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Abstract. The relation between bordering tree forest composition, seed rain and tree seedling 

establishment was estimated in a powerline corridor of southern Quebec (Canada). Red maple was the 

most important tree species in the bordering forests, accounting for nearly half of the 18 tree species 

found, in terms of basal area. Seeds from 10 tree species were found in the seed traps, the large majority 

of which being from gray birch, followed by red maple, paper birch, and white ash. A good proportion of 

seeds from gray birch and eastern hemlock were dispersed in winter. Seedlings from 14 tree species were 

sampled in the right-of-way, the large majority being from red maple and gray birch. The relation 

between nearby bordering tree, seed and seedling abundances varied among tree species. Seed abundance 
collected within a single year appeared to be poorly related to tree representation and seedling abundance, 

suggesting high interannual variation in seed production. Distance to seed source was weakly related to 

seedling establishment for some species such as gray birch. However, for many species, tree composition 

in the neighboring forest was a good predictor of nearby seedling establishment, implying that dispersal 

limitation may be an important factor in determining tree composition. 

Keywords: seed dispersal, seedling establishment, tree composition, Acer rubrum, Betula populifolia  

Introduction 

Tree establishment in open sites may be viewed as beneficial or detrimental 

depending on management purposes. On sites assigned to forest production, natural 

establishment contributes to reforestation, and cutting practices frequently include 

protection of seeding trees or forest patches in order to insure sufficient seed sources 

(Solarik et al., 2010). Lack of natural tree establishment may necessitate direct seeding 

(St-Denis et al., 2013) or planting (Corbin and Holl, 2012). In powerline corridors, on 

the other hand, tree establishment is often a nuisance and costly cutting operations are 

needed to keep a low vegetation cover that does not interfere with operation and safety 

(de Blois et al., 2004), Understanding the factors that influence seedling establishment 

in open sites can therefore contribute to better planning and vegetation management for 

a variety of purposes.  

Because they act as seed sources, trees bordering an opening should be the best 

predictor of recolonization pressure (Mart ne -Orea et al., 2014). However, bordering 

forest composition and seedling composition in the opening may not always be closely 

related. First, annual seed production, germination rate, and interannual variation vary 

depending on species and tree size (Hill et al., 1995). Also, seed rain at a particular 

location further depends on proximity to seeding trees and seed dispersion. Finally, 
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seedling establishment varies between species depending on biotic and abiotic factors 

such as seed size, seed predation, soil requirement, herbaceous cover, predation, or 

climatic condition (Gill and Marks, 1991). All these factors interact to determine 

recolonization or tree invasion pressure. 

How accurately can we therefore predict tree establishment potential from bordering 

tree composition alone? This question is important especially in the context of 

integrated vegetation management (IVM), where the goal is to minimize environmental 

damages and costs. IVM practices require adapting management strategies to the local 

ecological context (Nowak and Ballard, 2005). If the goal is to prevent or reduce tree 

invasion as in many utility rights-of-way, a sound assessment of tree invasion pressure 

is crucial to design efficient interventions. A situation where there is high invasion 

potential from a fast growing but little competitive tree species, for example, may 

require active prevention with the sowing of a competitive herbaceous cover to control 

invasion (de Blois et al., 2004), while sites with low invasion pressure may be best 

treated by targeting specific invaders as needed. 

The objective of this study is to assess the relation between bordering tree forest 

composition, seed rain, and seedling establishment in a powerline right-of-way of 

southern Quebec, Canada. The work presented here is part of an ongoing long-term 

project that aims to design and implement efficient integrated vegetation management 

practices in powerline rights-of-way corridors. 

Study site 

The study site is located in Roxton County (45
°
 54’N, 73

° 
49’W), in the Montérégie 

Region of southern Quebec, Canada (Fig. 1).  

 

 

Figure 1. Study site 
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This region has a humid continental climate with hot summers and cold winters. The 

mean annual temperature and total precipitation are, respectively, 6.3
 °
C and 1215 mm 

for the years 1981 to 2010 (Granby meteorological station). Mean maximal temperature 

is 25.2
°
C in July and –14.2

°
C in January (Environment Canada, 2015).  

The sampling sites are distributed along a 14.6 km portion of a powerline right-of-

way (Fig. 1). In this portion, the topography is slightly rugged, with a 79 m altitude 

difference between the first and last sampling site. A surficial deposit of sandy to gravel 

till lies over the bedrock made of calcareous shale and sandstone of the Sillery 

Formation (Prichonnet, 1984).  

