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ABSTRACT 

 

The Sexual and Vegetative Propagation of Sugar Maple and its Threat from Norway Maple 

 

 

Anne-Marie Roussy                                                                                              Advisor: 

University of Guelph, 2014                                                                                 Professor Peter Kevan 

 

 

My study has three main components. The first is to study the pollination mechanism of Acer 

saccharum Marsh. (sugar maple) in the town of Mono, Dufferin County, Southern Ontario. The 

second is to develop a technique to obtain clonal material from A. saccharum. These two steps will 

provide better seeds and seedlings for future afforestation by using genetic material from mature 

trees (aged 80+ years) which have already undergone mass selection in the wild. The third 

component of this study is to suggest legislative ways to reduce the threat of the biological pollutant 

which is the invasive Acer platanoides L. (Norway maple), before it out-competes current and future 

populations of A. saccharum throughout N. America.   

My study findings point to A. saccharum’s being exclusively a wind pollinated species in 

southern Ontario, despite previous literature reporting it to be insect pollinated.   No evidence of 

biotic pollination was observed throughout seven years of observations.  

Clonal propagation of A. saccharum used a simple, low-cost, air-layering technique over a four-

year period at four locations throughout Ontario and eastern Canada. In Ontario, air-layering was 

not as successful, possibly because of varying climatic conditions or elevated pollution levels.  

Rooting at maritime locations was however successful every year. These results suggest that air-

layering propagation holds promise for future afforestation of A. saccharum under adequate 

conditions.  

  



 

 

 

The invasive species, A. platanoides was found to be a serious threat to the long term survival of 

A. saccharum.    Amendment of the current federal Plant Protection Act 1990, c.22 or the Ontario 

Weed Control Act 1990, cW.5 could curb the extent of A. platanoides in Canada.   

The findings from the three components of my thesis will contribute towards the health and 

longevity of A. saccharum populations in S. Ontario and N. America by providing insight into its 

pollination biology, effective propagation mechanisms, and protection from an invasive species. 
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CHAPTER ONE: INTRODUCTION TO THESIS AND LITERATURE REVIEW 

1.1.0. Introduction to thesis 

The goal to return roadside Acer saccharum Marsh. (sugar maple) in southern Ontario calls for an 

improvement program  to increase the species’ resistance to pollution. This program can also be used to 

increase the sugar content in the sap for more efficient maple syrup production.  

This thesis has three objectives: first, to understand A. saccharum’s mode of pollination; second, to 

establish cloning techniques for mature (80 + year-old) trees that presently show resistance to pollution; 

and third, to complete a legislative analysis to see what can be done from a policy stand point to protect  

A. saccharum’s habitat from the biological pollutant Acer platanoides (L.) (Norway maple).  

The first chapter reviews the silviculture of A. saccharum including, life span, economic value, 

environment, biology, and challenges to its long–term survival.   

The second chapter addresses knowledge gaps regarding reproduction of  A. saccharum. To 

improve a species, breeders need to understand the reproduction method of the species before they begin 

their work. However, for A. saccharum very little is known about its reproduction and there are 

conflicting reports as to its mode of pollination and breeding mechanism (Wright 1953, Gabriel 1967). 

Pollen contamination can significantly lower the genetic gain in a tree improvement program 

(Mohammed 2002). To prevent unwanted pollen from reaching the flowers in the breeding/seed orchard,  

breeders or orchard managers need to know the distance pollen travels if the species is wind pollinated or 

the identification of the pollinators if it is animal pollinated. 

 The third chapter investigates another way to supply an improved source of plant material to the 

public or industry by vegetative reproduction. Conifer seed orchards have been created from vegetatively 

propagated sources (Zobel and Talbert 1984). Cornell University’s Super Sweet Tree Program is using 

cuttings to propagate and sell  A. saccharum plants to maple syrup producers (Staats et al. 2013). 

However, no reports of cuttings have been made with 80+ year old trees that have been exposed to 

various pollutants. If breeding a pollution-tolerant A. saccharum is to be attempted, a protocol must be 

developed to vegetatively propagate these older pollution-tolerant trees currently growing along 

roadsides.  

The fourth chapter addresses the issue of A. platanoides as a threat to A. saccharum. Not only 

does A. saccharum have to deal with chemical pollution, but its habitat is under threat from a biological 

pollutant, A. platanoides. Acer platanoides, an invasive alien species, is altering the habitat of A. 

saccharum (Webb et al. 2000, Reinhart et al. 2005, Webster et al. 2005). Work on improving A. 

saccharum for better tolerance to pollution or higher sugar content would be futile if its future habitat 

becomes inhospitable because of an invasive alien species. Invasive alien species are human-caused 
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problems and, therefore, a change in human behaviour is needed to alleviate this problem (Horan et al. 

2002, Perrings et al. 2002). Adaptive legislation may be the best way to insure success in changing human 

behaviour (Thomas et al. 2009). Thus chapter four addresses this issue from a policy perspective. 

1.2.0. Literature review  

The genus Acer (maple) dominates over 8.7 million hectares of land in Canada, with 49% of the 

area located in the Atlantic Maritime and Mixed Wood Plains ecozones (Canadian Council of Forest 

Ministers 2006). In the northeastern United States, the Maple/Beech/Birch ecotype comprises 29% of the 

total forest area (Shifley et al. 2012), making it a valuable tree both ecologically and economically. The 

widespread population and dominance of A. saccharum  within the forest stands makes it a keystone 

species throughout its range (Horsley et al. 2002).  

1.2.1.  Taxonomy   

Acer saccharum is one of seven native species of maples in Canada (Farrar 1995). Table 1.1 

shows how much Acer vary, from the shrub sized A. spicatum (mountain maple) to the compound leaved 

A. negundo (Manitoba maple).  Acer saccharum resembles A. rubrum (red maple) and the exotic A. 

platanoides (Norway maple) in terms of bark and leaf structure (Table 1.1). However, there is an even 

closer resemblance between  A. nigrum (black maple) and A. saccharum, as shown by shared average 

height, diameter, bark and twig characteristics (Table 1.1).  

As polymorphisms are used to determine species, some taxonomists have questioned whether or 

not  A. saccharum is really a single species or consists of multiple species (Kriebel and Gabriel 1969). 

The debate is mostly focused on the subspecies A. saccharum floridium (Florida maple) (Kriebel and 

Gabriel 1969) and A. saccharum nigrum (black maple) (Shepner and Krane 1998). According to Kriebel 

(1957), A. saccharum is a single species which can be divided into three different subspecies: saccharum, 

nigrum, and floridium, but Godman et al. (1990) reported the subspecies A. saccharum floridium as a 

different species. 

In an extensive RAPD-PCR based analysis of both A. saccharum and A. nigrum, it was found that 

the distinguishing factor may be attributed only to the trees’  responses to their local environments 

(Shepner and Krane 1998). They propose that  A. saccharum and A. nigrum be merged back into one 

species. This study was based on 23 individuals, using thirteen primers resulting in 165 scorable 

polymorphisms. Only physical distance separating the collection sites of A. nigrum and A. saccharum was 

found to be negatively correlated with pairwise genetic similarity between the trees (P<0.001). This study 

may lead to the change in the number of maple species found in Canada.  However, the debate over  
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Table 1.1. Characteristics of the different maple species present in Canada.  

Character-
istics 

A. saccharum 
(sugar)  & 
A. nigrum 
(black), 
differences are 
placed in 
{brackets} 

A. platanoides 
(Norway) 

A. rubrum 
(red) 

A. saccharinum 
(silver) 

A. spicatum 
(mountain) 

A. pensylvanicum 
(striped-maple) 

A. negundo 
(Manitoba) 

Ave. height* 
(m) 35  15+ 25 35 5 10 20 

Ave. 
diameter*** 
(dbh****) in 
cm 

90  NA 60 100 15 25 75 

Maximum 
age 500 {NA} 200 100 130 NA 100 60 

Bark 
(young)* 

Grey  
Smooth  

Grey smooth Light grey; 
smooth 

Smooth grey  NA Greenish with 
vertical white strips 

Smooth; light 
 grayish-brown 

Bark (old)* Dark grey; 
Deeply furrowed 
vertically; 
Scaly; 
When fully 
mature ridges 
will curl up only 
one side 

Very dark; 
Firm low 
intersecting 
ridges; 
Pattern very 
regular; 
Not scaly 

Dark grayish 
brown with scaly 
ridges fastened 
at the centre and 
loose at the ends 

Dark reddish-
brown with long  
thin narrow 
flakes fastened 
at the centre and 
free at both ends 
(shaggy 
appearance) 

Thin; dull; reddish 
to grayish-brown; 
smooth or slightly  
grooved; often 
with light – 
colored blotches 

Darkened and rough Darker;  
Furrowed into 
 narrow firm ridges 

Twig* 
 
 
 
 
 
 
 

Delicate; 
Hairless, reddish 
brown to green  

Stout 
Smooth 
 hairless 
 

Shiny red to 
grayish brown; 
hairless; often 
bearing clusters 
of red flower 
buds, red on the 
twig and bud is 
quite visible 

When bruised 
unpleasant odor 
Shape and color 
same as red 
 

Slender; 
yellowish-green to 
reddish brown or 
pink coated with 
short gray hairs 
making it look dull 
or velvety 

Stout; smooth shiny  
reddish-brown or 
greenish 
hairless 

Moderately stout; 
Hairless; 
shiny greenish- 
purple; often  
covered with a  
waxy powder that  
is easily rubbed off 
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Character-
istics 

A. saccharum 
(sugar)  & 
A. nigrum 
(black), 
differences are 
placed in 
{brackets} 

A. platanoides 
(Norway) 

A. rubrum 
(red) 

A. saccharinum 
(silver) 

A. spicatum 
(mountain) 

A. pensylvanicum 
(striped-maple) 

A. negundo 
(Manitoba) 

Twig 
(cont’d) 

from a distance 

Bud*  Very narrow 
(arrow like) 
6-12mm long 
 

Terminal bud 
is large and 
plump with  
3-4 large 
fleshy scales 

Terminal bud is 
3-4mm long; 
blunt; almost 
twice as long as 
wide; 
shiny reddish 
smooth usually 
4 pairs of scales 

Same as red Terminal bud 
slender; stalked ; 
2-3 times as long 
as wide; 1 pair 
visible scales 
meeting along the 
edge; covered with 
grey hairs 

Terminal bud 
stalked; 
10 mm long; almost 
twice as long as 
wide; 1 pair of 
scales that meet 
along their edges; 
hairless; vertical 
buds much smaller 

Terminal bud is  
ovoid;3-8 mm long 
 blunt; 2-3 pairs of 
 brownish –green  
or purple scales,  
coated with fine  
white hairs; lateral  
buds almost as  
large, located  
within the base of  
leaf stalk so not  
visible till leaf  
falls off 

Leaf length 
(cm)* 

8-20 
 

10-17 5-15 15-20 6-12 10-16 composed from 3-9 
 leaflets each 5-12 

Leaf  -
(color)* 
Top 
Lower  

Pale green 
Very pale green 
{velvety hairs 
underneath} 

Dark green 
Lustrous green 

Light green; 
Whitened 
beneath 

Light green; 
silvery-white  

Yellow-ish green; 
White and hairy  

Pale yellowish green 
on both sides 

Light green; 
Grayish-green  
usually hairless 

#of lobes*  5  
{5–occ. 3}  

5-7 3-5 5-7 3-5 3 3-9 leaflets 

Teeth* Irregular wavy 
teeth 

Irregular wavy 
teeth 

Sharp irregular  
teeth 

Coarse , sharp 
irregular teeth 

Coarsely and 
irregularly toothed 

Uniformly double 
toothed  

Irregularly  
coursed tooth 

Veins*  5 main ones 
 

5 main ones 5 main ones 5 main ones 3 to 5 main ones 3 main ones  Single main one  
along each leaflet 
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Character-
istics 

A. saccharum 
(sugar)  & 
A. nigrum 
(black), 
differences are 
placed in 
{brackets} 

A. platanoides 
(Norway) 

A. rubrum 
(red) 

A. saccharinum 
(silver) 

A. spicatum 
(mountain) 

A. pensylvanicum 
(striped-maple) 

A. negundo 
(Manitoba) 

Sinus*  Rounded ; very 
open 

V shaped Shallow angular 
notches 

Deep narrow 
notches 

None None None 

Sap Clear Milky  Clear Clear Clear Clear Clear 

Flowers* 
 
 
 
 
 
 
 
 
 
 
 

5mm wide 
5 greenish-
yellow sepals 
but no petals, in 
drooping tassel 
like lateral 
clusters on 
slender stalks 
(30-70 mm 
long). 
{hairy stalks, 
and stem 18-50 
mm long} 

10mm wide 
Greenish-
yellow flowers 
with 5 sepals 
and 5 petals 
On erect 
terminal lateral 
clusters 

Pollen flowers -
yellow  
Seed flowers  -  
red  
5 petals and  
5 sepals in tassel 
like flowers 
(pollen and seed 
flowers on 
different 
branches) 

Pollen flowers -
yellow  
Seed flowers  -  
red/pink  
Very small 

10 mm wide 
5 petals and 5 
sepals 
Pale yellowish-
green to creamy 
white on slender 
stalks (often 
branched) 
Arranged along a 
central stem in 
dense erect 
terminal clusters 

6mm wide 
Pollen and seed 
flowers on separate 
trees 
Bell shaped with 5 
greenish-yellow 
petals and sepals 
arranged along a 
central stem in 
drooping terminal 
cluster. Both seed 
and pollen flowers 
may be on the same 
tree but on different 
branches or an 
individual may 
produce one type 
one year and 
another type anther. 

Pale green sepals, 
 no petals. Pollen  
and seed flowers  
on separated trees 
Pollen flowers on  
slender single  
stalks in lateral  
bundles 
Seed flowers in  
loose drooping  
clusters with a  
central stem,  
borne towards  
the base of new  
shoots  

Fruits 
samaras 

U shaped 
 

Wings spread 
very wide 
(almost 190 
degrees) 

Wings 12-25 
mm; angle 
between them 60 
degrees 

Wings 40-
70mm; 
Angle between 
them about 
90 degrees  

Wings about 
20mm long; 
incurving angle 
less than  
90 degrees 

Wings 25-30cm 
long 90 degrees 
angle 

Wings 30-50 mm 
 long; incurved  
angle between  
them less than  
45 degrees (often  
remaining on tree  
over winter) 
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Character-
istics 

A. saccharum 
(sugar)  & 
A. nigrum 
(black), 
differences are 
placed in 
{brackets} 

A. platanoides 
(Norway) 

A. rubrum 
(red) 

A. saccharinum 
(silver) 

A. spicatum 
(mountain) 

A. pensylvanicum 
(striped-maple) 

A. negundo 
(Manitoba) 

Common 
names*  
 

Sugar maple; 
bird’s eye 
maple; curly 
maple; 
Bard maple; 
head maple; 
rock maple; 
sugartree; 
sweet maple 

Norway maple 
 

Red maple; 
curled-maple; 
Scarlet maple; 
Soft maple; 
Swamp maple; 
Water maple; 
Carolina red 
maple; 
White maple 

Silver maple; 
White maple; 
River maple; 
Soft maple; 
Silverleaf maple; 
Swamp maple;  
Water maple 

Mountain maple; 
Dwarf maple; 
Low-moose 
maple; 
Whitewood; 
Whiterod; 
White maple; 
moose maple 

Striped maple; 
Moose maple; 
Moosewood; 
Moose wood; 
Goosefoot-maple; 
Whistlewood  

Manitoba maple; 
Box elder; 
Ash-leaved maple; 
 

Native 
Naturalized 
Exotic  

Native Exotic  Native  Native Native Native  Native (to Prairies) 
 Naturalized in 
 eastern N.A. 

*(Farrar 1995), **(Godman et al. 1990), ***(Ansseau and Bernier 1995) 
**** (DBH- diameter at breast height; diameter measured at 1.3meters above ground) 
NA- not available 
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whether  A. saccharum is one species with two subspecies, or two species, has not been settled in any 

published research. 

1.2.2. Environment 

1.2.2.1. Geographic extent  
 Acer saccharum occurs as far north as the extreme southeast corner of Manitoba, across central 

Ontario, the southern portion of Québec, all of New Brunswick and Nova Scotia (Figure 1.1). The 

southern range extends to the southern border of Tennessee and the western edge of North Carolina with a 

few outlier populations in Georgia and the Carolinas (Godman et al. 1990). The western limit of the range 

extends through Missouri and a small part of Kansas and the eastern third of Iowa with a few outlier 

populations in northern Kansas (Godman et al. 1990). If the subspecies A. saccharum floridium is 

included, the population goes as far south as central Florida and west to Louisiana (Kriebel and Gabriel 

1969).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1. Acer saccharum range map also showing subspecies floridium adapted from Kriebel and 
Gabriel (1969) and Godman (1990). 
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1.2.2.2.  Climate 

Acer saccharum survives over a large climatic range (Figure 1.2),  surviving in  temperatures 

from   -40°C to +38°C, varying between maritime climate to a continental climate and with varying 

precipitation from 510 mm to 2030 mm annually (Godman et al. 1990).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.2. Plant hardiness zone map showing minimum winter temperatures adapted from the  USDA 
plant hardiness zone map for the United States (USDA 2011b) and Canada (Agriculture Canada 2011). 
Area displayed in the map is limited to the geographical area of this study. 

 

Although  A. saccharum grows in a wide variety of plant hardiness zones, from zone two, in 

Canada (Figure 1.2), to zone eight in the United States, A. saccharum, like many tree species, are 

regionally adapted. In the United States, the species is divided into three different ecotypes—northern, 

central and southern (Kriebel 1957). As a general rule, for species where adaptive variation to climate has 

not been determined, seeds and seedlings should not be moved into different climate areas, until  (B 

Boysen, pers1. commun.).  Otherwise the risks could include low survival or reduced growth from heat 

stress, winter kill, frost damage or increased insect and disease problems (Kriebel 1957). Reforesting 

areas must be done with seedlings from a similar climate, in areas delineated as a compatible seed zone.  
                                                      
1 Barbara Boysen, 2014, Forest Gene Conservation Association (FGCA) 
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In Ontario, the Ministry of Natural Resources has developed a tree seed zone map (Figure 1.3) dividing 

the province into various zones or areas of similar climate based on the Ontario Climate Model. The 

zones take into account precipitation during the growing season and the duration of growing season.  

These zones should be used for A. saccharum, as no study has defined the spatial extent and number and 

nature of this species’ zones.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.3. Tree seed zones of Ontario map from the Ministry of Natural Resources (OMNR 2011)  

 

It should also be taken into account that with climate change, Canadian plant hardiness zones are 

likely to change. This has already occurred in the United States, where most of the country is already in a 

warmer zone than is shown by the currently available USDA plant hardiness zone map (Krakauer 2012). 

This allows plant populations to move northward. Some species, such as Populus tremuloides (trembling 

aspen) populations in  the southern portions of the aspen parkland of Alberta and Saskatchewan have been 

reduced in numbers due to severe droughts (Michaelian et al. 2011). Acer saccharum’s populations may 

also be reduced in its southern range, however its northward expansion may also be limited by other bio-

physical factors such as soil types and moisture regimes (Colombo et al. 1998).  
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1.2.3.3. Soil type 

Throughout its distribution, A. saccharum grows well in soils differing in mineral quality, texture, 

hydrological types and pH (Godman et al. 1990). The best soil types for A. saccharum  are well drained 

loams, whereas good soils are sands, loamy sands, sandy loams, loams and silt loams  (Godman et al. 

1990). For example, in Québec, the best soils for A. saccharum growth are melanic Brunisols (Camiré 

1995) which have the topmost horizon of at least 10 cm thick and a pH above 5.5. In the White Mountains 

of New Hampshire A. saccharum is dominant on the fine till and enriched soils, i.e. soils with abundant 

organic matter (Leak 1978). Sites where the soils are slightly acidic to neutral, pH 5.5 - 7.3, are better for 

growth (Horsley 2002, OMNR 2004). When A. saccharum grows in  soils that are very acidic, such as in 

the Muskoka area of Ontario, the Beauce region in Québec, and Camel’s Hump in Vermont,  they are 

more susceptible to dieback (Houston 1998).  Limestone-rich soils with pH greater than 7.0 promote 

larger trees. In Québec these sites frequently have trees taller than 30 m (Pagé and Brown 1995).  

 In the Allegheny plateau, Pennsylvania, soils generated from glaciated sites versus un-glaciated 

sites may differ in their ability to provide proper growing conditions for A. saccharum (Horsley et al. 

2000). This difference may be due to the glaciated sites mostly being inceptisols, a soil type which has 

higher base cations than the ultisols found on the un-glaciated sites (Horsley et al. 2000). Ultisols, with 

lower base cations are more prone to acidification than inceptisols (USDA 1999). Base cations such as 

calcium (Ca2+), magnesium (Mg2+) and potassium (K+) are essential in determining critical loads for 

acidity.  Base cations present in, or added to, the soil counteract the acidification of the soil from pollution 

(Lövblad et al. 2004). However, a separate study (Drohan et al. 2002), in Pennsylvania suggested that the 

difference in base cations between glaciated and unglaciated sites was not significantly different.  Un-

glaciated sites had slightly more declining A. saccharum stands as than glaciated sites, but this was 

probably due to the wide geographic range of this study  (Drohan et al. 2002) relative to Horsley et al.’s 

(2000) study.  

In respect to competitive interactions with A. platanoides, soil pH could be used as a management 

tool. Acer saccharum tolerates more alkaline soils, up to pH 7.3 (Godman et al. 1990) but the invasive A. 

platanoides, is limited to soils with a maximum pH of 6.5 (Nowak and Rowntree 1990). Liming the soils 

in areas susceptible to invasion could minimize colonization by A. platanoides. This approach has not 

been tested, but, if it were successful, each site would have to be assessed prior to treatment to determine 

the liming rate to be used and to ensure that minimal adverse effects to other elements of the community. 

1.2.3. Ecology 

Acer saccharum is either a dominant or co-dominant tree present with Tilia americana L.  

(basswood), Fagus grandifolia (Ehrh.) Little (American beech),  Betula alleghaniensis Britt. (yellow 



  

  

11 

 

birch), Prunus serotina Ehrh. (black cherry), Picea rubens Sarg. (red spruce) and  Populus grandidentata 

/ tremuloides Michx. (large tooth and trembling aspens). It is also a common associate with Prunus 

pensylvanica L.f. (pin cherry), Picea glauca (Moench) Voss (white spruce), Betula papyrifera Marsh. 

(paper birch), Abies balsamea (L.) Mill (balsam fir),  Pinus strobus L. (eastern white pine), Tsuga 

canadensis (L.) Carr.  (eastern hemlock), Quercus rubra L. (red oak), Quercus alba L. (white oak), Acer 

rubrum L. (red maple), Betula populifolia Marsh. (grey birch), Liriodendron tulipifera L. (yellow poplar), 

Sassafras albidum (Nutt.) Nees. (sassafras) and Diospyros virginiana L. (Persimmon) (Godman et al. 

1990). The society of American Foresters describes Acer saccharum as a major species in seven forest 

types: sugar maple, sugar maple-basswood, sugar maple-beech-yellow birch, beech-sugar maple, black 

cherry-maple, red spruce-sugar maple-beech and aspen (Godman et al. 1990). Due to its prevalence and 

its ability to self-regenerate in various forest ecotypes, A. saccharum can be described as a climax species. 

However, this does not preclude that a disturbance, for example, fire or the arrival of new species such as 

A. platanoides, could occur, and thus the ecosystem would be changed completely and A. saccharum 

would no longer be the climax species.     

Where the water table is high, A. saccharum  grows on  elevated sections where the roots are less 

impacted by the water (Pagé and Brown 1995). In wetter sites, A. saccharum is associated with Betula. 

alleghaniesis, F. nigra,  A. balsamea, P. rubens or P. glauca, which tend to occupy the un-elevated 

sections as they are more tolerant of prolonged water exposure. On drier sites the associations are with Q. 

rubra, often of fire origin, or with Ostrya virginiana or F. grandifolia (Roy et al. 1995).  

The survival rate of A. saccharum when exposed to other species can be altered, not only by 

shade or competition for resources, but also through allelopathic interactions. For example, F. grandifolia 

and A. saccharum co-dominance may be maintained by F. grandifolia’s allelopathic effects on A. 

saccharum (Hane et al. 2003). Solidago canadensis, Solidago graminifolia and Aster novae-algliae  will 

also be toxic to A. saccharum seeds and seedlings (Fisher et al. 1978), thus limiting its regeneration 

capacity in open fields.  

Another maple tree, A. platanoides, was suspected of having allelopathic interactions with A. 

rubrum, a close relative of A. saccharum (Galbraith-Kent and Handel 2007). However, it was later found 

that the toxic effect of A. platanoides may not be due to allelopathic effects (Pisula and Meiners 2010) .  

Instead, the toxic effect of A. platanoides resulted from it having changed the soil’s pH, percentage of 

organic matter, and soil moisture (Galbraith-Kent and Handel 2012).  

Another reason for A. saccharum to be outcompeted by A. platanoides is A. platanoides’ greater  

ability (13%) to achieve photosynthesis under low light conditions (Paquette et al. 2012). In open 

canopy—gap—conditions, A. platanoides achieved three and five times greater height and aboveground 

biomass than A. saccharum. However,  A. saccharum did have higher root to above ground biomass ratio 
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than A. platanoides (Paquette et al. 2012). Another key factor that allows A. platanoides to outperform A. 

saccharum is initial seed size, i.e. more resources to the embryo, and not its growth rate as it was 

commonly thought (Meiners 2005). Still, A. platanoides outcompetes for resources and creates a dense 

shade under which A. saccharum cannot thrive, so A. platanoides should not be present if A. saccharum is 

to flourish. 

Colonization into old fields by A. saccharum is limited by the seeds’ dispersal ability. Dispersal 

declines exponentially with distance from the forest edge (P > 0.10) with a drop at 25 meters (Hughes and 

Fahey 1988). Acer saccharum seed and seedlings outperform B. alleghaniensis, however, B. 

alleghaniensis seeds can spread further and colonize more distant sites. But, B. alleghaniensis has 

restricted site conditions and this factor may be one cause of A. saccharum’s larger range and more 

variable site conditions (Hughes and Fahey 1988). 

1.2.4. Genetics 

1.2.4.1. Genetic Diversity  
Genetic diversity can be measured in direct or indirect ways. Direct ways include studying 

molecular markers such as proteins or DNA. Indirect ways use visible polymorphisms as described in the 

classic Mendel experiments on pea plants, such as white versus purple flowers and round vs. wrinkled 

seeds. Studying genetic diversity is essential in that it is the diversity that allows a population to evolve or 

adapt to a changing environment. Acer saccharum has long been recognized as a genetically variable tree 

due to its greatly variable polymorphisms.  

Using phenotypic variances, such as leaf desiccation, genetic diversity in A. saccharum is 

associated with geographic distribution (Kriebel 1957). For example, the genetic characteristic associated 

with resistance to leaf desiccation from higher insolation—sun scorch—and its capacity to survive under 

drought conditions is highly variable across its range. Kriebel (1957) observed that leaf injury was 

significantly correlated (p = 0.001) with the average July temperature of the seed source. However, the 

genetic characteristics that relate to winter hardiness were found throughout A. saccharum's range, with 

the exception of trees from the southern range (Kriebel 1957).  Because the observations by Kriebel 

(1957) were done for only two years, it is impossible to assess if this were typical of the species seed 

zones and it is unknown if  the weather during the study period was typical for the area.  The experiment 

also did not account for possible interactions between soil type and the various factors measured, since it 

dealt only with provenance testing on one site.  

In another study, with multiple sites across A. saccharum’s range, using randomly amplified 

polymorphic DNA (RAPD) markers, the greatest variation in genetic diversity (29%) was found within 

genetic families—full and half sib progeny—and  gene flow occurred easily between families, stands and 
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regions (Gunter et al. 2000). It was also found that the highest amount of polymorphic loci—representing 

genetic diversity—was in the southern portion of the species range. Therefore, it can be postulated that 

the increased diversity in the south may be due to site restrictions and founder effects from the last ice 

age. Acer saccharum’s genetic diversity was also altered by the Appalachian Range with lowered genetic 

diversity on the east side as opposed to the west (Young et al. 1993).  

 

1.2.4.2. Gene Flow & Inbreeding 

Gene flow—the mechanism resulting in the movement of genes from one individual, group or 

population to another—acts as a homogenizing force and affects all nuclear loci in the same way.  

However, individual genetic loci and phenotypic characters can be governed by different selective 

regimes and mutational processes. Therefore, some loci may show little geographic differentiation while 

others show extreme differentiation (Slatkin 1985).  

Gene flow restriction is not a strong influence on the genetic diversity of A. saccharum.  Isozyme 

studies show that at the local level, restriction of gene flow is a weak force (Perry and Knowles 1989, 

Young et al. 1993). In addition, another gene flow study of fragmented woodlots in Preble County, Ohio, 

showed that A. saccharum pollen could travel a distance of 100 meters (Ballal et al. 1994) and, therefore, 

forest fragmentation due to small farm fields did not limit gene flow.  However, population bottlenecks 

due to excessive logging were a greater source of changes in genetic diversity between populations. 

Severely logged forests had polymorphic loci values of 0.373 versus the natural stands at 0.630, a 

significant difference (p = 0.021) (Baucom et al. 2005).    

 

1.2.4.3. Incompatibility   

 Neither gametophytic  nor sporophytic — incompatibility systems were found in  A. saccharum 

(Gabriel 1967). The gametophytic incompatibility system is controlled by S-alleles, which leads to the 

rejection of the haploid pollen grain if it is of the same genotype. Whereas, in the sporophytic system, 

pollen is rejected because of the diploid genotype from the sporophyte from which it came.   However, it 

was found that in controlled pollination experiments in two different locations on 52 different hand-

pollinated flowers, there was a significant difference in seed set (p = 0.05 and 0.01) from various crosses 

(Gabriel 1967). The results from the reciprocal crosses indicate that a partial cross-incompatibility may 

exist.  It was also observed that low seed sets from selfing were caused by abortions generated two to 

three weeks after the fertilization of ovules.  Although Gabriel’s experiment is detailed, it was done using 

only seven trees and it is not clear whether or not he obtained the same results every year. It is also 

unclear if any seeds germinated and survived for at least one year.  
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1.2.5. Reproduction 

1.2.5.1. Flower Bud Initiation 
No reports of long term studies on factors that influence A. saccharum flower bud initiation were 

found for this review. But in a seven year study that occurred north of Québec City,  warm, dry spring 

conditions and high temperatures with low precipitations in the summer—drought conditions—are 

associated with the onset of reproductive bud initiation (Houle 1999). These results are similar to other 

tree species such as Fagus (Hilton and Packham 1997).  The reproductive bud is initiated in the mid to 

late summer and development occurs until winter (Peck 1991) after which the bud breaks and  

inflorescences emerge in April or May. These results could provide the information necessary to improve 

or predict seed orchard production by such means as temperature control through evaporative cooling or 

soil moisture removal through drainage. 

