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Plant systems commonly use interactions known as indirect defenses to protect 
themselves against herbivory. One such defense is two-staged, beginning with plants 
utilizing sticky hairs known as glandular trichomes as an indirect defense to attract and 
trap carrion and provision predators. However, no known studies have specifically tested 
the efficacy of this defense across a stickiness gradient. We tested if increasing levels of 
stickiness on glandular manzanitas (Arctostaphylos glandulosa) increase the effectiveness 
of their herbivory defense. As well as if more carrion present on the glandular manzanita 
resulted in more predator abundances. The differing degrees of stickiness across A. 
glandulosa had no effect on arthropod entrapment amounts. Increased carrion 
abundances across manzanita bushes resulted in simultaneous increases of predators 
(Family: Thomisidae and Coccinellidae). However, stickiness did not play a role within this 
relationship. The complexity of sticky plant interaction may be more than meets the eye 
as various factors might have more of an effect on the efficiency of these plants’ defenses 
such as predators themselves.   
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INTRODUCTION  

Plant systems are unable to relocate or 
defend themselves from insects feeding 
upon them. Thus, plants must find different 
ways to deter herbivory, feeding on plants, 
to ensure their survival. Plants protect 
themselves in two distinct ways: direct 
defenses, such as toxins like tannins and 
digestibility reducers, as well as indirect 
defenses that affect components of the 
plants' community such as natural enemies 
and diseases (Karban & Baldwin 1997; 
Constabel et al. 2014; Agrawal 2007). Most 
of the defense’s hypothesis focus on 
herbivory pressures, one of the most widely 

cited evolutionary hypothesis is the Optimal 
Defense theory (ODT). This theory states 
that plant defenses are costly to produce 
and therefore allocation must be to the 
tissues that contribute most to a plant’s 
fitness such as seedlings and reproductive 
stages (Stamp 2003). Using this theory, 
predictions can be made that defense 
chemicals occur at higher concentrations in 
younger leaves compared to older leaves 
(McCall and Fordyce 2010). Indirect 
defenses are much harder to study since 
they rely on other components in their 
environment rather than the plant itself. 
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Plant-herbivore-predator systems commonly 
involve indirect defenses, which are 
mutualisms with predatory arthropods and 
plants in which the plants provision 
predators with food or shelter in exchange 
for protection against herbivory. Indirect 
defenses can include increasing extrafloral 
nectar in response to herbivory damage, 
providing varying nutrient structures known 
as food bodies to attract ants, and creating 
sheltered areas known as domatia (Heil et al. 
2001; Turlings and Wäckers 2004; Norton et 
al. 2000; Aljbory and Chen 2018). Indirect 
defenses can function as ways to attract 
natural enemies of herbivores to reduce 
herbivory on the plant. However, common 
plants have recently revealed they have 
more involved factors affecting their 
relationship with defenders making these 
plant dynamics especially necessary to re-
study (LoPresti et al. 2018). 

Sticky plants utilize glandular trichomes, 
hairlike structures which excrete secondary 
metabolites, for a variety of functions 
including, pollination, physical protection, 
and direct and indirect herbivory defense, 
(Glas et al. 2012; Li et al. 2018). Additionally, 
within mixed conifer and mountain 
chaparral ecosystems there is high variability 
of canopy cover, which may impact 
glandular trichome functions. One of the 
many functions of these trichomes is an 
indirect defense by entrapping arthropods 
(carrion) to provision predators therein 
reducing the amount of herbivory damage 
(Ellis and Midgley 1996; Krimmel and Pearse 
2013). The carrion entrapped by the plant 
may be neither herbivores of the plant nor 
predatory to herbivores but land on the 
plant for a different reason (Moran and 
Southwood 1982). One reasoning includes 
that flower scents of sticky plants actively 

attract arthropods to their death (LoPresti et 
al. 2015). Although scent attraction can 
increase carrion abundances, can reduce 
herbivory and increases plant fitness, 
(Krimmel and Pearse 2013), stickiness itself 
is overlooked in the interaction. 