The Montérégie region is part of the Maple – Basswood Bioclimatic Domain 

(Ministère des Ressources naturelles du Québec, 2003) and the St. Lawrence Lowlands 

Ecoregion (Ecoregions Working Group, 1989). The studied powerline portion is mostly 

bordered by forests interspersed with cultivated fields and pastures. Mesic sites are 

mostly occupied by submature woodlands dominated by sugar maple (Acer saccharum) 

accompanied by red maple (Acer rubrum), yellow birch (Betula alleghaniensis), 

American beech (Fagus grandifolia), Ironwood (Ostrya virginiana) and eastern 

hemlock (Tsuga canadensis). These woodlands are often managed for maple sugar 

production. In the moderately drained sites, most of which are partially to severely 

disturbed by partial cutting, trembling aspen (Populus tremuloides), large-toothed aspen 

(Populus grandidentata), pin cherry (Prunus pensylvanica), paper birch (Betula 

papyrifera), white ash (Fraxinus americana) or gray birch (Betula populifolia) 

accompany red maple. Poorly drained sites are colonized by gray birch, balsam fir 

(Abies balsamea), willows (Salix sp), black ash (Fraxinus nigra) and white elm (Ulmus 

americana). Other common tree species found in the area include black cherry (Prunus 

serotina), eastern white cedar (Thuya occidentalis), tamarack (Larix laricina), balsam 

poplar (Populus balsamifera), red elm (Ulmus rubra) and eastern cottonwood (Populus 

deltoides) (Boivin et al., 2004). 

The right-of-way is an 80m-wide corridor that has been deforested during a period 

going from September 1998 to February 1999, followed by the construction of the 

powerline. A portion of the right-of-way was grubbed and sown with an herbaceous mix 

while the rest was simply left as is. 

Methods 

Six sampling locations were selected in the right-of-way based on the following 

criteria: there had to be a forest border on each side of the right-of-way; the types of 

forest bordering the sampling sites had to cover a wide range of composition (Table 1). 

Data were collected in three phases over a period of 16 months (from April 2003 to 

August 2004) in order to characterize 1) forest border composition, 2) seed rain in the 

right-of-way, and 3) seedling establishment. 

Bordering forest composition was sampled on July 2004 in two 80m x 20m plots 

adjacent to the right-of-way, one on each side, with the long axis perpendicular to the 

right-of-way (Fig. 2). We identified and measured the diameter at breast height (DBH) 

of every tree (DBH > 10 cm) in each plot. For gray birch, for which significant seed 

production starts when the trees are still small, we also counted the number of 

individuals in each of two small size-classes (sapling 1: 1-5 cm DBH; and sapling 2: 5-

10 cm DBH). Because tree size for a particular species is generally correlated to seed 

production, we measured tree importance in terms of basal area.  
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Table 1. Characteristics of the sampled sites S1 to S6 

Name 
Bordering vegetation: dominant

 2
 / co-dominant

 
 (forest age)

 3
 

Distance 

from S1 

(km) 

North border South border  

S1 Rma / Sma (young) Rma / Las (young) 0 

S2 Rma / Sma (young) Rma / Tas (young) 0.4 

S3 Sma / Rma (mature) Rma / Sma (sub-mature) 3.8 

S4 Rma / Gbi (sub-mature) Rma / Tas (sub-mature) 8.6 

S5 Rma / Ael (young) Bfi / Tas (sub-mature) 13.7 

S6 Gbi / Rma (young) Rma / Wil (young) 14.0 

1: Sowing was done with an herbaceous seeding mix (Phleum pratense; Trifolium reprens; Trifolium 
pratense) for revegetation purposes  
2: Ael = American elm; Bfi = Balsam fir; Gbi = Gray birch; Las = Large-toothed aspen; Rma = Red maple; 
Sma = Sugar maple; Tas = Trembling aspen; Wil = willows 

3: young (20-40 years); sub-mature (41-60 years) and mature (61-80 years). Estimations based on 
photointerpretation and field validation, reported on ecoforest maps of the Ministère des forêts (Québec, 
1994). 

