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ABSTRACT 

Invasive flora species can positively and negatively impact the pollination rates of native 
flora. Previous studies established that the plant pollinator networks within invaded 
systems are highly complex and variable, and can be influenced by the proximity and 
abundance of invasive species. In this study, we aimed to understand if the proximity, 
abundance, and removal of invasive Hirschfeldia incana positively or negatively affected 
the pollination rate of two native coastal scrub species, Eriogonum fasciculatum and 
Eriophyllum staechadifolium. We found that the removal of invasive Hirschfeldia incana 
can have a short-term positive effect on the pollinator visitation rates of native flora, 
while the effects of proximity and abundance remain variable. Knowing more about these 
variable changes and the positive effect of invasive species removal on pollination has 
implications for the restoration and management of invaded ecosystems. 
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INTRODUCTION  

Neighboring plants can influence 
pollination by altering the response of 
pollinators in ways that can either benefit or 
harm other plants (Waser 1978, Rathcke 
1983, Mitchell et al. 2009). When these 
neighbors are invasive, they can adversely 
impact ecosystems outside of their home 
range and compete with native plants for 
resources such as water, nutrients, space, 
and light (Palmer et al. 2003, Traveset and 
Richardson 2006, Koh et al. 2013). 

Generally, the management action for 
these invasive species is removal (Zavaleta et 
al. 2001). However, invasive species don’t 
always have an entirely negative effect. 
Invasive flora may entice pollinators with 
more distracting flowers or higher nectar 
and pollen rewards, subsequently reducing 
the number of visits to native flora (Chittka 
and Schurkens 2001). Alternatively, 
pollinators visit multiple flowers in a given 
patch to minimize the time and energy spent 
traveling between foraging locations. When 
invasive flora is highly attractive, the 
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phenomenon referred to as the “magnet 
effect” may increase the pollination of 
neighboring native flora through spill over 
(Rathcke 1983, Thomson 1978, Molina-
Montenegro et al. 2008). In summary, plant 
pollinator networks can be highly complex 
and differentiated due to the various 
competitive, facilitative, or neutral effects 
that invasive plants can have on pollination 
(Bjerknes et al. 2007). 

Experimental evidence regarding the 
effects of invasive species is lacking because 
most invasion assessments rely purely on 
observational data. Previous studies have 
shown that even a small-scale experimental 
study could supplement observational 
studies (Byers et al. 2002, Thomson 2006). 
Therefore, to consider the complexity of the 
invasive-native relationship via pollination, 
our study used a combination of direct field 
observations and controlled experiments to 
discern how invasive shortpod mustard 
(Hirschfeldia incana) changes pollination 
services for native wooly sunflower 
(Eriophyllum staechadifolium) and California 
buckwheat (Eriogonum fasciculatum). We 
tested the effect of Hirschfeldia incana 
presence, proximity, and abundance on 
insect pollinator visits per inflorescence per 
hour of the two native flora species. For our 
experimental design, we manually removed 
the Hirschfeldia incana in our study sites to 
see how visitation changed post-removal. 

Assuming distraction by invasive flora was 
the primary mechanism influencing 
pollination in our system, we hypothesized 
that proximity to and abundance of 
Hirschfeldia incana would decrease 
pollinator visit rate to native flora. 
Furthermore, we predicted that manual 
removal of Hirschfeldia incana would 
increase pollinator visit rate to the native 
flora. 

METHODS 

2.1 Study system 

Our research was conducted at Landels-
Hill Big Creek Reserve (36.069862, 
-121.598993) in Big Sur, California, USA, 
from July 31 to August 3, 2022. Big Creek 
Reserve is found within the Santa Lucia 
Mountains, and is characterized by steep 
60–90 m rock terraces that line a perennial 
creek and estuary. Coastal scrub and 
redwood forest occupy the canyons and 
cliffs, relying on the moisture from coastal 
fog in the summer.  