Namely, the role of plant stickiness 
efficacy has not been analyzed. Investigating 
the variation of stickiness may reveal if 
differences among neighboring sticky plants 
contribute to a defensive advantage. We 
predicted an abiotic factor such as lower 
canopy cover would increase the stickiness 
of glandular manzanitas (Arctostaphylos 
glandulosa), as plants in full sun are further 
along in their phenology, the manzanitas 
with more developed reproductive parts will 
be stickier (Kim et al. 2004). We also 
predicted the abundances of carrion would 
increase with likewise increases of stickiness 
across manzanita bushes. We expected that 
increasing carrion abundances on A. 
glandulosa will further increase predator 
abundances (Krimmel and Pearse 2013; 
LoPresti et al. 2015). Lastly, we assumed 
increasing predator abundances would 
lessen the amount of herbivory damage 
(Chase 1998; Carter and Rypstra 1995; 
Moran and Hurd 1998; Strong et al. 1996). 

METHODS 

2.1 Site Selection 

The study was conducted at the UC Natural 
Reserve at James San Jacinto Mountains 
Reserve, California (33.8081° N, 116.7769°) 
To test variability of stickiness of glandular 
manzanitas, Arctostaphylos glandulosa, 
surveyed from May 4 to 9, 2021. We 
sampled manzanitas across the James 
Reserves with varied degrees of canopy 
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cover to provide a comparison in the 
anticipated effects of stickiness on 
herbivory. In high manzanita density areas, 
we randomized selection of plants. 
However, we had to systematically select 
more manzanitas in high canopy cover areas 
to even out the final sampling design. 
Canopy cover was measured by taking a level 
photo in 1:1 aspect ratio directly above the 
surveyed branch. By overlaying a 3x3 grid on 
each photo we approximated visual percent 
cover. We systematically chose adult 
manzanitas whose lowest branch was less 
than two meters tall and surveyed one of the 
branches off the third node (Fig. 2). 

2.2 Stickiness Index 

To quantify the degree of stickiness of 
buds, flowers, and past flowers, we created 
a stickiness index (SI). The index ranged from 
zero to six, zero being least sticky and six 
being the stickiest. The index was defined by 
the reproductive structures’ ability to hold 
varying lengths of pine needles. Pine needles 
varied in length ranging from 2.5 cm (rank 
one), 5 cm (rank two), 10 cm (rank three), 15 
cm (rank four), 20 cm (index five) and > 20 
cm (rank six) (Fig. 1). If the reproductive 
structure failed to hold rank one, it would 
score a zero. Each reproductive structure 
had to successfully adhere a pine needle for 
each rank length for at least 30 seconds. Pine 
needles were attached to the underside of 
the calyx for both flowers and past flowers. 
For buds, the needles were placed on bud 
itself on the side facing the soil. To find the 
average bush stickiness, we averaged the 
values for buds, flowers, and past flower 
stickiness for each manzanita.  

 

Figure 1. Pine needle stickiness index. Each index 
rank includes needles of varying length from 2.5 cm, 
5 cm, 10 cm, 15 cm, 20 cm and >20 cm (two 20 cm 
long pine needles attached together). Pine needles 
were adhered to the underside of the calyx for both 
flowers and past flowers. For buds, the needles were 
adhered on the underside of the bud itself. 

2.3 Carrion, Predators, and Herbivory 
Measurements 

We recorded the abundances of carrion 
and predators present in the standardized 
portion for each plant. We collected eight 
predators as vouchers to identify the most 
common families on manzanita. We 
surveyed all our variables on the specified 
survey branch of the plant based on the third 
node (Fig. 2) for three minutes and recorded 
the abundances present. Within the three 
minutes, we each counted separate 
variables on the same specified survey 
branch, trading places frequently to survey 
the entire branch. For each plant we 
quantified number of leaves damaged by 
leaf miners, by caterpillars, and by holes. The 
total proportion of damaged leaves was 
calculated by dividing each value for 
caterpillar, leaf miner, and hole leaf damage 
by their respective maximum values to 
obtain a proportion of damage relative to 
their most damaged bush. These 
proportions were added together and 
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divided by three to find an average of total 
proportion of damaged leaves. 