 

 

Because certain types of seeds – notably birch seeds – are known to disperse on 

snow in winter, we used two types of seed traps to fully evaluate tree seed rain in the 

right-of-way. For summer seed rain, we used seed traps made of funnels of 30 cm of 

diameter (opening surface: 0.09 m
2
), with a nylon mesh fastened at the small end to 

receive and store the seeds. The traps were fixed on a metal pole so that the opening end 

of the funnel was at 1 m above ground level in order to avoid the effect of the dense 

surrounding herbaceous vegetation. In April 2004, before seed fall of the earliest seed 

producer (red maple, starting seed fall in mid-May), 23 traps were installed in each 

sampling site, within a 10m-wide transect crossing the right-of-way (Fig. 2). Every 

month until late November, the nylon mesh were collected and replaced with new ones.  

 

 

Figure 2. Sampling design in a sampling site of the powerline right-of-way 
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Winter seed dispersion was evaluated using 1 m
2
 nylon cloth pinned to the ground 

and covered with a screen of the same size to assure an adhesive surface for seed 

collection. Five of these winter seed traps were uniformly located along a transect 

crossing the right-of-way in each of the six sampling sites in fall 2013, before the first 

snowfall (Fig. 2). The traps were collected in the following spring, during snowmelt, in 

March 2004, in order to collect all seeds deposited over the 1m
2
 surface during winter. 

The snow remaining on the traps was melted and the organic material was filtered and 

added to those accumulated on the traps, and all tree seeds were sorted, dried, identified 

and counted. Birch seeds were identified using Kenneth and Brinkman (1974). 

Tree seedlings were identified and counted in 18 1m
2
 plots uniformly located in a 

transect crossing the right-of-way in each sampling sites of the same year.  Information 

about the height and age were noted (Fig. 2). The number of seeds and seedlings 

counted in the plots along a transect were pooled in order to examine the relation 

between bordering tree, seed and seedling abundances between sites. For red maple and 

gray birch, the large number of seeds and seedlings allowed the study of their 

distribution along each transect, thus further allowing to study their spatial relation 

within sites.  

Correlations using non-parametric Spearman tests were determined between 1) the 

distance to the nearest border and the abundances of seeds or seedlings (for red maple 

and gray birch only) and 2) seed abundance in summer and winter (for gray birch). 

Statistical tests were done using JMP statistical software version 6. 

Results and discussion 

All 6 sampling locations combined, 18 tree species were present in the forest plots 

bordering the rights-of-way (Table 2). Red maple was by far the most important tree 

species, accounting for nearly half of the total basal area for all trees, followed by sugar 

maple, trembling aspen, balsam fir, large-toothed poplar and gray birch. All the other 

tree species had a relative basal area lower than 3%. We found seeds from 10 tree 

species in the winter and summer seed traps, the large majority of which being from 

gray birch (80.7%), followed by red maple, paper birch, white ash, and yellow birch 

(Table 2). Note that there were no paper birch trees in the bordering forest plots despite 

the fact that it represented more than 5% of the seeds in the seed traps, suggesting long-

distance dispersal. A good proportion of seeds from gray birch, eastern hemlock, and 

yellow birch were dispersed in winter (Table 2). This was particularly notable for 

yellow birch, which had almost half of its seeds dispersed in winter, confirming the 

necessity of sampling winter-dispersed seeds for a complete assessment of seed rain at a 

particular location (Matlack, 1989). 

We found no seeds for several tree species that are otherwise represented in the 

adjacent bordering forest plots, including species known to produce large number of 

wind-dispersed seeds such as trembling aspen and large-toothed poplar. This absence 

may be due to a large interannual difference in seed production, with low production the 

year of our sampling. 

Seedlings from 14 tree species were sampled in the right-of-way, the large majority 

being from red maple and gray birch (Table 2). There is generally little correspondence 

for species relative abundance between the tree – seed – seedling datasets, but there is a 

close relation for the relative rank of a species between the tree and seedling datasets: of 

the 6 most abundant trees in the bordering forests, 5 are also the most represented in the 
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seedling sets, with both red maple and trembling aspen keeping the same rank (Table 2). 

There is little relation, both in terms of relative abundance or rank, between seed 

abundance and either tree abundance in the bordering forest or seedling abundance in 

the right-of-way. Again, this may be due to large interannual difference in seed 

production (Houle 1999).  