 

1.2.5.2. Flower Types 

Acer saccharum flowers grow together in inflorescences called umbels (Figure 1.4a). Two 

different flower types are observed on  A. saccharum (Figure 1.4b). In both forms, the corolla is none 

existent (Wright 1953). Pistillate flowers have two pistils and the staminate flowers have 6 stamens 

(personal observations).  

 

1.2.5.3. Flowering and leaf emergence  

 The literature reports inconsistent information regarding flowering time of A. saccharum.  

Reports from the northeastern States indicate that A. saccharum flowers open one to two weeks before the 

leaf buds (Godman et al. 1990, Garrett and Graber 1995). But, in Québec, flowers appear at the same time 

as the leaves (Ministères de l'Énergie et des Ressources 1980). None of the above reports were specific 

studies on the phenology of the flower emergence and thus are anecdotal. The difference between the 

northeastern States and Québec results may be due to the observations being made in different years 

where the springs are warmer or cooler. It is possible that leaf bud emergence may be sped up in warmer 

springs and delayed in cooler springs, thus affecting whether or not leaf emergence coincides with flower 

emergence. Leaf emergence in most temperate deciduous species is affected by the total cumulative 

amount of heat experienced—heat degree days—or in rare instances, the amount of daily exposure to 

light—photoperiodic control—such as in Fagus spp. (Lechowicz 1984). As temperature affects the 

duration and timing of pistillate and staminate flowers in A. saccharum (Gabriel 1968), it can be 

speculated that temperature would also affect leaf emergence in A. saccharum. 
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Figure 1.4.     (A) The umbel of A. saccharum. (B) Staminate and pistillate flowers of A. saccharum. 

 

Differences in  A. saccharum flowering period duration between Québec and northeastern States 

studies may be due to the difference between the northern continental climate and the more southern 

temperate climate. This was observed in Corylus (hazelnuts spp.), where in Oregon the cultivars flower 

over a long period from January to March, whereas in Ontario, flowering only lasts for approximately 2 

weeks (A. Dale, pers. commun.)2. More in depth studies may be able to assess if temperature is a factor in 

flower and leaf emergence of A. saccharum or if the differences are due simply to latitudinal changes and 

thus—photoperiodic control.     

 

1.2.5.4. Pollination 

Pollination is the transfer of pollen in plants within the individual plant—self-pollination—or 

from plant to plant—cross-pollination.  Pollination is divided into two broad types based on how the 

pollen is moved: abiotic—moved by wind, water, gravity—or biotic—insects, mammals, birds, and other 

animals (Faegri and van der Pijl 1980).  Although the pollen may be successfully transferred to the pistil 

of the flower, seed set may not always be successful as pollen germination might not occur or other 

incompatibility issues might arise (Richards 1997). Acer saccharum has been reported to be insect 

                                                      
2 Adam Dale, 2014, University of Guelph 
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pollinated—entomophilous in at least four publications: Kriebel and Gabriel (1969), Godman et al. 

(1990), Ansseau and Bernier (1995) and OMNR (1998), however, none of the authors mentioned what 

types of insects might be involved. These  reports were either unsubstantiated statements or referenced to 

Wright’s (1953) report on flowering and fruiting of northeastern trees. Wright (1953), simply assumed 

that A. saccharum was insect pollinated referencing Grant’s (1949) report. However, Grant’s (1949) work 

did not specify the insect pollinators at the species level; he only reported the genus level, Acer, to be 

entomophilous. This prompts the question of whether or not these reports are valid as none of them were 

experiments or observational studies establishing  A. saccharum as insect pollinated. Ballal et al. (2004) 

found that pollen was found to travel at least 100 m in a study looking at gene flow from isolated 

woodlots.  As the woodlots were separated by farm fields, this may indicate that wind carried the pollen 

from one woodlot to the other. 

 

1.2.5.5. Agamocarpy and agamospermy 

A major effect on seed and fruit production is agamocarpy and agamospermy. Agamocarpy is the 

asexual production of fruits without seed, as occurs for example in some varieties of tomato, pineapple 

and cucumber, while  agamospermy is the asexual production of seeds (Proctor et al. 1996). Fruit 

produced through agamocarpy can be extensive—between 36 and 94.4 percent—in  A. saccharum 

(Gabriel 1967). Agamospermy in A. saccharum was estimated to be at 1% (n=3) and because none of the 

seeds produced germinated (Gabriel 1967) it is not considered to be a true method of reproduction in this 

species. However, if the high rate of agamocarpy remains the same across the range of A. saccharum, this 

factor could be an important issue for seed production and reproduction in seed orchards or seed 

collection for A. saccharum propagation.  In Ontario, agamocarpy may explain the reported problem of 

low seed production—typically only one seed is found per paired samara (John DeWitt, and Al Foley,  

pers. commun.)3. If a decrease in agamocarpy and an increase in seed set could be achieved, seed 

collectors’ and tree nurseries’ profitability would benefit greatly.  

 

1.2.5.6. Seed Production 

 Seed production quantities in A. saccharum are positively correlated with tree diameter (p = 

0.05), but not with age of tree (Garrett and Graber 1995). Because certain trees become dominant and 

others co-dominant in the canopy, the position of a tree affects its ability to receive sunlight, and therefore 

has an impact on its productivity level, which thus affects its ability to increase in diameter. Trees that are 

                                                      
3 John DeWitt, 2004, Forest Care; Al Foley, 2004, Ontario Seed Plant in Angus, Ontario 
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even somewhat suppressed by other more dominant trees may not be able to allocate as much energy to 

reproduction and therefore produce less seed as compared to the dominant ones.   

According to Wright (1953), seed crop potential for A. saccharum can be estimated by the 

amount of flower production. He based his report on visual observations of five trees over four years: but 

did not tag individual inflorescences or flowers. Houle (1999) used traps and found no correlation 

between potential seed crop as he defined by, collected, presumably aborted carpels,  and viable seed 

collected. The difference between the two results could be due to the relative incidence of agamocarpy, 

which can be high (Stephenson 1981, Garrett and Graber 1995). Houle counted viable seed, whereas 

Wright (1953) and Grisez (1975) counted “seeds” which may have included seed-filled and unfilled 

samaras. Future studies should look directly at the number of flowers present and then properly evaluate 

the number of viable seeds. 

A late frost can also alter the estimated amount of seeds in A. saccharum, especially if a late frost 

occurs during the flowering season, thus killing the flowers which would of have developed into seeds. 

This is more likely to happen in the more northern range of the species. For example, in 2012 the Ontario 

apple crop was decimated due to a late frost. In 2011, in Mono, Ontario, a good flowering year was 

interrupted due to a frost which killed all observable flowers in the male phase along a tree line.    

Volume of seed production varies as much as a 25-fold increase from year to year for A. 

saccharum (Houle 1999). In a trapping experiment in plots with trees varying in age from 20 - 140 years 

old,  seed amounts varied from 0 in 1973 and 1975, to ~1900 seeds caught in 20 traps in 1974 (Garrett 

and Graber 1995). Interpretation about seed crop periodicity varies according to authors. OMNR (1998) 

reported  that “good” seed years occur every two to five years while Nyland (1998) reported every 7-8 

years in Ontario. Once in six years was reported in a Pennsylvania study (Grisez 1975) and three to seven 

years in Ontario (OMNR 2004).  The longest reported study, observed over 32 years in north central 

Wisconsin, related that “good” or “better” seed years were present 44% of the time (Godman et al. 1990). 

However, except for Grisez’s report, none of the studies define “good”, possibly because they are based 

on visual observations and anecdotal reports, especially for the Ontario references.  As well, only Houle’s 

(1999) study differentiated between viable and unviable seeds. The timing of whether or not “good” seed 

years are concurrent across A. saccharum’s range is probably accurate, as Garrett and Graber’s (1995) 

report of “good” years in Bartlett, New Hampshire, concurred with Godman and Mattson’s (1976) data in 

Wisconsin. My observations agreed with Garrett and Graber’s statement, as I found that flowering levels 

were the same between Mono, Ontario, southern Ontario and the Gaspésie area of Québec throughout the 

years.  

Large fluctuations in seed production from year to year may be explained by various factors. 

Proximate causes are climate, i.e. dry summers cause the onset of flower bud initiation and thus greater 
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seed production the following year (Koenig and Ashley 2003, Iwasa and Satake 2004). However, from an 

evolutionary point, two viable hypotheses exist. First, mass flowering and hence mass seeding increases 

successful out-crossing rates in pollination (Kelly and Sork 2002). Another explanation for seed crop 

periodicity is the predator satiation hypothesis—an anti-predator adaptation where seeds occur at high 

densities to minimize predation, or also known as “safety in numbers” (Kelly and Sork 2002).   Whatever 

the reason for A. saccharum`s seed periodicity, if we were able to better predict seed crop volumes, seed 

collectors and tree nurseries could improve management of their inventory and avoid years with only a 

limited amount of seedlings available for sale (personal observations). 

 

1.2.5.7. Seed Dispersal  

 Acer saccharum seeds are dispersed by wind (Godman et al. 1990, OMNR 1998).  In an 

abandoned farm field of southeastern Wisconsin, A. saccharum seeds were dispersed to a maximum of 80 

to 100 m depending on the wind direction (Johnson 1988). However, at 31 m from the source tree, there 

was a sharp decline in the number of seeds/seedlings recorded. Johnson’s numbers are more conservative 

compared to the 170 m from Burton’s (1989) research that is reported by Greene and Johnson (1996). The 

latter developed a model for predicting seed dispersal,  the model’s result for A. saccharum was close to 

Burton’s result, except that at further distances seed density was underestimated. The difference between 

100 m in Johnson's (1988) versus Burton’s 170 m (1989) may be due to Johnson’s working from a single 

tree in the centre of a field whereas Burton’s work was based on a forest edge. The wind dynamic is 

different in each case.  Although A. saccharum seeds are able to disperse up to 170 m from a single 

source tree in open conditions (Burton 1989), successful colonization seems to be limited to 15 meters 

from the edge of the forest (Johnson 1988).  This study was confirmed by  a New Hampshire study 

(Hughes and Fahey 1988). Both Johnson’s (1988) study and Hugh and Fahey’s (1988) study looked at 

regeneration, rather than stopping with seeds caught in a trap. These findings demonstrate that, in A. 

saccharum regeneration, additional factors, such as the absence or presence of mycorrhiza or competitive 

plants, may be involved along with seed dispersal abilities in the successful regeneration of disturbed sites 

such as open or abandoned farm fields.  

Another factor influencing seed dispersal is animal agents (Wunderle 1997). Acer saccharum  

seed is a known food source for many animals such as the white-footed mouse, Peromyscus leucopus 

Rafinesque (Meiners 2005) and other small mammals such as squirrels. Predation of A. saccharum seed 

was 1.63 times that of the exotic A. platanoides (P < 0.0001) (Meiners 2005). Although, the report did not 

measure the distance the mice carried the seeds, it can be inferred that the seeds were carried some 

distance away to a cache for winter storage. If not all caches are consumed during the winter, or 

individual seeds are dropped and effectively lost to the predator, the seeds may germinate the following 
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spring. In a study on Pinus cembra L. (Arolla pine) in Bormio, Italy, the number of caches found varied 

according to distance from the nearest trees (p = 0.012) (Zong et al. 2010), but no distances were 

provided. Future studies with A. saccharum could be conducted to see if the results concur with Zong et 

al.’s findings.   

1.2.5.8. Seed Germination 

Natural A. saccharum seed germination occurs in early spring. To optimize results when 

germinating seeds, viable and unviable seeds should be separated by soaking seeds in pentane as 20 to 

74% may be empty seeds (Carl and Yawney 1969).  A period of cold stratification at  5°C lasting  

between 40 and 60 days is then needed to break dormancy (Webb and Dumbroff 1969).  The resulting 

germination rate is between 95 and 100% (Carl and Yawney 1969).  

Acer saccharum seeds have the lowest temperature requirement for germination of any known 

tree species (Godman and Mattson 1981). Optimum germination is at 1°C, and does not occur above 

10°C (Godman and Mattson 1981). Many seeds start germinating underneath snow banks, making short 

springs or sudden onset of warmer temperatures a barrier to  germination rates of  seeds, as observed in 

the spring of 1978 when a rapid warming occurred and only seeds which were protected in snow banks 

along the road germinated (Godman and Mattson 1980).  With climate change and ensuing warmer 

springs (Duchesne et al. 2009), the 1978 observations serve as a warning that there may be some long-

term temperature implications for seedling recruitment in natural stands.  

 

1.2.6. Life Span 

The life span of A. saccharum varies greatly depending on the challenges it faces due to its site 

location and the surrounding environmental stresses.  Ontario’s oldest known  A. saccharum is the  

“Comfort Maple" (Figure 1.5) located in a conservation areas in North Pelham, Ontario and estimated to 

be over 530 years old (Henry and Quinby 2010).  However, most roadside A. saccharum trees in Ontario 

are in poor condition, many with dead or missing limbs or branches, and die at about age 80 or 90 

(McIlveen 2007), well before the historic average of 300-400 years (Anderson et al. 1998).   

 

1.2.7. Challenges and threats to mature A. saccharum 

1.2.7.1. Insects and Fungi  
Various types of insects, fungi and other damaging agents, including attacks from pear thrips 

(Taeniothrips inconsequens), Armillaria (Armillaria mellea) root disease, nectria (Nectria cinnabarina), 

and target canker (Nectria galligena) (Table 1.2), affect the health of A. saccharum negatively, resulting 

in lower timber volume harvests for the logging industry (OMNR 1998).  For example, on the Canadian 
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shield in Ontario, losses are about 30.4% of gross marketable timber volume, and south of the Canadian 

Shield, the loss is much lower at 5% (Morawski et al. 1958, Basham and Morawski 1964).  The 

differences in volume lost can be  attributed to the rapid growth rates in the southern part of the province 

and lower incidence of staining in the trees (Basham 1973, 1991). Staining is any variation from the 

natural colour of wood which is not associated with a loss of strength and is a result of fungi attacks, 

weathering or contact with metals.  Although not noted in any of the reports above, the difference in 

losses could also be explained, in part, by the differences in  soil pH from region to region as A. 

saccharum grown in acidic soils (i.e. lower pH) tend to be  susceptible to dieback (Horsley and Long 

1999). 

In a five year period from 1982 to 1987  the average annual A. saccharum timber loss  to decay 

across southern Ontario was 919 000 m3, nearly as much as 994 000 m3 lost to forest tent caterpillar 

(Gross 1985).  This decay may be caused by  insects and pathogens such as fungi, as the trees become 

vulnerable to pathogens when stressed by pollution and/or abnormal climate conditions such as late or 

early frosts (Burns and Manion 1984).  

 

 
Figure 1.5. The Comfort Maple in North Pelham, Ontario. This tree is estimated to be 530 years old with 
a canopy height of 24 meters and a trunk diameter of 191 cm (NPCA 2014). Picture was taken on May 6, 
2011 during peak flowering time.   
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Table 1.2. List of damaging biotic (insects and fungus) agents to A. saccharum taken from Pirone et al. 
(1988), Houston (1998), OMNR (1998) and Horsley et al. (2002). 

General 
type 

Scientific name of damaging agent Common Name of damaging agent 

Fungal Ionotus glomeratus (Peck) Murrill White rot 

 Armillaria mellea (Vahl ex Fr. ) Kummer Honey mushroom, 
Shoestring root rot 

 Pholiota spectabilis (Fr.) Kummer  

 Eutypella parasitica Dav.& Lor Eutypella canker 

 Nectria galiigena Bresad. Nectria canker  or target canker 

 Ceratocystis coerulescens (Munch) B.K. 
Bakshi 

Sapstreak 

Insect  Malacosoma disstria Hubner Forest tent caterpillar 

 Lymantria dispar L. Gypsy moth 

 Glycobius speciousus Say Sugar maple borer 

 Taeniothrip inconsequens Stevens Pear thrip 

 

1.2.7.2. Pollution 

All living things are susceptible to some form of pollution and trees are not exempt, although 

some, such as  A. platanoides have been found to be more resistant than to pollution others (Botkin 1972, 

Dochinger 1972). One of the major reasons for A. saccharum’s decline in health and numbers is pollution 

from road salt, carbon monoxide and other airborne pollutants produced in vehicle exhaust (Holmes and 

Baker 1966, Horsley and Long 1999, Horsley et al. 2002).  Vehicle exhaust does not stay within the 

confines of roadsides but spreads to the surrounding areas, including woodlots where it affects the trees 

within. Thus, the problems exhibited by roadside A. saccharum are a reflection of what is going on in our 

natural forests. Pollution problems occur all the way up the environmental scale to affect complete 

ecosystems (Drohan and Sharpe 1997).  

In a series of forest surveys done from 1965 to 1986, significant declines in the density of various 

tree species were recorded, including A. saccharum, which declined 11% (p≤0.01) over three years and 

37% (p≤0.001) over 21 years (Vogelmann et al. 1988).   Decreases in basal area and biomass were also 

observed (Table 1.3) but are considered non-significant (Vogelmann et al. 1988).  The consistent 

downward trends in growth and reproduction cannot be ignored because the downward trend may be an 

indication of a more widespread forest productivity loss in the northeastern states (Vogelmann et al. 
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1985). Vogelmann et al. (1985) postulated that the decline could be attributed to the increase in pollution 

in that area.  

 

Table 1.3. Percentage losses in abundance of A. saccharum on Camel’s Hump, Vermont associated with 
an increase in air pollution over a three and twenty-one year period. Adapted from Vogelmann et al. 
(1988). 

Survey type 
Net change 
(%) 1983-
1986 

Significance 
(P value) 

Net change (%) 
1965-1986 

Significance 
(P value) 

Density (live trees/ha) -11% ‹.01 -37% ‹.001 

Basal area (live trees m2/ha) -3% .51 -28% .08 

Biomass (live kg/ha) -3% .61 -27% .12 
 

In the 1980’s there was an alarming rate of A. saccharum dieback thought to be caused by acidic 

precipitation—rain, snow and dust (Millers et al. 1991, Horsley et al. 2002, Horsley et al. 2008).  A 

comprehensive description of the various pollution factors affecting the overall decline of maples over the 

past 50 years can be found in Horsley et al. (2002).  He reports that, most stressors can be tolerated 

individually but they become lethal in combination. Abiotic stressor(s) weaken the tree, making it 

vulnerable to biotic stressors. 

Because of the natural fluidity of earth’s atmosphere, air-borne pollutants can affect both the  

environments where they originate and those further away, depending upon the intensity of the pollutants 

and the prevailing winds (Gasic et al. 2010). One of the well-publicized issues is “acid rain”.  The result 

of the combination of water molecules mixing with nitrogen oxide (NOx) and sulfur dioxide (S02) 

emissions, produce acids which cycle into the atmosphere and return to the environment as acid rain. The 

effects of the atmospheric pollutants in acid rain on A. saccharum include crown dieback, premature leaf 

coloration, leaf scorch and in some cases death of the tree (McLaughlin et al. 1985, Vogelmann et al. 

1985, Jensen and Dochinger 1989, Horsley et al. 2002). Acer saccharum is also not typically resistant to 

ozone (O3) (Jensen and Dochinger 1989, Sager et al. 2005), an air pollutant found in the lower 

atmosphere that burns sensitive plants.  Although ozone has been associated with by-products from 

industrial operations and vehicle exhausts, it is not a direct emission.  Sunlight reacts with air containing 

nitrogen oxides and hydrocarbons at their source to form the ozone which can be carried many kilometers 

downwind to spread its damage. 

Vogelmann (1985) showed that many tree species, including A. saccharum, were declining and 

suggested it may be because of increased pollution, especially in the type of air contamination found on 

Camels Hump, Vermont. As various air pollutants were deposited onto the land surface, the chemistry of 
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the ground water and soil was altered.  His research found that melting snow had a pH near 3.0, and soil 

water with pH 3.3 when collected in spring was found to contain aluminum (Al), cadmium (Cd), lead 

(Pb) and zinc (Zn).  Both field and laboratory tests reflected the same result: the additional stress of 

anthropogenic pollutants, added to the natural effects from climate, nutrition and pests, altered the ability 

of the trees to withstand stress (Vogelmann et al. 1985).  

Loss of A. saccharum density in natural stands is not limited to Vermont.  It has also been 

reported on the Allegheny Plateau, Pennsylvania, where mortality was 3.5% per annum (Horsley et al. 

2000). The Muskoka area of Ontario showed light to moderate decline symptoms (20%) and severe maple 

decline (22%), however, no mortality rates were given (McLaughlin et al. 1985).  Similarly, the Québec 

Appalachians had an average forest decline of 15%, with numbers ranging from 1 to 69% (Côté 1998), 

but, again, no mortality rates were given. 

  Studies have found A. saccharum decline to be chemically related to nutritional factors.  Soil 

acidification changes availability of nutrients, thus weakening the trees and making them susceptible to 

other stressors. Acidic precipitation affects the health of A. saccharum indirectly by causing base cation 

loss calcium (Ca), magnesium (Mg) and potassium (K ) in soils that are easily acidified (Horsley et al. 

1998, Horsley et al. 2002). Acidic precipitation will enter the soil and change its chemistry. Soil 

acidification occurs in two different ways. First is the reduction of soil pH by the buildup of hydrogen 

anions. The hydrogen anions mobilize aluminum (Al) and other toxins in the soil.  Second is through 

leaching of base cations such as Ca, Mg, and K.  The Ca and Mg in the soil becomes less available and 

the level of manganese (Mn) increases in the leaf tissue, a toxic ion in larger quantities for A. saccharum 

(Long et al. 1997, Horsley et al. 1998). 

Sodium chloride (NaCl), primarily used for road salt, negatively affects the health of  roadside 

trees, especially A. saccharum (Westing 1969, Shortle and Rich 1970). Salt leaches the soils of Ca 

(Horsley et al. 1998). Salt-damaged tree symptoms are similar to those caused by atmospheric pollutants, 

such as crown dieback, premature leaf coloration, leaf scorch and in some cases, death of the tree 

(Lacasse and Rich 1964, Horsley et al. 2002). Holmes and Baker (1966) have found that if leaves from 

declining A. saccharum contain 1% or more of chloride (Cl-) by dry weight, then decline is attributed to 

salt (NaCl), but if the concentration of chloride is lower, then the decline is most likely due to other 

factors such as drought, soil fill or cut roots. Although pollution control programs are in place, the overall 

pollution levels will continue to jeopardize the long-term health of  A. saccharum.  
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1.2.7.3. Destructive physical events 

The growth rate, population density, health or life span of trees in general, and A. saccharum in 

particular, can be extensively affected by destructive events or external influences, either natural or man-

made, such as fire or ice storms. 

   Acer saccharum is more susceptible to fire than other trees such as some oaks (Quercus spp.) 

(Cronon 2003), and faces the threat of naturally occurring fires in northeastern forests of the United States 

and southern Québec.  Fire occurs on relatively long time scales, i.e.100 to 1000 years in A. saccharum’s 

range (Figure 1.1) (Canham and Loucks 1984).  In the pre-industrial era, fires were often used by 

Aboriginals, on a local scale, to increase hunting success, especially for deer (Russell 1983).  These fires 

killed the undergrowth and younger trees and created open woodlands, but the mature trees with thicker 

barks withstood the heat, altering the age-class distribution (Russell 1983) thus creating a patchwork of 

varying-age forest stands (Cronon 2003), with A. saccharum as a minor component.  Once fire became 

used less often in the northeastern deciduous forest, a shift in composition from fire-dependent xerophytic 

species (Quercus spp., Pinus spp., and Castanea dentate (Marsh.) Borkh) to fire-sensitive mesophytic 

species (Acer spp., Prunus spp., and Tsuga Canadensis (L.) Carrière) occurred and changed the 

conditions for the average stand  (Nowacki and Abrams 2008). 

Ice storms, with a return rate of 20 to 100 years in the northeastern forest in the United States 

(Lemon 1961) and in southern Québec (Proulx and Greene 2001), are a major disturbance factor in A. 

saccharum  population health and stability. In 1998, a catastrophic ice-storm, hereafter referred to as the 

“storm of 98”,  covered approximately 7 million hectares of A. saccharum’s range in eastern North 

America and many trees were damaged (Horsley et al. 2002).  This allowed researchers to study 

regeneration of A. saccharum and susceptibility to ice damage, and found A. saccharum to be more 

resilient than other species such as ash (Fraxinus spp.) and ironwood (Ostrya virginiana)  (Pisaric et al. 

2008). 

In an A. saccharum dominated old growth forest on Mont St-Hilaire, Québec, the severity of the 

“storm of 98” caused 10 to 20 times more woody debris to accumulate than the average storm (Hooper et 

al. 2001).  The woody debris, totaling 19.9 metric tons per hectare and representing 7-10% of the above 

ground biomass in the forest (Hooper et al. 2001), was the greatest amount recorded from any storm, 

including hurricanes Gilbert and Hugo in Yucatan, Mexico and Puerto Rico (Hooper et al. 2001). The 

long-term effect of this large increase in woody debris has not been studied yet, but the short term impact 

in the following growth season comprised of a decrease in growth and increase in the potential for insect 

and fungal agents to attack the trees. In an A. saccharum dominated stand 84% of tree damage was due to 

glazing—ice accumulation on branches (Proulx and Greene 2001), and trees that lost 50% of their 

http://en.wikipedia.org/wiki/Carolus_Linnaeus
http://en.wikipedia.org/wiki/%C3%89lie-Abel_Carri%C3%A8re
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branches declined in health immediately (Irland 1998, Coons 1999, Irland 2000). Commercial maple 

syrup production stopped in parts of southern Québec and many of the woodlots were not put back into 

production (personal observations).   

Historical records indicate that after an ice storm, A. saccharum decline in growth rate was still 

apparent after six years, and other studies of storm effects on tree growth have shown declines as much as 

13 to 14 years after the storm (Lafon and Speer 2002).  Reallocation of the energy into bud development 

and leaf production lowers the energy available for diameter growth, defensive compound synthesis and 

root development and this in turn increases the opportunities for fungal and insect diseases (Smith 2000).  

  

1.2.7.4. Climate change 

Climate change in Ontario is expected to result in a warmer and drier climate, which in turn  is 

expected to cause A. saccharum to expand to the northwestern boundary of Ontario (Colombo et al. 

1998).  However, because of increased dryness in both climate and soil,  A. saccharum would be 

restricted to what are currently moister and damper soil sites (Colombo et al. 1998). Thus, A. saccharum 

populations would be confined to isolated pockets as opposed to larger expanses. This may ultimately 

limit gene flow and thus alter genetic diversity (Perry and Knowles 1989).  

Climate change affects all organisms, and will allow invasive species, such as Alliara petiolata 

(M.Bieb.) Cavara & Grande) (garlic mustard), to expand northward into previously colder areas.  These 

exotic species can alter the soil conditions and reduce the growth rate of trees such as A. saccharum 

(Stinson et al. 2006, Callaway et al. 2008). Another invasive alien species is A. platanoides, whose range 

is limited northward by the cold, plant hardiness zone 4b (Nowak and Rowntree 1990) as compared to A. 

saccharum’s limit at plant hardiness zone 2. Therefore A. saccharum’s most northern range is currently 

unaffected by A. platanoides because of the cold limitation. However, with climate change and its ensuing 

warmer weather A. platanoides will be able to invade A. saccharum’s most northern range (Nowak and 

Rowntree 1990).  This effect was already observed for A. platanoides in the Swedish Scandes, (Kullman 

2002).   

 

1.2.7.5. Competition from other species 

Of all the native hardwoods in North America, A. saccharum is probably one of the slowest in 

diameter growth rate at 2.5 cm per decade (Anderson et al. 1998). Acer saccharum grows at 10 cm per 

decade until age fifty which is the same rate as American beech (Fagus grandifolia Ehrh.), but slower 

than black cherry (Prunus serotina Ehrh.), ash (Fraxinus spp.) which grow at 15 cm per decade from age 

20 to 50, and red oak (Quercus rubra L.) at 10 cm per decade (Anderson et al. 1998).  
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The slow growth rate of A. saccharum may be a reason for the maintenance of species diversity in 

natural stands. However A. saccharum does become dominant in species composition over time due to its 

tolerance to shade.  F. grandifolia, a close competitor, sometimes takes the upper hand after a major 

disturbance despite A. saccharum’s equal or faster growth rate in diameter and height. This is because F. 

grandifolia easily sprouts from the already established roots and can focus available energy to develop 

aboveground vegetative structures, as opposed to A. saccharum having to start from seed  (Beaudet et al. 

2007).  

1.2.7.6. Competition from Acer platanoides 

Healthy, established woodlots of A. saccharum are being outcompeted by A. platanoides  in the 

United States  (Martin and Marks 2006).  Acer platanoides grows faster than native Acer and actually 

slows down sapling growth in the native A. saccharum from 149 cm in height in plots with no A. 

platanoides to 110 cm in plots shared with A. platanoides.  Native saplings were 22% taller and had 40% 

greater plant volume when not sharing plots with A. platanoides (Galbraith-Kent and Handel 2008, 

Martin et al. 2010).  Acer platanoides has become the main invasive competitive species adversely 

affecting the A. saccharum in several ways.  With higher leaf production, greater root allocation, lower 

winter mortality and earlier spring emergence than A. saccharum (Morrison and Mauck 2007), A. 

platanoides out-grow and out-compete A. saccharum by creating dense shade thereby reducing the 

growth of already established A. saccharum.  Acer platanoides allelopathic effects have also been shown 

to restrict the growth of red maple (Acer rubrum), a close relative of the A. saccharum (Galbraith-Kent 

and Handel 2007).  The study did not isolate the chemical(s) causing the allelopathic effect.   

