
Introduction
Determining patterns of gene dispersal in natural populations is 
central to our understanding of population structure. Since adult 
plants are stationary, a plant’s location influences mating patterns 
and often leads to differences in gene dispersal via pollen among 
plants.  This can cause spatial genetic structuring due to genetic 
differentiation within and between populations.  Besides spatial 
location, a plant’s flowering phenology can also affect gene 
dispersal within and among populations.  A study by Kitamoto et 
al. (2006) found that pollen moved on average 10 meters further 
between plants flowering either before or after peak flowering than 
peak flowering plants. 

For highly fragmented ecosystems, such as the tallgrass prairie, 
gene dispersal knowledge is critical for predicting population 
persistence and planning conservation priorities. Few studies have 
directly quantify pollen movement using paternity analysis in 
herbaceous generalist pollinated species. 

Research objective:
To determine how both flowering phenology and spatial location 
affects pollen movement of a model prairie plant.
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Common Garden in western 
Minnesota(fig. 2)
•Seeds collected from remnant 
populations (within 5 km)

Model prairie species:

•Self-incompatible

•In the Asteraceae

•Long lived 

•Generalist pollinators

•No specialized seed 
dispersal

Study site

Figure 1: A close-up of an E. 
angustifolia head.  

Experimental design

Conclusions
While most pollen movement (57%) was under 10 
meters there was no near neighbor advantage within 
that 10 meters.

A high proportion (5%) of the pollinations came from 
pollen in a nearby plot over 250 meters away.  Nearly 
all of these long distance pollinations occurred early 
in the flowering season.  One explanation for 
differences in pollination distances is that the most 
abundant pollinator changed over the course of a 
season.  Another study at the same site found that 
the native bee Agapostemon virescens (fig. 7) was 
more common early in the flower season and 
appeared to move between populations frequently.  
However, the native bee Melissodes sp. (fig. 8) was 
more common at peak flowering and spent more time 
foraging within a single population (Rosenthal, Feng 
and Wagenius unpublished results).

Study species: Echinacea angustifolia
(the narrow leaved purple 
coneflower; fig. 1)
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Pollen movement- spatial

Pollen movement-phenological

Paternity assignment method

Primer
ID

Number
of

alleles
Individuals

scored Ho He

ech05 11 448 0.66 0.69

ech11 14 397 0.80 0.81

ech13 10 398 0.80 0.84

ech13Z 15 387 0.59 0.68

ech15 5 439 0.63 0.65

ech36 7 353 0.71 0.71

ech37 8 424 0.74 0.77

ech46 9 234 0.81 0.79

Results
Spatial
ÅMost pollinations (75%) were from at least the 10th

nearest neighbor to the focal maternal plant (fig. 3).
ÅSignificantly more pollinations came from within 10 
meters of the focal maternal plant than the frequency 
of all flowering plants would predict (fig. 4).

Phenological
ÅThere is no significant difference in pollen movement 
distances based on the date styles became receptive 
(fig. 5).
ÅThere is significantly more pollination events from 
outside the population in early flowering plants. (fig 6).
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For all 224 flowering plants in 2005:
ÅFollowed the daily flowering 
phenology.
ÅMapped and took tissue samples.
ÅCollected seeds.
ÅRandomly chose 17 focal maternal 
plants (pink stars).

For focal maternal plants:
ÅGerminated 10-20 seeds and took 
tissue samples from each seedling.
ÅAssigned paternity to all seedlings.

Å8 microsatellites (table 1) were developed for E. 
angustifolia using the protocol by Glenn and Schable 
(2003).

ÅExacted DNA from parental and offspring tissue 
using either the protocol by Chaudry et al. (1999) or 
with the Qiagen DNeasy Plant Mini Kit.

ÅParental and offspring plants were genotyped and 
analyzed on Beckman Coulter CEQ 8000 (9.0.25)

ÅPaternity was assigned using Cervus 3.0.3 
(Kalinowski et al. 2007) with 85% strict (n=83) and 
70% (n=159) relaxed confidence intervals.

ÅAll data were analyzed using R 2.6.0 (2007 CRAN).

J. Pfeil

10 meters

Figure 2: 2005 flowering 
plants in the Common g
Garden.  Focal maternal 
plants are pink stars.
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Table 1:  Information on the microsatellites 
used to assign paternity including observed 
(Ho) and expected heterozygosity (He).

Figure 4: Comparison of the proportion of total 
flowering plants located at 5 m intervals from 
each focal maternal plant (blue bars) and the 
proportion of within population pollinations at 5 m 
intervals from each focal maternal plant (green 
bars). The two distributions are significantly 
different (Kolmogorov-Smirnov test, p < 0.01).

Figure 5: Average within population pollination 
distances by date styles became receptive on 
focal maternal plants.  Date does not 
significantly predict pollination distance (GLM, 
p=0.36, AIC=760).

Figure 6: Average total pollination distances 
by date styles became receptive on focal 
maternal plants.  Date does significantly 
predict pollination distance (GLM, p < 0.01, 
AIC=1154).

Figure 7: Agapostemon 
virescens

Figure 8: Melissodes sp.

All plants

Pollinations

June 30 July 3     July 6   July 8-10   July 13   July 15
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Figure 3: Histogram of pollinations to focal 
maternal plants by nth nearest neighbor.

Website: http://www2.uic.edu/~ison