Our study took place within the coastal 
scrub and riparian habitats, which at this 
time of year are dominated primarily by 
California Sagebrush (Artemisia california), 
Deerweed (Acmispon glaber), California bee 
plant (Scrophularia californica), Sticky 
monkey flower (Diplacus aurantiacus), 
California wooly sunflower (Eriophyllum 
staechadifolium), California buckwheat 
(Eriogonum fasciculatum), and California 
fuschia (Epilobium canum). These habitats 
also support the non-native invasive species 
Shortpod mustard (Hirschfeldia incana) and 
Hemlock (Conium maculatum).  

Common pollinators within these habitats 
include the invasive Western honey bee 
(Apis mellifera) as well as native pollinators 
like mining bees (family Andrenidae), hover-
flies (family Syrphidae), and bumble bees 
(Bombus spp.). Each of these pollinator 
species has distinct foraging and 
communication behaviors. For example, 
Apis mellifera makes foraging decisions 
based on collective nest knowledge (Horna 
Lowell and Murphy 2022). On the contrary, 
Bombus spp. do not share information about 
food resources with nestmates (Dornhaus 
and Chittka 1999). To obtain a broader 
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understanding of the pollination process 
within this study system, we counted all 
pollinator visits by all insect pollinators 
rather than focus on one individual species. 

We chose Hirschfeldia incana as our 
representative invasive species because we 
observed high pollinator visitation during 
our preliminary data and it had a wide 
distribution across our sites. We chose 
Eriogonum fasciculatum and Eriophyllum 
staechadifolium as our native species 
because both are common and accept 
generalist pollinators. Eriophyllum 
staechadifolium shares some morphological 
similarities with Hirschfeldia incana such as 
yellow flower color and petal arrangement. 

2.2 Data Collection 

We observed pollinator visits at 11 sites 
(Fig. 1). Sites were selected if they contained 
Hirschfeldia incana and at least one of our 
targeted native plant species. We also 
selected sites that were found in different 
habitats, including the riparian habitat near 
Big Creek and the coastal scrub along the 
cliffs. Temperature, weather data, and the 
overall abundance of Hirschfeldia incana 
were measured at each. 

From our preliminary data, we observed 
that peak pollinator visitation times were 
from 11:30 a.m.–1:30 p.m., and this was 
determined to be the best time to observe 
visit rates. At each site, we targeted 1 to 6 
native plant areas with 20 to 100 
inflorescences as our observation area. In 
each area, the number of insect visits was 
counted during a 10-minute interval and 
converted into visit rate, which was the 
number of visits per inflorescence per hour. 
The number of plant areas was determined 
by the abundance of our target native plants 

in each site, and the number of 
inflorescences was determined for the 
convenience of counting pollinator visits. For 
each plant area, the proximity to the nearest 
Hirschfeldia incana plant as well as the 
number of inflorescences on that 
Hirschfeldia incana individual were 
recorded. 

We also conducted a removal experiment 
at two sites, 11 plant areas total. On day one 
(July 31, 2022), observational data was 
collected on these sites with no alteration to 
the system. On day two (August 1, 2022), we 
hand-pulled the Hirschfeldia incana within 
the sites and removed them entirely. We 
waited 24 hours after Hirschfeldia incana 
removal then resumed recording visit rates 
on day four (August 3, 2022). 

 

2.3 Statistical methods 

We conducted all statistical analyses on 
JMP statistical software v16 (SAS institute 
Inc, 2021). We used linear regressions to test 
whether the proximity to the closest 
Hirschfeldia incana plant and the number of 
inflorescences were associated with the 
pollinator visit rates for Eriogonum 
fasciculatum and Eriophyllum 
staechadifolium. We also used linear 
regressions to test on a site level whether 
the total site abundance of Hirschfeldia 
incana was associated with the average 
pollinator visit rate for both native plants 
combined. All the proximity measurements, 
number of inflorescences, and site 
abundance data were log transformed for 
normality. We used a paired t-test to 
determine whether the Hirschfeldia incana 
removal affected the visit rate of the two 
native plants. 
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Figure 1. Map of the study sites. The study was conducted in the Landels-Hill Big Creek Reserve (36.069862, -
121.598993) in Big Sur, California, USA, between 11 a.m.–1:30 p.m. (peak pollinator visitation period) from July 31 
to August 3, 2022. The dots indicate the specific sites we selected for our data collection. We conducted 
observational (both red and yellow dots) and experimental studies (yellow dots) about the effect of Hirschfeldia 
incana presence and abundance on the pollinator visitation of two native plants, Eriogonum fasciculatum and 
Eriophyllum staechadifolium.