In addition to the increase in roads and trails being developed through natural areas, the problem 

of A. platanoides is worsened through residential development (Wangen and Webster 2006), as in some 

municipalities, up to  80% of the chosen trees planted are A. platanoides (Nowak and Rowntree 1990). As 

well, as more and more properties are developed next to natural habitats, including A. saccharum stands, 

there is a greater chance of introduction of  A. platanoides; owners of the newly developed properties may 

inadvertently plant invasive species, including A. platanoides, which gives it additional footholds next to 

previously undisturbed natural habitats where it can now spread.  Gomez-Aparicio and Canham (2008) 

maintain that A. platanoides invasiveness should be considered as a major threat to the A. saccharum’s 

natural ecosystem.  

 

1.2.7.7. Allelopathic issues from other species 

Acer saccharum is susceptible to allelopathic effects from various other species such as Solidago 

spp. and the Asteraceae  (Fisher et al. 1978). Allelopathy is the biological phenomenon by which an 

organism produces one or more biochemicals—known as allelochemicals—which influence the survival, 
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growth, and reproduction of other organisms.  The effect that allelochemicals have on surrounding 

organisms can be beneficial—positive allelopathy—or detrimental—negative allelopathy.  The negative 

allelopathic effect of field plants upon A. saccharum seedlings can cause the failure of A. saccharum  

plantations (Yawney 1982).  Unfortunately, Yawney does not identify what allelochemicals produced are 

harmful to A. saccharum.  

 

1.2.7.8. Wild and domestic animal impacts    

Acer saccharum is a food source for various animals, such as deer and rabbit (Godman et al. 

1990).  Most parts of the tree are edible including leaves, seeds, twigs and wood (Godman et al. 1990).  It 

is even reported that squirrels tap  A. saccharum in spring to obtain the sweet sap (Heinrich 1992).  Acer 

saccharum seeds are preferred over A. platanoides by small rodents (Meiners 2005). No studies have 

shown whether or not A. saccharum reproduction is limited by seed predation. However, deer browsing is 

prominent on young A. saccharum trees and when deer populations are high, such as in the central 

Adirondacks, the resulting stunting and death of seedlings and saplings may lead to an increase in F. 

grandifolia regeneration as deer prefer to browse on A. saccharum instead of F. grandifolia (Kelty and 

Nyland 1981).  However, smaller deer herds do not significantly affect the regeneration capacity of A. 

saccharum (Didier and Porter 2003).  Grazing cattle and horses can also reduce the normal rate of 

regeneration (Gagnon and Roy 1995). Over time, their large, hard hooves compact the forest soils  

(Ferrero 1991, Gagnon and Roy 1995). As roots of A. saccharum do not fare well in compacted soils, a 

general decline in root health physiology occurs, thus, leading to susceptibility to diseases such as 

Armillaria root rot (Pirone et al. 1988)   

 

1.2.7.9. Human activities affecting A. saccharum   

Humans have altered ecosystems in many different ways.  Indirect changes can be associated 

with pollution and the resulting increase in disease incidence.  More direct ways are habitat 

fragmentation, human planting patterns, logging and grazing.  Forest fragmentation caused by 

colonization has changed southern Ontario’s landscape (Riley 1999).  Since the 1800’s, when the 

European settlers arrived, over 90% of the old growth forests in Ontario have been cleared or been at least 

partially harvested for timber.  Only isolated patches of woodlots were left, and, of those remaining, less 

than 1% are estimated to be old growth (Riley 1999). 

 

 1.2.7.9.1.  Logging  

Logging activity can have varying effects on A. saccharum populations. In an Ontario study 

(Nyland 2005) comparing the timber yields of a diameter-limit system and selection system, selection 
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systems out-performed in long-term yields. Diameter-limit cutting had initial higher removal volume and 

higher economic return (Nyland 2005) but was costly in the long term because of decreased strong, 

healthy trees for future harvest and reproduction (Nyland 2005). Using the selection system, A. 

saccharum  trees in southern Québec have shown diameter growth rate increases of 2.8 mm per year for 

10 years (Forget et al. 2007). Another study in southern Québec also showed that the annual growth rates 

doubled for the first five years compared to control plots (Majcen and Richard 1992). It can therefore be 

expected that the system of logging used affects negatively or positively, depending on the system 

chosen, the health of  A. saccharum. 

Physical damage, due to poor logging practices, to both trees and soil are long-lasting.  Logging 

injuries to trees can result in serious defects 15 to 20 years afterwards—the normal rotation time for 

logging in central Ontario—(Godman et al. 1990, Anderson et al. 1998). As well, the effect of soil 

compaction from logging trails or skid trails can be felt by the surrounding trees 10 years after the 

occurrence has happened (Hartmann et al. 2009).  

 

1.2.7.9.2.  Planting patterns 

After approximately 200 years of intensive land clearing in Ontario, a government program was 

launched in the 1920’s giving farmers incentives to plant trees along the roadside of their farms 

(McIlveen 2007). Many of the current roadside A. saccharum trees originated from that program.   

Ulmas Americana L. (American elm) was also commonly used as a landscape or roadside tree by 

many municipalities in southern Ontario.  When Dutch elm disease spread throughout Ontario in the late 

1960s,  many U. Americana were killed and replaced with A. platanoides (Nowak and Rowntree 1990). 

The tree was chosen for its tolerance to salt and compacted soils, a major consideration when planting 

roadside trees.  However, it has since become recognized for its invasiveness, invading various natural 

habitats such as urbanized ravines and parks. It has also invaded naturally occurring A. saccharum 

woodlots, replacing A. saccharum and other native species (Webb and Kaunzinger 1993).  

Lack of public awareness and knowledge has also contributed to the problem.  When planting 

trees, landowners often mistake A. platanoides for A. saccharum and are unaware of the invasiveness of 

the former (Roussy et al. 2009).    

 

1.2.7.9.3.  Maple syrup production 

 There is no recorded date for when tapping A. saccharum for maple syrup production began.  

Historically, North American aboriginals tapped trees for their sugar source in the late winter and spring.  

Many woodlots in sugar-producing areas such as Québec, Ontario, New Brunswick, New York, and New 

Hampshire have been used for generations, well over 100 years. These regular human activities may 
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reduce the health of the A. saccharum trees. A ten-year regional assessment of tree mortality in maple 

sugar stands in Québec and New York showed a higher mortality rate in tapped sugar bushes versus 

untapped sugar bushes, 1.2% vs 0.5% for Québec and 1.8% vs 0.5% for New York  (Allen et al. 1998). 

This increase in mortality rate could be attributed to poor management activities. 

 One possible further risk lies in the traditional sugar bush management, still in practice today—

the culling of other species from sugar bushes to increase the number of tappable trees, thus altering 

species composition diversity.  Due to A. saccharum’s leaf litter chemistry, there is a tendency for soils to 

acidify more quickly in pure stands of A. saccharum thus increasing the risk of A. saccharum 

deterioration from poor nutrient uptake in the acidified soils (Côté and Ouimet 1996).  

The process of making maple syrup involves the collection of sap by inserting a spile into the 

tree—tapping—thus causing damage to the tree itself. The tree, in order to minimize damage will 

compartmentalize the area, thus making the area no longer available for sap flow (Grenier et al. 2008).  

Tapping techniques and tools have evolved over time, from the simple notching method to the utilization 

of spiles or small spigots, originally made of metal, then aluminum and now food grade plastics.  The 

newer “health” spiles have a narrower diameter than traditional spiles allowing a smaller hole to be drilled 

into the tree thus lessening damage to the tree. When trees are over-tapped or improperly tapped, this 

results in stress to the tree and can lead to dieback (Buzzell 1987) and eventual mortality. Therefore, 

guidelines (Buzzell 1987, Koelling and Heiligmann 1996, Chapeskie 2005) have been established to 

minimize long term health damage to the trees themselves, thus improving sugar bush health. 

Initially, it was presumed that because of the small number of taps per tree and sap collected, no 

health issues for the tree itself occurred if the guidelines were followed (Bertrand 1995).  However, a new 

study on the capacity of Québec trees for tapping has shown that the guidelines were too generous and 

that there should not be more than two taps on a single tree due to the small sizes and slower growth rate 

of the trees  in Québec (Grenier et al. 2008b). Work at the Proctor Maple research station also supports 

the same—no more than two taps per tree and the second tap only on healthy larger trees that are more 

than 45cm diameter at breast height (van den Berg et al. 2013). 

If species diversity is maintained in sugar bushes along with use of more conservative tapping 

guidelines and trees are protected from vehicle damage during operations, maybe the next study results on 

tree mortality in tapped sugar bushes will be the same as untapped sugar bushes. 

1.2.8.  Tree improvement possibilities with  A. saccharum 

Pollution along roadsides has led to mass selection for A. saccharum that are pollution-tolerant 

(McIlveen 2007).  Surviving trees could thus serve as a potential source of “select” trees for further 
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propagation through a tree improvement program.  Such a program could also target other desired tree 

characteristics in A. saccharum, such as increased sugar concentration in the sap.  

Tree improvement programs begin with the identification of desired or “selected” individuals 

followed by cross breeding of those individuals to maintain or increase the desired characteristic(s) in the 

offspring.  “Improved” tree seed is produced in seed orchards that can be established using seeds 

collected from selected parent trees, or by propagating the selected trees vegetatively.   

Starting a seed orchard with clonal material is more costly than to establish an orchard from seed. 

The difference can be attributed to the higher cost of obtaining and propagating vegetatively produced 

tissue from “select” trees.  In addition, protocols for vegetative propagation have not been developed for 

many species.  However, with clonal material, seed production occurs much more rapidly.  At Cornell’s 

Super Sweet Tree Improvement Program (USDA 2011a), A. saccharum clones produced seeds in first and 

second years of production (C. Campbell, pers. commun.)4. In contrast, reproductive maturity and seed 

production in A. saccharum trees grown from seed does not occur until approximately 22 years of age 

(Godman et al. 1990).  

Development of a technique to obtain clonal material from A. saccharum would offer a major 

advantage in the production of pollution-tolerant seedlings for future afforestation.   

1.3.0. Conclusion 

To find ways to improve and to ensure the long-term survivability of A. saccharum, my thesis 

addresses three objectives.  First, is to examine its breeding system and identify pollen vectors. Second, is 

to develop a protocol to vegetatively propagate pollution-tolerant 80+year old specimens by using air-

layering.  And third, to protect its habitat from the biological pollutant, the invasive alien species, A. 

platanoides, through application of Canadian legislation. 

 Some basic knowledge gaps need to be filled before starting the improvement program, such as 

understanding A. saccharum’s reproductive behavior—for instance, mode(s) of pollination.  The literature 

found is limited, particularly the earliest studies which tend to be based on cursory observations or 

unsupported assumptions. Whether A. saccharum is insect or wind pollinated has implications for seed 

orchard design and management (Zobel and Talbert 1984). This study investigates how A. saccharum is 

pollinated and also describes some other aspects of its reproductive behavior.  

In order to speed up the improvement process, a technique will be developed to obtain plant 

material from “select” individuals. Obtaining vegetatively propagated plant material from “select” 

individuals doubles the genetic gain (Mohammed 2002) unlike seeds, whose pollen source—or 50% of 

                                                      
4 Collin Campbell, 2002, Cornell University, Super Sweet Tree Program 
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the total genetic material—is  unknown. This study establishes the protocol for air layering older (80 + 

years) A. saccharum to provide genetically desirable plant material for future tree improvement. 

To ensure the long term survivability of A. saccharum, its habitat must be protected from a 

biological pollutant, the invasive A. platanoides.  As invasive alien species are a human caused issue, 

human activity must be altered to deal with the results.  Therefore, this study investigates current 

legislation to see if any laws can address the issue of A. platanoides most effectively to remove it from A. 

saccharum’s current and potential habitat.  

The findings from studying the three topics—mode of pollination, vegetative reproduction and 

habitat protection through legislation—are offered as a way to ensure the long-term survivability of A. 

saccharum. 

  



  

  

32 

 

CHAPTER TWO: IS SUGAR MAPLE (ACER SACCHARUM) POLLINATED BY INSECTS OR 
WIND?  

2.1.0. INTRODUCTION 

Acer saccharum Marsh. (Aceraceae) (sugar maple) is one of the largest, and the longest-lived, 

maple species in North America.  It is ubiquitous in the southern regions of the eastern provinces of 

Canada and the northeast United States. Valued for both maple syrup and timber production, A. 

saccharum also provides environmental benefits such as food for animals, carbon sequestration, soil 

stabilization, and shade. There is a demand for A. saccharum seedlings to be planted in the countryside, 

especially on roadsides and abandoned agricultural land (Roussy et al. 2008). The sugar maple industry is 

also interested in tree improvement for sweeter sap content (Staats et al. 2013).  

Seed orchards are commonly used to supply replanting efforts and to improve the genetics of 

various trees (Feilberg and Søegaard 1975, Zobel and Talbert 1984, Mohammed 2002). Seed orchards are 

often established from seeds collected from superior trees showing desired qualities.  Further 

improvement of genetic and phenotypic qualities requires controlled pollination to reduce contamination 

from inferior tree sources (Di Giovanni and Kevan 1991). Apart from the bagging of reproductive 

structures and the injection of pollen from superior sources into the bags, controlled pollination can be 

achieved by ensuring isolation of improved trees from unimproved trees with open fields or wind breaks 

(Di-Giovanni and Kevan 1991, Caron and Leblanc 1992) or by inducing asynchronous flowering by 

changing the micro-climate of the orchard by misting (Silen and Keane 1969). In smaller seed orchards, 

application of mass-collected pollen can be used and applied mechanically (Caron and Leblanc 1992) or 

hand pollinated as is done for some fruits in China (Partap and Ya 2012). Intra-specific pollen 

contamination in seed orchards causes a 50 to 82% loss of genetic gain (Plomion et al. 2001). This can 

substantially slow down the improvement program and/or diminish the genetic quality of the seed. 

To create a successful breeding program, the sexual reproductive systems of the target species (A. 

saccharum) must be understood (Gabriel 1967).  To prevent unwanted pollen from reaching the seed 

orchards and to establish adequate isolation distances, the distance pollen can travel, and its vectors, must 

be ascertained (Roussy 1994). Our aim was to determine which pollen vectors are relevant to A. 

saccharum, how far its pollen can travel, and its breeding system, sexual expression, and phenology, 

including whether or not it is dichogamous—the separation of the sexual organs within an individual 

through time to ensure cross-fertilization. 
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2.1.1. Pollen vectors  

 The genus Acer is considered to be entomophilous—insect pollination (Grant 1949). However, 

vectors for only three of the North American  species, A. pennsylvanicum L. (striped maple), A. spicatum 

L. (mountain maple) (Sullivan 1983; Hibbs and Fisher 1979) and A. rubrum L. (red maple) (Primack 

1963), have been studied. Flies and bees (particularly Andrena spp.) were identified as pollinators of A. 

pennsylvanicum and A. spicatum in central and eastern Connecticut (Sullivan 1983). Acer saccharum was 

also reported to be entomophilous (Grant 1949, Wright 1953, Gabriel 1968, Kriebel and Gabriel 1969, 

Godman et al. 1990, OMNR 1998), but this assumption seems to be based on Wright’s (1953) account.  

Wright (1953) reported entomophily without experimental evidence and cited Grant (1949) who wrote, 

again without experimental evidence, that the genus Acer was entomophilous.   

The possibility of anemophily—wind-pollination—in  A. saccharum was discussed in only one 

study (Gabriel and Garrett 1984) which also mentions the possibility that A. saccharum could also be 

ambophilous—pollination by both insects and wind.  In their experiments, they netted flowers on three 

trees to exclude pollinating insects—but  not wind-borne pollen—and  found that seed set varied from 

43% to 75% with no differences between the bagged and un-bagged flowers, suggesting that insect 

pollination may have little to no role in A. saccharum reproduction.  In a gene flow study between A. 

saccharum woodlots separated by farm fields pollen was found to travel at least 100 m from the source 

trees (Ballal  et al. 1994). Although the distance does not preclude insect pollinators, as many insect 

pollinators will travel more than 100m, it does bring up the possibility of wind pollination.  

Acer saccharum flowers and pollen grains have many characteristics that strongly suggest 

anemophily (Table 2.1). First, the scentless flower and lack of nectar suggest that insect attraction is not 

important in flower function (Faegri and van der Pijl 1980).  Second, A. saccharum pollen is between 28 

to 38 µm in diameter and lacks pronounced ornamentation (Smith 1984), which is also indicative of 

anemophily. Pollen grains in the size range of 20 to 40 µm are large enough to cross the boundary layer 

and large enough to impact onto the receptor surfaces—the stigma, but not so large as to sink before 

reaching female reproductive organs (Whitehead 1983).  

  

2.1.2. Gender and Sexual Expression  

Reports of A. saccharum sexual expression differ according to various authors.  Hall (1951) 

reports A. saccharum to be andromonoecious: both male and hermaphrodite flowers on the same tree.  

Others (Fowells 1965, Ministères de l'Énergie et des Ressources 1980, Godman et al. 1990) report the 

trees to be polygamous: hermaphroditic, male and/or female flowers on the same tree.  Basic floral 

attributes have not been documented, such as whether or not individual inflorescences comprise flowers 

of single (staminate or pistillate, i.e. monoecious), two (hermaphroditic), or three (staminate, pistillate and  
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hermaphrodite) sexual states. Nor has the timing of male or female phases within inflorescences been 

documented. Gabriel (1968) observed  that A. saccharum is dichogamous—the separation of the 

functioning sexual organs through time. His observations indicate that some trees (not inflorescences) 

exhibit male function first, while others exhibit female function first, with the same sequential sexual 

phase shifts between years (over three years) i.e. all trees that exhibited male function first in the first year 

of study also exhibited male function first in the two following years.  

 

2.1.3. Pollination Period: Floral, Inflorescence, and Whole Tree Phenology. 

Pollination success is not only dependant on the stigma’s being receptive but on the liberation of 

pollen grains from the anthers. In several genera of anemophilous trees greater amounts of pollen capture 

has been associated with lower relative humidity and higher temperature (e.g. Alnus, Betula, Juniperus, 

Picea, Pinus,  Populus, Salix, Ulmus and Quercus) (Käpylä 1984). Käpylä also noted that for most 

anemophilous tree species there is no significant correlation between pollen capture rates and wind speed.  

The two exceptions were Salix and Quercus where pollen grains clump together and the larger mass 

requires higher wind-speeds to become airborne and be carried to receptive stigmas. No studies have been 

made on A. saccharum but one could hypothesize that because A. saccharum pollen does not clump 

(personal observation) wind speed would not be a major factor in pollen capture after pollen was released. 

This hypothesis is in concert with pollen capture rates by megastrobili of Pinus banksiana (Roussy and 

Kevan 2000). In short, the biophysics of pollen release and capture in anemophilous plants is far from 

well understood (Di-Giovanni and Kevan 1991, Ackerman and Kevan 2005, Timerman 2013). 

In  A. saccharum, stigmatic receptivity of the stigmas was shown by Gabriel (1968), in a 

greenhouse trial,  to be affected by temperature.  Higher temperatures resulted in shortened stigmatic 

receptivity. He recorded that the stigmas of protogynous flowers started to be receptive 22.5 hours after 

bud burst; some pollen liberation also occurred prior to that, but the report does not state whether the 

pollen was from staminate flowers of the same inflorescence or even from the same tree.  Maximum 

stigmatic receptivity started 38 hours after bud burst and coincided with maximum stigmatic length—

details not given (Gabriel 1966).  Our interpretation of Gabriel’s reports is that although individual trees 

may be in flower with pollen available from the same or different inflorescences or trees, receptivity to 

pollen may not be immediate. 
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Table 2.1. Pollination characteristics of anemophily (wind pollination) and zoophily (biotic pollination) 
and whether or not A. saccharum has those characteristics. List of characteristics adapted from (Faegri 
and van der Pijl 1980, Smith 1984, Ackerman and Kevan 2005). 

Characteristics of anemophily Acer 
saccharum 

Characteristics of zoophily 

Pollen 

Spherical and small 
Smooth surface/exine 
Reduction in apertures 
May be saccate 
Non-clumping  
May be produced in large amounts  
May be released by exposed anthers  
Short lived  

Yes 
Yes 
Yes 
No 
Yes 
Unknown 
Yes 
Unknown 

 

Receptive organs 

Cones, catkins or spiklets 
Flowers imperfect 
Reduced perianths 
Drab, not showy 
Stigmas exposed, long and  
feathery or brush-like 
Ovules reduced in numbers 
 

No 
Yes 
Yes 
Yes 
Yes 
 
Yes 
No 
 
 
No 
 

 

 

 

 

 
Direct attractants:  
nectar, odour, oil, protection and  
brood-place, 
Sexual secondary attractants:  
odour, visual attraction, temperature, 
motion  

Ecology 

Dicliny & Dioecy 
 
 
 
Mixed pollination (ambophily) 
 
 
 
Pollen release under dry conditions 
Associated with other anemophilous 
tree species  
High outcrossing rates  

Probably 
not, despite 
reports (see 
below) 
Probably 
not, despite 
reports (see 
below) 
Yes 
Yes 
 
Yes 
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2.1.4. Goals 

My goal was to better understand the relative amounts of insect and wind pollination in A. 

saccharum. I examined the role of dichogamy and interannual variation in flower abundance that affected 

outcrossing which are valuable for developing effective breeding strategies. The objectives of this study 

were to: 

• identify the vectors for pollination 

• determine how far pollen travels by wind, if at all 

• examine the inflorescences and individual flowers to determine the amount of 

dichogamy present, if present 

• estimate the number of flowers produced by individual trees to determine yearly 

variations. 

2.2.0. METHODS 

2.2.1. Location 

My field site was in Mono, Dufferin County, Ontario (44º04′36” N; 80º09′04” W: elevation 475 

m above sea level), in an agricultural area that contained isolated small groups of mature A. saccharum 

surrounded by open fields. Individual trees were selected to minimize interference in the direction or 

distance of pollen flow by other trees or structures, thus allowing easy identification of the source of 

pollen. The trees used were > 100 years old, about 22 meters tall and located in established fence rows. A 

nearby woodlot was composed of 80% A. saccharum (Figure 2.1). 

 

2.2.2. Floral Visitors Observed 

In April 2006, the protocol was established for observing insect pollinators on four trees of A. 

saccharum:  three along the fence row and one within the woodlot (Figure 2.1).  Ten minute observations 

at eye level were made for six inflorescences on each of the four trees, three times each day (10 am, 2 pm, 

and 9 pm). However, for the 11 pm observations, only five observations were done (Table 2.2). The null 

hypothesis is that no insects pollinate A. saccharum while the alternate hypothesis is that insects do 

pollinate A. saccharum as reported by Gabriel (1967) (1968), Gabriel and Garrett (1984), Knebel and 

Gabriel (1969) and  Wright (1953). Casual observations were also made with binoculars to observe the 

middle and upper parts of the canopy. These days and time periods were chosen to cover the activity 

periods of many potential pollinators (Potts 2005). Observations were also made on those days at 11 pm 

to investigate potential nocturnal pollinators, for a total of 24 inflorescences observed over a 3 1/3 hour 

period. From 2007 through 2009, visual observations were made for insect pollinators on different 

numbers of inflorescences, depending on the year (Table 2. 2). The same observation protocols were used 
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as described above for 2006, with the exception of the 11 pm periods, which were discontinued due to the 

lack of insect activity. Also, from 2006 through 2009, casual observations were made on 28 trees along 

the fence rows, plus the trees in the woodlot. Casual observations were also made at other locations where 

A. saccharum were flowering, such as in the City of Guelph, the Towns of Orangeville, Shelburne, 

Simcoe and Tobermory in Ontario, and Shigawake in Québec. 

 

2.2.3. Insect Collections 

In addition to direct observations, in 2006, light traps were used to increase the chance of 

detecting pollinators, particularly nocturnal insects such as moths.  These battery-powered light traps 

employed a small ultraviolet-emitting light to attract insects and had a fan beneath the light which sucked 

insects that approached into the trap. One trap was deployed in the field near the fence row trees, and two 

were deployed within the woodlot (Figure 2.1).  The traps were hung in the mid to lower crown and 

operated continuously during the same overall period as insect observations were made.  The traps were 

checked twice a day, at 11 AM and 7 PM. Because no insects were trapped or observed on flowers in 

2006, trapping was discontinued.  

 

2.2.4 Wind Pollination 

In May 2007, 2008 and 2011, the relative importance of anemophily for A. saccharum was tested 

by determining if the pollen could be carried by the wind, and if so, the distance it travels. A pollen 

sampler trap, Model 92 rotating Rotorod® (Sampling Technologies, Minnetonka, Minnesota, USA), 

powered by a 12 volt motor (Figure 2.2) was used. Rotorods were deployed along the east-west axis of 

the site (Figure 2.1) parallel to the prevailing winds and downwind. They covered a distance of 50 to 150 

meters from the source trees. 

In 2007 and 2008 one row with five Rotorods® and in 2011 two rows of four Rotorods® were 

placed in a line directly downwind (northeast) of the fence-row trees, along the road and driveway (Figure 

2.1). This was done to test the null hypothesis that sugar A. saccharum pollen is not carried by wind, with 

the alternate hypothesis being that A. saccharum pollen is carried by wind and the pollen concentration is 

diminished the further away from the source trees. In 2007 and 2008, the first Rotorod® was placed 50m 

from the roadside trees, and the remaining four Rotorods® were placed at 25m intervals from each other, 

for a total distance of 150m from the trees.  Each Rotorod® was placed on top of a post approximately 

1.5m off the ground. The prevailing winds were from southwest (Figures 2.1).  

The Rotorods® use two I-rods (small elongated pieces of plastic) covered with a silicon gel and 

inserted into a spinning arm (Figure 2.2c) causing capture of airborne particles by impaction. 
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Figure 2.1. Sitemap with aerial photo background showing direction of the prevailing wind, positions of 
individual trees and sampling stations (Rotorods®) used for wind pollination studies in 2008 (Kendrew 
area: Rotorods 1 to 5) and 2011 (Barbour area: 6 to 14). Rotorods are separated by 25 m along the rows 
and on for the Rotorods® numbers six to thirteen the two rows are separated by 15 m.  Sites for insect 
observation and trapping within and outside the sugar maple woodlot for A. saccharum are also shown 
(Mono, Dufferin County, Ontario, Canada). 
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Table 2.2. Time spent observing insects on A. saccharum inflorescences in Mono, Dufferin County, 
Ontario.  Acer saccharum did not flower in 2010 in southern Ontario so no observations could be made. * 
only five observations were done. 

                

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The stands (1.5 m high) and the Rotorods were deployed about 2 days before bloom was 

anticipated. Once the trees were in bloom, I-rods were inserted into the spinning arms of each sampler 

and spun continuously until bloom was over. The I-rods spun at 12.5ms-1. They have a capturing 

efficiency of 85% or more and sample 3.12m3/day (Multidata LLC. 2002). The number of days of 

sampling each year varied according to the blooming period in the general area (within about 5km) (Table 

2.3). 

 

Table  2.3. Rotorods® samplers operating duration for each year at two field sites in Mono, Ontario, 
Canada, and A. saccharum blooming intensity according to Grisez’s (1975) definition  during 
deployment. 

Year Dates of 

Deployment 

Notes 

2007 11 – 26 May Kendrew site; 0 pollen grains captured; no bloom 

2008 10 – 31 May Kendrew site; 154 pollen grains captured; bloom poor 

2011 12 – 27 May Barbour site; 2148 pollen grains captured; good bloom 

Year Date Time 
Duration 
(minutes 
/tree) 

# of 
Trees 

#  of 
inflorescences 
observed) 

Time spent 
observing 
overall (hrs) 

2006 29 April  
to 
12 May 

10 AM 
2 PM 
9 PM 

10 4 24 28 

(5 
days)* 11 PM 10 4 24 3 1/3   

2007 11 May 
to 
17 May 

10 AM 
2 PM 
9 PM 

10 2 8 6 

2008 16 May 
to 
31 May 

10 AM 
2 PM 
9 PM 

10 5 16 35 

2009 5 May 
to 
15 May 

10 AM 
2 PM 
9 PM 

10 1 3 5 

Total 77 1/3 
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Figures 2.2. (a) and (b) Model 95 Rotorod® airborne particle sampler used for sampling pollen grains at 
the field site.(c). Two I-Rods® shown in the upright position in the I-Rod holder. 

 

The  I-rods were collected twice a day, at 08:30 and 19:30 EDST and examined microscopically 

at 100 X within 24 h.  All trapped pollen grains were counted and those of A. saccharum identified by 

reference  (Smith 1984) and comparison with fresh samples from trees on site. In 2011, I had two days 

when airborne dust made it impossible to count pollen on the I-rods (May 16 and 17). 

Weather data for analysing which weather factors affected pollination, were obtained from the 

Mount Forest weather station, (43º 98′ N; 80º 75′ W; Elevation 414.5m)(Environment Canada 2011). This 

weather station, 48km from the field site was the nearest station with a complete data set available.  
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 In 2008, some (never more than 4) samplers broke down on some days, so functioning samplers 

had to be moved to ensure that pollen could be monitored at the more distant stations from the source 

trees. 

  In 2007 and 2008 sampling was done at the Kendrew site but in 2011 ploughing of the field—

with resultant dust—required that I move across the road to the Barbour property (Figures 2.1).  

 In 2011, two of the sampling stations were discontinued, due to mechanical failure. 

 

2.2.5. Flowering Intensity 

Each year, the number of inflorescences produced per tree was evaluated based on a sample of 

thirty branches per tree. Between one to thirty-nine trees were observed depending on the year (Table 

2.7). Trees with a minimum of one inflorescence present were examined more thoroughly. For each 

flowering tree, inflorescences present on thirty sample branches located at the lower part of the crown 

were counted.  The number of branches that had three or more inflorescences were recorded and scored 

according to the coding system described in Grisez (1975) (Table 2.4). The null hypothesis is that 

flowering intensity is the same from year to year, while the alternate hypothesis is that flower intensity 

changes yearly. 

 

Table 2.4. Seed crop rating for A. rubrum (red maple) and A. saccharum from (Grisez, 1975). 

