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What is the Mandate of the 
Niagara Restoration Council?

• "To protect, maintain and actively restore the 
ecosystems of Niagara.“

– Ecosystem Improvement

– Environmental Education 

– Awareness

• How can CANPOLIN help?
• What is CANPOLIN? 



What is CANPOLIN?

• Canadian Pollination Initiative
– NSERC Strategic Network Grant ($5 million over 5 years)

– Ca. 26 Institutions & 50 Collaborators Coast to Coast to Coast

– 4 Themes, with Working Groups

• I – Wild & Managed Pollinators (Diversity to Health)

• II – Botany of Wild & Crop Plants (Reproductive needs, 
Population genetics,  Pollination needs (including wind)

• III – Ecology, Ecosystem Function, Ecosystem Service

• IV – Predictions & Economics (Climate & Land-use changes,  
Value of pollination)



CANPOLIN & Ecosystem Improvement

• Pollination, a Crucial Ecosystem Service

• Sex in Carolinian Trees

• Habitat Reduction & Consequences to 
Pollination: Lessons from Carolinian Canada



What is Pollination?

• Plant Sex!  



What is Pollination?

• Transfer of pollen 
1. Self-pollination (autogamy)
2. Self-pollination 

(geitonogamy)
3. Cross-pollination 

(xenogamy)

Prelude to fertilization … seeds 
& fruits



Pollination, a Crucial Ecosystem 
Service



Pollination, a Crucial Ecosystem 
Service



Sex in Carolinian Trees

• 1. Too few pollinators

• 2. Mates too few or far away

• 3. Competition too stiff

• Conservation & Species Recovery Strategies 
must provides ways for plants to have sex!

– No sex, no reproduction … aging, sterile, plants!



Cucumber Tree (Magnolia acuminata)
Magnoliaceae, magnolias



Cucumber Tree (Magnolia acuminata)

Open as female 
phase flowers: 
stigmas recurved, 
petals upright 

Petals spread and 
pollen is shed: 
male phase flowers 



Cucumber Tree (Magnolia acuminata)



Cucumber Tree’s Sexual Problems

• 1.  Self-incompatible (must cross-pollinate for 
fruit and seeds to be produced)

• 2. Trees mostly isolated

• 3. Pollinating beetles seems scarce on flowers

• 4. Seeds dispersal

– by birds



Kentucky Coffee Tree (Gymnocladius dioica)
Fabaceae (Leguminosea) Pea Family

Valued ornamental, large 
shade tree



Kentucky Coffee Tree 
(Gymnocladius dioica)

• Dioecious:

• Male & Female Trees

Pollen

Stigma

Pollination seems 
at night:
Moths with tubular 
tongues take nectar 
from tubular flowers 



Kentucky Coffee Tree 
(Gymnocladius dioica)

Female trees produce pods: 
cut down by squirrels or fall

Pods open, 
greenish/reddish jelly
Hard, hard seeds!



Kentucky Coffee Tree 
(Gymnocladius dioica)

• Seeds are very hard, scarify with file and they 
germinate well

• Grow well from root-stock, clones



Kentucky Coffee Tree’s Sexual Problems

• 1. Plants are of too sexes (dioecious) so must 
cross pollinate

• 2. Trees form isolated unisexual clones too far 
apart for pollinators to carry pollen from male 
to female flowers 



Pawpaw (Asimina triloba)
Annonaceae, custard apples

Little known fruit tree in 
Ontario

Grows in clay, wet places

Tropical family 

Clonal form of small trees



Pawpaw (Asimina triloba)

• Stinky flowers

• Pollination by Flies and Beetles

• Corpse in pawpaw stand to harbour pollinators!