RESULTS 

Throughout the data collection, we saw 
many pollinators, most of which were 
Western honey bees (Apis mellifera), but we 
also saw mining bees (family Andrenidae), 
hover-flies (family Syrphidae), and bumble 
bees (Bombus spp). For a plant area 
containing around 20 to 90 inflorescences, 
we usually saw 1 to 5 pollinators visiting the 
plants at one time. The weather during data 
collection was generally clear or partly 
cloudy, with the temperature ranging from 
17–24°C. 

Overall, we did not see any significance in 
the observational study. Proximity to the 
closest Hirschfeldia incana did not affect the 
visit rate for either Eriogonum fasciculatum 

(N = 16, r2 = 0.16, p = 0.12; Fig. 2) or 
Eriophyllum staechadifolium (N= 18, r2 = 
0.011, p = 0.68; Fig. 2). The number of 
inflorescences of the closest Hirschfeldia 
incana also did not affect the visit rate for 
Eriogonum fasciculatum (N = 16, r2 = 0.022, 
p = 0.58; Figure 3) or Eriophyllum 
staechadifolium (N = 18, r2 = 0.026, p = 0.52; 
Fig. 3). For our site level variables, the 
number of Hirschfeldia incana 
inflorescences did not have an effect on the 
average visit rate for the native plants (N = 
10, r2 = 0.031, p = 0.62; Fig. 4). For the 
experimental study, we found that the 
pollinator visit rate for the two native plants 
significantly increased (N = 11, t = 3.12, p = 
0.01; Fig. 5). 
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Figure 2. The relationship between proximity to the 
closest Hirschfeldia incana and the pollinator visit 
rate for Eriogonum fasciculatum and Eriophyllum 
staechadifolium. Proximity to the Eriogonum 
fasciculatum or Eriophyllum staechadifolium plant to 
the closest Hirschfeldia incana was measured in 11 
sites at Landels-Hill Big Creek Reserve in Big Sur, 
California, USA, between 11 a.m.–1:30 p.m. (peak 
pollinator visitation period) from July 31 to August 2, 
2022. Proximity data was log transformed for 
normality. Pollinator visits were also recorded and 
transformed into visit rate (visit per inflorescence per 
hour). The proximity to the closest Hirschfeldia incana 
did not affect the visit rate for either Eriogonum 
fasciculatum or Eriophyllum staechadifolium (NEf = 16, 
NEs= 18, r2Ef = 0.16, r2Es = 0.011, pEf = 0.12, pEs = 0.68).  

 

Figure 3. The relationship between the number of 
inflorescences of the closest Hirschfeldia incana 
plant and the pollinator visit rate to Eriogonum 
fasciculatum and Eriophyllum staechadifolium. 
Number of the inflorescences of the closest 
Hirschfeldia incana plant to the Eriogonum 
fasciculatum or Eriophyllum staechadifolium was 
measured in 11 sites at Landels-Hill Big Creek Reserve 
in Big Sur, California, USA, between 11 a.m.–1:30 p.m. 
(peak pollinator visitation period) from July 31 to 
August 2, 2022. Inflorescence data were log 
transformed for normality. Pollinator visits were also 
recorded and transformed into a visit rate (visit per 
inflorescence per hour). Number of inflorescences of 
the closest Hirschfeldia incana did not affect the visit 
rate for either Eriogonum fasciculatum or Eriophyllum 
staechadifolium (NEf = 16, NEs= 18, r2Ef = 0.022, r2Es = 
0.026, pEf = 0.58, pEs = 0.52).