 

 

 

 

 

 

 

 

 

 

 

2.2.6. Dichogamy 

In spring 2008, only five of 31 trees flowered, and only two had flowers that were accessible for 

visual observation. In 2011, when there was a good bloom, individual inflorescences were tagged on 

thirty-nine trees and were observed over a four day period. The hypothesis tested was whether or not 

dichogamy exists in A. saccharum as was described by Gabriel (1968). Trees were scored as being in 

Seed Crop Rating Average number of branches (out of 30) with 3 or more clusters  

Bumper 23-30 

Good 16-22 

Fair 8-15 

Poor 4-7 

Trace to none 0-3 
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male phase, female phase, or both by examining about two to five representative inflorescences, randomly 

chosen per tree, that were scored according to sexuality (staminate or pistillate or hermaphrodite) (Figure 

2.3). Illustrations from Gabriel (1968) were helpful in the scoring scheme. Observations on individual 

trees and their inflorescences were made daily until all of the sexual parts on all the flowers in all 

inflorescences marked were noted to have become desiccated and brown.  

 

 
 

Figure 2.3. Inflorescence of A. saccharum (left). Staminate and pistillate flowers of A. saccharum (right). 

 

2.2.7. Statistical Analysis 

All statistical analyses were done using Mystat12® and SigmaPlot® software. Because the 

original data of the pollen counts was not normally distributed, they were transformed to a log (x +1) 

scale.  The Pearson Correlation tests were used to determine if weather factors had any effect on the 

amount of pollen deposited on the traps. The factors analysed were: maximum, minimum and mean 

temperature (°C), heat degree days (°C), total rainfall (mm), relative humidity (%) and wind speed 

(km/h), For the atmospheric pressure (kPa) the minimum, maximum, median and mean were included in 

the analysis. Analysis was done for each year separately, as weather was different from year to year.   

Regression analysis was used to compare the number of pollen grains captured at the various  

distances from trees whence the A. saccharum pollen originated. Because the number of data points 

differed from station to station, the mean sum of squares was used to illustrate the slope instead of the 

total numbers of pollen grains caught per station over the experimental period.  To analyze the results 

from the pollen capture rates versus distance to point of origin, both years were combined, as distances 
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were the same. Again, the data from the pollen counts were not normally distributed and therefore the 

data were transformed to a log (x +1) scale. 

2.3.0. RESULTS 

2.3.1. Insect Pollination 

No insect activity was observed (2006-2009) and no insects were caught in the light traps (2006).  

In addition, casual observations of A. saccharum in other areas—as described above—resulted in no 

insect sightings. Thus, no evidence was found to support the hypothesis that A. saccharum is pollinated 

by insects at this site in Mono, Ontario. 

 

2.3.2. Wind Pollination 

In 2007, no A. saccharum pollen was collected on any of the I-rods, as very few inflorescences 

were present on the trees. Mechanical failure of some samplers in 2008 resulted in none of the stations 

being sampled for the entire 25 days. Stations were sampled for 14, 14, 17, 16 and 13 days at 50, 75, 100, 

125 and 150 m respectively. Nevertheless pollen was successfully collected from 16 – 31 May (Figure 

2.6).  Rains on the 19th , 20th , and 23rd  of May 2008 curtailed collections.  Over the period, other pollen 

and spores were captured, including those of ash (Fraxinus), oak (Quercus), pine (Pinus), ragweed 

(Ambrosia), smut (Ustilago), and other unidentified species. 

 In both 2008 and 2011, positive and significant correlations were found between daily 

atmospheric pressure (kPa) and the total amount of pollen captured (Table 2.5; Figures 2.4 and 2.5). No 

other significant correlations for weather factors were found. 

 Total number of pollen grains captured for the duration of the pollination season varied greatly 

from between the two years. In 2008, 82, 45, 1 and 0 A. saccharum pollen grains were caught at stations 

representing 75, 100, 125 and 150 m respectively (Appendix B). Whereas, in 2011, 713, 813, 212 and 350 

A. saccharum pollen grains were captured at 75, 100, 125 and 150 m respectively (Appendix B). There 

were 16 times more pollen grains captured in 2011 compared to 2008. This was most likely due to the 

poorer flowering year in 2008 (Table 2.4) and possibly the different location.      

The distance the pollen moved from the source trees also differed between years. In 2008, a poor 

flowering year (Table 2.7), the maximum number of A. saccharum pollen grains (n = 40) collected on a 

single I-rod occurred on May 28th , at 75 m (Appendix B).  The most distant station in 2008, at 150 

meters, collected no pollen, but in 2011, pollen grains were caught at the furthest stations (150m) 

(Appendix B).  

Regression analysis indicated that the further away the sampling station was from the source trees 

the fewer were the number of pollen grains captured (p = 0.007) (Table 2. 6), thus supporting the 
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hypothesis that wind  does carry A. saccharum pollen grains and the concentration is diluted the further 

away from the source tree(s). The equation for estimating the number of pollen grains found at various 

distances from the source is 

#pollen grains = 2.338 – 0.013 x distance     

However, the decline is not rapid as the coefficient of the distance is only 0.013.   

Table 2.5. Correlations between various daily weather factors and A. saccharum  (log x + 1) pollen count 
per day caught with Rotorods® samplers in 2008 and 2011 at Mono field sites, Ontario, Canada, using 
Mystat 12® with weather data from Mount Forest. 

 Pearson Correlation 

Variable 2008 2011 

Maximum 
Temperature (oC) 

0.39 -0.03 

Minimum 
Temperature (oC) 

-0.01 -0.20 

Mean 
Temperature (oC) 

0.25 -0.10 

Heat Degree days 
(oC) 

-0.25 0.13 

Total rainfall 
(mm) 

-0.36 -0.41 

Atmospheric 
Pressure (kPa)- 
Minimum 

0.47* 0.49 

Atmospheric 
Pressure (kPa)- 
Maximum 

0.66** 0.59* 

Atmospheric 
Pressure (kPa)- 
Median 

0.58* 0.61* 

Atmospheric 
Pressure (kPa)-
Mean 

0.58* 0.59* 

Relative humidity 
(%)  

-0.37 -0.21 

Wind speed 
(km/h) 

-0.13 -0.30 

*  p = 0.05 
  **   p = 0.001 
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Figure 2.4. Total  numbers of grains of A. saccharum pollen captured at five stations using Rotorods® 
samplers, and maximum daily atmospheric pressure (kPa) (which provided the strongest correlation with 
pollen capture among weather variables tested (Table 2.5), for 13 – 31 May, 2008 in Mono, Dufferin 
County, Ontario, Canada.   

 

 

 
Figure 2.5. Total A. saccharum pollen count captured at five stations using Rotorods®, and median daily 
atmospheric pressure (kPa) (which provided the strongest correlation (Table 2.5)) for May 2011 in Mono, 
Dufferin County, Ontario, Canada.  
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Table 2.6. Regression analysis comparing the number of pollen grains of Acer saccharum captured at the 
various  distances from the pollen source trees in Mono, Ontario 2008 and 2011. Mystat 12® software 
was used for the statistical analysis. The data from all three transects were combined into one analysis. 

Effect Coefficient Standard Error p-Value 

Constant 2.34 1.40 0.10 

Distance -0.01 0.01 0.01 

 

  When I compare the total number of pollen grains caught at each station, in two of the three lines, 

the most pollen captured was at 75 meters from the source trees (Figure 2.6), whereas, the highest number 

on the third line, representing stations 10-13, had its highest amount of pollen captured at 100 m. 

Two of the three lines (Figure 2.6) also show that the highest numbers of pollen grains were not at the 

initial station but at the second station.  

 

 
Figure 2.6. Relationship between the mean sum of squares of captured pollen grains transformed (log (x+ 
1)) of Acer saccharum caught at each station and the distance  (m) from the source trees. In 2011 the 
samplers at 50 meters, stations 6 and 11 broke down so no data were collected. Station numbers and 
positions are shown in Figure 2.1. 
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2.3.3.Flowering 

By Grisez’s (1975) rating code for flower and seed production, I noted great difference between 

years (from “none” to “excellent”) (Table 2.7). Three of seven were “good” to “excellent” years and only 

2013 was an “excellent” year. The resultant observations support the alternate hypothesis:  Acer 

saccharum in Mono, Dufferin County, Ontario varies yearly in flower intensity. 

 

Table 2. 7. Rating of inflorescence production for Acer saccharum in Mono, Dufferin County, Ontario.  
Thirty branches were randomly selected per flowering tree, and the number of branches with more than 
three inflorescences counted. The flowering was rated using the rating code described in Grisez (1975) 
(Table 2.4). 

Year 
# of 
flowering 
trees used  

# of branches with 3 
or more inflorescences 
(out of 30 possible) 

Experiment 
Rating Code  
(Grisez, 1975) 

2006 4 20 Good 

2007 2 1 Trace to none 

2008 5 4 Poor 

2009 1 1 Trace to none 

2010 0 0 None 

2011 39 22 Good 

2013 39 28 Excellent 

 

 

2.3.4 Dichogamy 

The sexual phase of two trees was monitored during the pollination season of 10 May – 28 May, 

2008 (Figure 2.7) and 39 trees from 18 May – 21 May, 2011 (Figure 2.8).  In 2008, I found that Tree #1W 

was strongly protandrous, but Tree #2E was weekly protogynous.  On both trees, the inflorescences were 

bisexual. 

   In 2011, of the 39 trees only 6 (15%) were in female phase with others (85%) in male phase on 

the first day of observation. By the 4th day, nine (23%) trees had both male and female flowers within the 

same inflorescence. At the start of bloom, no trees were bisexual, but on the second day one tree showed 

bisexuality and bisexuality increased in numbers daily,  day three (n=3) and four (n=9).  Even so, the 

sexual expression in this population of trees is strongly male biased.  On the night of the 4th day, severe 

frost killed most of the flowers and inflorescence so observations were terminated. The observations 
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support the alternate hypothesis that dichogamy is present in A. saccharum, however, dichogamy was 

found to be incomplete at the study site. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.7. Daily observations of the sexual phase of flowers on two trees of Acer saccharum in Mono, 
Dufferin County, Ontario, Canada, May 2008. 

 

 

 

 
Figure 2.8. Number of trees of Acer saccharum in male, female or male/female sexual phase from  

May 18- May 21 2011at the Mono, Ontario site. 

 



  

  

49 

 

2.4.0 DISCUSSION 

My study indicates that A. saccharum is wind-pollinated. This conclusion is based on the fact that 

A. saccharum pollen was captured with air samplers at 150 m from source trees and no insects were found 

on the flowers despite 77 hours of observations. Initial findings from 2008 suggested that pollen from A. 

saccharum may not travel far—not more than 125 m (Figure 2.6), but results from 2011 indicate that the 

pollen travels much further than 150m, perhaps as far as 250 m (Figure 2.6).  The dilutions of wind 

dispersed pollen in the air reaching the traps is similar to that predicted with models discussed by Di-

Giovanni &  Kevan (1991). The distance pollen travelled in my study supports the gene flow study done 

by Ballal et al. (1994). 

Previous reports that A. saccharum is entomophilous were based on the unproven assumption that 

all Acer are entomophilous.  The original paper, written by Grant (1949), describes the genus Acer as 

insect pollinated.  There are over 120 species and subspecies from all over the world; the number varies 

depending on the taxonomic revision (de Jong 1994, van Gelderen 1994, Gibbs and Chen 2009).  Many 

of them are likely insect-pollinated, which may have caused an overgeneralization and the ensuing 

confusion.  Wright (1953), accepting Grant’s generalization of Acer as entomophilous, reported that A. 

saccharum is entomophilous. Gabriel (1967), Kriebel and Gabriel (1969) and Gabriel and Garrett (1984), 

cite Wright’s (1953) report, also reported A. saccharum as entomophilous although no evidence is given 

of insects visiting flowers or of any experimental evidence.  Gabriel’s in-depth papers on reproduction in 

A. saccharum have been cited by other authors such as Ansseau (1995), Godman (1990) and Kriebel 

(1969), but none of these reports specified which insect might be a pollinator. 

Higher atmospheric pressure, reflecting warmer and drier weather,  would be expected to increase 

airborne flow of pollen (Käpylä 1984), as indeed I found (Table 2.5). Had I been able to have 

meteorological data from a closer station for the pollination duration, I might have been able to observe 

other factors such as relative humidity or wind speed being correlated with pollen capture.  

I found that flower production in A. saccharum varied greatly from year to year.  Across my 

study area in Ontario and Québec, observations from Mono were in temporal accord. Godman &  Mattson 

(1981) noted that in Wisconsin, A. saccharum produced “good” or “better” fruit crops, presumably 

reflecting flowering intensity, in 14 out of 32 years.  My findings are similar, with flowering ranked as 

“good” or “excellent” in three out of seven years.  Compared to other major hardwoods in the Northeast, 

A. saccharum is known to be one of the most unpredictable in terms of seed production (Godman et al. 

1990). Causes for the wide disparity in yearly flower production for A. saccharum are unknown, but may 

be related to weather conditions at the time of bud initiation during the previous summer. Summer 

drought conditions in the year prior to flowering have been associated with increased reproductive bud 



  

  

50 

 

initiation (Houle 1999). There are also evolutionary explanations for periodic mass flowering whereby 

greater certainty of successful pollination would be expected when many individuals flower at the same 

out-crossing rates increase (Houle 1999). 

 My results indicate that A. saccharum is not dioecious, but that some trees start the flowering 

season in female phase (protogyny) or in male phase (protandry), and some are dichogamous.  No matter 

how the trees I studied started to manifest their sexual function, at least some became bisexual.   Some 

literature suggests that some trees remain unisexual.  Wright (1953) stated that he found a trend towards 

dioecy in a Philadelphia population, noting that 45 of 47 trees produced only staminate flowers and the 

others produced only pistillate flowers in 3 out of 4 years.  Overlap between the two sexual phases on 

hermaphrodite trees are noted by Gabriel (1968), who did not report dioecy. The breeding system of A. 

saccharum is clearly complex, with dichogamy as a general rule within populations, trees, and 

inflorescences. Unisexuality of some individual trees (cf. Wright 1953) and possibly of inflorescences 

within bisexual trees may also occur. Reports in the literature and our findings indicate highly male 

biased sexual structure at the levels of populations, trees, and inflorescences.  That suggests that self-

fertilization is not favoured.  Gabriel (1967) made self-pollinations on A. saccharum and noted that the 

few seeds that resulted from self-fertilization could germinate but that the seedlings were sickly and died.  

Thus, Wright’s (1953) original suggestion that natural selfing is probable on most trees is probably 

incorrect.  

 The complex nature of the inflorescences of A. saccharum, the sexual nature of the flowers they 

enclose and the vagaries of phenology make understanding the sexual proclivities of individual trees 

difficult to analyse and understand.  Moreover, apparent genetically controlled differences in sexual 

function of individual trees (Gabriel 1968), and the population structure with respect to sexuality further 

complicate the reproductive strategies used by individual trees and populations of trees.  

2.5.0 CONCLUSION 

 I found that A. saccharum is exclusively wind-pollinated at one site in Mono, Dufferin County, 

Ontario, and most likely in the rest of its range according to my casual observations throughout southern 

Ontario and Québec, despite multiple reports that it is entomophilous. I found that the pollen can travel by 

the wind for at least 150 m.  There is high variation from year to year in its flower production; a good or 

excellent flower crop was produced only during three of the seven years of my study. Incomplete 

dichogamy was recorded, with both protandrous and protogynous systems present.  More research is 

required to determine the effect of weather on flower production and to gain more insights into sexual 

expression and pollen dehiscence, including the distance pollen travels in different weather conditions.  
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The findings from my study may be useful for seed orchard managers who wish to propagate 

superior A. saccharum and thus avoid or reduce pollen contamination as there would be no need for insect 

pollinator management—i.e. no need to exclude or attract pollinators, I now know that seed orchards 

would have to be separated by a minimum of 150 m from “wild” seed sources unless flower production in 

the seed orchard could be managed to be asynchronous with that of the “wild” trees. The extreme 

variation in yearly flower production should be taken into account in considering whether or not a seed 

orchard for A. saccharum would be economically viable, especially given that seeds are viable for only a 

few years at best (Yawney& Carl 1974). Clonal production from selected trees might be more practical 

for obtaining trees for propagation (Roussy et al. 2008).   
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CHAPTER THREE: PROPAGATING OLDER (80 YEARS +) ACER SACCHARUM MARSH. 
(SUGAR MAPLE) BY AIR-LAYERING 

3.1. INTRODUCTION 

3.1.1.  Overview 

Acer saccharum Marsh. (sugar maple) trees, common throughout urban and rural areas of 

northeastern North America, are either disappearing from roadsides in southern Ontario (McIlveen 2007) 

or are showing an advanced stage of decline, either from environmental stress or disease (Horsley and 

Long 1999; McLaughlin et al. 1985; Vogelmann et al. 1988). The decline cannot be explained by age 

alone as they are typically only between 80 and 100 years and their lifespan is 300 to 500 years. One 

possible way to counter this decline is to replant with improved stock that can withstand both pollution 

and disease. This chapter addresses a technique to propagate material from older healthy trees to create 

“selected” plant sources in the form of vegetative material known as air-layers.  

Maple decline is a generalized condition that causes A. saccharum to deteriorate and die 

prematurely.  The causes are many and can be as varied as soil compaction by cattle grazing, ozone stress, 

acid rain / precipitation or insect defoliation.  Visible symptoms of dieback include the shrinkage of the 

tree canopy from year to year or branches within the tree canopy dying.   In Ontario, timber lost because 

of tree dieback was estimated to be about 602 000m3, almost double the loss from fungal decay found in 

standing trees (Gross 1985).   

To propagate genetic material from particular trees which have specific desirable characteristics 

for breeding programs, various techniques are employed.  For example, large white or American elm 

(Ulmus americana) trees, that are tolerant to Dutch elm disease, have cuttings grafted onto root stock to 

create a seed orchard.  From this orchard, Dutch-elm-disease-resistant elm seeds and seedlings can be 

distributed to the public for planting (The Arboretum 2011).  Cornell University’s Sweet Tree Program, 

aims to improve grafting techniques and softwood cuttings of A. saccharum trees containing genes for 

higher sucrose production in A. saccharum (Staats et al. 2013). Cuttings are created by  removing selected 

twigs from trees and placing two cuts on the twig, applying rooting hormone onto the twig, and placing it 

into a misting bed for approximately two to three months (Campbell 2002).  

A promising method of propagation is cloning by air-layering, where twigs are encouraged to 

root in a growing medium layered directly onto a tree shoot still attached to a tree (Cunningham and 

Peterson 1965). Successful air-layers planted into a seed orchard, after a few years, would produce seed. 

The advantage of using cuttings or air-layers as opposed to seeds is twofold:  the air-layers or 

cuttings are clones, all the genes are from the source tree, whereas seeds share genes from the source tree 

and another tree which may be an undesirable parent. The selected clones that are planted out in the field 
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are then free to grow and produce seed through cross pollination.  The genetic recombination resulting 

from this cross-pollination would theoretically double the genetic gains as opposed to having cross-

pollination occur from unselected or unimproved parent trees (Mohammed 2002).  The new generation of 

trees therefore possesses contributions from two superior parents, not just one. 

In addition, using cuttings or air-layers offers the advantage of seed production within a few years 

of establishment (Colin Campbell, pers. commun.)5, unlike the seedlings from seeds that have to wait to 

reach reproductive age at approximately 20 years old. 

 

3.1.2. Initial field trials 

Historically, rooting of A. saccharum cuttings is recorded as early as1859.  Sudworth (1920) 

relates a story he was told by Major Edward K. Campbell, who claims to have grown a cutting from an A. 

saccharum tree.  Apparently it was common practice, at the time, for farmers to propagate plant material 

by inserting a cutting, called a slip, into a potato.  Campbell recounted his 1859 effort to use the technique 

for A. saccharum on his home farm in Windham County, Vermont. After caring for the seedling and 

protecting it for the next few decades, Campbell produced a tree that grew to be 90 feet tall, with a 

diameter of 33 inches.  The Sudworth report (1920) was written when the tree was 60 years old.  It is 

highly unlikely that a single try would work, and Snow (1941) reported that a repeat of the experiment in 

the 1910’s failed.  My interpretation of the process is that, after the twig and potato were planted, another 

seed grew and was mistaken the following year for the prior year’s twig.  The subsequent attempts to use 

the technique may, however  have led to further experiments on identifying and isolating several growth 

hormones (Snow 1941).  

More recently I did work in Dufferin County, Ontario, over two years, with Maple Leaves 

Forever®, a nonprofit organization. The objective was to find parent material to develop a seed orchard 

for the primary production of seedlings for the re-establishment of roadside trees and afforestation of 

marginal or abandoned lands. “Cuttings” was the method used as was done in the Super Sweet Program 

(USDA 2011a).    Selection criteria for the parent tree were as follows: trees had to be within 50 feet of 

the road side, preference was given to trees on the east side of the road to have the maximum exposure to 

road salt from the prevailing winds, trees had to have even and vigorous crowns, trees had to be over 80 

years old and trees had to have an absence of visible decay or disease. Unfortunately, this technique needs 

longer lengths of current year’s growth easily found on younger trees but not on older less vigorous trees 

(Figure 3.1). Secondly during both field seasons, due to unforeseen problems, the misting beds were 

rendered inoperative and the rest of the cuttings were killed.  

                                                      
5 Colin Campbell, 2002, Cornell University, Super Sweet Tree Program 
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Figure 3.1. Comparison of typical sample shoots from a younger A. saccharum   tree (A), 
approximately15 years of age versus an 80+ year old tree (B).  The arrows indicate the beginning of the 
previous year’s growth, i.e. from the arrow to the tip represents one year’s growth or is called 
“greenwood”. 

 

3.1.3. Variables found to be affecting rooting success 

Different variables affect the success rate of cuttings.  Literature on the propagation of cuttings 

suggests the following factors have marked effect on the success rate:  clonal responses to hormones, 

physiological readiness, and individual tree conditions, growth medium, greenhouse conditions, and over-

wintering and root formation (Table 3.1).   

 

3.1.3.1. Clonal responses to hormones 

Clonal differences in rooting ability from various hormone treatments were first studied in the 

1940’s and 1950’s (Snow, 1941; Dunn and Townsend, 1954).  Snow’s (1941) experiment used seedlings 

that were three to five years of age and took 4 – 6″ green wood cuttings from them to perform the 

experiments.  He found that the clones varied in success and hypothesized that the result was based on 

clone variation in maturity—meaning that some had their buds burst earlier in the spring than others.  

Since the developmental stage was different for each bud, the auxins present in the cutting would vary 

and interact with the hormone or sugar dip treatment to alter the outcome. Naturally varying levels of 

auxins in individual A. saccharum trees alter the success rate (Donnelly 1971). 
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Table 3.1.  Summary of cloning reports for A. saccharum by study. 

Factor Results References 

Clonal response to hormones 

Clonal differences Successful rooting depended  on the parent tree Dunn and Townsend 1954, Donnelly 1954, 
Donnelly and Yawney 1972, Yawney and 
Donnelly 1982 

Hormone (Indole-3-butyric acid) 
(IBA) 

Cuttings rooted in 40 -50 days with (IBA) Enright 1958  

Sugar dips Did not improve cutting success Snow 1941 

Physiological readiness 

Weather conditions Timing varies each year due to varying weather 
patterns 

Gabriel et al. 1961, Koelling 1968 

Age of twig For cuttings, only current year’s growth worked Donnelly and Yawney 1972 

 Twigs have to be mature with accumulated 
starches 

Donnelly 1977 

 Leaves at tip are mature, at their maximum size, 
bright green and petioles show marks of reddish-
purple coloration 

Yawney and Donnelly 1982 

 Earlier and later applications yield poorer results Gabriel et al. 1961, Koelling 1968 

Individual tree conditions 

Tree age Cuttings from younger trees rooted more than 
older trees 

Yawney and Donnelly 1982 

Cutting size Shoot size is significant  - best are lengths 15 cm 
or longer with highest success rate of 79% 

Donnelly 1974 

 Medium lengths root more often than longer or 
shorter ones 

Koelling 1968, Donnelly 1974 

Growth medium 

Perlite vs. sawdust Both gave the same results Gabriel et al. 1961 

Soil  Bacteria in the soil killed the roots Gabriel et al. 1961  

Greenhouse conditions 

Glass type (opaque vs clear) Clear is better Dunn 1953  

Misting  (high humidity) Misting and high humidity are needed Dunn 1953  

High lighting and long days High lighting and long days are needed Dunn and Townsend 1954 

Over-wintering & root formation 

Temperature  Cuttings stored at 33◦ F Atkinson 1963  
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Dunn and Townsend (1954) described that a super sweet tree, which was declining, was poor at 

rooting from cuttings, while another tree which was less sweet but vigorous had a much higher percentage 

of rooting success. Therefore, they postulated that the success rate of rooting appears to be related to the 

vigor of the individual tree, not the sweetness.  Rooting and over-wintering of A. saccharum cuttings have 

also been reported to vary among individual trees from zero to 100%, establishing the need to do rooting 

trials for each parent tree in a breeding program (Yawney and Donnelly 1982). These observations 

support Donnelly’s (1974) result, in which one tree rooted poorly regardless of shoot size. 

 

3.1.3.2. Physiological readiness  

The growing season of a tree may not start on the same calendar date each year because of 

varying weather conditions.  Successful rooting of cuttings will vary according to how accurately the 

physiological age of a twig has been determined (Koelling 1968, Gabriel et al. 1961). One way to 

distinguish a consistent physiological stage is by observing morphological traits.  A greenwood twig is 

physiologically ready for cutting when the leaves at the tip are mature (Donnelly 1977).  The 

morphological traits comprise leaves having just reached their maximum size; being bright green; and the 

most easily recognizable feature, showing marks of reddish-purple coloration along the new growth 

(Yawney and Donnelly, 1982).  If cuttings are done earlier or later than the optimal physiological stage as 

indicated above, the cuttings yield no roots (Koelling 1968, Gabriel et al., 1961). 

 

3.1.3.3. Individual tree conditions 

The age of a tree used for propagation affects the cutting success rate. It is easier to root cuttings 

from juvenile trees than from older trees (Yawney and Donnelly 1982), a result possibly due to the more 

vigorous growth of younger trees.  Almost all of the research on A. saccharum has been done on younger 

trees 30 to 50 years old (C. Campbell, pers. commun.)6, and cannot consequently be assumed to produce 

results transferable to older, more physiologically mature trees.  The paradox is that the characteristics 

sought, disease and pollution tolerance, are not apparent until the individual is mature. 

Through hedging or pruning, the available amount of juvenile tissue can be increased on older 

trees (Hartmann et al. 2002).  Pruning  provides shoots likely to root successfully and of longer length 

making them easier to work with (Hartmann et al. 2002).  Because of the increased success rate with 

pruning, many breeding programs, such as those for Monterey pine (Pinus radiata), loblolly pine (Pinus 

taeda) and  Douglas-fir (Pseudotsuga menziesii) work to retain juvenile rooting stock by pruning to insure 

more vigorous plant material from which to take cuttings. The length of the greenwood was found to 

                                                      
6 Colin Campbell, 2002, Cornell University, Super Sweet Tree Program 
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affect the rooting success. The best cutting lengths were 15 cm and longer, with the highest success rate at 

79% (Donnelly 1974, Yawney and Donnelly 1982). They found that there was a high correlation between 

shoot length and diameter and so they tested only shoot length. Hedging increases the number of upright 

straight cuttings possible (Hartmann et al. 2002) by inducing new shoots near the base of the plant from 

cutting back branches (Hartmann et al. 2002).  

Long-term success rates have been shown (Table 3.1) to be doubtful because the over-wintering 

process killed the cuttings. The type of root formation was found the affect the over-wintering success. 

The highest over-wintering success was 9.1% when the cuttings had developed lateral roots and had been 

stored at 33°F (1°C).  If no lateral roots had been formed, the success rate dropped down to 0.9% 

(Atkinson 1963).  More recent work at Cornell University’s Sweet Tree Program is having success in the 

over-wintering of cuttings; as they use 30-year-old parent trees, which are much younger physiologically 

and physically than the current target group.  An additional factor is that most of their trees have not been 

grown in stressful situations—i.e., they are woodland trees, not open grown (C. Campbell, pers. 

commun.)7.  

  In greenhouses, incremental advances in rooting success, occurred because of control of 

environmental conditions.  Opaque chambers were not as good as clear ones, and constant mist was 

needed (Dunn 1953).  Softwood cuttings rooted more easily in high humidity (Dunn 1953), high lighting 

and long days (Dunn and Townsend 1954), and a hormone dip had less effect than lighting (Gilbert 

1959).  Overall, cuttings were found to root successfully when grown in a greenhouse under high 

humidity with long days. Specific soil or substrate conditions are also an issue for cloning success.  Both 

perlite and sawdust gave the same results relative to rooting ability, while bacteria in woodlot soil quickly 

killed newly formed roots (Gabriel et al. 1961). 

3.2. GOALS AND OBJECTIVES 

The goal of my research is to develop a method of cloning mature (80+ year-old) roadside A. 

saccharum, that have been stressed but still thrive. The objectives comprise experimental investigation of 

factors affecting air-layering success, these factors include clonal effect, location on tree—compass 

direction, location on branch—node versus internode, need for a rooting hormone application, and timing 

of application—phenology. The hypothesis tested states that air-layers can be produced from older (80 + 

years) trees and that certain factors will increase the success rate 

                                                      
7 Colin Campbell, 2002, Cornell University, Super Sweet Tree Program 
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3.3. METHODS 

3.3.1. Overall 

The air-layering technique described by Cunningham and Peterson (1965) was used.  This 

technique is suitable when twigs are short, or new growth is not vigorous, because the air-layer is placed 

on the older part of the twig, not the new growth.  As the air-layer could be applied on the older part of 

the branch, there was the possibility to choose a thicker part and where the annual growth was greater 

with greater lengths between nodes thus allowing better maneuverability to apply the air-layer (Figure 

3.1). This technique has shown respectable success rates for approximately 40 to 60 year old trees 

(Cunningham and Peterson 1965, Barnes 1974).  

Air-layers were done in the following way:  part of the bark, approximately 3 cm in length, was 

removed to expose the cambium of the twig and then some had a hormone applied with a small 

paintbrush, size # 10, to the wound according to the respective experiment trials (Figure 3.2).  The wound 

was then immediately covered with moistened peat moss and wrapped with, low density polyethylene 

(plastic wrap), approximately 28 cm x 32 cm and then secured with duct tape (Figure 3.3). 