Pawpaw (Asimina triloba)

• Tropical like fruit, banana-like taste & many seeds



Pawpaw’s Sexual Problems

• 1.  Self-incompatible (must cross-pollinate for fruit 
and seeds to be produced)

• 2. Can form large, intra-sterile, clones

• 3. Populations are few and isolated

• 4. Fruit and seed dispersers probably large and 
medium-sized mammals

Pollinators not likely a problem

(filth flies and beetles) 



American Chestnut (Castanea dentata)
Fagaceae, beeches



American Chestnut (Castanea dentata)

Male flowers

Female flowers 



American Chestnut (Castanea dentata)

Sterile, seedless hulls in 
most Ontario trees 

Cross pollination:  seeds



American Chestnut’s Sexual Problems

• 1.  Self-incompatible (must cross-pollinate for fruit 
and seeds to be produced: some self-fertile trees 
thought to exist

• 2.  Remaining plants isolated (some unhealthy, 
blighted)  … potential mates are too far apart

• 3.  Pollinators likely 

small bees & wind together



Red Mulberry (Morus rubra)

• The most endangered tree in Canada!



Red Mulberry’s Sexual Problems

• Competition from introduced & easily dispersed 
White Mulberry (Morus alba) 
– For rearing silk worms, favoured ornamental, hedge-row 

tree, etc.

• Both species wind pollinated, but White Mulberry 
more common

• Pollen from White Mulberry fertilizes 

Red Mulberry, hybridization occurs 

(introgression)

• Red Mulberry ceases to exist! 



Red Mulberry (Morus rubra)

• Dioecious (trees of separate sexes) 

• Pollinated by wind



Hop Tree (Ptelea trifoliata)
Rutaceae (citrus family)

Host for Giant Swallowtail 



Hop Tree (Ptelea trifoliata)

Only along Lake 
Erie shore

Shiny  leaves, 
look like poison ivy



Hop Tree (Ptelea trifoliata)

Dioecious:

Male & Female Trees

Male inflorescence

Female inflorescence



Hop Tree (Ptelea trifoliata)

Fruits dry out & rattle, 
then dispersed on wind:
Skittering across the snow in 
winter

Reddish bark: 
Contrast against snow 



Hop Tree’s Sexual Problems

• 1.  Grows along the shore in dense stands in         
some places

• 2.  Trees of both sexes are equally common
• 3.  Lots of pollinators of lots of kinds (Flies, Bees,      

Beetles)
• 4.  Sets lots of seeds
• 5.  NO SEXUAL PROBLEMS! 
Hop tree is rare, but grows well where it is planted 

(even Montreal, Ottawa, etc).  
Why is its distribution so localized? 



Conclusion

• 1.  There is no single explanation for the sexual problems of 
our rarer trees

• 2. The problems come in combinations
– Too few pollinators
– Mates too few or far away
– Health
– Populations too small, inbreeding depression
– Competition too stiff, invasion, hybridization (introgression)

Conservation & Species Recovery Strategies 
must provides ways for plants to have sex!

No sex, no reproduction … aging, sterile, plants!
Extinction!



Habitat Reduction & Consequences 
to Pollination: 

Lessons from Carolinian Canada

from 

Landscapes to Insect & Plant 
Diversity, Abundance, & 

Conservation.



Study Sites

• Highly fragmented 
Carolinian forest of 
Southern Ontario



• GIS chose plot centres 

• Novel hexagonal transects established

Study Sites to Study Plots

Forest

Measuring area

Forest

Measuring area



• Choice of sites & plots within sites randomized 
by GIS within constraints:

– Distance between sites: 4.5km

– Distance from forest edge: 50m

– Non-flooding

• Previous studies sites mostly chosen 
subjectively with plots randomly placed

Study Sites to Study Plots



Eight Study Sites 
each with Hexagonal Transect

SitesSites



• Flagging marks transect perimeters

• plagued by mosquitoes!