DISCUSSION 

We found support for our hypothesis in 
the experimental portion of our study but 
not for our observational data. Both the 
proximity to and abundance of Hirschfeldia 
incana did not decrease pollinator visit rate 
to native subjects. This could be due to a 
number of factors.  

One study concluded that invasive flora 
could increase or decrease pollination rates 
depending on its density (Muñoz and 
Cavieres 2008). The results from this part of 
our study suggest that the density of 
Hirschfeldia incana may not have been high 
or low enough to have a strong positive or 
negative effect. Alternatively, Hirschfeldia 
incana may have attracted pollinators to the 

vicinity of the native subjects but this 
attraction did not actually result in visitation. 
In the future, tracking individual pollinators 
can help us understand foraging behavior as 
it pertains to the percentage of invasive-to-
native spill over. 

In our follow up experiment, the manual 
removal of Hirschfeldia incana increased the 
pollinator visitation to native subjects, 
supporting our initial prediction. However, 
this doesn’t line up with our observational 
data, which suggested that Hirschfeldia 
incana did not affect pollinator visitation. 
This newfound effect could have been due to 
a shift in overall pollinator distribution, 
where the amount of flowers was limited 
and pollinators redirected to what was 
available: native flora. 
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Figure 4. The relationship between the number of 
Hirschfeldia incana fluorescence for sites and the 
average pollinator visit rate. Number of Hirschfeldia 
incana inflorescence in each of 11 sites was measured 
at Landels-Hill Big Creek Reserve in Big Sur, California, 
USA, between 11 a.m.–1:30 p.m. (peak pollinator 
visitation period) from July 31 to August 3, 2022. 
Inflorescence data were log transformed for 
normality. Pollinator visits of both Eriogonum 
fasciculatum and Eriophyllum staechadifolium were 
also recorded, transformed into visit rate 
(visit/inflorescence/hour), and averaged together by 
site. Number of Hirschfeldia incana inflorescence did 
not affect the average visit rate for the native plants 
(N = 10, r2 = 0.031, p = 0.62). 

 

Figure 5: The effect of Hirschfeldia incana removal 
on the pollinator visit rate. For 11 plant areas 
including either Eriogonum fasciculatum or 
Eriophyllum staechadifolium, we recorded their 
pollinator visit rates before and after the removal of 
the invasive Hirschfeldia incana at Landels-Hill Big 
Creek Reserve in Big Sur, California, USA, on July 31, 
2022 and August 3, 2022, with a 24-hour delay in 
between the removal and the second data collection. 
All the data collection was done at 11 a.m.–1:30p.m., 
a peak pollination period, of that day. There is a 
significant impact of the Hirschfeldia incana removal 
on the visit rate (N = 11, t = 3.12, p = 0.01). 

 

Alternatively, it could be because 
observational data alone might not always 
capture the nuance within a limited or small-
scale system. Elaborating on the temporal or 
spatial scale may be able to better replicate 
results found in our experimental 
approaches.  

Pollination network studies may also be 
limited because they consider all visitors to 
be effective pollinators (de Santiago-
Hernández et al. 2019). Ineffective 
pollination may affect the comparative 
reproductive output of both native and 
invasive species of plants. For instance, one 
study showed that native plants that live 
near a high abundance of invasive species 
receive increased amounts of heterospecific 

pollen, which is the transfer of pollen 
between different species (Bruckman and 
Campbell 2016). Heterospecific pollen 
transfer can decrease the quality of 
pollination by lowering pollen tube growth 
and seed set productivity. This may change 
depending on the invasive plant species, the 
species of pollinator and their foraging 
preferences. In the future, comparing seed 
mass and yield in invaded and uninvaded 
areas could determine if invasive plants 
increase heterospecific pollen transfer, 
rather than just visitation as we did in our 
study. This study confirms that removal on a 
small scale can have a positive short-term 
effect on pollinator visitation rates. 
However, knowing the mechanisms by 
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which invasive plants change pollination can 
determine if removal is appropriate for a 
given ecosystem. This has implications for 
the future success and biodiversity within 
these ecosystems, as well as the restoration 
and management of invaded ecosystems.  
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