 

Figure3.2. A. saccharum wounding types for air-layering:  “A” represents no wounding, “B”, longitudinal 
cuts and “C”, complete girdling, “D” is girdled at an internode and “E” at a node.   

 

All work was done with A. saccharum trees at four sites chosen from Ontario, Québec and New 

Brunswick.  Table 3.2 designate both seacoast and inland environments, two different hardiness zones—

  

http://en.wikipedia.org/wiki/Low_density_polyethylene
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i.e., zone 4 and zone 5—and trees being either naturally exposed to sea air/spray or artificially exposed to 

salt from winter road maintenance (Table 3.2). 

Temperatures were taken from Environment Canada weather stations corresponding to the study 

sites—Borden (26 kms away) for Mono, Ontario; Delhi (18 kms away) for Simcoe, Ontario; and New 

Carlisle (20 kms away) for Shigawake, Québec, and Alma (1 km away), for Alma New Brunswick 

(Appendix A). The weather data was taken from the website (Environment Canada 2011). 

At each site, trees were chosen for the experiments and selected for the following criteria:  trees 

had to have healthy crowns, be 80+ years old, and be no more than 500 meters away from the coast for 

sea salt exposure, or within 18 meters of the road margins for roadside salt exposure.  All four sites were 

chosen for ease of access.  Trees were protected for the duration of the research and landowner 

permission was granted. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.3. Air-layering on A. saccharum tree: (A) Application of the growth medium around the 
wounded area of the twig, (B) wrapping of the growth medium with low density polyethylene (plastic 
wrap), (C) securement of the air-layer with duct tape, (D) air-layer ready to be labeled.  

 

http://en.wikipedia.org/wiki/Low_density_polyethylene
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The experiments used a multi-factorial design to determine which factors affect the rooting 

success for air-layering of A. saccharum.  Factors were: individual tree, canopy position, rooting 

hormone, wounding/no wounding, girdling either at the node or on an internode and timing. Neither all 

sites nor all factors were tested each year. In the first year, both Maritime sites were used to first identify 

potential sources of salt tolerant tissue donors. Air-layering was done in a preliminary fashion to see if 

air-layering could be used; no factors were tested except for location. In the second year, only the Mono, 

Ontario site was chosen to test a wide variety of factors affecting rooting. In the third year the second 

years experiment was expanded to include one maritime location and two Ontario sites. In the fourth year 

the same locations were used as in year three but this time the location of the girdling on the twig was 

tested.   

 

Table 3.2. Locations and plant hardiness zones of A. saccharum study trees for air-layering with all 
temperatures shown in ° Celsius. 

*from the Map of Plant Hardiness Zones in Canada (Ouellet and Sherk 1981) 
** data taken from Environment Canada (Environment Canada 2011) 
SS = Sea salt, RS = Road salt 
                                                                                          

3.3.2. Experiment #1 (2006) – Initial trial along the east coast for air-layering (2006) 

Thirty three air-layers were applied to seven trees in the Shigawake, Québec area, and one tree in 

Alma, New Brunswick. Rooting hormone was applied to all air-layers on, 20 and 23 July, 2006.  The air-

layers remained on the trees for three months until 17 and 18 October, 2006 when they were unwrapped 

Location 

Plant 
Hardi-
ness 
Zone* 

Salt 
Status 

Minimum 
Temp 
Range**  

Maximum 
Temp**  

Summer 
Average 
Temp** 

Winter 
Average 
Temp** 

UTM Location 
(NAD 83) 

Latitude 
Longitude 
Elevation 

Mono, 
Ontario 4 RS -34 to -29 33 19.5 -4.4 

Zone  17T     
(E) 567983    
(N) 4881123  

44° 04' 44 N 
80° 09' 07 W 
473 Meters 

Simcoe, 
Ontario 5 RS -29 to -23 40.6 20.8 -3.6 

Zone 17 T    
(E) 559513   
(N) 4745158 

42°51' 24 N    
80°16' 17 W   
236 Meters 

Shigawake,
Québec 4 SS, RS -34 to -29 33 16.2 -8.5 

Zone 20U      
(E) 346571    
(N) 5329990 

48° 05' 35 N   
65° 04' 55 W   
13 Meters 

Alma,     
New 
Brunswick 

5 SS, RS -29 to -23 35.5 15.9 -5.1 
Zone 20T     
(E) 348595     
(N) 5052013 

45° 36' 05 N   
64° 56' 33 W   
7 Meters 
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and the rooted twigs placed in a cold room at 2-3 ºC until 8 December, 2006 and then transferred to a 

growth chamber with 16-hour days at 20 ºC  until January 15th.  

To examine the significance of the association between location and roots, the Fisher’s exact test 

was performed. Fisher’s exact test is a statistical significance test used to analyze the association between 

two variables. The Fisher’s exact test was chosen because it does not have a restriction on the expected 

frequency. That is, the Fisher’s exact test can be used regardless how small the expected frequency. It can 

also be noted that the Fisher’s exact test does not have a “test statistics”, but computes the p-value 

directly. 

3.3.3. Experiment #2 (2007) – Testing different factors—hormone, wounding type and compass 

direction to increase air-layer rooting success  

  Air-layers (n = 204) were applied to nine trees at one site in Mono, Ontario, on four dates:  31 

July, 1 August, and 9 and 10 August, 2007.  The following treatments were applied:  two hormone 

treatments, two wounding levels, and four compass directions. Hormone treatments consisted of applying 

or withholding indole-3-butyric acid 0.8% (Stim-root® No. 3) to 94 air-layers and none on the rest (n = 

110); the wounding types were, two longitudinal cuts on 94 air-layers  and complete wounding (girdling) 

on the other 110 (Figure 3.3). Four compass directions were tested north (n = 53), south (n = 18), east (n = 

31) and west (n = 102).  

Air-layers, checked twice a week to see if any roots appeared, were left on the trees for 

approximately three months until 29 October and then they were brought back to the lab to be placed in a 

cold room for ninety days. Because no roots were found on any samples, the amount of callousing was 

then used as a substitute for roots.  Figure 3.4 shows a “medium” amount of callous.  For analysis, callous 

amounts were graded from 0 to 4: 4  =  large , 3  =  medium, 2  = small, 1 = no activity, and 0 = recently 

dead or badly damaged tissue. 

 

 

 

 

 

 

 

 

Figure 3.4. Callous, medium amount on A. saccharum in 2007. 
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The experimental design was a split plot design with nine replications.  Compass direction was 

the main plot, and wounding type x hormone treatment the subplot.  The nine individual trees were the 

replicates and each sub-plot treatment was repeated on five branches per compass direction and the 

experimental units were twigs.   Branches were not always present in all four compass directions, so some 

compass treatment combinations were missing on some trees.  The same air-layering technique was used 

as in 2006. 

A mixed model was used for the split-plot with factorial treatments design.  A factorial treatment 

design allows investigating the relationships among several types of treatments or factors, at a time.  

Furthermore, the experimental units took on all possible combinations of these levels across all three 

factors.  Moreover, the factorial arrangement includes a mixture of fixed and random effects, and this type 

of model is known as the mixed model (Kuehl 2000).  Particularly, direction is a fixed factor because the 

four directions are reproducible in a repeated experiment.  The inferences are restricted to a comparison 

among the four directions used in the experiment.  Hormone and wounding, on the other hand, represent 

random effects because they were randomly applied to twigs on which the two treatments were tested. 

The presence of interaction between factors occurs when they do not act independently of one another. 

The model used for purpose of the analysis is: 

 

Yijuk = μ+αi +ρk+dik+βj+γu+(βγ)ju+(αβ)ij +(αγ)iu +(αβγ)iju +νijku + ε 

 

 where  Yijuk  is mean amount of callousing; μ  is the general mean of callousing; α, β, and γ  are the main 

effects;  𝛼𝑖 is the effect of the  𝑖th level of the fixed effect of direction factor,  𝑖 = 1 , 2, 3, 4 representing 

either north, east, south and west; 𝜌𝑘 is the effect of the 𝑘th tree (the 𝑘th block),  𝑘 = 1, 2, 3 … 10;  𝑑𝑖𝑘 is 

the whole-plot random error; 𝛽𝑗 is the effect  of the  𝑗th level of the random effect of hormone factor, 

𝑗 = 1,2, representing treated or untreated; 𝛾𝑢 is the effect of the 𝑢th level of the random effect of cut 

factor, 𝑢 = 1,2;   (𝛽 𝛾)𝑗𝑢 is the interaction effect between hormone and cut factors;  (𝛼 𝛽)𝑖𝑗 is the 

interaction effect between direction and hormone factors;  (𝛼 𝛾)𝑖𝑢  is the interaction effect between 

direction and cut factors;  (𝛼 𝛽 𝛾)𝑖𝑗𝑢   is the interaction effect among direction,  hormone and cut factors;  

  𝜈𝑖𝑗𝑘𝑢  is the subplot random error; 𝜀 is the residual random error. 

It is assumed that the whole-plot, subplot and residual errors are independent, normally 

distributed random errors with mean 0 and variances 𝜎𝑑 , 𝜎𝜈 and 𝜎𝜀, respectively.  Hormone and cuts 

were randomly assigned to experimental units, twigs; therefore, this justifies the assumption of the 

independence for the three random errors.  
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More in-depth details of the results can be obtained when looking at the estimates of means and 

the difference in means of the treatments directly.  Because the data were unbalanced, least square means 

were calculated. In this method, the estimates of cell, treatment, means and marginal means were defined 

using the population means irrespective of the sample sizes. That is, it was assumed that cell sample sizes 

were equal.  In other words, for the purpose of comparing factor means, all cell means—treatment 

means—were regarded as equally important and, therefore, equally weighted, regardless of the sample 

sizes.  

The analysis of variance provides a statistical test if the means of several groups are all equal.  It 

generalizes t-test to more than two groups. The total sum of squares is partitioned into two parts 

representing the variation among the treatment means and the other representing experimental error.  The 

sum of squares for the treatments is partitioned into main effect and interaction sums of squares. 

The analysis was conducted with SAS.9.2 program using mixed statement.  Because the data are 

unbalanced, then in the analysis of variance Type III sum of squares  was used to test the main effects in 

the presence of interaction (Marasinghe and Kennedy 2008). 

3.3.4. Experiment #3 (2008) – Testing different factors—length of time on tree, wounding and 

compass direction, to increase rooting success of air-layers at both the maritime site and the 

Ontario sites. 

Air-layers were applied in Mono and Simcoe twice; once in the week of 9 June, 2008 and the 

other the first week of July, 2008.  The Shigawake site was used only once on 8 July, 2008.  At each site, 

collections were made only from trees that had both the north and south side available from ground level. 

At both compass directions—north and south, I applied a hormone, indole-3-butyric acid 0.8% (Stim-

root® No. 3) and also tested no wounding, two longitudinal cuts and complete girdling.  I did six 

replications for each treatment on each tree. 

The following treatments were applied: three wounding levels, two compass directions and length 

of time on the tree.  The wounding types were: no wounding (n=120), two longitudinal cuts (n = 120) and 

complete girdling (n= 121), and the two compass directions were north (n = 181) and south (n = 180), 

length of time air-layers were on the tree was 52 days (n = 83), 74 days (n = 62), 110 days (n =108), and 

134 days (n = 108).  

 At both Ontario sites in late August, I collected approximately half of each treatment to go into a 

long-daylight cycle—16 hours—in the greenhouse.  The rest of the air-layers were left on the tree until all 

the leaves fell off —23 October—then transferred to cold storage (2 to 3°Celcius) for three months at the 

University of Guelph’s Simcoe Research Station in Simcoe, Ontario. In Shigawake, Québec, the early 

collected ones—early September—were placed in a nursery bed on site where they were watered as 
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needed, until  the 3rd  week of October until their leaves had abscised—before transporting them to the 

cold room in Ontario for over-wintering. The delay in transportation to Ontario was done to minimize loss 

from transportation stress as had happened the previous years. 

The experimental design was a split-split plot design with nine replications.  Wounding level was 

the main plot, wounding and compass direction the sub-plot. Ten individual trees were the replicates and 

each sub-plot treatment was repeated on six twigs. 

Here the logistic procedure was used to analyze the data as was done for the 2006 data collected.  

As it has been mentioned above for the 2006 study year, the logistic model allows analyzing of the 

relationship between one or more independent variables, also known as explanatory variables, and a 

binary response variable, dependent variable. 

The logistic full model includes all of the possible explanatory variables, and is defined by: 

 

logit(Pr) = log (Pr(Yi = 1|direction, cut0, cut2)) =  

log (Pr(Yi =1|direction, cut0, cut2) / 1 - Pr(Yi =1|direction, cut0, cut2)) = 

β0  +β1direction + β2cut2 +β4direction * cut0 + β5direction * cut2 

 

where the response is binary:  for each branch 𝑖,  let  𝑌𝑖 = 1 if the roots were observed, or 𝑌𝑖 = 0 if not,  

𝑖 = 1, … ,361;  the reference level is rooted air-layers using the complete girdling in the south direction; 

𝛽𝑖 , 𝑖 = 0, … ,5, are unknown parameters; 𝛽0 is intercept;  𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 and 𝑐𝑢𝑡 are categorical independent 

variables; 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 is 1 if air-layers were applied in the north direction, otherwise 0; 𝑐𝑢𝑡0 is 1 if the type 

of wounding was 𝑛𝑜 𝑤𝑜𝑢𝑛𝑑𝑖𝑛𝑔, otherwise is 0; 𝑐𝑢𝑡2 is 1 if the type of wounding was 𝑡𝑤𝑜 𝑐𝑢𝑡𝑠, 

otherwise 0; 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 ∗ 𝑐𝑢𝑡0 is an interaction between the north direction and no wounding; 

𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 ∗ 𝑐𝑢𝑡2  is an interaction between the north direction and wounding with two cuts.  

The logistic function is given by the inverse-logit: 

 

Logit-1(Pr)  =  Pr(Yi = 1|direction, cut0, cut2))  

 = e β0  + β1direction + β2cut2 +β4direction * cut0 + β5direction * cut2/1+ e β0  +β1direction + β2cut2 +β4direction * cut0 + β5direction * cut2 

  

For numerical analysis, the logistic statement in the SAS package was applied.  When the logistic 

regression was run, there was a problem of so-called quasi-complete separation.  The quasi-complete 

separation in a logistic regression is a problem typical for small sample sizes. To deal with the issue of 

quasi-complete separation, some additional techniques were applied.  Particularly, the levels of no 

wounding and two cuts were grouped together because no roots were observed in either of these types of 

wounding, when testing for the global null hypothesis—i.e. no wounding and two longitudinal cuts were 
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agglomerated for analysis. Furthermore, because the data set is small and the model is not large, the 

conditional exact test and  Fisher’s exact test were used (Yates 1984, Derr 2000). 

The goal of the exact conditional analysis is to determine how likely the observed response 𝑦0 is 

with the respect to all 2𝑛 possible responses where 𝑛  is the number of observations. Fisher’s exact test is 

used to examine the significance of the association between two kinds of classifications, say the 

significance of the association between rooting and direction. 

The logistic model is reduced to 

 

log (Pr (Yi =1|direction, cut) = log ((Pr(Yi =1|direction, cut)/1-(Pr(Yi =1|direction, cut))  

= β0 + β1direction + β2cut0 

 

where the response is binary:  For each branch 𝑖,  let  𝑌𝑖 = 1 if roots were observed, or 𝑌𝑖 = 0 if not,  

𝑖 = 1, … ,361;  reference level is rooted air-layers using the complete girdling in the south direction; 

𝛽𝑖 , 𝑖 = 0, 1, 2, are unknown parameters; 𝛽0 is the intercept; 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 is a categorical variable, and it is 1 

if air-layers were applied in the north direction, otherwise 0; 𝑐𝑢𝑡0 is a categorical variable, and it is 1 if 

the types of wounding were no wounding or two longitudinal cuts, otherwise is 0.  

 

3.3.5. Experiment #4 (2009) - Testing different factors—location of girdling on tree and 

phenological time to increase rooting success of air-layers at both the maritime site and the 

Ontario sites. 

In 2009, the same as 2008, air-layers were applied at three sites: Simcoe, and Mono, Ontario and 

Shigawake, Québec. At each site, two trees were selected for the experiment.  Hormone used was indole-

3-butyric acid 0.8% (Stim-root® No. 3) and applied to all air-layers.  Two factors were tested: the 

location of the girdling, either at the node site (n = 101) or at the internode site (n = 97) (figure 3.4), air-

layer application date, before leaf emergence (n = 49), leaves still small (n = 52), leaves not fully grown 

(n = 49), and leaves fully grown—red markings showing on petiole (n = 48). 

Air-layers were applied every three weeks starting when the leaf buds swelled on 16 April for 

Simcoe, 24 April for Mono and 2 May in Shigawake until 22, 28 June and 3 July respectively (Table 3.3). 

This represents a phenological factor in tree growth; the times are identified as time 1 for the first 

application of air-layers, time 2 for the second application and so on.  At each site, after 6 or 8 weeks, I 

collected each treatment and placed rooted ones into pots in an exterior protected area and watered as 

needed. Those from Mono and Simcoe were immediately placed in the green house facilities at the 

Simcoe Research Station and those from Shigawake were placed in a nursery plot—protected from 

rodents—and  watered as needed, same as in the 2008 experiment.  The Shigawake air-layers were then 
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transported to Ontario in the fall once the leaves had dehisced, to reduce transport stress, again same as in 

2008.  All the air-layers were placed into cold storage for three months; afterwards they were moved into 

a greenhouse at a natural daylight cycle. 

The experimental design was a split-split plot design with nine replications.  Location of girdling 

was the main plot and phenological time the sub-plot.   Six individual trees were the replicates and each 

sub-plot treatment was repeated on four branches. 

For numerical analysis, the logistic procedure with the maximum-likelihood estimation was 

performed.  The logistic model is defined as: 

Log (Pr(Yi =1)) = log ((Pr(Yi = 1)) / (1 - (Pr(Yi = 1)) 

= β0 + β1location + β2internode + β3Time1 + β4Time2 + β5Time3 

where the response is binary.  For each branch 𝑖,  let  𝑌𝑖 = 1 if the roots were observed, or 𝑌𝑖 = 0 if not,  

𝑖 = 1, … ,198; the reference level is the rooted air-layers at the Shigawake site when leaves were large; 

𝛽𝑖 , 𝑖 = 0, … ,5, are unknown parameters; 𝛽0 is intercept; 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛, 𝑖𝑛𝑡𝑒𝑟𝑛𝑜𝑑𝑒  and 𝑇𝑖𝑚𝑒 are categorical 

variables;  𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛 is 1 if air-layers were applied at the Mono site, otherwise 0; 𝑖𝑛𝑡𝑒𝑟𝑛𝑜𝑑𝑒 is 1 if  the 

location of girdling was at the node site, otherwise 0; 𝑇𝑖𝑚𝑒1 is 1 if air-layers were applied before leaves, 

otherwise 0; 𝑇𝑖𝑚𝑒2 is 1 if  air-layers were applied  when  leaves were small, otherwise 0;  𝑇𝑖𝑚𝑒3 is 1 if 

air-layers were applied when leaves were medium , otherwise 0. For final analysis, using Fisher’s exact 

test, Time was combined into early Time1 and 2, and late Time3 and 4.  

Three different parametric statistics were used to test the null hypothesis that β  = 0: Likelihood 

ratio, Score and Wald. All tests assume that the data has come from a type of probability distribution and 

makes inferences about the parameters of the distribution. A Wald test can be used in models that include 

either binary  or continuous variables, also the Wald test uses two approximations—the standard error, 

and that the distribution is chi-squared, whereas the likelihood ratio test uses only one approximation—

that  the distribution is chi-squared. The score test, has the advantage that it can be formulated in 

situations where the variability is difficult to estimate; it is the best test when the observed change in 

parameter is slightly different than the null value. 

 

 

 

http://en.wikipedia.org/wiki/Probability_distribution
http://en.wikipedia.org/wiki/Inference
http://en.wikipedia.org/wiki/Parameters
http://en.wikipedia.org/wiki/Dichotomous
http://en.wikipedia.org/wiki/Chi-squared_distribution
http://en.wikipedia.org/wiki/Score_test
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Table 3.3. Dates the air-layers were applied on the individual trees representing timing treatments (Time 
1….Time 4) for A. saccharum in Simcoe and Mono, Ontario and Shigawake, Québec 2009. 

Locations Time 
Treatment 
 ID 

Dates 
(locations) 

Leaf development 

Simcoe Time 1 16 April No leaves present 

Time 2 11 May Small leaves (1-3 cm long) 

Time 3 1 June Medium leaves (3- 8 cm long) 

Time 4 22 June Large leaves (8+ cm long) -fully grown 

Mono Time 1 24 April No leaves present 

Time 2 16 May Small leaves (1-3 cm long) 

Time 3 5 June Medium leaves (3- 8 cm long) 

Time 4 28 June Large leaves (8+ cm long) -fully grown 

Shigawake Time 1 2 May No leaves present 

Time 2 20 May Small leaves (1-3 cm long) 

Time 3 13 June Medium leaves (3- 8 cm long) 

Time 4 3 July Large leaves (8+ cm long) -fully grown 

 

3.4. RESULTS 

3.4.1. Experiment #1 (2006) – Initial trial along the east coast for air-layering (2006) 

Both locations, Québec and New Brunswick, had success in rooting.  Seven out of 33 air-layers 

(21.21%) had roots.  Particularly, 25% of air-layers were rooted in New Brunswick, while 21% of air-

layers rooted in Québec (Table3.4). The results of the association between rooting and location suggest 

that the results are statistically insignificant between roots and location (p = 0.4448).  

No air-layers survived the overwintering process, only a few buds broke, but then died. 
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3.4.2. Experiment #2 (2007) – Testing different factors—hormone, wounding type and compass 

direction to increase air-layer rooting success  

No roots were found on any of the air-layers.  Rooting failure might have been caused by the hot 

summer weather: there were 26 days of temperatures above 30°C and four above 35°C. Such high 

temperatures are abnormal for the area (Table 3.6 and Appendix A). In the absence of roots, I analyzed 

the amount of callousing present on the air-layers to see if there were any factors influencing their 

production.  Out of 204 retrieved samples, 162 calloused (79.4%). 

There were only two significant effects, the individual tree effect (p = 0.0001) and the interaction 

between tree and compass direction (p =  0.0003).  All other treatments and their interactions were not 

significant. This means that tree and compass direction are interrelated on the callous growth. However, 

because the error rate (177.333 in table 3.4) is too high for the model itself, the values can only be taken 

as an indication that there might be an interaction going on.   

 Even though the results are not statistically valid, the results show some biological trends. The 

difference least square means (lsm) (Table 3.5) show the mean of callous amount for the various 

treatments. The most successful treatment (lsm = 2.9) was girdling with hormone on the east side of the 

tree, whereas the least successful treatment (lsm = 0.9) was when two longitudinal cuts were used with no 

hormone on the north side of the tree. In fact application of hormones was better than no hormone; the 

east side was approximately twice as successful as the north side; and girdling was slightly more 

successful than two longitudinal cuts. Additional details about the effect of each treatment are given in 

Appendix C. 
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Table 3.4. Split-plot analysis of variance for one fixed  and two random effect for callousing amount from 
air-layered 80-year-old+ A. saccharum in Mono, Ontario 2007. Statistics were done using “Proc. Mix” 
with SAS 9.2® software. Notice: the error rate is too high for the model to be valid. 

Source SS df Mean 
Squares 

F-Ratio p-Value 

Model 129.43 52 2.49 2.12 0.0002 

Tree (Block) 51.18 9 5.69 4.84 <.0001* 

Compass Direction 5.93 3 1.97 1.68 0.1732 

Hormone 0.72 1 0.72 0.61 0.4356 

Wounding 2.27 1 2.27 1.93 0.1668 

Hormone * Wounding 0.14 1 0.14 0.12 0.7344 

Tree  * Compass Direction 16.454 1 16.454 14.01 0.0003** 

Tree  * Compass Direction  * 
Hormone * Wounding (Error2) 

29.34 27 1.104 0.94 0.5486 

Compass Direction  * 
Hormone 

2.214 3 0.734 0.63 0.5974 

Compass Direction  * 
Wounding 

4.49 3 1.49 1.27 0.2855 

Compass Direction *Hormone 
*  Wounding 

4.49 3 1.49 1.27 0.2855 

Error (Error3) 177.33 151 1.17   

Corrected Total 306.76 203    

*significant at 0.0001 
**significant at 0.001 
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Table 3.5.  Least square means for the mixed procedure for callousing amount from air-layered 80-year-
old+ A. saccharum in Mono, Ontario 2007. Statistics were done using “Proc. Mix” with SAS 9.2® 
software. 

 
 
 
 
Compass 
Direction 

Wounding  
 
 
 
Direction 
mean 

2 longitudinal cuts Girdling 

Hormone No 
Hormone Hormone No 

Hormone 

North 1.2 0.9 1.9 1.4 1.3 

South 1.9 2.5 1.8 2.5 2.2 

West 2.3 1.9 2.2 1.8 2.0 

East 2.5 2.0 2.9 2.2 2.4 

Hormone mean 2.0 1.8 2.2 2.0 2.0 
 

3.4.3. Experiment #3 (2008) – Testing different factors—length of time on tree, wounding and 

compass direction, to increase rooting success of air-layers at both the maritime site and the 

Ontario sites. 

For the first time in this project I was able to get some roots with fine root hairs.  This is an 

improvement over the 2006 year when I was able to only get coarse roots on the air-layers.  Figure 3.5 

shows a comparison of the two results; side (A) shows only one single large root while side (B) shows 

roots, rootlets and fine white hairs on the roots.  

Rooting did not differ significantly with compass direction on the tree (N = 11%, S = 3%, p = 

0.1462). Duration of air-layer application does affect rooting success (52 days = 0%, 74 days  = 0%, 110 

days = 5.5%, 134 days = 2%, p = 0.031). The difference in rooting success between the two sites was also 

found to be significant (Shigawake = 11%, Ontario = 0%, p =0.0001). The current result may be more of 

location effect as the only successful roots were found in the Shigawake, Québec location, none in the 

Ontario locations.  

Wounding amount was also found to be significant (No wounding = 0%, two longitudinal cuts = 

0% and girdling = 7%, p = 0.0001). However, because more than 20% of the cells in the Fisher’s test had 

frequencies of less than 5, the significance of the tests may be overestimated (Appendix D). A better 

interpretation may be that the above results could be used to indicate trends instead. 
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Figure 3.5.  Comparison of rooting from air-layering on air-layered 80-year-old+ A. saccharum in 
Shigawake, Québec.  Left side (2006 (A)) shows only coarse single root and right side (2008 (B)) shows 
multiple finer rootlets and root hairs. 

 

 3.4.4. Experiment # 4 (2009) - Testing different factors—location of girdling on tree and 

phenological time to increase rooting success of air-layers at both the maritime site and the 

Ontario sites. 

 

 In 2009, for the first time since the start of this project, two air-layers rooted in Ontario at the 

Mono site.  On each of these air-layers, there was only one small root about 2 cm long and no secondary 

root hairs were present.  It was a much cooler and wetter year for the region compared to other years 

during my studies; only six days were above 30°C and none of those went above 35°C (Table 3.6, 

Appendix A).   

 

Table 3.6.  Number of days with temperatures above 30oC and 35°C in Mono, Ontario, Canada for the 
years 2007, 2008 and 2009 (Environment Canada 2011). 

Year Temperatures 
above 30°C 

Temperatures 
above 35°C 

Total 

2007 22 4 26 

2008 12 0 12 

2009 6 0 6 
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Only 9 out of 129 air-layers had roots (6.98 %).  None rooted at the Simcoe site, but 2 out of 64 

air-layers (3.13 %) for the Mono site and 7 out of 65 air-layers (10.77 %) rooted for the Shigawake site.  

 Fisher’s exact test suggests that rooting success is affected by location (Ontario sites = 1.4%, 

Quebec site = 11%, p = 0.006). However, placement of the air-layer on the twig is insignificant (Node = 

7%, Internode = 2%, p = 0.096). Timing of application (Table 3.3) was significant (Time1—April 16, 24 

and May 2—and  Time 2—May 11, 16 and 20 = 1%, Time3—June 1, 5 and 13—and Time 4—June 22, 

28 and  July 3 = 8%, p = 0.017). However, because more than 20% of the cells in the Fisher’s test had 

frequencies of less than 5, the significance of the tests may be overestimated. A better interpretation may 

be that the above results could be used to indicate trends instead. Appendix E shows the tests 

demonstrating the validity of the above results.     

 

3.5. DISCUSSION 

3.5.1. Statistical significance 

Despite poor statistical results I was nonetheless able, with air-layers, to stimulate root and 

callous production on twigs of 80+ year old A. saccharum trees in three of the four years. The first year of 

this study (2006), showed a relatively high success rate of rooting at 21.21% compared to later years, 0%, 

6.6% and 6.98% for 2007, 2008 and 2009 respectively.  The summer of 2007 was extremely dry and hot 

for Mono, Ontario, where the experiment took place.  The result was that there was no rooting at all, only 

callousing.  To obtain at least partly useful information from the year’s work, the amount of callousing 

was graded and then the data was analyzed using the GLM procedure with SAS® software. Various 

factors were analysed to see which ones increased the amount of callousing. The initial analysis indicated 

that the north side of the trees induced the most amount of callousing. As for the other years, only rooted 

air-layers were counted, calloused air-layers were counted as not rooted or unsuccessful.  

In response to the 2007 results, which initially showed that the north side performed best, the 

experiment was streamlined in 2008 to evaluate how much better air-layers from the trees’ north side 

performed than those on the south side. Fewer trees were used because there was a limited amount of live 

twigs that were accessible, as the previous year’s experiment had used many of the available twigs.  

Although the overall rooting success was less than the initial year, 2006, the quality of the roots was 

much better, as many roots and rootlets were observed in the air-layers (Figure 3.5).  Following these 

results, the procedure was streamlined again for 2009, gaining marginally better numbers than 2008 at 

6.98%.    

Throughout the various experiments various factors—individual tree, interaction between tree 

and compass direction, location, wounding, duration and timing of application—had significant p values. 
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However, these “significant” results through more in depth analysis proved to be invalid.  For example, 

the individual tree factor, the model for the analysis of variance had a high error rate which nullified the 

model and therefore the p value became invalid. As to the “wounding” factor again the p value was 

significant but when assessing the validity of the test, the results from the 95% confidence limits negated 

the validity of the p value. Because, of the lack of valid statistical results, only trends can be reported for 

these factors.  

