
production abscission dispersal deposition seed set

The primary objectives of WG 4 are to understand: 

(1) Pollination success in natives vs invasives (both anemo- and zoophilous 
species)

(2) This life history sequence:

Anemophily---WG 4



Pollen production and phenology: Acer saccharinum

ÅWe are examining a 15 year record of pollen 
concentration in Montreal

Å In particular we are trying to 
predict the onset of anthesis for Acer 
saccharinum (silver maple) as a function of 
degree days
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maple pollen concentration in Montreal: 2010



Pollen production and phenology

ÅMonitoring pollen 
concentration at Kananaskis 
and Inuvik

ÅMale vs female function in 
mastingspecies as well as 
black spruce

Our ultimate goal: define 
ambient cumulative pollen flux 
as a function of

Åbasal area per area

Åquality of year (masting) 

Åweather

Åtime since onset of 
anthesis



Pollen abscission
Å There is little understanding of 

the mechanism by which wind 
might liberate the pollen from 
the anther ofany species.  

Å This is one of the major issues 
to be addressed by Working 
Group #4 starting next 
summer. 

Black spruce pollen abscission in Inuvik



Pollen abscission
Hypotheses:

1. The acceleration of the grain is caused by Drag. 
²ƛƴŘ Ǝǳǎǘǎ άǇǳǎƘέ ǘƘŜ ƎǊŀƛƴǎ ƻŦŦ ǘƘŜ ŀƴǘƘŜǊ 
surface within the opened anther or from within 
the ruptured sac of a conifer. 

2. The acceleration is caused by vibration. We 
think this is the primary mechanism for 
anemophilous angiosperms. 

How is it induced?  

-- The acceleration is caused by adjacent plants 
colliding with one another on windy days. Is this 
ever enough to induce harmonic motion?  

--the stamen is vibrated by the wind

3. The conifer sac is heated on warm clear days, 
leading to a pressure difference with the air 
outside the sac. 



Pollen dispersal

Å 2009-2010 tests using two large lakes (lacking 
islands) in Manitoba
ÅRotorods on rafts
ÅDistances as great as 12 km
Å4 species (jack pine, black spruce, balsam fir, 

alder)
Å Spring 2011: Testing of point source model using 

Lycopodiumspores in a farm field



Pollen deposition
A controversy has suddenly erupted over how anemophilous pollen will land 
on ovuliferous scales or stigmas.
1. Simple impaction on the windward side
2. Eddies on the leeward side preferentially deposit grains on the back side

This argument may well be a matter of the wind speed (different 
mechanisms operating at slow vsfast speeds).

Resolving the issue will be a major part of our work in the coming summer.



ÅBody forces (gravity)* ςpollen settles onto stigma

ÅDirect Interception*ςpollen contacts stigma if it is on a fluid streamline within 
½ radius of the stigma

ÅInertial Impaction*ςpollen excess density causes it to deviate from the 
streamline near curvature (like a dog running around a corner on tile floor) 

ÅDiffusionalDepositionςrandom-like path of the streamline leads to 
deposition

ÅElectrostatic Attractionςpollen capture due to electrostatic attraction

*Can occur on upstream 

and downstream faces

Pollen deposition



Particle Capture

Rec = 3.7
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90-degree branch average vs Angle midpoint 

90-degree branch average + 95% confidance vs Angle midpoint 

90-degree branch average - 95% confidance vs Angle midpoint 

67 degree branch average vs Angle midpoint 

67 degree branch average + 95% confidance\ vs Angle midpoint 

67 degree branch average - 95% confidance vs Angle midpoint 

Rod average vs Angle midpoint 

Rod average + 95% confidance vs Angle midpoint 

Rod average - 95% confidance vs Angle midpoint 
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We will resolve this argument through both numerical modeling
and empirical tests



Pollen deposition and seed set

ÅTests using pollen flux 
and seed-set in black 
spruce in BC, Inuvik, 
and Manitoba

ÅThe bulk of the pollen 
is released in the first 
48 hours



Pollen deposition and seed set

Å Deposition on ovulate 
scales is a function of 
cumulative pollen flux 



Pollen deposition and seed set

ÅWith black spruce, 
filled seeds/cone is a 
function of mean grains 
per scale 



Pollen deposition and seed set

ÅPutting it all together: 
filled seeds per cone is a 
function of cumulative 
pollen flux



Categorizing the pollen vector based on dynamics

Å Re-examining the issue of pollen abscission:

ÅExamine the adhesive and accelerative forces 
operating on the pollen grains on angiosperm 
stamens 

ÅExplore how grains are released from ruptured 
conifer sacs

We expect that:
anemo-- ambo-- zoophily

Adhesion: weak strong

Damping: weak strong



Grand Application of Everything in our work with WG4 and WG5:
tƻƭƭƛƴŀǘƻǊ ±ƛǎƛǘŀǘƛƻƴ ϧ tƻƭƭŜƴ ¢ǊŀƴǎŦŜǊ ƛƴ ǘƘŜ άDǊŜŜƴ !ǊŎέ ƛƴ hƴǘŀǊƛƻ

ÅAs part of WG4 and 
WG5, we were asked to 
help assess pollination 
success in wind and 
animal pollinated plants