 

Figure 2. Example of manzanita survey method at 
James Reserve. We picked one of the branches off 
the third node that had the most abundant leaves and 
counted abundances for three minutes. Two or more 
living branches that separated from each other were 
considered nodes. 

2.4 Statistical Tests 

We ran six linear regression tests to 
evaluate our predictions using JMP version 
15.0.0 (SAS Institute, 2019). First, we tested 
the effect of canopy cover on bud SI, 2), 
canopy cover on open flower SI, and 3), 
canopy cover on past flower SI. 4) bush 
stickiness (averages of bud, open flower, and 
past flower stickiness index) on carrion 
abundances. 5) carrion abundance on 
predator abundance and lastly 6), the effect 
of predator abundances on total proportion 
of damaged leaves.  

RESULTS 

Canopy cover had no effect on the 
stickiness of plant (buds, N = 34, R2 = 0.00, P 
= 0.81; open flowers, N = 34, R2 = 0.16, P = 
0.09; past flowers, N = 34, R2 = 0.02, P = 0.47). 
Bush stickiness had no effect on carrion 

abundances (N = 34, R2 = 0.06, P = 0.16). As 
there were more carrion on surveyed 
manzanitas, we observed increased 
predator abundances (N = 34, R2 = 0.15, P = 
0.03, Fig. 3). As predators increased, there 
was no effect in total proportion of damaged 
leaves (N = 34, R2 = 0.00, P = 0.81).  

 

Figure 3. Carrion abundances on predator 
abundances. There is a relationship between carrion 
and predators on the Manzanita. As we see more 
carrion on the plant, there is more of an abundance 
of predators (N = 34, R2 = 0.15, P = 0.03). 

DISCUSSION 

3.1 Canopy Cover 

We initially predicted that greater light 
through a lower density of canopy cover 
would result in an increase of phonological 
progression, thereby altering the timing of 
their defense. The effectiveness of the 
indirect defense depends more on the 
strength of the relationship between the 
plants and the enemies of the herbivores 
rather than the stickiness of glandular 
production by the plant (Quintero, Barton, 
and Boege, 2012). Relationships that are 
categorized as facultative, interactions in 
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response to circumstances rather than by 
nature, are weaker relationships than 
compared to an obligate relationship, where 
species involved are in proximity and may 
not be able to survive without the other 
(Quintero, Barton, and Boege 2012; Kessler 
and Heil 2011). 

The relationship of canopy cover on 
stickiness of reproductive structures can be 
explained in two ways: 1) the timing of the 
phenology, and 2) unfair advantage. Firstly, 
the lack of effect of canopy cover on the 
stickiness of plants is an interesting outcome 
as we would have assumed that as the 
exposure to light would increase the rate of 
phenology, health of the manzanita and 
therefore stickiness. With less canopy cover 
and more light, some plants show a higher 
rate of growth and are overall healthier (Kim 
et al. 2004). Stickiness was our attempted 
method of determining phenological 
progression. The optimal defense theory 
proposes that tissue that contributes the 
most to the fitness of a plant and is 
commonly targeted in herbivory is more 
likely to be defended against biotic threats 
(Quintero, Barton, and Boege 2012). Such 
components that would theoretically be 
more protected from biotic threats, such as 
herbivory, would include seedlings, new 
growth and reproductive components. 
Secondly, in our pilot research, we observed 
what seemed that manzanitas whose 
reproductive structures felt stickier in 
sunnier sites, though this went unproven. To 
the touch it seemed as though the 
manzanitas that were in more sun exposed 
areas were stickier, the heat may have 
increased the viscosity of the secondary 
metabolites and just transferred easier to 
our skin rather than being stickier at all. 
Manzanitas in lower canopy cover were 

expected to have an unfair advantage by 
being stickier than manzanitas of equal 
phenological timing in higher canopy cover 
areas. However, this relationship was not 
found, and all manzanitas have an equal 
advantage of defending themselves, 
regardless of phenological stage. The 
glandular trichomes of the manzanita might 
not vary among plants in stickiness and 
suggests the relationship of the predators 
and the plants is more important than the 
structures at all.  

