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The loss and fragmentation of the 
tallgrass prairie



Timing of reproduction can cause 
temporal isolation



Flowering synchrony

•Pairs of plants
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Flowering synchrony

•Individual to the population
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Potential consequences of 
phenological isolation
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Limits the mating pool
-->  temporal genetic structure

Limits the opportunity for mating
-->  reproductive failure



Can phenological isolation cause 
temporal genetic structure?



Paternity analysis revealed that plants 
assortatively mate by flowering time

Ison et al. 2014 AJB



Evidence of temporal genetic 
structure in plants

•Examined the 
temporal change in 
the pollen pool’s 
breeding value for 
first flower date.



Breaking the maternal-paternal 
phenotypic correlation using ‘gene traps’
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Found temporal genetic structure for 
flowering time

Ison & Weis Submitted



Potential consequences of 
phenological isolation
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Limits the mating pool
-->  temporal genetic structure

Limits the opportunity for mating
-->  reproductive failure



Female (and male) fitness are consistently 
higher in earlier flowering plants



Echinacea angustifolia
A model prairie plant

• Native prairie plant

• Long-lived
-Generation time: 17 - 44 years

• Generalist insect 
pollinators

-Solitary native bees

• Self-incompatible



Study area: western Minnesota

•Pre-settlement: Tallgrass 
prairie and lakes

•Present day: Farmland, 
forested areas, and lakes



Ison & Wagenius JoE 2014

Early flowering plants have higher 
seed set than late flowering plants



Previous research: pollinator observations were 
conducted in 21 remnants over two years

Wagenius & Lyon 2010 Ecology



Study aim: Examine pollinator-mediated 
mechanisms for the seasonal decrease in seed set



Over the flowering season we 
examined:

1. Pollinator visitation 
rates

2. Pollinator community 
composition

3. Pollen load 
composition –proxy 
for pollinator foraging 
behavior



Temporal pollinator 
community methods

8 remnant sites
12 observation days
10 observation periods (each 10 mins) for each day
~10,000 mins of observations
337 pollinator visits observed/recorded



Pollinator visitation rate is highest 
earlier in the flowering season



The pollinator community composition 
changes over the flowering season



Pollen load study



Pollen load methods



Bees carried proportionally less Echinacea
pollen late in the flowering season



Conclusions: Temporal genetic 
structure



Conclusions: Pollinator-mediated 
mechanisms for seasonal decrease in 
seed set



Take home message: By the end of the 
flowering season Echinacea is both pollen 
and pollinator limited



Implications for population persistence: 
Phenological isolation in fragmented 
populations
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