
How do two different populations in a 
species become two different species?

One of Kate’s field test sites in an open grassland. A sunflower emerges from the soil.

e.

 Kate Ostevik Kate Ostevik

Prairie sunflowers (Helianthus petiolaris) may all look similar, 
but one type grows on the shifting sand dunes in Colorado, 
while another prefers more stable, grassy soils. They are 
considered the same species, but Kate Ostevik is discovering 
the strategies they are using to become less and less similar.

Most flowering plants begin the process of reproduction 
when the male pollen from one plant comes into contact with 
compatible female parts of another plant. However, not all 
pollen has an equal chance of succeeding. When exposed to 
a mix of dune and none-dune pollen, Kate found that dune 
plants were more likely to be successfully pollinated by dune 
pollen. None-dune plants were more likely to be pollinated by 
non-dune pollen. This means plants are more likely to develop 
seeds with parents from the same population, keeping their 
genes distinct. This is known as a reproductive barrier.

Hybrid seeds, with one parent from each population, do occur. In an 
experiment in the lab, Kate discovered that hybrid seeds are slightly 
less likely than seeds from the dune and non-dune populations to 
germinate and grow. 

Kate also tested if plants from one population were able to grow in 
the other’s habitat. She found that dune seeds do better than 
non-dune seeds in both places. However, non-dune 
seeds that manage to get started in the non-dune 
habitat end up making more seeds than any of the other 
plants. Together, this means that each plant type has an 
advantage in its own habitat. 

Different reproductive strategies may favour one group 
or another, depending on the conditions they encounter. 
Over time, reproductive barriers, some of which are yet 
to be discovered, may cause the genetic information of 
the two groups to become different enough to no longer 
allow hybridization between the groups. If the divide 
between the groups continues to grow, scientists may 
consider them two different species.

A non-dune prairie sunflower 
growing on sandy soils with grasses.

Rose Andrew

A dune-type prairie sunflower 
growing on an active sand dune.

Rose Andrew
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Introduction	



Discussion & Conclusions	


•  Early acting (pre-zygotic) RBs (immigrant inviability and pollen 

competition) have evolved before a late acting (post-zygotic) 
RB (hybrid inviability) in this system	



•  Asymmetric and polymorphic RBs may be common between 
incipient species	



Methods: 	


1.  Mixed equal weights of pollen from 1 dune 

individual and 1 non-dune individual	


2.  Pollinated 3 dune and 3 non-dune sunflowers 

in the greenhouse with the mixtures	


3.  Determined offspring paternity using 

microsatellite markers	



Methods:  	


1.  Crossed within and between ecotypes in the wild	


2.  Allowed these crosses to set seed	


3.  Scarified the seeds and placed them on wet filter paper	


4.  Counted seeds that had produced a root > 1 mm long 

after two weeks	



Results: 	


•  Hybrid seeds germinate as well as non-hybrid seeds 

(p=0.43)	



•  Although seedling emergence is highly asymmetric, 
preliminary data suggest that non-dune plants produce many 
more seeds than dune plants	



•  Pollen competition may have evolved early in speciation due 
to sexual selection	



Results: 	


•  Dune seeds emerged better than non-dune seeds in both 

habitats (p<0.01) [Dune seeds are 3x bigger (p<0.001)]	


•  Dune seeds emerged best in the dune habitat (p<0.01)	


•  Non-dune seeds emerged best in the non-dune habitat 

(p=0.02)	


•  Dune seeds have a greater advantage (3x) in the dune 

habitat (p<0.001)	


•  Immigrant seedling emergence is an asymmetric barrier	



Methods: 	


1.  Germinated dune and non-dune seeds on wet filter paper 

at 4°C for 4-5 weeks 	


2.  Planted seeds in both dune and non-dune habitats using a 

randomized block design	


3.  Counted the seedlings after 4-5 weeks	
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Pollen 
combinations	



= offspring sired by a dune individual 	



= offspring sired by a non-dune individual 	



Results:	


•  Offspring of dune mothers were 1.8x more likely than 

offspring of non-dune mothers to be sired by dune fathers 
(p=0.02)	



•  One non-dune mother (4) was biased toward non-dune 
sires (p<0.001) and one dune mother (2) was marginally 
biased toward dune sires (p=0.09) 	



•  Choosiness appears polymorphic within the ecotypes	



Fig 6: Photo of the dune habitat	



Fig 7: Photo of the non-dune 
habitat	



Fig 5: Mosaic plot showing the number of dune and     
non-dune seedlings that emerged in both habitat types  	



Evidence of assortative mating via pollen competition 

No evidence of hybrid inviability Evidence of asymmetric immigrant inviability Fig 2: Plot showing the number of offspring sired 
by dune and non-dune fathers for each 
combination of pollen types and mother	



Fig 1: Disc flower with pollen	



Fig 3: Mosaic plot showing the number of dune, 
non-dune and hybrid (crosses in both directions 
were pooled together) seeds that germinated	

 Fig 4: Helianthus petiolaris	



•  Determining which reproductive barriers (RBs) arise early in 
speciation is important since these are the RBs that drive 
speciation	



•  This is challenging when studying full-fledged species because 
they are likely to be isolated by multiple RBs	



•  Studying incipient species, such as the dune ecotype of 
Helianthus petiolaris, overcomes this problem	



•  Here we measured three potential RBs between the dune and 
non-dune ecotypes of H. petiolaris: assortative mating via 
pollen competition, immigrant inviability, and hybrid inviability	



56% of offspring were sired by dune fathers	

 31% of offspring were sired by dune fathers	
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A sunflower head is made up 
of many individual flowers 
that can receive pollen.

Bars indicate number of offspring produced by crossing 
dune (red) and non-dune (blue) plants with a mix of pollen.

Rectangles show the number of seeds that 
were able to germinate and grow.

a.

Rectangles indicate the number of seedlings that did or 
did not emerge in dune (a) and non-dune (b) habitats.

b.
Rose Andrew
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