ÅWe were asked to 
emphasize both native 
and exotic (possibly 
invasive) species 



tƻƭƭƛƴŀǘƻǊ ±ƛǎƛǘŀǘƛƻƴ ϧ tƻƭƭŜƴ ¢ǊŀƴǎŦŜǊ ƛƴ ǘƘŜ άDǊŜŜƴ !ǊŎέ ƛƴ hƴǘŀǊƛƻ
WG4 (Abiotic Pollination) and WG5 (Ecosystems)

Å Pollination success in exotic invasive species is 
higher than in natives because exotics self-
pollinator more often or can lure generalist 
pollinators away

Å Pollination success in native species has been 
reduced by invasive species luring pollinators 
away from natives

Å Pollination success in native species can be 
reduced by physical blockage of pollen on 
stigmas

Å Restoration of native species and their habitat 
will improve pollination success in native species

Phleum arenarium is less pretty 
than Asclepias andHemaris diffinis 



tƻƭƭƛƴŀǘƻǊ ±ƛǎƛǘŀǘƛƻƴ ϧ tƻƭƭŜƴ ¢ǊŀƴǎŦŜǊ ƛƴ ǘƘŜ άDǊŜŜƴ !ǊŎέ ƛƴ hƴǘŀǊƛƻ 
Study Sites

Å²Ŝ ǎǘǳŘƛŜŘ ǘƘƛǎ ƛƴ ǘƘŜ άDǊŜŜƴ 
!ǊŎέ ƛƴ hƴǘŀǊƛƻ

Å This is a neologism on our part 
as it refers to the Greenbelt, 
Mixed Boreal, Escarpment, 
and Carolinian Zones

ÅWith 6 people we have 
covered over four hundred 
100 m x 100 m sites so far

Cynosurus, Spiraea, Deschampsia, Heracleum





tƻƭƭƛƴŀǘƻǊ ±ƛǎƛǘŀǘƛƻƴ ϧ tƻƭƭŜƴ ¢ǊŀƴǎŦŜǊ ƛƴ ǘƘŜ άDǊŜŜƴ !ǊŎέ ƛƴ hƴǘŀǊƛƻ
Study Sites & Methods Summary

ÅWe have focused mainly on 
non-forested areas thus far

ÅWithin each site, we had areas 
ǘƘŀǘ ǿŜǊŜ άǊŜŦŜǊŜƴŎŜέ 
(secondary succession), 
disturbed, and restored

ÅWe did rapid assessments of 
pollinator observations, some 
destructive sampling of 
pollinators,  and harvesting 
stigmas from several hundred 
flowers of 13 indicator species



tƻƭƭƛƴŀǘƻǊ ±ƛǎƛǘŀǘƛƻƴ ϧ tƻƭƭŜƴ ¢ǊŀƴǎŦŜǊ ƛƴ ǘƘŜ άDǊŜŜƴ !ǊŎέ ƛƴ hƴǘŀǊƛƻ

1. Panicum virgatum
2. Sorghastrum nutans
3. Carex  granularis
4. Agrostis stolonifera
5. Chamerion angustifolium
6. Physalis longifolia
7. Lupinus perennis
8. Symphyotrichum novae-angliae
9. Conyza candensis
10. Sonchus arvensis
11. Vicia cracca L. ssp. tenuifolia 
12. Hesperis matronalis
13. Alliaria petiolata

13 Indicator Species (Yes 13)



tƻƭƭƛƴŀǘƻǊ ±ƛǎƛǘŀǘƛƻƴ ϧ tƻƭƭŜƴ ¢ǊŀƴǎŦŜǊ ƛƴ ǘƘŜ άDǊŜŜƴ !ǊŎέ ƛƴ hƴǘŀǊƛƻ

Å Panicum virgatum: Vulnerable to pollen from invasive 
Panicum species

Å Sorghastrum nutans: Can be pollen limited; seems 
more phenotypically plastic than expected

Å Carex granularis: Pollen limited; vulnerable to pollen 
from invasiveCarex species (especially Carex muricata)

Å Agrostis stolonifera: Poor pollen transfer outside of 
transient wet meadows; commercial cultivars very poor 

Å Chamerion angustifolium: Pollen galore; is supplanting 
other herbaceous species like Oenothera biennis

Å Physalis longifolia: Highly competitive and not pollen 
limited (in other areas it was pollen limited)

Å Symphyotrichum novae-angliae:Interferes with 
pollination of sympatric congeneric and cross generic 
populations but do not seem to have much proximate 
impact on Lepidoptera or Vespulidae pollinators



tƻƭƭƛƴŀǘƻǊ ±ƛǎƛǘŀǘƛƻƴ ϧ tƻƭƭŜƴ ¢ǊŀƴǎŦŜǊ ƛƴ ǘƘŜ άDǊŜŜƴ !ǊŎέ ƛƴ hƴǘŀǊƛƻ

Å Conyza canadensis: Pollination more important 
than expected and tends to interfere with both 
native and exotic relatives (e.g. Erigeron)

Å Lupinus perennis: Interferes with native and 
exotic Fabaceae; is it really native in Ontario ςit 
is if one considers that First Nations peoples did 
the moving

Å Sonchus arvensis: Pollen limited in some years; is 
indeed vulnerable to allelopathic pollen from 
Hieracium

Å Vicia cracca ssp. tenuifolia: Distracts pollinators 
but also gets robbed by Bombusa lot

Å Hesperis matronalis & Alliaria petiolata: Not 
pollen limited, they distract pollinators, and 
contaminate stigmas of many native Brassicaeae