The statistical method used for analyzing the data was done using standards methods and were 

recommended by various persons at the beginning of the experiment. However, in 2009 after the last 

experiment were done, analyzed and documented, it became apparent that there was a problem with the 

original type of analysis and thus the validity of the analysis.  After consulting with a different statistician, 

new analyses were performed for all of the years. The new analyses determined that the factors initially 

considered to be best at increasing the success rate of rooting were, in fact, incorrect and could not be 

statistically significant. The initial analysis showed that the north side had higher amounts of callousing 

than other sides, whereas, in fact it was shown in the newer analysis that the east side was the better side. 

This mishap in analysis may help to explain the decreasing success rate from 2006 to 2009.  For example, 

in 2007 the north direction was initially considered to be the best side to place the air-layers for rooting 

success; the new analysis showed however, that the north side was the least successful and the east side 

was the most successful. Because of the initial results showing the north was best, inadvertently the other 

years work was done on the north side, when in fact the optimal side would have been the east side. Had 

the subsequent experiments after 2007 been designed based on Proc Mixed analysis instead of the GLM 

method a higher success rate might have been achieved in 2008 and 2009, and possibly a valid significant 

statistical might have been observed.  

 

3.5.2. Overall results 

3.5.2.1. Genetic variability 

Genetic variability was found to be a significant factor in rooting success for A. saccharum air-

layering. However, due to the high error rate in the analysis, this does question the statistical validity of 

the results and therefore it was not possible to confirm or negate previous studies which found that 

individual trees or clones varied in their success rate of rooting (Gabriel et al. 1961, Donnelly 1971).  

 

3.5.2.2. Environment 

It is likely that the high percentage of callousing that occurred instead of rooting in the 2007 

experiment occurred for environmental reasons. Rooting was successful at the maritime sites every year,  

but only in one year—2009—at  the Mono, Ontario site, which happened to be a cooler and wetter year 
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than the average year (Environment Canada 2011).  Although there was no statistical difference in rooting 

success between the two locations—the Gaspésie area of Québec and Ontario—for 2009, the difference in 

success rate does support Horsley et al.’s (2002) conclusion that stress and heat affect the growth of A. 

saccharum.   In 2007, the drought-like conditions, with many days (n=26) over 30oC and some (n=4) over 

35oC (Table 3.6) may well have contributed to the overheating of the air-layers at a critical stage of root 

development, causing the high percentage of callousing and lack of rooting. It can be postulated that the 

trees in the maritime region have consistently outperformed Ontario’s trees because of the ocean’s 

moderating effects on the climate.  

The development of roots in A. saccharum air-layers in Southern Ontario may have been affected 

by smog or air-pollutants. Smog is often present in southern Ontario during hot summer days (personal 

observations). Acer saccharum  is sensitive to air-pollutants (Jensen and Dochinger 1989), and due to the 

stress, the air-layers may not have been able to divert their energy to root production.  In 2009, however, 

because of the unusually cool and wet weather  (Environment Canada 2011) and no smog days were 

recorded in Mono, Ontario (personal observations). The combination of a cooler and smog-free summer 

might have allowed the two air-layers to develop roots. In contrast, the maritime trees, situated in a cooler 

and generally smog-free climate always had some rooting success every year.   

 

3.5.2.3. Lack of juvenility in older trees 

 The low success rate in rooting and overwintering of air-layers from mature A. saccharum 

individuals supports the theory that lack of juvenility  in the tissues make it difficult to work directly on 

older trees (Hartmann et al. 2002). It may be possible to counteract the lack of juvenile tissue by extreme 

pruning to stimulate new tree growth, but no studies showed whether or not extreme pruning in A. 

saccharum could stimulate new more juvenile tissue.  

 

3.5.2.4. Timing & length of growing season 

 Donnelly (1977) indicated that the best time to create A. saccharum cuttings is when the leaves 

are fully developed and the shoots are starting to stiffen. This study indicated the best time to air-layer 

was also when the leaves had just fully emerged. No air-layers rooted when they were applied at an early 

stage, thus supporting Donnelly’s (1977) observations.  

Because air-layering is done at specific developmental times, usually at the end of May or 

beginning of June for my study, the amount of time available for the roots to develop and accumulate 

starch reserves for the over-wintering process is limited. All previously published work about A. 

saccharum cuttings was done in the United States, mostly in New York and Vermont, where the growing 

season is longer. One exception (Chapeskie 2001), which was done in Guelph, Ontario, also resulted in 
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failure of over-wintering for the cuttings.  The short growing season at higher latitudes may not have 

allowed enough starch reserves to be accumulated in the roots for successful overwintering. A two step 

protocol, using grafting, was developed for extending the growing season of vegetatively propagated 

American chestnut (Castanea dentata (Marsh.) Borkh.) (Galic et al. 2014). The same technique could be 

adapted for A. saccharum in future work.  

 

3.5.2.5. Alternative propagation method: grafting 

Because air-layers applied in shorter growing seasons, may not have enough time to accumulate 

starch reserves in the roots for successful overwintering, a combination of grafting and air-

layering/cuttings could be used for vegetative propagation instead. The first step would involve grafting a 

twig from a plant with desired characteristics, grafting it onto root stock or saplings, and then after one or 

two growing seasons, air layers could be applied to the new growth. Because the air-layer is applied onto 

grafted root stock or a sapling, the smaller plant is easily transferred into a greenhouse to extend the 

growing season. With the longer growing season the air-layer would then be able to develop better roots 

and increased starch reserves, and therefore survive the over-wintering process. These air-layers can then 

be grown in a propagation bed.  A team of researchers at the Simcoe Research Station in Ontario, working 

on propagating American chestnut (Castanea dentata), is having some success having cuttings survive 

the winter using this method (Galic et al. 2014).  

Grafting of  A. saccharum  “select” twigs onto rootstock was initially done to create an orchard of 

super sweet trees at Cornell University. However, many of the grafted stock have shown incompatibility 

issues (C. Campbell pers. commun.)8. The researchers have since chosen to use only cuttings instead.  

 

3.6. CONCLUSION 

While other techniques such as cuttings have proven to be unsuccessful in propagating older  80+ 

year old A. saccharum (Roussy 2004), air-layering has had some success with these older  A. saccharum 

trees. I was able to root air-layers in three of the four years, thus demonstrating valid consistent results.  

Although, the experiments showed no valid significant results, air-layering remains a promising technique 

to create tissue sources for the improvement of A. saccharum. By using clonal material, as opposed to 

seed, the genetic gain in a genetic improvement program is doubled (Mohammed 2002) to that of 

conventional breeding.  

                                                      
8 Colin Campbell, 2002, Cornell University, Super Sweet Tree Program 
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Based on the “power and sample size” application in SAS® 9.4, the number of samples for 

measuring the effect of compass and compass * hormone interaction on callousing amount had a test 

power of  >.999 and 0.858 respectively. Therefore the sample sizes were adequate to detect the 

differences between the factors and the east side of a tree is the best direction for air-layering A. 

saccharum. However, for the other factors and interactions the power of the test was below 80%, 

therefore, increased sample sizes are needed to validate the results. For example, the factors of hormone 

and wounding both needed 336 observations to detect true differences and to measure the interactions 

between compass * wounding, hormone *wounding, and compass * hormone * wounding would of 

needed a total of 208, 8048 and 3728 total observations respectively to have significance.  

  My study has identified a number of factors that may promote success in propagating older (80+ 

years) A. saccharum with air-layering, such as timing of air-layer application and wounding. The best 

results were achieved when air-layering was performed on the east side of the tree with rooting hormone 

applied and the twig was girdled. The best time to apply the air-layer on the twig was when the leaf was 

fully emerged and just starting to mature—red marks are visible on the new growth.  

To address the issue of over-wintering success, a two-step process such as Galic et al.’s (2014) study 

could be tested for  A. saccharum to extend the growing season and to allow the roots to accumulate more 

starch reserves for the over-wintering process.   
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CHAPTER FOUR: ANALYSIS OF CANADIAN POLICY AND LEGISLATIVE CAPACITY TO 
DEAL WITH THE ADVERSE EFFECTS OF INVASIVE ALIEN SPECIES ON SUGAR MAPLE 
(ACER SACCHARUM (MARSH.)), PARTICULARLY BY NORWAY MAPLE (ACER 
PLATANOIDES (L.)). 

4.1. INTRODUCTION 

4.1.1. Invasive alien species 

Invasive alien species, such as Acer platanoides (L.) (Norway maple), are a threat to the 

improvement and even the long term survival of Acer saccharum (Marsh.) (sugar maple) (Kloeppel and 

Abrams 1995, Webb et al. 2000).  Acer platanoides has been introduced widely into the general landscape 

(Nowak and Rowntree 1990), without consideration of its potential for invasiveness in North America. 

Acer platanoides was widely planted for rapid replacement of Ulmus Americana (white or American elm) 

which was dying because of an accidently introduced fungus Ophiostoma novo-ulmi causing Dutch elm 

disease (DED). Thus humans have effectively replaced one invasive alien species with another. 

Invasive alien species are identified by numerous terms, including “nuisance”, “exotic invasive”, 

“noxious invasive”, “pest” or “weed” (Colautti et al. 2006). An invasive alien species is best defined as a 

species out of its native range that is causing economic and environmental change. Moreover, invasive 

alien species are of concern because of their ability to impact ecological services such as soil production 

and erosion control (Myers and Bazely 2003). Some invasive alien species not only  dislocate native 

species but also have the power to transform an ecosystem, these species are called “transformer species”  

(Richardson et al.’s 2000) (Table 4.1). These are the ones that special consideration and immediate action 

should be taken upon. Acer platanoides is considered to be a “transformer species” affecting Acer 

saccharum’s habitat (Webb et al. 2000). Other species which could be deemed “transformer species” are 

sea lamprey (Petromyzon marinus Linnaeus) and round goby (Neogobius melanostomus Pallas), the 

introduction of these two species has lead to policy changes and control programs. The Great Lakes 

Fishery Commission was established in 1955 after sea lamprey devastated the sports fishery (Bunnell et 

al. 2014, OMNR 2012b). In Ontario, it became illegal to possess or use round goby  as bait fish (OMNR 

2012a) after it was found to alter fish populations in the Great Lakes (Tyson et al. 2009).  

This chapter analyzes the current capacity of Canadian legislation to mitigate the problem of A. 

platanoides invasiveness, by looking at the effects of A. platanoides as a “transformer species” and 

reviewing the potential legislative tools to counter this influence. Furthermore, I looked at ways to 

remove current populations of A. platanoides in our environment. 

 

http://en.wikipedia.org/wiki/Ophiostoma_novo-ulmi
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Table 4.1. Terminology of plant invasiveness according to Richardson et al. (2000) (italics are Richardson 
et al.’s words) with examples of woody plants for southern Ontario. Readers may note the difficulty in 
assigning unequivocal terms to any given invasive alien species. Some invasive alien species have greater 
impact than others.  

Terminology Definition Woody plant examples, based 
on casual field observations. 

Alien plants Plant taxa in a given area whose presence there is due to 
intentional or accidental introduction as a result of 
human activity (synonyms: exotic plants, non-native 
plants; non indigenous plants). 

Japanese maple (Acer 
palmatum Thumb.). Japanese 
maple is often seen in garden 
settings. 

Casual alien 
plants 

Alien plants that may flourish and even reproduce 
occasionally in an area, but which do not form self-
replacing populations, and which rely on repeated 
introductions for their persistence (includes taxa labelled 
in the literature as ‘waifs’, ‘transients’, ‘occasional 
escapes’ and ‘persisting after cultivation’,  

Austrian pine (Pinus nigra  
Arnold). 
Austrian pine has been planted 
in some areas as Christmas 
trees or timber plantations.  

Naturalized 
plants 

Alien plants that reproduce consistently (cf. casual alien 
plants ) and sustain populations over many life cycles 
without direct intervention by humans (or in spite of 
human intervention); they often recruit  offspring freely, 
usually close to adult plants, and do not necessarily 
invade natural, semi natural or human-made ecosystems. 

Lilac (Syringa).  In abandoned 
fields, close to the original 
planting, one will see lilac 
spreading themselves across the 
field. 

Invasive plants Naturalized plants that produce reproductive offspring, 
often in very large numbers, at considerable distances 
from parent plants and thus have the potential to spread 
over a considerable area.  

Manitoba maple (A. negundo) 
in Southern Ontario. Manitoba 
maple will often invade heavily 
disturbed forested areas or 
small clearings. Is often seen in 
recently thinned plantations if a 
female tree is close by. 

Weeds Plants (not necessarily alien) that grow in sites where 
they are not wanted and which usually have detectable 
economic or environmental effects (synonyms: plant 
pests, harmful species; problem plants). ‘Environmental 
weeds’ are alien plant taxa that invade natural 
vegetation, usually adversely affecting native biodiversity 
and/or ecosystem functioning. 

Raspberries (Rubus strigosus) 
in managed forests stands as 
they prevent A. saccharum and 
other tree species from 
regeneration in those sites. 
However, once the raspberries 
are shaded out by the 
surrounding trees, they senesce 
on their own. 

Transformers A subset of invasive plants which change the character, 
condition, form or nature of ecosystems over a 
substantial (=large) area relative to the extent of that 
ecosystem. They are capable of invading undisturbed 
areas. 

Norway maple (A. platanoides) 
Norway maples invade healthy 
hardwoods and become over 
time the dominant species. 
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4.1.2. Response to invasive alien species across the globe 

Regulations to control invasive alien species can be effective, but only if enforced. New Zealand, 

for example, has the most restrictive plant importation requirements in the world, using detection dogs 

and an x-ray program to inspect all incoming packages (Baskin 2002). That program and its enforcement 

detects about 90% of the bio-security risks coming into the country (Williams 2000). It was instituted in 

response to the 1996 Mediterranean fruit fly outbreak that caused $250 million in damage to kiwi fruit 

cultivation (Baskin 2002). Australia has similarly restrictive regulations (Baskin 2002). Both countries 

rely on a list from the International Union for Conservation of Nature (IUCN) that details species proven 

to be invasive somewhere in the world. It also considers the fact that species exhibit a lag phase during 

which they remain non-invasive for various durations. 

After stopping legal importation of invasive alien species, New Zealand and Australia have both 

worked toward halting the sale and cultivation of exotic invasive horticultural species already present.  In 

Australia, industry and government teamed up to create a list of 52 invasive plants. The reason for this 

was to prohibit the sale and distribution of these species and to also discourage gardeners from cultivating 

them (Baskin 2002). Another response to invasive alien species is exemplified by South Africa’s Working 

for Water Programme (WWP) which addresses invasive alien species as the largest threat to indigenous 

biodiversity (Water Affairs 2010). The program hires a large work force, often from the unemployed, to 

remove exotic vegetation from selected areas and to replant with indigenous species (Hosking and Du 

Preez 2002).  The ultimate goals of this project are to increase stream flow, increase livestock carrying 

capacity, reduce fire hazard damage and preserve biodiversity. To date, South Africa has cleared more 

than one million hectares of exotic invasive plants while providing jobs, increasing awareness of invasive 

alien species, and restoring natural ecosystems (Water Affairs 2010).  The various approaches used by the 

three countries have created new business opportunities for the landscape, conservation and regulatory 

industries (Reichard and White 2001). 

 

4.1.3. The threat to Acer saccharum  posed by A. platanoides  

Acer platanoides was introduced into North America from Europe in 1756 (Dirr, 1998). The 

native range of A. platanoides extends across continental Europe from Norway to the Mediterranean area 

(Dirr 1998, Bertin et al. 2005).  They are easily cultivated and have been selected to provide many 

different horticultural cultivars or varieties. Acer platanoides became popular as an ornamental tree in 

Canada after WWII when U.  Americana was largely extirpated by Dutch elm disease (Dirr 1998).  Cities 

and towns replaced many of the dead U. Americana with A. platanoides because it not only grows 

quickly, but is also hardy, creates lots of shade, is pollution and salt tolerant, and it can grow in tight 

spaces with compacted soils such as boulevards or urban front yards (Nowak et al. 1986). The leaves of 
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A. platanoides last longer than those of A. saccharum, extending the fall foliage colour. There are many 

cultivars of A. platanoides used in North America (Dirr, 1998). Among the most popular and easily 

recognized is ‘Crimson King’, with its deep maroon leaves. The wide array of cultivars and their visual 

similarities of general size and leaf shape with A. saccharum often cause confusion in identification by 

the general public and thus facilitate horticultural use of A. platanoides as a substitute. Nowak and 

Rowntree (1990) report that A. platanoides is one of the top five shade trees planted in the USA, 

comprising up to 80% of the trees in some municipalities. 

In North America, A. platanoides has become an invasive alien species by altering woodlots in 

which it is becoming more and more established (Table 4.2). Like all invasive alien species, A. 

platanoides has the common traits of high seed output, tolerance for a wide range of environmental 

conditions, and fast-growth  (Nowak et al. 1986, Wyckoff and Webb 1996). Acer platanoides’ seed 

germination and seedling tolerance to shade allows them to survive many years—presumably more than 

20 years (personal observations), until a woodlot’s canopy opens up by windfall, senescence, or cutting 

(Martin 2006) after which seedlings and saplings are released to grow quickly and take over.  Once A. 

platanoides has grown to reach the canopy, the greater availability of sunlight improves growth and 

reproductive output—seeds—and the cycle continues.  In its native European range,  A. platanoides is 

controlled at least partially by leaf herbivory (7.4%) and fungal damage (3.7%) whereas in North America 

control was much less from herbivory (1.6%)  and fungal damage (1.0%) (Adams et al. 2009).  The 

general tendency of North American forest stands with A. platanoides is for A. platanoides to increase its 

population while other species decrease (Bertin et al. 2005, Wyckoff and Webb 1996). This is 

exacerbated by the extensive use of A. platanoides in gardening and landscaping activities in backyards 

and along roadsides. Thus allowing the species to spread even more and adding to the inadvertent  

establishment into nearby healthy woodlots (Martin and Marks 2006). 
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Table 4. 2.  List of papers showing invasiveness of Norway maple (Acer platanoides L.) in North America. 

Study Conclusion Reference 

Effects of roads and paths on numbers of tree species. Human caused disturbances facilitate establishment of A. 
platanoides. 

(Anderson 1999) 

Survey of abundance of exotic woody invasive plants in 
an isolated Maine, USA town. 

Horticulture is a cause of invasion. (Barton et al. 2004) 

Survey of tree species composition and the amount of 
non-native tree species. 

A. platanoides can profoundly invade intact woodlands, 
especially on mesic sites. 

(Bertin et al. 2005) 

3-year study on effects of A. platanoides on native plant 
growth and understory communities. 

Native species had no effect on A. platanoides growth 
while A. platanoides severely affected the growth of 
native species. 

(Galbraith-Kent and 
Handel 2008) 

A. platanoides seedling density and red maple seedling 
density growth interactions.  

Allelopathic effects from A. platanoides. (Galbraith-Kent and 
Handel 2007) 

Characterized the effects of A. platanoides and tree of 
heaven (Ailanthus altissima (Mill.) Swingle) on the 
“neighborhood dynamics of ecosystem transformations” 

Even at low densities A. platanoides changes the cycling 
rates and nutrient components of the soil. 

(Gomez-Aparicio et al. 
2008) 

Measured the eco physiological attributes of both A. 
platanoides and A. saccharum when grown together 

When grown together the A. platanoides grows twice as 
fast as A. saccharum. 

(Kloeppel and Abrams 
1995) 

A. platanoides seeds were planted in intact forests and 
survivorship was measured. 

Resistance to invasion was highest in acidic conditions 
pH<4.5 with deep shade 

(Martin 2006) 

Comparison of density and species richness  under A. 
platanoides  and A. saccharum canopies  

Acer platanoides canopies affected negatively both stem 
density and species density. 
Acer saccharum cannot replace itself under A. 
platanoides canopies. 
 
 

(Martin 1999) 
(Martin 2006) 
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Study Conclusion Reference 

Compared seed dispersal, predation, germination and 
growth with biomass allocation of both sugar and A. 
platanoides. 

Low seed predation and initial size of A. platanoides 
seeds gives it the advantages for successful germination 
in the seed bank. 

(Meiners 2005) 

Comparison of planted A. platanoides and A. saccharum 
seedlings in 3 forests. 

A. platanoides has higher leaf production, greater root 
allocation, lower winter mortality and earlier spring 
emergence than A. saccharum. It has a lower capacity to 
use water efficiently than A. saccharum at the seedling 
stage, making it more difficult to invade drier, sandier 
forest stands. 
 

(Morrison and Mauck 
2007) 

Quantitative study of A. platanoides invasiveness in 
riparian habitats. 

A. platanoides suppresses other tree species but facilitates 
other A. platanoides 

(Reinhart et al. 2005) 

Measured the plant performance of understory vs. open 
treatments plots. 

A. platanoides survived better than A. saccharum in both 
open and understory sites. 

(Sanford et al. 2003) 

Reconstruction of history of A. platanoides invasion. Lag times exists during expansion phases. Roads and 
trails provide important sources of invasion. 

(Wangen and Webster 
2006) 

Analysis of the spatial spread of A. platanoides. A. platanoides population is highly aggregated around 
roads and other A. platanoides. 

(Wangen et al. 2006) 

Restoration experiment in Drew University Forest 
Preserve. 

Intact forests are not resilient, intervention is gravely 
needed. 

(Webb et al. 2000) 

Comparison of size and profile of existing A. platanoides 
in an isolated hardwood forest. 

Population of A. platanoides has and will continue to 
increase over time. To protect nature reserves one should 
restrict horticultural plantings and remove mature 
individuals. 

(Webb and Kaunzinger 
1993) 

Tested the efficacy of restoration strategies.  Removal of A. platanoides is needed and ongoing 
intervention will also be needed 

(Webb et al. 2001) 
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Study Conclusion Reference 

Overview of some invasive woody plant species. Successful control is achieved with an early detection and 
rapid response program. 
Native plants should be given priority when doing 
plantings for ornamental, wildlife and erosion control 
projects. 

(Webster et al. 2007) 

Retrospective analysis of stand dynamics of A. 
platanoides.  

A. platanoides has the ability to create a mono-cultural 
stand and replace the previously diverse stand. Once 
established, the population is self-sustaining. 

(Webster et al. 2005) 

Examination of community level consequences of A. 
platanoides in an intact forest. 

A. saccharum cannot reproduce under A. platanoides 
canopy. 

(Wyckoff and Webb 1996) 
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4.1.4. Economic considerations 

There are both positive (benefits) and negative (costs) aspects to the use of  A. platanoides in 

Canada.  The positive aspects derive from its value in the horticultural trade, but the negative aspects stem 

from its invasiveness.  

 

4.1.4.1 Positive economic impact 

There is no published valuation of total economic value for A. platanoides in either North 

America or Europe. However, Canada’s entire nursery trade excluding, floriculture, Christmas trees, and 

sod was valued at $630 million dollars in 2007 (Deloitte Consulting 2009), it can be assumed that A. 

platanoides is only a fraction of this industry, as there are other trees and shrub species employed by the 

landscaping industry. Value as firewood is also unknown because there is no consistent means of tracking 

its use specifically.  In Europe, A. platanoides use as a timber/veneer tree or for specialty wood such as 

gun-stocks and violins is limited (Nowak and Rowntree 1990).  

 

4.1.4.2. Negative economic impact 

The maple syrup industry in Ontario is valued at  $41 million, (De Baets et al. 2013), which is 

based on sap collected mostly from A. saccharum and to a lesser extent A. rubrum and A. saccharinum. In 

preliminary results at the University of Guelph, the average sugar content in sap from A. platanoides is 

approximately half of A. saccharum (M. Jones and A. Singh, pers. commun.)9. As the initial sugar content 

in maple syrup is important to the economic viability of the industry the replacement of A. saccharum—a 

tree which the highest amount of sugar content—by a tree, whose sugar content is much less would 

therefore negatively impact the industry. Due to the industry’s high labour or fuel costs, a less sweet sap 

would render many sugar operations unviable. 

In the timber industry A. platanoides is regarded as a soft maple (J. Burkhart, pers. commun.)10.  

Comparing the prices of standing timber in southern Ontario, hard maple (A. saccharum) sawlog values 

are double those of soft maple (Table 4.3). Hardwood maple veneer logs can be as high as 

$4000/thousand board feet (mfbm) but soft maple has no value at all (Table 4.3). Although I cannot find 

economic impact values for the forest industry specific to southern Ontario, I presume that if invasion 

continues it would be a significant loss of revenue as seen in the price comparison of hard to soft maple.  

Invasive alien species, including A. platanoides, have been found to be the second leading cause 

of species loss after habitat destruction (Environment Canada 2004). All Canadians, and especially 

                                                      
9 Maxwell A. Jones and Amritpal Singh, 2014, University of Guelph 
10 James Burkhart, 2013, Edgewood Lumber, Hawkesville, Ontario 
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Ontarians, are affected by the growing number of invasive alien species entering our borders because of 

global trade. Pimentel et al. (2005) estimate as much as 120 billion dollars per year are lost to invasive 

alien species in the United States through environmental damage and losses. A Canadian study (Colautti 

et al. 2006) reports that costs are up to $187 million Canadian dollars per year for only ten invasive alien 

species. With both direct and indirect costs included, a total conservative estimate ranges from $13.3 to 

$34.5 billion Canadian dollars per year, with the forest industry the most severely affected.  

There has been no assessment of the cost of removal for the A. platanoides trees currently in 

place.  Other tree removal programs can be considered to exemplify the high cost. For example, for the 

situation involving tree deaths from emerald ash borer (Agrilus planipennis Fairmaire), the cost of 

landscape loss, tree replacement and removal of dead ash, a similar-sized tree, from all of Ohio, a state 

with an area similar to that of southern Ontario,  has been estimated at $7.5 Billion USD (Sydnor et al. 

2007). It is not possible from published information to make that estimate in comparative units, such as 

per tree or per hectare, but the costs of removal and environment services in Ontario are likely to be 

similar to those in the US.   

 

Table 4.3. Standing timber prices (March 2012) of both hard (A. saccharum) and soft maples (A. rubrum 
and saccharinum) for South Central Ontario and Mid -Western Ontario (Ontario Forestry Association 
2012). 

  Sawlogs $/ 
mfbm* 

Veneer $ / 
mfbm 

 Species Low High Low High 
South Central 
Ontario Hard maple 300 900 1500 3000 

 Soft maple 150 250   
 
Mid-Western 
Ontario 

 
Hard maple 

 
400 

 
950 

 
1000 

 
4000 

 Soft maples 200 400   
*m fbm = 1 000 fbm, fbm means foot board measure which  
represents a measure of lumber 1 foot square and 1 inch thick  

 

4.1.5. The need for a legislative approach 

Natural habitat, particularly for A. saccharum, can be protected by preventing further A. 

platanoides invasions throughout Canada. The problem of invasive alien species caused by human 

activity can be corrected by changing human activity through new legislation or amendment of existing 

legislation and policy (McNeeley 2011, Rotherham and Lambert 2011). Most of invasive alien species are 

transported by human activity, such as horticulture (Reichard and White 2001), and therefore require 
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controls achieved by changing human behavior (Horan et al. 2002, Perrings et al. 2002). The most likely 

way to insure success is through adaptive legislation (Thomas et al. 2009).  

Legislation in Canada can either be seen as “soft” or “hard”. The two categories of legislation are 

distinguished by their enforcement levels (Vásárhelyi and Thomas 2006). Soft legislation is an agreement 

or a plan (Thomas et al. 2009) or simply as a policy, such as the invasive alien species strategy for Canada 

(Government of Canada 2004).  It can also be defined as non-binding management strategies and 

agreements (Vásárhelyi and Thomas 2006).  Soft legislation is valuable as it serves as a motivational tool 

for adherence to an issue. Although not enforceable, it is nonetheless necessary to Canadian policy in that 

many of its programs are funded in discretionary ways and can lead to changes in human activity 

(Thomas et al. 2009). On the other hand, hard legislation or law, such as ratified conventions, statutes, 

and regulations is legally binding. The enforcement capacity of hard legislation gives it greater power to 

achieve the widespread change that is sought. 

The example of sea lamprey and zebra mussel (Dreissena polymorpha Pallas) invasions 

illustrates the difference between hard and soft legislation in Canada. The latter relies on voluntary 

compliance meaning that, though helpful, it will eventually be unsuccessful without the force for 

compliance of hard legislation.  The Great Lakes are under threats from many aggressive aquatic invasive 

alien species of which zebra mussel  has cost approximately $17.72 million  in infrastructure damage 

from municipal water pipes  and power plants (O'Neil 1997).   Under soft legislation, the measures 

recommended to minimize new introductions were that each ship’s ballast water be exchanged in mid 

ocean. While the action of exchanging ballast water in mid-ocean works in removing most of the 

organisms, the program itself was not successful because compliance was not mandatory.  Many shipping 

companies did not adhere to the recommendations, citing the reasons as the cost and time incurred. 

Perceived as only voluntary, it was thought not to be important and therefore not necessary. Difference in 

compliance occurred after new hard legislation, the Nonindigenous Aquatic Nuisance Prevention and 

Control Act (2004) and the Canada Shipping Act (2006), was enacted, after which the rate of new 

introductions decreased (Thomas et al. 2009). Thus, the creation of hard legislation to deal with this issue 

was successful in reducing new introductions of invasive alien species originating from ballast water. 

In Canada, multiple levels of jurisdiction exist: federal, provincial and municipal / local. When it 

comes to environmental issues, including invasive alien species, there is no clear mandate as to who has 

jurisdictional authority over this issue (Campbell and Thomas 2002). However, Canada’s different levels 

of jurisdiction often are coordinated together through monetary incentives—transfer payments—or policy 

convergence (Bakvis and Brown 2010). For example, Canada has signed the Convention on Biological 

Diversity (CBD) and has ratified it through various acts such as the Species at Risk Act (2002, c.29) and 

the 2000 National Parks Act amendments. These acts are very limited in power because of the way 
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Canada’s Constitution is set up. The provincial governments have legislative powers over many issues, 

including natural resources and economic development (Campbell and Thomas 2002).   Because of the 

strong provincial rights in the Constitution, and the threat of separation, especially from Québec, the 

federal government has been walking a thin line and has not shown strong leadership or invoked 

legislative power. This is so that it will not be perceived as hierarchical and will not risk alienating the 

provinces (Bakvis and Brown 2010).  However, when the federal government is determined and has the 

strong support from national opinion it is able to create new legislation and even enforce it beyond its 

traditional jurisdictional boundaries (Bakvis and Brown 2010).  Prominent examples are, the Clean Water 

Act (1970) and the Canadian Environmental Protection Act (1988), which were created when 

environmental protection came to the fore in public opinion (Campbell and Thomas 2002). Thus even 

though there is no clear jurisdictional authority for invasive alien species issues in Canada, a collaborative 

approach is not unusual. Both federal and provincial governments can benefit, as in the creation of the 

federal Species at Risk Act and its provincial counterparts,  such as Ontario’s Endangered Species Act 

(2007, c.6).  

