, the number of flowers that had fruited in each of the 
experiments was counted. Approximately one-third of the 
plants died during this period, which is a normal occurrence for 
 L. papilliferum  at this time of year (I. C. Robertson, unpub-
lished). This left a total of 25 pollinator-exposed plants and 
25 hand-pollinated plants for analysis. Fruits were dissected for 
the presence of seed, but no measurements of the seeds were 
taken. A flower was scored as having set seed if a mature seed-
bearing fruit was produced, and as failing to set seed if the flower 
had withered off the plant. Effects of treatment were analysed in 
two separate binary logit regressions using the GENMOD pro-
cedure in SAS v. 9.1 ( SAS Institute, 2005 ). Because the data 
were clustered (i.e. damaged and undamaged flowers occurred 
on the same plant), generalised estimating equations (GEE) 
were used to interpret the test statistics ( Allison, 1999 ). Effects 
of treatment were considered  significant when  P  < 0.05.  

  Results 

  Experiment 1: pollination by insects under natural conditions 

 Seed-bearing fruits always contained two seeds. Flowers 
 suffering damage (i.e. a hole chewed in a single petal) from 
 Phyllotreta  set seed at a significantly lower rate than undam-
aged flowers on the same plant (    Table   1). Eighty per cent 
(20/25) of undamaged flowers produced fruit when exposed to 
pollinators, whereas only 44% (11/25) of damaged flowers 
 produced fruit. The odds of fruit production decreased 80% 
(95% CI = 41 – 94%) for damaged flowers when compared with 
undamaged flowers ( Table   1 ).  

    

     Fig.   1.     Flowers of  Lepidium papilliferum  showing feeding damage by 
 Phyllotreta  beetles (arrow, as well as similar damage visible on other 
fl owers).   
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  Experiment 2: hand pollination 

 Although damaged flowers were less likely to set seed when 
exposed to insects, this reduction was not because the flowers 
were incapable of producing seed. There was no significant dif-
ference in seed production between damaged and undamaged 
flowers when flowers were hand-pollinated (    Table   2). Eighty 
per cent (20/25) of the undamaged hand-pollinated flowers set 
seed, whereas 84% (21/25) of damaged hand-pollinated flowers 
set seed. Clearly, flowers damaged by  Phyllotreta  feeding were 
capable of producing seed. No   attempt was made to germinate 
the seeds.   

  Discussion 

  Lepidium papilliferum  flowers damaged by herbivory were sig-
nificantly less likely to set seed than undamaged flowers on the 
same plant under natural conditions. However, damaged and 
 undamaged flowers were equally capable of producing seed 
when hand pollinated. This result indicates that petal herbivory 
disrupts the effectiveness of insect-mediated pollination, but 
does not physically inhibit pollination or seed production. 

 In a similar study,  Krupnick and Weis (1999)  found that 
 herbivore-damaged  Isomeris arborea  (Capparaceae) flowers 
had abnormally low stigmatic pollen loads and produced fewer 
seeds than undamaged flowers. The low stigmatic pollen loads 
in  I. arborea  suggest that a disruption in pollen transfer by 
 insects may have caused reduced seed set. However, unlike 
the findings for  L. papilliferum , hand pollination of damaged 

 I. arborea  flowers did not increase their rate of seed production. 
This result indicates that pollen limitation was not the primary 
cause of reduced seed set in  I. arborea . Instead,  Krupnick and 
Weis (1999)  determined that herbivory destroyed gametes and 
made flowers less capable of setting seed. The contrast between 
the results for  L. papilliferum  and  I. arborea  emphasises the 
need for both hand pollination and natural exposure to pollina-
tors when assessing the causes and consequences of florivory on 
pollination and fruit production. 

 There are several ways by which petal herbivory may have 
altered the effectiveness of insect-mediated pollination in 
 L. papilliferum . Damaged flowers may have been visited less 
frequently by pollinators, or by a suite of insects that were less 
efficient than the pollinators attending undamaged flowers. 
Decreased pollinator visitation rates to damaged flowers are 
well documented (e.g.  Karban & Strauss, 1993; Krupnick 
 et al. , 1999; Mothershead & Marquis, 2000 ), as are changes in 
pollinator communities when floral characteristics are altered 
( Johnson  et al. , 1995; Conner & Rush, 1996 ). Damaged flowers 
may fail to provide insects with the visual cues that attract visi-
tation (e.g. symmetrical flowers:  Bell, 1985; Moller & Eriksson, 
1995 ), or they may decrease the area on which to alight, prompt-
ing some insects to avoid damaged flowers. Feeding damage 
may also betray lower nectar or pollen rewards in the flowers of 
affected plants ( Frazee & Marquis, 1994; Quesada  et al. , 1995; 
Lohman & Berenbaum, 1996; Strauss  et al. , 1996; Krupnick 
 et al. , 1999 ). For pollinator insects visiting  L. papilliferum  
 flowers, the ability to discriminate against flowers with low nec-
tar or pollen rewards may be critical because foraging involves 
a risk of predation ( Robertson & Klemash Maguire, 2005 ). 
Finally, it is possible that damaged flowers inhibit the transfer of 
pollen from insects to stigmas, resulting in reduced pollination 
success. Discriminating among these alternatives requires fur-
ther study. Nevertheless, this study clearly demonstrates that 
petal herbivory in  L. papilliferum  reduces the effectiveness of 
insect-mediated pollination and seed production.  
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