Study Site with Hexagonal Transect



Study Plants: 27 Species of Spring 
Ephemerals



Study Insects: 89 Species Observed

• Colleoptera 11 species

• Diptera 29 species

• Hymenoptera Apoidea 45 species:

– Andrena 13 species

– Halictidae 18 species

– Apidae 11 species

– Other Hymenoptera 3 species

• Lepidoptera 1 species



Ecological Approaches

• Insect/Plant (flower) interactions
– Pollinator diversity and abundance

– Plant diversity and abundance

– Interactions between potential pollinators and flowers

• Insect & Plant generalizations vs. specializations in 
interactions 

• Effects on plant reproductive success

• Diversity & abundance of Trap-nest collected wasps 

• Habitat reduction vs. fragmentation



Methods: Insect/Plant (flower) Interactions

• Survey by two 
people around 
transect

• Recording insect 
and flower 
associations



Methods: Bee & Plant Diversity & 
Abundance 

• Observations and collections as by hexagonal 
survey

• Quantified by observer effort expended

• Insect identifications made in the laboratory

• Plants identified in the field; voucher 
confirmations made

• Assessments by standard indices 



Methods: Insect & Plant Generalizations 
vs. Specializations in Interactions 

• Medan et al.’s index (2006)

includes data on the total number of species of 
either plants or insects or both; the number of 
interactions between plants and insects inter alia; 
and Shannon’s evenness



Methods: Effects on Plant Reproductive 
Success

• Obligate outcrossers chosen (Erythronium 
americanum and Maianthemum canadense) 

• Fruit set from plants with insects excluded and 
hand pollinated vs. open pollinated



Methods: Diversity & Abundance 
of Trap-nest Collected Wasps 

+Rearing



Results: Bee Diversity & Abundance

Abundance

Diversity



Results: Insect & Plant Generalizations vs. 
Specializations in Interactions

• Relationship between 
specialization/ 
generalization (C) and 
forest coverage for the 
communities of plants (a) 
and of potential insect 
pollinators (b). 

Regression 
insignificant

Regression significant, P = 0.0498

Y = 0.099 – 3060.797 (1/x), 
R2 = 0.57

Higher specialization



Results: Effects on Plant Reproductive 
Success

• Fruits/shoot of Maianthemum canadense



Results: Effects on Plant Reproductive 
Success

• For Erythronium americanum
– vs. forest loss 



Results: Diversity & Abundance of Trap-
nest Collected Wasps

Is there a relationship 
between wasp 
diversity or 
abundance 

and habitat loss?

No!



Summary of Results
• Habitat loss correlated with

1. Reduced pollinator abundance

2. Reduced pollinator diversity

3. Reduced sexual reproductive output of some plants

4. Increased generalization in insect relations with flowers

• Habitat loss not correlated with
1. Reduced plant diversity (results not presented)

2. Reduced plant abundance (results not presented)

3. Reduced plant specialization for pollination

4. Wasp diversity or abundance



Conclusions
• Habitat loss adversely affects:

– Ecosystem structure: fewer and less diverse 
pollinator guild; more generalization and less 
specialization in pollinators’ interactions with 
plants

– Ecosystem function: plant sexual reproductive 
output  

– Effects from local to landscape levels noted

• Habitat loss has not adversely affected:
– Plant diversity and abundance

– Wasp diversity and abundance



• Pollinator assemblages and their activities are more 
sensitive to habitat loss than are their plant 
counterparts

• Asymmetry probably reflects short generation time 
for pollinators vs. long lived plants (plants more 
buffered against shorter term stress from habitat 
loss)

• Wasps may be unaffected because of availability of 
prey in the general environment regardless of forest 
loss

• Long term consequences for plants through reduced 
mixis and Allee effect

Conclusions



CANPOLIN: 
Awareness & Environmental 

Education
• Pollination Course annually, most often in Brazil

• Pollinator Identification courses in Canada & USA

• Presentations to: Museum of Nature; Growers; Beekeepers; 
Municipalities; Natural History & Conservation groups; 
Scientific meetings; etc.

• Partners with: Suzuki Foundation; Canadian Wildlife 

Federation; CPPI; NAPPC; Pollination Guelph; NRC?
• Future Plans: Development of Displays, Pamphlets, Website, 

Citizen Science; etc.  
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