If “transformer” invasive species can be equated to other forms of pollution, management of 

invasive species through legislative means becomes even more appropriate, based on the practice for 

handling other types of pollution. New legislation can be created for invasive species, in the same way the 

Canadian Environmental Protection Act, 1999 c.33 was created to control air pollution, asbestos, and 

lead. Current legislation such as the Plant Protection Act, 1990 c. 22, for example, can be amended to fit 

new knowledge and needs. Amendment may be the most feasible route, as many acts at both the federal 

and provincial levels deal, at least indirectly, with invasive plant species and new legislation would not 

have to be drawn up and put into place.   

4.2.0. METHODOLOGY AND ANALYSIS 

Different levels of legislation were examined to establish whether or not they were appropriate to 

deal with the issue of A. platanoides as an invasive species. First international legislation was examined 

followed by Canadian federal, than Ontario and finally some local municipalities and conservation 

authorities. 

Both soft and hard legislation and policies for terms dealing with invasive plant species and the 

context in which they were used have been examined. Keywords used to search for relevant legislative 

documentation were “invasive”, “alien”, “exotic”, “pests”, “species loss”, “habitat destruction/protection” 

and “ecological integrity”. Analysis of the eligible legislation is supplied and summarized. 

Recommendations were supplied to amend the existing legislation to better address the issue of A. 

platanoides as an invasive alien species or as a biological pollutant. 
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4.3.0. RESULTS 

4.3.1. Soft legislation 

4.3.1.1. International soft legislation 

International soft legislation had consisted of the former Global Invasive Species Programme 

(GISP) established by the United Nations. The programme was created in 1996 when United Nations held 

a conference on invasive alien species in Norway. Made up of biologists, natural resource managers, 

economists, lawyers and policy makers, it brought the issue of invasive alien species to the international 

agenda to support the implementation of Article 8h of the Convention on Biological Diversity (Baskin 

2002).  

The programme’s mission was to conserve biodiversity and sustain livelihoods by minimizing the 

spread and impact of invasive species. Working primarily at international and regional levels, the 

programme aimed to build partnerships, provide guidance, develop a supportive environment and build 

capacity for national approaches to prevent and manage invasive species by pursuing three key objectives. 

The objectives were to facilitate information exchange, support policy and governance, and promote 

awareness among key public and private sector decision makers (Global Invasive Species Progamme 

2008). The goal of the researchers in the group was to develop new tools, evaluate best management 

practices for invasive alien species, and help nations around the world put these into action, for protecting 

biodiversity and human health and well-being (Diversitas 2011). Due to monetary constraints the 

programme in its original form is now closed. It is currently administered in a reduced version by the 

Invasive Species Specialist Group of the International Union for the Conservation of Nature (IUCN) who 

manage the database of invasive species across the world (IUCN 2013). In this database A. platanoides is 

listed as invasive in North America (ISSG 2006). 

 

4.3.1.2. Canadian federal soft legislation  

Canadian Biodiversity Strategy (1995) 

 The Biodiversity Convention Office of Environment Canada administers the Canadian 

Biodiversity Strategy. This document is designed to fulfill our responsibility as signatories of the 

Convention on Biological Diversity. Section (E), entitled “Biosafety: Harmful Alien Organisms and 

Living Modified Organisms” deals with exotic invasive alien species and outlines the strategic directions 

to be taken. The committee—drawn  from the scientific community, industry representatives, 

conservation groups, academia and indigenous groups—made the decision to defined invasive alien 

species as a biosafety issue, when they wrote up the strategy, validating the threat of invasive alien 

species to biodiversity. 
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Invasive Alien Species Strategy for Canada (2004) 

The Invasive Alien Species Strategy for Canada (IASS) was formed by the Joint council of 

federal, provincial, and territorial Ministers of Forests, and Fisheries and Aquaculture. This strategy deals 

with creating action plans to counter invasive alien species and is divided into four priorities—prevention 

of new invasions, early detection of new invaders, rapid response to new invaders, and management of 

established and spreading invaders—containment, eradication, and control. The invasive alien species 

program funding is administered by Environment Canada. This document, like “Canada’s Biodiversity 

Strategy”, is only a framework to give directions for those establishing legislation and funding programs.  

Prevention of harmful introductions is cost effective and avoids significant long-term economic, 

environmental and social costs. However, in order to increase the effectiveness of prevention, Canada 

needs to increase the capacity of relevant departments and amend existing legislation. Analysis of the 

major pathways of suspected or identified invasive alien species needs to done in order to prioritize 

monitoring of those pathways. Prevention can be done at the source point—country of origin—or at our 

borders. Prevention should also be considered for regions within Canada itself. For example, establishing 

quarantine areas, as was done through the Canadian Food Inspection Agency when dealing with the 

Emerald Ash Borer in Ontario. It is also important to increase the capacity of identifying potential and 

existing invasive alien species to minimize accidental introductions. 

Early detection allows people in the field to address the issue of invasive alien species before they 

have an economic, environmental or human health impact. Additionally the costs of removing the said 

species are much less as it has not yet been established. Again the need for increased taxonomic 

knowledge is needed to better identify the said species. 

Rapid response systems are needed to eradicate or control the newly introduced species. For this 

to happen, a network system has to be established, both within the governments and the public. A plan 

should already be in place which describes who is responsible for what actions are needed, and access to 

emergency funds to deal with the eradication and containment of the invasive alien species. As any delay 

in action will allow the species to establish and spread. 

The management of invasive alien species includes containment, eradication or control of the 

species. The first priority is the containment of the present population which prevents its spread into other 

ecological sites. Assessment and prioritization of management tools or techniques need to be established 

prior to the introduction as any delay in action will allow the species to continue to spread. Additional 

research is needed to establish management protocols on dealing with the invasive alien species. 

Management options can include physical, chemical, biological or an integrated strategy.  
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4.3.1.3. Provincial soft legislation 

Ontario Biodiversity Strategy (2005) 

Ontario’s Biodiversity Strategy mentions invasive alien species as a problem that can lead to 

species loss. Its aim is to engage Ontarians, promote stewardship, work together—by creating multi-

agency connections, integration of  biodiversity conservation into land use planning, and improve the 

understanding invasive alien species impact on biodiversity. This strategy is currently administered by the 

Ministry of Natural Resources. One of their goals is to implement the Alien Invasive Species Strategy for 

Canada by 

“preventing introductions of invasive species through the identification and management 

of high risk pathways (e.g., ballast water, shipping containers, nurseries), and bans on high 

risk species (e.g., Asian Carp), improving capability to assess risks of invasions, building 

capability to quarantine where necessary, enhancing early detection capacity, especially in  

high-risk areas, taking rapid action to eradicate invasive species, limiting the spread/impacts 

of invasive species that cannot be eradicated and communication and education”  (OMNR 2005) 

(p.32). 

The strategy has identified an intention to ban certain species. However, which legislative tool it will use 

to create and enforce a list of “banned” species is not addressed in the document. 

Ontario Invasive Species Strategic Plan (2012) 

The strategic plan has the same goals as the Invasive Alien Species Strategy for Canada (2004): 

prevent, detect, respond, manage and adapt to invasive species. Over the next few years, the plan will 

address the legislative gaps and the overlaps between the different jurisdictions. The lead agency for the 

plan is the Ministry of Natural Resources.  

 Located in Sault Ste-Marie, Ontario, the Invasive Species Centre is a collaborative project 

between the federal government and Ontario. Although not a legislative body, the Centre helps in the 

transfer and coordination of knowledge of invasive species for Ontario.  

4.3.2. Hard legislation  

Because hard legislation is legally binding and therefore enforceable, it has much greater power 

to change human behavior than soft legislation. Currently in Canada there is no direct legislation dealing 

with invasive plant species for natural areas. Some legislation deals with new and future threats but does 

not evaluate existing threats, so these threats are essentially being ignored.  However, amendments to the 

wording of some of the existing legislation such as the Plant Protection Act (1990 c.22) and Ontario 
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Weed Control Act (R.S.O. 1990, cW.5) could provide an overlap that would effectively protect natural 

habitats, and eradicate existing threats such as that of the A. platanoides. 

 

4.3.2.1. International hard legislation 

The Convention on Biological Diversity (1992) 

The Convention on Biological Diversity (1992), article 8 (h) deals with invasive species directly 

stating “Prevent the introduction (of) or control or eradicate those alien species which threaten 

ecosystems, habitat or species”. Other articles in the convention including 7(c), 8(f, l and m), and, 10(b) 

deal with the obligation to remove causes of species loss and the actions required to restore degraded 

habitats. Article 7(c) deals with the identification “of the processes and categories of activities which have 

or are likely to have significant adverse impacts on the conservation and sustainable use of biological 

diversity, and monitor their effects through sampling and other techniques”. Article 8(f) obligates member 

countries to “rehabilitate and restore degraded ecosystems and promote the recovery of threatened 

species, inter alia, through the development and implementation of plans or other management strategies”. 

Article 8(l) states: “where a significant adverse effect on biological diversity has been determined 

pursuant to Article 7, regulate or manage the relevant processes and categories of activities”. Article 8(m) 

states that member countries must “cooperate in providing financial and other support for in-situ 

conservation outlined in subparagraphs (a) to (l) above, particularly to developing countries.”  

As a signatory to the Convention, Canada is responsible for addressing invasive alien species 

issues, according to article 8(h). The Convention requires member countries to enact a list of invasive 

alien species dealing with agricultural areas as well as natural ones. At the moment, A. platanoides is not 

on any legislative list in Canada as an invasive alien species, even though there is an abundance of data 

showing that it should be (Table 4.2). In the US, however, two states have already added A. platanoides to 

their list of noxious weeds. In Vermont, the authorizing statute that went into effect in March 2012 is Title 

6: Agriculture C. 84: Pest survey, detection and management. And Massachusetts had already added A. 

platanoides to their list of prohibited plants effective January 1, 2009 (Energy and Environmental Affairs 

2009). 

International Plant Protection Convention (IPPC) 

The International Plant Protection Convention (IPPC) is the international plant health agreement 

signed by Canada and 176 other countries. The secretariat is part of the Food and Agriculture 

Organization of the United Nations (FAO-UN). The World Trade Organization (WTO) recognizes the 

Convention and expects its members to adhere to the international standards set by the Convention.  The 

Convention develops phytosanitary measures to protect all plants, whether agricultural ones or native 

ones. One of the Convention’s mandates is to stop the loss of species diversity and another to prevent pest 
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invasions from altering the viability and function of ecosystem (IPPC 2013). The IPPC defines pests as 

“any species, strain or biotype of plant, animal or pathogenic agent injurious to plants or plant products”.  

The definition applies to invasive alien species:  injurious to plants, and some plants such as Rhamnus 

spp. and Berberis spp. which are threats to our natural ecosystems here in Canada are listed as quarantine 

pests (CFIA 2012).   

North American Plant Protection Organization (NAPPO) 

Canada as a signatory to the International Plant Protection Convention is part of the North 

American Plant Protection Organization (NAPPO). The organization is the regional body of the 

Convention. The Canadian Food Inspection Agency (CFIA) is one of many Canadian legislative bodies 

that adhere to the organization’s standards. Although the organization has no enforcement capacity, the 

fact is that when Canada signs a “standard” it shows a strong indication that the Agency will adhere to the 

“standard”.  The organization works closely with industry to make sure the “standards” are achievable 

and thus the industry will be more likely to comply. 

 

4.3.2.2. Canadian federal hard legislation  

Plant Protection Act (1990, c.22) 

If an amendment to the Plant Protection Act (1990), which would broaden its scope from new 

threats to include existing threats, this would have the potential to eradicate established A. platanoides 

and prevent further invasion. The purpose of the Plant Protection Act is to protect plants from pests. 

Although pests are usually described as animal pests, the act defines pest as “anything that is injurious or 

potentially injurious … to plants”.  Invasive alien species are injurious to plants. Acer platanoides has 

been shown not only to deter the growth of A. saccharum (Table 2), an economically important tree in 

eastern Canada, but also a wide variety of other tree species, as well as herbaceous plants such as trillium 

(Trillium spp.) and trout lily (Erythronium americanum Ker Gawl.) which typically dominate the 

herbaceous layer of hardwood stands. 

The mandate of the plant protection act applies not only to agricultural sectors but also to forestry 

sectors. The Canadian Food Inspection Agency (CFIA) has already taken action on two different tree 

pests, the emerald ash borer (EAB) (Agrilus planipennis) and the Asian long horn beetle (ALB) 

(Anoplophora glabripennis).  This move resulted in the removal of the host trees in defined areas to 

eliminate the insect populations, and also in creation of restricted  areas to halt movement of  host species 

via either  live plants or firewood (Scarr et al. 2009).  The EAB has been found in a number of other 

locations outside restricted zones, despite the extensive cutting of ash trees in Southwestern Ontario 

(Scarr et al. 2009). The ALB has not been found, either within or outside of its restricted zone since 2008 

(Scarr et al. 2009). It was declared eradicated, but in summer 2013 it was found again, in an industrial 
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area near the Pearson International Airport in Mississauga, Ontario (CFIA 2013). This instance is the only 

one currently known in Canada, making the intervention of the CFIA at least partially successful. This 

incidence shows that early detection and rapid response is instrumental in preventing new arrivals and 

establishments of invasive alien species into a region. 

Canada National Parks Act, (2000. c. 32) 

 The Canada National Parks Act (CNPA) does not address directly invasive alien species; 

however section 8.2 deals with ecological integrity and states “Maintenance or restoration of ecological 

integrity, through the protection of natural resources and natural processes, shall be the first priority of the 

Minister when considering all aspects of the management of parks. Invasive alien species, especially 

transformer species such as A. platanoides alter the ecological integrity, thus are in direct contravention to 

section 8.2 and must be removed or prevented from entering the parks and wilderness areas.  In section 

32.1 dealing with mitigation of environmental damage, one can presume that an invasive alien species is a 

substance that is “capable of injuring flora.” Therefore, if an adjacent landowner to a National Park has 

invasive alien species on their property the owner of the adjacent property would be responsible for 

preventing the invasive alien species from entering the park. 

Species at Risk Act (2002, c.29) 

The Species at Risk Act which is part of the implementation of Canada’s obligations toward the 

Convention on Biological Diversity, deals with the protection of threatened species. Although, it does not 

address invasive alien species directly, even though invasive alien species are known to be a cause of 

species decline (Government of Canada 2004) it could still be used as a legislative tool.  In some cases the 

Act could be effective for controlling invasive alien species as it does have authority to protect the habitat 

of any of its listed species. Section (11.2.d) states the rationale as “protecting the species’ habitat, 

including its critical habitat”. Since invasive alien species, by their nature, alter habitats and dislocate 

native species, this act could be used to prohibit the use of A. platanoides because of its effect on the 

habitat of a species such as American ginseng (Panax quinquefolius L.) and hart’s tongue fern (Asplenium 

scolopendrium L. var. americanum). Both are at-risk herbaceous plants found in maple-dominated sites. 

 

4.3.2.3. Provincial hard legislation 

Endangered Species Act, (2007, c.6) - Habitat Protection Order 

Section 28. (1) states that “The Minister may make an order described in subsection (2) if he or 

she has reasonable grounds to believe [sic] that a person is engaging in or is about to engage in an activity 

that is destroying or seriously damaging or is about to destroy or seriously damage an important feature of 

an area described in clause (b) of the definition of “habitat” in subsection 2 (1) for a species and one or 

more of the following criteria are satisfied: 
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• The species is listed on the Species at Risk in Ontario List as an extirpated, 

endangered or threatened species and a regulation made under clause 55 (1) (a) is in 

force that applies to the species, but the Minister is of the opinion that the 

destruction or damage involves an area that is not within the area prescribed by that 

regulation. 

• The species is listed on the Species at Risk in Ontario List as an extirpated species 

and no regulation is in force that prescribes the species for the purpose of clause 10 

(1) (b). 

• The species is not listed on the Species at Risk in Ontario List as an extirpated, 

endangered or threatened species, the Minister has received a report from 

COSSARO classifying or reclassifying the species as an extirpated, endangered or 

threatened species, and the amendment to the Species at Risk in Ontario List that is 

required by subsection 7 (4) has not yet come into force. 

• The species is listed on the Species at Risk in Ontario List as an endangered or 

threatened species under clause 7 (7) (c) or (d), and, pursuant to subsection 10 (3), 

clause 10 (1) (a) does not apply to the species. 2007, c. 6, s. 28 (1).” 

Within these definitions, planting a known invasive alien species into the habitat of an endangered species 

is an act of altering a habitat and therefore could be seen as illegal under this act. Although A. platanoides 

are not currently on any list, the well-known negative effects of A. platanoides in North American natural 

areas can be seen as “destroying …habitat” a direct offense as stated in section 28 (1). 

The act could be applied to protection of the habitats of endangered species such as American 

chestnut (Castanea dentata (Marsh.) Borkh.), American ginseng (Panax quinquefolius L.) and hart’s 

tongue fern (Asplenium scolopendrium L. var. americanum), because all are found within A. saccharum-

dominated sites. It would then follow that anyone planting or propagating an invasive species that alters 

the habitat of a “listed” species habitat would be in direct conflict with this act. As a result, the selling of 

known invasive species would be illegal. Implementing this avenue of protection relies, however, on 

producers and planters to understand that the A. platanoides is a threat to these endangered habitats.  

Without public education and/or listing the A. platanoides as an overt threat under this act, the legislation 

will remain relatively ineffective in controlling and preventing further damage by this invasive tree. 

Ontario Weed Control Act (R.S.O. 1990, cW.5) 

Potentially, control over invasive alien species in natural areas could be dealt with by amending 

the Ontario Weed Control Act to not only be responsible for agricultural weeds but to also include 

“transformer” (Table 4.1) invasive alien species affecting natural habitats in Ontario.  At present, this Act 
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is intended to “reduce the infestation of noxious weeds that negatively impact on the industries of 

agriculture and horticulture”; “reduce plant diseases by eliminating plant disease hosts such as common 

barberry [Berberis vulgaris L.] and European buckthorn [Rhamnus cathartica L.]”; and “reduce health 

hazards to livestock caused by poisonous plants.” Currently, the act deals only with, and is limited to, 

agricultural and horticultural issues and does not apply to other areas. For example, the giant hogweed 

(Heracleum mantegazzianum Sommier and Levier) was recently added in August 2010 to the list of 

prohibited plants, as it is an agricultural weed, but mostly because giant hogweed can be extremely toxic 

to some humans. The act in its present form can protect commercial sugar bushes as maple syrup is 

defined as an agricultural product, however, this would not protect natural areas containing  A. 

saccharum. 

 The act could be amended to add transformer species, and as such this would include A. 

platanoides and thus protect A. saccharum in natural areas. Currently anyone can go out and buy A. 

platanoides and plant it anywhere they wish. As a transformer species A. platanoides, if listed in the Act, 

would become illegal to plant and the commercial propagation and selling would also have to stop 

immediately. This would stop any new horticultural introductions. However, it would not deal with the 

currently existing trees in the landscape.  

Ontario Provincial Planning Act (R.S.O. 1990, c.P.13). 

Under this act, the province’s best interest pre-empts that of other entities detailed in the 

following excerpt from section 2(a) of the Provincial Planning Act (PPA): 

“The Minister, the council of a municipality, a local board, a planning board and the Municipal 

Board, in carrying out their responsibilities under this Act, shall have regard to, among other 

subjects, matters of provincial interest such as, the protection of ecological systems, including 

natural areas, features and functions” 

If the Province were to establish hard legislation prohibiting A. platanoides planting and mandating 

eradication of existing A. platanoides, the responsible government agencies would be compelled to 

implement this in their own planning bylaws and practices. 

4.3.2.4. Municipalities and Ontario conservation authorities (CA) 

The municipalities and conservation authorities across Ontario that were examined in this study 

were chosen for two reasons—first they deal with local issues, secondly to represent some of the 

legislative tools being used to mitigate the problem of A. platanoides. At the municipal level, strategies to 

remove invasive alien species can be implemented indirectly through site alteration applications, such as 

building permits or tree cutting permits, as is done in the City of Toronto. However, not all municipalities 
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and conservation authorities are aware of A. platanoides being invasive, and some of them still have them 

on their list of trees available for sale (e.g. Township of  Minto and Maitland River CA).  

Even at the municipal level, there is a limit to what can be accomplished without the support of 

hard legislation from a higher level.  Although building or cutting permits open up an avenue for 

controlling replacement tree species, the individual householder is generally exempt; particularly when 

the property is below the minimum size for permit requirement.  For example, in the City of Kitchener, 

June 2010, Development Manual, the Tree Conservation By-law 2010-42 prohibits or regulates the 

destruction or injuring of tree(s). This is accomplished through their Tree Conservation Permit Program 

administered by the Planning Department and allows for restrictions on which trees can be planted as 

replacements. Through the same Development Manual under “Planting”, the use of native species within 

its parks and open spaces is encouraged. “Where proposed planting areas are adjacent to woodlands, 

watercourses or other natural areas, only non-invasive species indigenous to Waterloo Region that are not 

restricted to Carolinian Forest Zone will be approved.”  The manual provides a list of approved tree types 

for these lands and makes a special point of saying that the use of Acer platanoides and its cultivars will 

not be approved. However, this by-law does not apply to properties under .405 hectares or 1 acre. In the 

city of Toronto, if a tree is to be cut down, for whatever reason, a permit is required and in the permit 

process the replacement tree is defined. Any tree is allowed as long as it is on the prescribed list of trees. 

They are preventing new tree plantings of A. platanoides by not placing this species on its list, so the 

landowner effectively cannot plant it. In the “natural” areas of the city, such as ravines, Toronto has a 

mandate to remove invasive alien species such as A. platanoides. The policy states “The City initiates 

programs to control invasive alien species in our ravines and woodlands in order to retain the more bio-

diverse native plant communities” (City of Toronto 2009). 

4.4.0. DISCUSSION 

             Invasive alien species are cause for major environmental and economic concerns.  They constitute 

a threat that directly and indirectly affects society every day.  Some have direct consequences to human 

health, and many others increase resource costs and lowering the values derived from ecosystem services 

(Colautti et al. 2006).  

Governments tend to respond rapidly to issues of human health that arise from invasive alien 

species, such as the 2003 SARS outbreak in Toronto (Svoboda et al. 2004), but on the environmental 

front, are often reluctant to spend money on invasive alien species in a pre-emptive way.  Issues with such 

invasive alien species such as sea lampreys, zebra mussels, giant hogweed, etc. received slower 

responses, but are now well recognized for their economic and environmental costs.  Each year, more and 

more invasive alien species are identified, some become conspicuous through their effects and media 
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coverage, but others remain less recognized. It can be generalized that an initial investment in prevention 

and early detection and rapid response is far less than the cost of waiting for a problem to reach epidemic 

proportions (Myers et al. 2000).  Those same lessons apply to A. platanoides.  

 Other countries, because of creating, implementing and enforcing their legislation on dealing with 

invasive alien species have been successful in eradicating some of their invasive alien species. For 

example, New Zealand’s Biosecurity Act of 1993 is one reason for the successful eradication of 

Acroptilon repens and Chondrilla juncea (Mack and Lonsdale 2002).  

 Creating or amending legislation in Canada to deal with the invasive alien species A. platanoides 

is not enough to stop ecosystem change or damage. Measures must be put in place to counteract the 

spread of A. platanoides and remove the current populations. Acer platanoides should be removed 

immediately from the market place as was done in Vermont and New Hampshire. At the same time, the 

public must be made aware of the problem, as without public support, eradication or control of invasive 

alien species will not be successful (Glen et al. 2013). Then current populations of A. platanoides should 

be contained and in unaffected areas, an early detection and rapid response program should be instituted. 

Invaded areas need to have the trees removed either mechanically or chemically, or with a bio-control 

agent.   

 The first line of action suggested is the immediate cessation of the commercial production of A. 

platanoides and placement of A. platanoides on the noxious weeds list in the Ontario Weeds Act.  

Massachusetts in 2009 and Vermont in 2012 designated A. platanoides as noxious weeds. Once A. 

platanoides is designated as prohibited or noxious, production would have to cease. However, that is only 

a partial solution as many standing trees would be left to reproduce on their own and continue to spread.  

A public awareness campaign to educate consumers on the identification of, and dangers from, A. 

platanoides would be useful in curbing its further spread (Harrington et al. 2003). Involving the public to 

identify the locations of those species, manage the removal aspects and participate in the follow up work, 

the public would develop a vested interest in the project,  would thereby serve as monitors/inspector, thus 

increasing the chances of success (Glen et al. 2013).  Awareness campaigns could be done by provincial 

groups such as the Ontario Invasive Plant Council (OIPC). They already have the experience of dealing 

with invasive plant species and have done so successfully with, i.e, Pueraria monana (Lour.) Merr. 

(Kudzu),  Rhamnus cathartica (European buckthorn), and Heracleum mantegazzianum Sommier & 

Levier (giant hogweed) (OIPC 2014). Additional funding could be obtained from a tax or levy on the 

horticultural industry. Although this would not be a popular option it would be validated as the 

horticultural industry is responsible for the majority of the invasive plant species that we have today 

(Reichard and White 2001). Much like the intended Ontario provincial additional sales tax on gasoline to 

maintain roads and infrastructure, the revenues obtained from the landscaping industry could be used to 
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deal with transformer invasive species. This would most likely work in the United States as “dedicated” 

funding is allowed under United States law; however, here in Ontario and in Canada as a whole, all tax 

revenues are agglomerated: government spending is then allocated according to political and budgetary 

considerations (V. Thomas, pers. commun.)11. Public support and political will power would have to be 

present to ensure that the funds collected are used for dealing with “transformer species”. 

 

4.4.1. Field measures for combating A. platanoides spread 

 The removal of established A. platanoides would have to ensue, following the examples from 

Kitchener etc. (below).  Depending on the size of the tree, fore seedlings, removal can be easily done by 

hand if they are seedlings by landowners or volunteer groups; however, for larger trees depending on the 

location, either arborists or loggers would have the capability to remove these larger trees. Removal 

would be costly, but less so than the eventual cost of loss of the native A. saccharum and the attendant 

damage to industries dependent on them.  An effective A. platanoides removal program would perhaps 

start with natural areas such as woodlands and ravines, effectively removing the source of future 

invasions, then moving to roadside and landscape trees. Removal would effectively go from the outer 

edges towards the initial source of invasion. Volunteer nature groups or personnel from infrastructure 

spending projects could be mobilized to remove A. platanoides. Until then, individual landowners would 

have to bear the costs of removal themselves as they already do with other invasive species such as garlic 

mustard or buckthorn. 

To institute a program to curtail the spread of invasive alien species there is need to establish an 

early detection and rapid response (EDRR) mechanism is required: the longer the wait, the larger the 

problem will be (Simberloff 2003). The only such mechanism for an invasive alien species that is 

currently in place is that for the sea lamprey (Petromyzon marinus), instituted because of its severe effect 

on the sports fisheries (Thomas et al. 2009). That same process could be transferred to an invasive alien 

species program against A. platanoides.  That would have to be financed through public coffers (Jenkins 

2001).  

Early detection and rapid response programs could be worked out to separate affected versus 

unaffected regions geographically. In places where A. platanoides is absent,  the zone would be an EDRR 

applicable area, but where the trees are already present, especially in municipalities, removal of both 

young and old trees would be required—possibly in a phased fashion such as the one the City of 

Kitchener (City of Kitchener 2011). One approach could be to encourage individual owners to remove all 

                                                      
11 Vernon Thomas, 2014, University of Guelph 
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trees less than 10 cm in diameter themselves and ask for municipal assistance in removing larger trees. 

For larger trees, firewood could be sold to offset some of the costs of removal.  Some care would be 

required to avoid “landscape blight’ by not removing all trees at the same time. A possible schedule 

would be to remove 25% of A. platanoides every five years and replace with another more appropriate 

species. For roadside plantings, salt tolerant A. rubrum (red maple) might be advocated.   

In more rural and parkland areas, site alteration forms a third means of controlling the spread by 

A. platanoides into intact forest stands (Martin and Marks 2006).  Soil liming is a possible strategy 

because A. saccharum and A. platanoides differ in their soil pH requirements.  Nowak and Rowntree 

(1990) report that the maximum pH level is 6.5 for A. platanoides. On the other hand, A. saccharum can 

tolerate up to pH 7.3 (Godman et al. 1990). Thus, liming sites for soil pH between 6.5 and 7.3 

would/could make an area inhospitable to A. platanoides but suitable for A. saccharum. Adding lime to 

the soil for A. saccharum stands is already used to improve tree health (Long et al. 1997, Moore et al. 

2000).  Although, liming is already used in commercial sugar stands in Québec, no long term studies have 

been done on the effects of the rest of the biota. However, the invasion of A. platanoides will certainly 

change the ecosystem, and thus the act of liming might be less of a change in terms of the biota. Research 

is needed to see if this technique would work and also protocols must be developed on application rates. I 

recommend that this should be done on a prescriptive basis, depending on each individual site. A more 

cost effective approach might be an annual survey and the immediate removal of seedlings and saplings 

when found.  

Another type of site alteration may be the use of a bio-control agent. For A. platanoides, 

application of the naturalized fungus, Rhytisma acerinum, that causes tar spot disease may debilitate and 

weaken the trees. In 2006 and 2007 in Montreal, Quebec, associated with outbreaks of tar spot was a 

significant (p<0.001) decline in sapling and tree growth coupled with high mortality of the saplings of A. 

platanoides (Lapointe and Brisson 2011).  Although there was also an effect on A. saccharum, it was 

deemed minimal. I propose that the fungus could be mass produced and applied directly to A. platanoides 

seeds and seedlings, as a control agent, in areas where they have invaded natural ecosystems. Application 

of this fungus would be applied directly to seedlings and saplings. Each site would have to be evaluated to 

see if the number of present seedling would warrant this approach as opposed to mechanical removal. 

