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Abstract

Pollinator predation can have widespread impacts on plant-pollinator interactions, particularly in
terms of avoidance behaviors in flower-visiting insects and the fitness of predator hosting plants. Yet, few
studies have taken into account the potential for these predators to accidentally vector pollen between
plants while seeking prey items. In this study, we examined members of the family Salticidae for pollen
presence on their external surface and how the variables of body length, floral abundance, and floral
richness may impact the number of pollen grains detected on these arachnids. Additionally, we compared
pollen loads of salticid and hemipteran specimens to determine whether the presence of pollen grains on
Salticidae specimens were proportionate to other non-traditional pollinators. We found a statistically
significant relationship between pollen load and body length, as well as significant differences when
comparing pollen presence on the surface of salticid and hemipteran specimens, favoring hemipterans as
the more likely transferrors of pollen. While the pollen load of salticid specimens was low when
compared to hemipterans, the evidence that this pollen presence can still be predicted through variables in
their environment has offered new insights into the deeper complexity pollinator predators may be adding
to plant-pollinator interaction systems.

Introduction

A large proportion of studies performed on plant-pollinator interactions in zoophilous
angiosperms are concerned primarily with taxa that forage for pollen and nectar resources, such as
flower-visiting insects and occasionally birds or bats (Ulyshen et al., 2023). These interactions are
typically driven by the pollinator’s need for sustenance from the plant itself (Pellmyr et al., 2019).
However, there are a multitude of insects and other arthropods that seek non-nutrient resources from
flowering plants, such as shelter from predation (Vereecken et al., 2013), or warmer temperatures due to
their ectothermic metabolisms (Whitney et al., 2008). This opens up the possibility for wandering
arthropods to become accidental or incidental pollinators as they move from plant to plant (Yamazaki,
2025), either avoiding predators, seeking out potential mates, or searching for prey items. One example of
this is hemipterans within the family Miridae which utilize the floral bracts of dioecious trees for shelter
during reproduction (Ishida et al., 2008). While these insects also seek nectar from the same floral bracts
(Ishida et al., 2008), their use of flowers as refuge can offer insights into how other taxa may become
incidental pollinators by using floral resources for purposes other than food.

Alpine environments contain a diverse range of floral morphologies, but are often dominated by
species with open flowers (Makrodimos et al., 2008). While this form of flower is typically an indicator
of more generalist leaning pollination systems (Makrodimos et al., 2008), it may also indicate increased
predation risk for visiting insects from visual or ambush hunters. Several clades within Araneae hunt upon
and around flowers, including members of the family Thomisidae which frequent open flowers due to
their sit-and-wait method of procuring prey (Dukas & Morse, 2003). Their presence on flowers has been
observed influencing plant-pollinator interactions to the point where flower-visiting insects actively avoid
foraging on thomisid occupied plants (Huey & Nieh, 2017). This can lead to changes in plant fitness,
most notably from the consumption of visiting pollinators that reduce successful visitation rates,
pollination events, and seed or fruit set (Leticia Menezes Camurga et al., 2023). Yet these same predators
can also predate upon florivorous and herbivorous insects that would consume the gynoecium,
androecium, and various other resource intensive segments of a flowering plant (Leticia Menezes
Camurga et al., 2023) which can then open up the potential for increased reproduction and fitness in host
plants (Romero & Vasconcellos-Neto, 2004).

While many studies regarding thomisid presence focus upon their predation of flower-visiting
insects and associated cryptic traits such as inflorescence (Huey & Nieh, 2017) or floral scent preference
(Knauer et al., 2018), few investigations appear to examine the thomisids themselves for pollen presence,



and even fewer studies look at possible pollen transfer in more mobile members of Araneae. For instance,
members of the family Salticidae have a more active mode of hunting that involves stalking their prey
until an opportune moment arises, such as when the prey item is distracted or grooming (Nelson, 2023).
There is also the occurrence of mechanoreceptory hairs that aid in their precision jumping
(Aguilar-Arguello et al., 2021) and acute vision for prey assessment and terrain navigation, particularly in
the event where they are calculating jump trajectory (Aguilar-Arguello et al., 2021). This reliance on
visual cues has led many salticids to inhabit brightly illuminated and open habitats (Nelson, 2023),
including meadows within alpine ecosystems. Such habitats often provide a multitude of enrichment
opportunities that may confer increased exploratory behaviors, as salticids that develop in diverse or
complex environments are more likely to explore larger ranges (Liedtke et al., 2015). These expanded
ranges of traverse may result in salticids coming into increased contact with the anthers and stigmas of
open flowers, and potentially become unintentional vectors of the pollen for these flowers. The presence
and abundance of hairs on the exoskeletons of salticids may further contribute to this accidental pollen
acquisition, as similar phenomena have occurred in syrphids (Doyle et al., 2020) and bombyliids
(Carneiro et al., 2024) wherein additional hairs on the external surface aids in pollen acquisition and
transfer.

