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Introduction: 

When climbing a mountain near Crested Butte Colorado, the wildflower capital of the 
United States, you are presented with sweeping views of sub-alpine meadows filled with 
wildflowers. However, the number and type of wildflower species within this view can drastically 
fluctuate depending on the year and month you climb. Snowmelt date is a major predictor for 
flowering dates and floral abundance in the subalpine meadows surrounding Crested Butte 
(Inouye 2008). The snowmelt date in the Colorado Rocky Mountains is influenced by a variety of 
climate-driven factors, such as shifts in temperature and precipitation regimes, where alpine 
environments are getting warmer and receiving more precipitation as rain rather than snow 
(Inouye 2008). Currently, the result of these environmental changes is an earlier snowmelt date, 
leading to shorter winters and earlier springs. In Crested Butte, winters are getting warmer and 
shorter, with over 50% of the record daily highs occurring in the last decade and around 11 fewer 
days with snow on the ground (billy barr). These environmental changes are shifting the flowering 
dates of sub-alpine plant species, resulting in altered floral abundance, flowering season length, 
and species interactions (CaraDonna et al. 2014; Parmesan; Rafferty et al. 2011; Thomson et al. 
2010; Root et al. 2003; Inouye 2008). Direct consequences of changes in flowering dates include 
exposure of vulnerable life stages to harsh abiotic conditions, such as spring frosts and long 
drought periods (Inouye 2008). Increased exposure to adverse abiotic conditions can lead to 
reproductive loss and mortality, drastically changing the composition and abundance of 
wildflowers within Rocky Mountain meadows (Inouye 2008).  

 
Shifts in flowering dates can also 

indirectly affect reproduction through 
altering interactions among plant species, 
such as the degree of co-flowering overlap. 
Over 90% of angiosperms rely on 
pollinators for reproduction, and therefore, 
the ability to attract pollinators is a vital 
component of plant fitness (Ollerton et al. 
2011; Kevan 2003).  Increased flowering 
overlap between species has been shown 
to increase competition for pollinator 
services, resulting in decreases in 
reproduction, such as a reduction in fruit 
and seed set (Burd 1994; Ashman et al. 
2004). Despite widespread evidence 

showing that competition can affect plant reproductive fitness, no studies to date have examined 
the impacts of increases in competition from climate-driven co-flowering.  
 

Counting Linum plants at my field site. Gothic mountain is 
directly behind me.  



Research:  
In the summer of 2018 I conducted a short-term field experiment to investigate the effects 

of climate-driven shifts in co-flowering between Linum lewisii and Potentilla pulcherrima. 
Specifically, I examined how changes in co-flowering affected pollinator services and 
reproductive success in Linum. I selected these species based on a long-term study that shows 
they are overlapping less due to climate change (CaraDonna et al. 2014). In my experiment I 
decreased co-flowering overlap between Potentilla and Linum by applying three removal 
treatments to my plots. My removal treatments included 0%, 50% and 100% removal of Potentilla 
flowers in a plot. Next, I collected fruit and seeds from 451 Linum plants within my plots, and 
measured the proportion of fruits and seeds set and the total number of seeds produced per 
plant, all of which are measures of reproductive success. I also conducted pollinator observations 
to determine the pollinator visitation rate and the total number of pollinator visitors on each 
Linum plant. Additionally, I collected Linum stigmas and observed them under a microscope to 
measure pollen deposition (the percentage of Linum pollen grains deposited on a Linum stigma). 
Examining pollinator activity and pollen deposition allowed me to determine if changes in fruit 
and seed set were related to changes in pollination or some other factor (e.g., competition for 
abiotic resources). Lastly, I included a watering treatment to half my plots, because 2018 was an 
extremely dry year with little spring precipitation from snowmelt and rain. I based my study off 
of two main questions and hypotheses:  

 
1. Do climate-driven changes in co-flowering between Linum and Potentilla affect fruit and 

seed set in Linum? I expected that a reduction in flowering overlap will result in an 
increase in fruit and seed set in Linum. 

2. Do climate-driven changes in co-flowering affect interspecific competition for pollinator 
services between Linum and Potentilla? I anticipated that Linum would have more 
pollinator activity and a higher percentage of Linum pollen deposition, when it is 
experiencing less overlap with Potentilla. 

 
 

 
 
 
 
 

Linum and Potentilla co-flowering A fly pollinating a Linum flower 



Results:  
My study shows that both the removal and watering treatment had an impact on Linum 

reproduction. Thirty-four percent of the Linum plants within my plots did not flower due to 
drought stress and herbivory damage. The watering treatment enhanced flowering in my plots, 
allowing me to detect a difference in reproductive success between the removal treatments. My 
results indicate that watered Linum plants experiencing less co-flowering overlap with Potentilla 
had a higher proportion of fruits and seeds set. My results also show that Linum plants 
experiencing less co-flowering overlap with Potentilla had a higher percentage of Linum pollen 
grains deposited by pollinators. Conversely, the Potentilla removal treatments had no impact on 
pollinator visitation or the number of pollinator visitors. These results suggest that plants 
experiencing less co-flowering overlap with Potentilla produced more fruits and seeds because 
they received a higher percentage of Linum pollen grains, rather than more pollinator visits or 
visitors. Thus, Linum plants in the removal treatments experienced greater reproductive success 
because pollinators picked up and deposited fewer Potentilla pollen grains on Linum stigmas, as 
there were fewer Potentilla flowers in the plots. Overall my results indicate that climate- driven 
shifts in co-flowering can impact competition for pollinator services and plant fitness. For Linum 
in particular, climate change is projected to create less overlap of Linum with Potentilla, and 
consequently, increase reproduction in Linum. However, my results also show that this positive 
impact on reproductive output might only occur if Linum plants receive enough water to produce 
fruit and seeds. Climate driven decreases in spring precipitation could enhance drought stress 
and decrease reproduction in Linum, cancelling out the positive effects of decreased co-flowering 
with Potentilla.  
 
Relevance:  

Climate change is markedly 
shifting flowering dates in plant species 
in high elevation climbing environments 
(CaraDonna et al. 2014). My study shows 
that these shifts can have consequences 
on plant reproduction from both abiotic 
and biotic factors.  Increased drought 
stress due to low snowpack and earlier 
snowmelt drastically reduced 
reproductive success in Linum. Whereas, 
shifts in plant-pollinator interactions due 
to less co-flowering overlap reduced 
competition for pollinator services, 
increasing reproductive success in 
Linum. Changes in reproductive success 
can have substantial impacts on plant population persistence through decreasing recruitment 
and survivorship, and in extreme cases, facilitating local extinction. My results are important to 
the climbing community because climate driven shifts in flowering dates have the potential to 
change the composition and abundance of wildflowers within climbing environments.  
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