4.4.2. Policy and fiscal approaches 

The following are a number of steps that could interact to diminish the existing problem of A. 

platanoides as an invasive alien species and establish a plan for its future control. 
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4.4.2.1. Alter legislation 

Within the current legislative structure, the best option to stop the spread of A. platanoides at the 

federal level may is the amendment of the federal Plant Protection Act, specifically to include invasive 

plant species in the definition of “pests”. As well, the expansion of the CFIA’s mandate, which currently 

deals only with new threats, could incorporate present ones. Amendment of the Ontario Weed Control 

Act and other provinces’ Act’s to add “Transformer species” such as A. platanoides and thus expand their 

role beyond weeds affecting agriculture to other weeds affecting natural areas.  

The terminology of “transformer species” could be used in legislative amendments to help focus 

the efforts to “worst” species first. As resources and time are limited, a focused approached is needed. For 

example in the field of emergency medicine, triage is performed when multiple cases are present at the 

same time. This allows the most critical cases to receive attention first, thus increasing the success rate of 

treatment. “Transformer species” would then be the equivalent of critical cases. Although, the 

terminology of “transformer species” was not used in sea lamprey and round goby literature, the end 

effect was that because these species severely altered the ecosystems in which they entered, new 

legislations was enacted to deal with the issues (OMNR 2012a and b).  

 

4.4.2.2. Increase funds 

Increase in provincial weed inspections’ budget to include monetary support for dealing with 

existing A. platanoides. A future A. platanoides removal program would focus on removal of existing A. 

platanoides or on liming the soils of threatened or already invaded public lands. It is most likely that the 

cost of expanding the provincial weed inspector’s budget would be far less than the costs of ignoring the 

problem until it escalates to unmanageable levels. This is especially true in southern Ontario, as currently 

the A. platanoides is predominately limited to urban and developed parts of the rural areas—roadsides and 

landscape tree plantings— and has just started  to invade our timber plantations and natural areas. Part of 

the funding could come from the horticultural industry plant sales through an additional tax or surcharge 

resulting from the problem it has created and equating with the “polluter pays" principle (Beder 2006).  

 

4.4.2.3. Create work opportunities 

Canada could create a modified version of South Africa’s Water for Wages program by which 

staff remove invasive alien species either mechanically or, for difficult sites, by hand. Existing invasive 

plant councils could be used to administer this program. In Ontario, the Ontario Invasive Plant Council 

(OIPC) could continue programs such as the one that has monitored Berberis vulgaris L. (common 

barberry) eradication program in Ontario. The plant has been severely limited in its range and its threat 

has been minimized by population reductions and monitoring (Gucker 2009).   
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4.4.2.4. Preserve habitat 

Environment Canada, the ministry responsible for the Species at Risk Act (SARA), has the 

legislative power to stop invasive alien species, such as A. platanoides, from destroying the habitat of 

listed or at risk species in contravention of Section 33 of the Act.  Preservation of natural habitats 

containing rare species could be encouraged by a monetary incentive, or penalized with fines if the 

problem persists after a certain period, as was done for the removal of buried oil tanks from properties 

under the Ontario Regulation 213/01 - Fuel Oil (the "Fuel Oil Regulation") of the Technical Standards 

and Safety Act, 2000.   

 

4.4.2.5. Management activities 

Land managers can no longer just fence natural areas to protect them, but must now actively  

manage against invasive species (Baskin 2002). In at risk areas, such as woodlands adjoining residential 

areas, soil could be altered through liming. By altering pH levels to levels that are inhospitable to A. 

platanoides seeds and seedlings would be prevented from flourishing. When Environment Canada 

accords a new park or protected area, either at the federal level or for private non-government 

organizations such as land trusts, their mandate should address invasive species as part of park or nature 

reserve management responsibilities. Removal of A. platanoides from the sites could be an additional 

responsibility.  

4.5.0. CONCLUSION 

 The probable economic losses to the logging and maple syrup industry would seem to  far 

outweigh the economic value of A. platanoides  as a landscape enhancement, especially when other 

species such as A. rubrum, which has shown some salt and pollution tolerance can easily replace them 

(Dochinger and Townsend 1979) . These losses do not even include the irreversible damage done to 

ecosystems and other species. Across Canada and Ontario the problems of A. platanoides are still local 

and not widespread. 

I therefore propose that the propagation and selling of A. platanoides be ceased immediately as 

has been done in Massachusetts and Vermont. Successful eradication of any invasive alien species is a 

multiyear project (Buddenhagen 2006, Tye 2007) because it is difficult to remove all individuals in one 

year as seeds and seedlings are left behind and replace the parent trees. The ideal solution is to remove all 

A. platanoides trees while the population has still not spread extensively into natural areas. Eradication is 

possible only if further trees are prevented from coming into the cycle.  
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The issue of invasive alien species needs to be addressed through legislative means, because it is a 

problem created by human activity. Only policy and law can modify human behavior (Perrings et al. 

2002). Humans are linked to the environment and are thus ultimately affected by its quality. Society has a 

choice as to how it affects ecosystems, either positively or negatively. The decision is whether to pay now 

to remove A. platanoides and stop the spread, or wait until the problem is much more advanced and 

becomes cost prohibitive.  
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CHAPTER FIVE:  OVERALL CONCLUSIONS AND RECOMMENDED FUTURE WORK 

Although A. saccharum is a common tree in its native range, it has serious health issues.   It is 

adversely affected by air and soil pollution and is also forced to compete with A. platanoides, an exotic 

invasive alien species.  Increasingly, however, landowners want to afforest with A. saccharum, and are 

therefore motivated to find specimens tolerant of pollution, sun and wind stress to start a breeding 

program. In addition, the maple syrup industry is interested in improving the sugar content of the trees for 

sugar production. To address these issues, movement on three fronts is required: overall genetic 

improvement through controlled pollination; development of a more efficient propagation system by 

using vegetative propagation; and a legislative overhaul to provide protection of this valuable and 

virtually irreplaceable resource.   

 The aim in this study was to increase the knowledge of A. saccharum biology in order to 

establish a potential seed orchard. This seed orchard could provide improved seeds for production of trees 

able to withstand pollution stresses and/or have higher sugar content. To achieve this goal, the pollination 

vectors for A. saccharum were identified, and air layering protocols were devised to collect germplasm 

from selected A. saccharum. Tree improvement of A. saccharum may, however, become irrelevant if the 

threat of the invasive species,  A. platanoides, is not removed from  A. saccharum’s natural habitat. This 

final threat was addressed by analysis of existing legislation to determine which legislative act could be 

listed or amended to counteract this additional threat. 

 

5.1. Pollination 

Given the body of literature indicating entomophily, I expected to be able to identify the insects 

pollinating  A. saccharum, but found none.  There was, however, indication in Gabriel and Garrett’s 

(1984) study that anemophily might play at least a partial role in the pollination of  A. saccharum. I 

therefore examined the distance pollen could travel by wind, and found that in Mono, Ontario, Canada, 

wind is the sole agent for pollination.  Casual observations across Southern Ontario and the Gaspésie area 

of Québec have not shown any biotic pollinators for the trees, suggesting that the Mono findings are 

consistent with the  A. saccharum’s northern geographic range. Therefore,  A. saccharum should be 

reported as anemophilous, not entomophilous.  

Acer saccharum pollen carried in the air has been found in pollen traps as far away as 150 m from 

the source trees. Using regression analysis, the amount of pollen capture at the various stations decreased 

slowly (Figure 2.9). This finding has implications in terms of seed orchard location and design for pollen 

contamination management. 
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In Mono, Dufferin County, Ontario,  A. saccharum trees flowered inconsistently from year to 

year.  Over seven years of observational studies of  A. saccharum trees, only three years—2006, 2011, 

and 2013—had a “good” or “excellent” crop of flowers.  In 2010 no flowering occurred in this location at 

all.  Additional field observations showed that the Mono situation was not unique; there was no A. 

saccharum flowering throughout the rest of the region or in the Gaspésie peninsula.  This situation is 

similar to that reported in Wisconsin from a 32-long year study. Godman and Mattson (1981)  claimed 

that  A. saccharum produced good or better fruit crops in only 14 out of 32 years.  The cause of such poor 

and unpredictable flowering in A. saccharum has not been determined or reported.   

Varying weather patterns might help explain the large differences in annual flower production. A 

good mast production  year in Fagus  spp. (beech) was preceded by, first a moist cool summer, then a 

drought year (Piovesan and Adams 2001). As flower buds are initiated the previous year (Peck 1991), the 

weather in the  year prior to flowering might affect the number of flower buds produced.  Summer 

droughts may cause flower buds forming at that time to be aborted.  Severe winter and spring weather 

(e.g. heavy snow, ice or frost) may also damage vulnerable buds.  Kriebel &  Gabriel (1969) reported that 

high temperatures stress  A. saccharum trees (Kriebel and Gabriel 1969).  Perhaps the trees forfeit 

reproductive efforts during periods of intense heat and the ensuing result would not become apparent until 

the trees do not flower the following year.  Longer term data, extending many decades, on yearly flower 

or seed production is needed to confirm the influence of those variables on flower and seed production. 

 Findings in this study indicate that A. saccharum is not dioecious, but that some trees start the 

flowering season in female phase (protogyny), while others start in the male phase (protandry). Thus 

dichogamy seems to be a feature of most individual trees.  No matter how the trees start to manifest their 

sexual function, some, if not all, become bisexual.   Some existing literature suggests that some trees 

remain unisexual.  Wright (1953) stated that he found a trend towards dioecy in a Philadelphia population, 

noting 45 of 47 trees produced only staminate flowers and the others produced only pistillate flowers in 

three out of four years. However, details were not provided as to whether or not how the observations 

were made, i.e. how individual flowers were observed per inflorescence and or how many inflorescence 

were observed per tree. Overlapping dichogamy was  also described by Gabriel (1968) when he studied 

three to six trees, depending on the year, over a three year period. Gabriel (1968), however did not report 

his study tree to be dioecious, as opposed to Wright’s 1953 report.   

 The breeding system of A. saccharum is clearly complex, with dichogamy as a general rule 

within populations, trees, and inflorescences, but possible unisexuality of some individual trees and 

inflorescences within trees. Both reports in the literature, and these findings, indicate highly male biased 

gender structure at the level of populations, trees, and inflorescences.  Gabriel (1967) produce self-

pollinations on A. saccharum and noted that seeds from self-fertilization could germinate but the 
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seedlings were sickly and died.  Thus, Wright’s (1953) suggestion that natural self-fertilization is 

probable on most trees is probably incorrect. That set of circumstances suggests that self-fertilization is 

probably not favoured, even though opportunity for self-pollination is high. 

 

5.2. Vegetative propagation 

Air layering may be the best option for vegetative propagation of  A. saccharum. This is because 

research conducted at Maple Leaves Forever®, indicated that simple cuttings were not a viable option 

with mature stress-tolerant A. saccharum.  Vegetative reproduction through the air layering technique is 

simple:  a rooting hormone is applied to the exposed cambium on a branch. Landowners with simple tools 

can easily create clones by air-layering their chosen trees, giving them the power to breed for pollution 

tolerance and/or higher sucrose content for sugar production, depending on their objectives. Vegetative 

reproduction from mature trees is better as the plant material is already sexually mature and carries all of 

the desired genetic information, whereas in seeds, 50% of the genetic material is from unknown pollen 

sources.  

Older trees are much more difficult to air layer as there is a lower amount of starch reserves in the 

twigs, the twigs are smaller and the vigour of the overall tree  is lower (Yawney and Donnelly 1982).  

Eighty year or older  A. saccharum trees can be successfully propagated under specific conditions.  This 

research did not determine which factors had statistical significance on rooting success of air layers for A. 

saccharum.  However, there was improvement when the east side of the canopy was used in comparison 

to other directions.  This may be because the air layers received the easterly morning sun which has 

cooler heat than the westerly afternoon sun.  Also, addition of a rooting hormone and complete wounding 

to expose the cambium, compared to no rooting hormone or two longitudinal cuts, also increased rooting 

success. 

Across the range of A. saccharum, propagating success by air-layering should be constant as they 

are the same species but, this research found that that air-layering success was much higher  in the 

maritime region when compared to Ontario, with success rates of  10%,  and  0.4%, respectively. Even 

though there was no valid significant difference between the two locations, in the three years work done 

in the Maritime locations, some success was noted every year, whereas some success in the rooting of air 

layers in Ontario was for only one year, and the two roots found, they were both of “poor” quality. Two 

possible reasons for the difference in the success rates in the different regions include differing climates—

hotter versus cooler—and differing atmospheric pollution levels. Possible future research should be done 

to include atmospheric and soil pollutants presence between the different sites. Choosing younger trees 

might also result in  overall better results as was found in Cunningham and Peterson’s  (1965)  and 

Barnes’ (1974) reports. 
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Weather conditions may have an impact on the rooting success of air layers on A. saccharum. 

Horsley et al. (2002) report that stress and heat affect the growth of A. saccharum.  The summer of 2007 

proved to be hot, humid and dry and Mono, Ontario was deemed to have a drought (Environment Canada 

2011).  There were many days (n=26) over 30oC and some (n=4) of those were over 35oC (Table 3.6).  

This additional stress of heat and lack of rain may have overheated the air-layers at a critical stage of root 

development, causing the high percentage of callusing and zero rooting. Only one year did I get some 

success for air layering in Ontario as compared to the Maritime trees where I had success every year. Two 

cuttings finally rooted in Ontario in 2009.That year was a cool damp summer with only six days above 

30°C and, of those, none were above 35°C.  Ontario is often affected with smog during hot summer days 

however, in 2009, because of the unusually cool and wet weather; no smog day was recorded in Mono 

(personal observations) and that year two air layers were successfully rooted. The Maritime trees, where 

the air layers rooted successfully year after year, are not exposed to smog and days with temperatures 

above 30°C, like those in Southern Ontario. This may be due to the cooler summer temperatures on the 

east coast compared to Southern Ontario’s hotter weather (Appendix A). 

 

5.3. Protection from an invasive species: A. platanoides 

Another reason of concern for the future health and survival of A. saccharum is the negative 

effect of A. platanoides. More and more healthy woodlots are being taken over by A. platanoides and are 

slowly becoming  A. platanoides monocultures. Unless action is taken to reduce or stop this (Martin and 

Marks 2006) A. saccharum, like other hardwood trees, are susceptible to being replaced by A. platanoides 

throughout their range. This will lead to significant ecological and economic losses.  I reviewed the 

current legislation in Canada available to address the problem of invasive alien species and found that the 

federal Plant Protection Act (1990, c.22) directly addresses invasive alien species and has the 

administrative body and enforcement capacity to address this problem. Their mandate, however, is only 

for new introduced species, not for exotic invasive alien species already in Canada. This act could be 

amended to list existing invasive alien species that are already established in Canada.  Another avenue for 

legislative change and protection of A. saccharum would be to add A. platanoides to the Ontario Weed 

Control Act (R.S.O. 1990, cW.5) as Vermont and Massachusetts have done. 

  Acer platanoides current presence in our environment, especially in sugar bushes, could be 

eliminated by various management techniques.  Acer platanoides has a pH tolerance between 5.5 and 6.5 

(Nowak and Rowntree 1990), whereas A. saccharum can tolerate a higher pH 7.3 (OMNR 2000).  

Changing the soil pH to above 6.5 is one possible management technique to limit or prevent A. 

platanoides from regenerating or establishing themselves on A. saccharum sites. Liming sites is already a 

well-known management technique in many sugar bushes to counteract the effects of acidification 
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(Moore et al. 2000). Another, although probably more costly method of removal, which involves more 

human resources, is the physical removal of the seedlings and trees themselves. This could be a job 

creation program such as South Africa’s Working for Water Programme  (Water Affairs 2010). A third 

option would be the development of a bio-control agent. A possible bio-control agent may already be 

present in Canada, this is the Rhytisma acerinum that causes tar spot disease. When there was an outbreak 

in 2006 and 2007 in Montreal, Quebec, there was a significant (p<0.001) decline in A. platanoides sapling 

and tree growth coupled with a high mortality of the seedlings (Lapointe and Brisson 2011).  Although 

there was also an effect on A. saccharum, it was deemed minimal.  

5.4. Final recommendations 

 For the long term health, survival and improvement of A. saccharum three different courses of 

actions should be taken.  

1. The immediate cessation of the selling and propagation of the invasive A. platanoides from 

our markets to prevent any new planting of this species which is detrimental to A. saccharum. 

a. A recognized group such as the Ontario Invasive Species Council or the Ontario 

Maple Syrup Producers Association should start advocating for legislative changes. 

b. An awareness campaign to educate the public on the dangers of the invasive A. 

platanoides for the general public should be implemented in co-ordination with the 

previous section, this could be done through education materials or signs given out at 

greenhouses or nursery centers. Funding for this could come from an additional tax 

levied to the horticultural  industry as most invasive alien species in terms of plant 

species comes from this industry (Reichard and White 2001). 

2. Removal of A. platanoides should be started as soon as possible. 

a. Invaded areas need to be identified, and then an Early Detection and Rapid Response 

Program can be instituted. 

b. Prevention of new invasions would be a priority. 

c. The total removal of mature A. platanoides could be done over a longer term period.  

Twenty-five percent of the trees could be removed every 5 years, with a diversity of 

other species planted in the meantime to minimize landscape blight.  

3. Continue research into ways of increasing rooting success in air layering of A. saccharum by 

working with younger but mature individuals. 

4. Long term research is needed to assess the flowering cycle of A. saccharum to establish 

predictability of the flower and ensuing seed production.  
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5. In years of abundant flowering, the phenology of flower development, and especially the 

sexual expression within the flower and the inflorescence and at the tree level, should be 

studied.  

5.5. Final word 

 In Mono, Ontario, and most likely throughout its range,  A. saccharum is exclusively wind 

pollinated and not insect pollinated as previously reported. The air layering technique shows some 

promise in the vegetative propagation of selected mature trees for tree improvement.  A. saccharum is 

under threat from the invasive A. platanoides, caused by its introduction by people, and therefore the best 

way to deal with this is to change current legislation to force change in human behaviour.  
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Figure A. 1. Temperature Comparisons at Experiment Sites for the Study Year 2006.  (A) Mono, Ontario, (B) Shigawake, 

Quebec, (C) Simcoe, Ontario and (D) Alma, New Brunswick. Graphs were created from Environment Canada`s daily 

 weather  records (Environment Canada 2011). 
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Figure A. 2. Temperature Comparisons at Experiment Sites for the Study Year 2007.  (A) Mono, Ontario, (B) Shigawake, 

Quebec, (C) Simcoe, Ontario and (D) Alma, New Brunswick. Graphs were created from Environment Canada`s daily 

 weather  records (Environment Canada 2011). 
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Figure A. 3. Temperature Comparisons at Experiment Sites for the Study Year 2008.  (A) Mono, Ontario, (B) Shigawake, 

Quebec, (C) Simcoe, Ontario and (D) Alma, New Brunswick. Graphs were created from Environment Canada`s daily 

 weather  records (Environment Canada 2011). 
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Figure A. 4. Temperature Comparisons at Experiment Sites for the Study Year 2009.  (A) Mono, Ontario, (B) Shigawake, 

Quebec, (C) Simcoe, Ontario and (D) Alma, New Brunswick. Graphs were created from Environment Canada`s daily 

 weather  records (Environment Canada 2011). 
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APPENDIX B 

 
Figure B.1.  Number of pollen grains of Acer saccharum caught at each sampling station from 10 May to 
31 May, 2008, Mono, Ontario, Canada. 

 
Figure B.2.  Number of pollen grains of Acer saccharum caught at each sampling station from 12 May to 
27 May, 2011, Mono, Ontario, Canada.  
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APPENDIX C 

The following section describes some of the non significant results for the 2007 air-layering 

experiments. The results indicate how some of the factors demonstrate trends. The rest of the test results 

explain why the initial tests cannot be validated.  

Figure C.1 displays a plot of the mean callous amount versus wounding for each hormone treatment. 

The cell means in Table C.1 suggest that the callous amount increases as wounding amount increases.  

This trend can be seen in Figure C.1. The lines seem to be parallel indicating that there is no interaction 

between wounding and hormone (or a very small degree). 

The simple effect of hormone treatment with two cuts is: 

1.8496 – 2.0065 = -0.1569 

which means the average callous amount with hormone was greater than without hormone when two cuts 

were used. 

Similarly, the simple effect of hormone treatment with four cuts:  

1.9752 – 2.2094 = -0.2342 

It can be said that the average callous amount with hormone was also greater than without 

hormone treatment when girdling was applied.  

 

 

 

 

 

 

 

 

 

 

Figure C.1.  Hormone * wounding averaged over compass direction for callousing amount from air-
layered 80-year-old+ A. saccharum in Mono, Ontario 2007. Statistics were done using “Proc. Mix” with 
SAS 9.2® software. 
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Table C.1. Least square means for hormone * wounding for callousing amount from air-layered 80-year-
old+ A. saccharum in Mono, Ontario 2007. Statistics were done using “Proc. Mix” with SAS 9.2® 
software. 

 

 

Hormone 

Wounding  

 

Hormone 

means 

2 longitudinal 

cuts 

Complete 

girdle 

Yes 2.0065 2.2094 2.1080 

No 1.8496 1.9752 1.9124 

Cut means 1.9281 2.0923 2.0102 

 

Hormone and hormone interactions were not significant.  However in both cases, 2 longitudinal 

cuts versus complete girdling, hormone application did increase the overall callousing rate.  The result 

can be interpreted that the application of hormone has a tendency to increase the success rate for 

callousing. 

The results of the difference least square means (Table C.2) shows the mean of callous amount 

for compass direction and wounding  is significantly different for north direction with 2 longitudinal cuts 

(1.0804) compared to the east direction with girdling (2.5759). Therefore the mean east direction with 

girdling outperforms the north with 2 longitudinal cuts by 1.4955.  

 

Table C.2. Least square means for compass directions * wounding for callousing amount from air-layered 
80-year-old+ A. saccharum in Mono, Ontario 2007. Statistics were done using “Proc. Mix” with SAS 
9.2® software.  

 

Wounding 

Direction  

Cut 

means North South West East 

2 longitudinal cuts 1.0804 2.2283 2.1076 2.2961 1.9281 

Girdling 1.6373 2.1653 1.9906 2.5759 2.0923 

Direction means 1.3589 2.1968 2.0491 2.4360 2.0102 
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The results of the difference for least square means (Table C.2) shows the mean callous amount 

for compass direction and hormone treatments is significantly different for east direction with hormone 

(2.7432) compared to the north direction without hormone (1.1809).  Therefore, the east direction with 

hormone outperforms the north direction without hormone by 1.5623.  

 

Table C.2. Least square means for compass direction and hormone treatments for callousing amount from 
air-layered 80-year-old+ A. saccharum  in Mono, Ontario 2007. Statistics were done using “Proc. Mix” 
with SAS 9.2® software. 

 

Hormone 

Direction  

Hormone 

means 
North South West East 

Yes 1.5368 1.9071 2.2447 2.7432 2.1080 

No 1.1809 2.4864 1.8535 2.1287 1.9124 

Direction means 1.3589 2.1968 2.0491 2.4360 2.0102 
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APPENDIX D 

In experiment # 3 for air-layering, there was a problem when the logistic regression was run, a 

problem of so-called quasi-complete separation was detected in the analysis. Therefore, it became 

necessary to conduct some additional statistical techniques to see whether or not the results were 

statistically valid.  

Tables D.1 and D.2 display results obtained from the conditional exact test. The p-values in Table 

3.11 lead to the rejection of the null hypothesis that 𝛽 is zero. It can be observed that there is no parameter 

estimate for direction because it was “conditioned away”.  It can also be noticed that the p-values for the 

exact estimates are smaller than those for the maximum likelihood estimates (Table D.3).  

 

Table D.1.  Conditional exact tests from air-layered 80-year-old+ A. saccharum in Shigawake, Québec 
2008. Statistics were done using “logistic” with SAS 9.2® software. 

Effect Test Statistic 
p-Value 

Exact Mid 

Wound Score 16.6545 0.0001 <.0001 

 Probability 0.000101 0.0001 <.0001 

 

The slope 𝛽 in Table 3.12 is estimated to be �̂� = −1.6 suggesting that the odds of roots increase 

with wounding.  However, the 95% confidence interval does not have a lower bound.  This means that the 

parameter estimates for Cut0 can take any value from minus infinity to -0.6792.  As a consequence, this 

predictor variable cannot be interpreted.  

 

Table D.2. Exact parameter estimates from air-layered 80-year-old+ A. saccharum in Shigawake, Québec 
2008.  Statistics were done using “logistic” with SAS 9.2® software. 

Parameter Estimate 95% Confidence Limits p-Value 

No wounding -1.6376 -Infinity      -0.6792 0.0002 

 

Table D.3 shows the parameter estimates for intercept 𝛽0 and the slopes𝛽1,  𝛽2.  The values of the 

parameter estimates for intercept and Cut0, denoted for the wounding with two cuts, are very large. Their 

values also correspond to probability close to 1.  In addition, the standard errors for these parameter 

estimates are large. All of these pieces of information indicate a convergence and quasi-complete 
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separation issues.  Consequently, the parameter estimates for Cut0 and for intercept are not meaningful.  

In order to interpret the parameter estimate for Cut0, the conditional exact test was used (Tables D.1 and 

D.2). 

The parameter estimate (Table D.3) for Direction (north), on the other hand, is valid, but it is 

insignificant at the 5% significance level (the p–value > 0.1297) (Derr 2000, UCLA Academic 

Technology Services 2010). We can only use this value to show a possible trend.  Had the sample size 

had been larger (n = 30), significance might be observed. 

Table D.3. Analysis of maximum likelihood estimates from air-layered 80-year-old+ A. saccharum  in 
Shigawake, Québec 2008.  Statistics were done using “logistic” with SAS 9.2® software. 

Parameter DF Estimate 
Standard 

Error 

Wald 

Chi-Square 

Pr > 

ChiSq 

Intercept 1 -8.1544 83.3279 0.0096 0.9220 

Direction (north) 1 0.6750 0.4454 2.2961 0.1297 

No wounding 1 -6.6321 83.3277 0.0063 0.9366 
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Appendix E 

  Again there were issues with the quasi-separation issues for experiment 4 of the air-layering 

chapter. Therefore additional were done. When testing for global null hypothesis, Table E.1. shows 

conflicting results.  Particularly, the likelihood ratio and the score tests reject the null hypothesis that β is 

0, the p-values are smaller than 0.05, but the Wald test does not ( p – value > 0.2129).  The conflicting 

results indicate that the validity of the model fit is questionable.  Furthermore, in Table 3.20 the values of 

the parameter estimates and the standard errors for time and intercept are too large to be taken as valid.  In 

terms of probabilities, the values are close to 1. These facts point to quasi-complete separation of data 

points. Therefore, the parameter estimates for time and intercepts are not meaningful. 

Table E.1.. Testing global null hypothesis:  β = 0 for air-layering of A. saccharum in 2009.  Statistics 
were done using “logistic” with SAS 9.2® software. 

Test Chi-Square DF Pr > ChiSq 

Likelihood Ratio 14.8966 5 0.0108 

Score 12.2337 5 0.0317 

Wald 7.1060 5 0.2129 

 

Regarding the parameter estimates (Table E.2) for Location 2 and Internode 0,  they are valid but 

are insignificant at the 5% significance level, holding other variables constant, the  p – value > 0.0884 

(Derr 2000, UCLA Academic Technology Services 2010) 

Table E.2. Analysis of maximum likelihood estimates for air-layering of A. saccharum in 2009.  Statistics 
were done using “logistic” with SAS 9.2® software. 

Parameter DF 
Standard  

Estimate 

Wald 

Error 
Chi-Square 

Pr > 

ChiSq 

Intercept 1 -5.6022 35.6133 0.0247 0.8750 

Location 2 1 -0.7267 0.4264 2.9038 0.0884 

Internode 0 1 0.7267 0.4264 2.9038 0.0884 

Time 1 1 -8.2877 106.8 0.0060 0.9382 

Time 2 1 1.7100 35.6192 0.0023 0.9617 

Time 3 1 3.2888 35.6140 0.0085 0.9264 
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Tables E.3 and E.4 display results obtained from the conditional exact test.  In Table E.3 the p-values for 

time are greater than 0.05 (the p–value > 0.0792) suggesting that at the 5% significance level there is no  

significant evidence against the null hypothesis that 𝛽, the slope, is zero.  It can also be noticed that there 

are no parameter estimates for location and internode because they were “conditioned away”. 

 

Table E.3. Conditional exact tests for air-layering of A. saccharum in 2009.  Statistics were done using 
“logistic” with SAS 9.2® software. 

Effect Test Statistic 
         p-Value 

Exact Mid 

Time Score 6.3492 0.0801 0.0792 

 Probability 0.00194 0.0732 0.0722 

 

The 95% confidence intervals for the exact parameter estimates for time are given in Table E.4.  

The 95% confidence limits are not defined or not bounded; consequently, these predictor variables cannot 

be interpreted.  

 

Table E.4. Exact parameter estimates for air-layering of A. saccharum in 2009.  Statistics were done using 
“logistic” with SAS 9.2® software.  

Parameter Estimate Standard Error 95% Confidence Limits  Limits p-Value 

Time 1 -0.3011 - -Infinity     0.06148 .06148 0.4614 

Time 2 - - - - - 

Time 3 0.2373 - -0.6786      infinity Infinity 0.5581 

 

Confidence limits for odds ratio of the roots for location 2 versus location 3 as well as internode 0 versus 

internode 1 contain the value 1 (Table E.5). This leads to a conclusion that there is no difference in 

rooting success with the change of the location of the site and the location of girdling. 
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Table E.5. Odds Ratio Estimates for air-layering of A. saccharum in 2009 in Mono, Ontario and 
Shigawake, Québec. Statistics were done using “logistic” with SAS 9.2® software. 

Effect 
Point 

Estimate 
95% Confidence Wald Limits 

Location 2 vs 3 0.234  0.044      1.244 

Internode 0 vs 1 4.278  0.804     22.760 

Time 1 vs 4 <0.001  0.001     999.999 

Time 2 vs 4 0.206  0.021     2.068 

Time 3 vs 4 1.000  0.210     4.757 
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