Whether members of Salticidae become accidental pollen vectors as they roam around open
flowers searching for prey items and prospective mates, or when using these plants as a vantage point for
surveying their surroundings, remains unknown. Thus, we performed a study to determine if pollen grains
could be detected on the external surface of salticid specimens collected from alpine meadows. Any
detected quantity of pollen will be examined in combination with flower abundance and richness to
account for any correlations between pollen load, floral density, and floral diversity. If pollen loads are
found to occur in significant quantities when compared to other non-traditional pollinators, such as
members of the order Hemiptera which are regarded as pollinators (Garcia et al., 2023 ) despite their less
numerous and shorter hairs, it could implicate the potential for pollinator predators to have beneficial
impacts on the fitness of host plants.

Methods
- Field sites

Salticidae specimens were collected from a subalpine wildflower meadow located near the Rocky
Mountain Biological Laboratory (R.M.B.L.) in Gothic, CO, USA (38°57.50' N, 106°59.30" W, 2900-m
above sea level), within the Gunnison National Forest. This site contains a high abundance of Salticidae
and hosts four transects, each covering an area of 1x20-meters that were utilized for both plant diversity
and abundance assessments.

- Specimen Capture

Salticidae specimens were hand-captured from occupied plants using either a falcon tube or glass jar.
Once captured, the location of capture (i.e., transect section or closest approximation), plant species the
specimen was found on, location on the plant the specimen was found on (e.g., stem, leaf), and date of
capture were recorded. Captured salticids were then placed into a freezer at the end of the field day to
euthanize them for future analysis. Hemipteran specimens were captured from flowers using glass vials
containing ethyl acetate to euthanize them. Salticid specimens were labeled and transferred to a glass
specimen vial containing 70% ethanol for curation in the Gothic Natural History Museum.

- Lab Work



A Leica dissecting microscope was used at 4.0x magnification to locate pollen grains on the hairs and
exoskeleton of salticid and hemipteran specimens. For hemipteran specimens, pollen counts were divided
into three categories: head + thorax, abdomen, and legs including the antennae. For salticid specimens,
pollen counts were divided into three categories: cephalothorax, abdomen, and legs including the
pedipalps. Species and sex identification of Salticidae specimens also occurred during this time. For some
specimens, the sex is not applicable due to the death position limiting the view of the anterior ventral
portion of the abdomen and of the pedipalp tips. Body length measurements occurred via General™ Ultra
Tech™ digital calipers to the nearest +/- 0.5 millimeters.

- Statistical Analysis

Data analysis occurred in R Studio, where the /me4 package was used to perform generalized linear
models between salticid pollen load and three possible predictors: body size, floral abundance, and floral
richness. T-tests were performed to test for significance between pollen occurrence in hemipterans and
salticids.

Results

20 Salticidae and 10 Hemiptera specimens were collected between June 23 and July 29, 2026.
The average pollen grain count for salticids across all body segments was 31.8 with a standard deviation
of 22.8, while the average pollen grain count for hemipterans was 142 with a standard deviation of 162
for all body segments. Welch two sample t-tests were performed to examine the relationship between
pollen loads for salticids and hemipterans (Table 1), with the main comparisons occurring among total
pollen load, legs and antennae or chelicerates and legs pollen load, abdomen pollen load, and pollen load
on the cephalothorax for salticids or head plus thorax for hemipterans. No significant differences were
observed amongst head and thorax pollen load (p = 0.1368; Figure 1), marginal significance was observed
in legs pollen load (p = 0.06879; Figure 1) and total pollen load (p = 0.06115; Figure 1), and a statistically
significant difference was observed in abdomen pollen loads (p = 0.04396; Figure 1) between salticids
and hemipterans.

A negative binomial generalized linear model was performed to examine the relation between
total pollen load and three predicting variables: body length, floral abundance, and floral richness (Table
2). The negative binomial family was utilized instead of the poisson family, as was originally intended,
due to overdispersion of data. Body length (p = 0.00832; Figure 2) was found to have a significant
positive correlation with pollen load, such that as body length increased the total pollen load of salticid
specimens also increased. Floral richness (p = 0.33464; Figure 3) and floral abundance (p = 0.28959;
Figure 4) were found to have a non-significant effect on the pollen load of salticid specimens. However,
both models were observed to exhibit positive correlations between floral richness, floral abundance, and
pollen load to the extent that as the richness or abundance of flowers increased, the total pollen load found
on salticids also increased.

Discussion

Of the 20 Platycryptus californicus specimens captured at the field site, all 20 of them were found
to have some amount of pollen on their exoskeletons. We had initially planned on sampling from three
distinct locations, each containing transects, however due to the scarcity of Salticidae at one of the field
sites (AP; Figure 5) and the late site setup of the third (VB; Figure 5), our sampling efforts were focused
to the locale with the highest abundance of salticids (GT; Figure 5). The environment of the main field
site (GT; Figure 5) consisted of open wildflower meadows surrounded by willows, with aspen groves
further uphill. The meadow itself was bordered by a dirt road to the east. Platycryptus californicus was
found to be the most abundant species, as over 30 individuals were at least sighted in the field, whereas



individuals of Phidippus audax were only sighted twice and therefore removed from analysis. During
surveys, no salticids were directly removed from their nests. Instead, specimens were opportunistically
found wandering across plants within transect sections. The species of plant and the structure from which
salticid specimens were initially collected was recorded, with 18 specimens collected from leaves and 2
specimens from the stems of plants. As for plant species, 11 specimens were collected from Helianthella
quinquenervis, 4 from Pyrrocoma crocea, 2 from Delphinium barbeyi, 2 from Valeriana edulis, and 1
from Frasera speciosa. No members of Salticidae were collected from the reproductive structures of
plants as opposed to members of Hemiptera, which were only collected from the flowers of angiosperms
due to their frequent presence on this portion of the plant.