3.2 Bush Stickiness and Carrion 

With our second prediction, we expected 
that stickier manzanitas would harbor more 
carrion, although no relationship was found 
between the intensity of stickiness and the 
number of carrion. Further studies should 
increase the range of the SI scale up to ten to 
have more variability to detect more 
discrete differences in stickiness levels. The 
carrion themselves could be identified as 
non-interactive arthropods, or tourists, that 
are neither herbivores of the plant nor 
predators (LoPresti et al. 2015).  We focused 
mainly on the interaction between the 
manzanita and the carrion although when 
addressing predator attraction, some other 
theories may explain trends of herbivory. 
LoPresti et al. (2015) revealed the scent of a 
columbine plant attracts more arthropods, 
therefore, replicating this experiment on A. 
glandulosa with a removal of the scent of the 
flowers could further prove if scent is the 
foremost factor influencing carrion 
abundance on glandular trichomes. 
Revealing this relationship could be 
monumental and have potential for large-
scale agricultural pest control applications 
(Glas et al. 2012). 
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3.3 Carrion and Predator Abundance 

Our results match the findings of previous 
studies confirming that predators are 
attracted to the carrion provisions (LoPresti 
et al. 2015; LoPresti et al. 2018; Krimmel and 
Pearse 2013). This pattern of provisioning 
predators exists in hopes that the plant will 
be more protected in the presence of 
predators than in their absence. However, 
other variables such as environmental 
factors could be attracting both carrion and 
predators. For that reason, carrion 
manipulations may be needed to confirm 
differences in herbivore damages to reveal if 
our results only reflected baseline herbivory 
rates. The relationship between carrion and 
predator abundance suggests a strong 
interaction between the plant and the 
predators. Although predators and parasites 
can have negative impacts on herbivores, 
aspects of plant defenses may interact with 
natural enemies of herbivores therefore, 
plant defenses may only be effective in the 
presence of predators (Price et. al 1980). 
Understanding this relationship can be vital 
to understand the working of this system. 

3.4 Herbivory 

Our last prediction stated that, with an 
increase in predators we expected to see a 
decrease in the amount of overall herbivory. 
We were unable to support this prediction. 
With our increase of carrion and then 
predators, the amount of herbivory did not 
change. We were unable to identify an 
association with the abundance of predators 
and the type of herbivory as there may be an 
underlying competitive interaction 
happening between different species of 
predators over similar fundamental 

resources thus resorting to consuming the 
others competing, or an intra-guild 
predation (Chang and Carinale 2020; 
LoPresti et al. 2018). Such an interaction may 
result in a lack of effectiveness in the indirect 
defenses, as some of the most important 
indicators of these defensive traits have to 
do with the strength of the relationship 
between both parties (Quintero, Barton, and 
Boege 2012).  

CONCLUSION 

Furthering our understanding of plant 
defenses, especially between plants and 
predators, gives pivotal insight into the true 
workings of indirect defenses especially on 
sticky plants. We were able to see that 
certain abiotic factors might not determine 
the strength of an indirect defense which 
leaves the idea that the relationship 
between predator and plant, might be the 
greatest role in the outcome of the 
effectiveness of indirect defenses. Further 
research would benefit from carrion removal 
manipulations on Arctostaphylos glandulosa 
to confirm that indirect defense functions as 
an intentional way to reduce herbivory. 
Future studies can survey smaller scale 
damage, such as only holes or small 
herbivore abundance, changes in the 
damage or the herbivores present may then 
be revealed. A helpful piece to add to our 
study would have been identifying and 
looking at the carrion species and determine 
if they are generalist species or if they were 
specialists to the manzanita.  
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