During comparison analysis between hemipterans and salticids, hemipterans were found to carry
more pollen grains on their body and therefore be the more likely transferrors of pollen between plants
(Table 1; Figure 1). However, there is the potential for this vectoring of pollen to be behaviorally linked.
One leaf-caught hemipteran was examined beneath the dissection microscope, and was found to have
lower pollen counts when compared to leaf-caught salticid specimens. Where salticids are encountering
pollen, or how, may be strongly linked to their behavior. Most salticids found on leaves were able to
quickly drop down further into nodes of the plant to avoid capture, which may convey why they were
never found on open flowers due to exposure to predators. Whether they receive the discarded pollen
from other pollinator taxa, such as Bombus that are known to shake the pollen from flowers (De Luca et
al., 2012), or gain it directly from the flowers themselves was not observed in this study but is a possible
direction for future research.

Despite the small pollen loads detected on Platycryptus californicus specimens, larger salticids
were still found to carry greater pollen loads than smaller specimens (Figure 2). This aligns with past
investigations into the correlation between body size and pollen load (Cullen et al., 2021; Kendall et al.,
2019) in more traditional pollinator taxa. While not statistically significant, there was a positive trend
between floral abundance and pollen load (Figure 3), as well as between floral richness and pollen load
(Figure 4). While floral morphology has been observed to impact pollinator preference (Timberlake et al.,
2024), it is unknown as to how members of Salticidae may be responding to the variations in floral
compositions. For instance, different floral richness may confer altered prey item types or availability, and
an increase in floral density could mean more crowded yet diverse regions of topography for saltids to
traverse. These differences may correlate to predictable behaviors that lead to larger pollen loads in
Salticidae, such as an increased preference for flower-visiting insects or increased interactions with
flowers hidden beneath the leaves of other plants due to the exposure of taller flowers.

Conclusion

It is important to consider the potential for pollinator predators to become pollinators themselves,
especially in the current climate of rapidly changing phenology wherein plant-pollinator interactions may
become mismatched due to earlier snowmelts (Kudo, 2013) and drought conditions (Brunet et al., 2024).
Many aspects of Salticidae ecology, particularly natural habitat and plant interaction behaviors, remain
undescribed in alpine and subalpine environments. While pollen was successfully detected on the
exoskeletons of all 20 specimens, it remains unknown if pollen presence would continue to be detected in
other species of Salticidae, or other specimens collected from different wildflower meadows outside and
within the East River Valley. Future directions for this study primarily involve observational studies into
the wandering behaviors of salticids and prey preference in areas of differing floral density. As, this may
offer insights into how members of Salticidae are acquiring pollen, and if they are vectoring this pollen to
the reproductive regions of angiosperm plants.
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Table 1:

Welch two sample t-test results comparing pollen grain counts between Salticidac and Hemiptera
specimens at the a = 0.05 significance level.

data t df p-value
pollen_total 2.1329 9.178 0.06115
pollen_legs 2.0474 9.6588 0.06879
pollen_abdomen 2.3368 9.0976 0.04396
pollen_head 1.6292 9.2562 0.1368

Table 2:

Negative Binomial Generalized Linear Model results for salticid pollen load predictor variables,

significance is determined at the o = 0.05 level.

Predictors Estimate Std. Error z value Pr(>| z|) Significance
(Intercept) 1.066762 0.849648 1.256 0.20928

body length 0.373569 0.141571 2.639 0.00832 o
flower_count | 0.004090 0.003862 1.059 0.28959

flower species | 0.116135 0.120371 0.965 0.33464
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Figure 1. Depicts the relationship between Salticidaec and Hemiptera pollen loads.



Salticid Pollen Total and Body Length
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Figure 2. Depicts the predicted relationship between salticid pollen load and body length based on a

negative binomial generalized linear model. Raw data points are shown alongside a predicted pollen total
curve with the 95% confidence interval shaded in.



Salticid Pollen Total and Floral Abundance of Transect
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Figure 3. Depicts the predicted relationship between salticid pollen load and floral richness based on a
negative binomial generalized linear model. Raw data points are shown alongside a predicted pollen total
curve with the 95% confidence interval shaded in.



Salticid Pollen Total and Floral Richness of Transect
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Figure 4. Depicts the predicted relationship between salticid pollen load and floral abundance based on a
negative binomial generalized linear model. Raw data points are shown alongside a predicted pollen total

curve with the 95% confidence interval shaded in.
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Figure 5. Depicts a map of Qnest field sites that were considered for specimen sampling and floral
density measurements due to the transects established within each respective wildflower meadow.