 
Table 2. Abundance and ranking of bordering trees, seeds and seedlings of the tree species 

in the right-of-way 

Species Tree basal area Seed density 

(% winter) 

Seedlings density 

 (m2/ha) % rank Seeds/m2 % rank Seedl./m2 % rank 

Red maple 6.86 46.8 1 33.6 10.7 2 3.44 51.0 1 

Sugar maple 2.10 14.3 2 0.4 0.1 8 0.16 2.4 5 

Trembling aspen 1.28 8.7 3 - - - 0.25 3.7 3 

Balsam fir 1.19 8.1 4 1.3 0.4 6 0.17 2.5 4 

Large-toothed aspen 1.18 8.0 5 - - - 0.02 0.3 10 

Gray birch 0.70 4.8 6 254 (17) 80.7 1 2.42 35.9 2 

American elm 0.32 2.2 7 - - - - - - 

Black cherry 0.31 2.1 8 - - - 0.03 0.4 9 

Yellow birch 0.15 1.0 9 3.6 (47) 1.1 5 0.06 0.9 7 

White ash 0.15 1.0 10 4.0 1.3 4 0.05 0.7 8 

Eastern white cedar 0.11 0.8 11 0.2 0.1 10 < 0.01 0.1 13 

Tamarack 0.08 0.5 12 - - - 0.02 0.3 10 

American beech 0.03 0.2 13 - - - - - - 

Ironwood 0.03 0.2 14 - - - - - - 

Eastern hemlock 0.03 0.2 15 0.4 (21) 0.1 9 - - - 

Balsam poplar 0.02 0.1 16 - - - - - - 

Red elm 0.1 0.7 17 - - - - - - 

Pin cherry 0.02 0.1 18 0.4 0.1 7 0.08 1.2 6 

Paper birch - - - 16.9 (0.2) 5.4 3 - - - 

Black ash - - - - - - < 0.01 0.1 13 

Eastern cottonwood - - - - - - 0.02 0.3 10 

 

 

If we exclude species with little representation in the 3 data sets, we find that the 

relation between tree, seed, and seedling abundance in a particular sampling site varies 

largely among species (Fig. 3). The combined tree abundance of both borders is a good 

indicator of seedling presence within the right-of-way for red maple, sugar maple, 

balsam fir, white ash, and northern white cedar. Gardescu and Marks (2004) also found 

a close relationship between seedling emergence and seed source in red maple and 

white ash. The primary reason for this spatial relation is more likely attributed to a short 

distance dispersal than to local suitable habitat conditions since the absence of trees in a 

particular sampling site often results in a low number or in the absence of seeds (see 

sugar maple, balsam fir, white ash and eastern white cedar). For red maple, with trees 
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present in all borders, there was a close relation between tree, seed and seedling 

abundances. For these species, seed dispersal is thus an important factor in explaining 

seedling establishment. In general, these species are also those that have the largest 

seeds, representing another example of the relation between dispersal limitation and 

seed size (Battaglia et al., 2008).  

 
Figure 3. Abundance of trees (in the bordering forest), seeds, and seedlings in each sampling 

site of the powerline right-of-way for the most common tree species  
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Other tree species showed little relation between tree and seed abundance within a 

sampling site. Gray birch seeds, both summer and winter dispersed, were present in 

great numbers in all sampling sites, irrespective of the abundance of seeding trees in the 

nearby border, suggesting a predominance of long-distance dispersal processes 

(Caughlin et al., 2014). Dispersal mechanisms in winter and summer did not create 

changes in dispersal patterns since the relative abundance in winter and summer appears 

to vary similarly. Paper birch seeds, present in all sites, also originated from more 

distant trees since they were absent in all borders. The large number of widely dispersed 

seeds combined with the total absence of seedlings suggest that paper birch does not 

find suitable conditions for seedling establishment in the right-of-way.  

Dispersal of pin cherry seeds is known to be predominantly achieved by birds 

(Marks, 1974). While pin cherry trees are almost absent from the borders, seeds were 

found in all sites, although most often in small numbers. The two sites with the most pin 

cherry seeds were also the ones with the presence of seedlings. There was apparently no 

relation between the presence of eastern hemlock trees and the abundance of seeds (no 

seedlings were found), but the overall low tree and seed numbers in our sampling forces 

caution in interpreting this pattern. 

Red maple and gray birch were sufficiently abundant in all sampling sites, both in 

terms of seeds and seedlings, to allow the study of their spatial patterns at the scale of a 

single sampling site. These two species are known to be aggressive colonizers (Lavoie, 

1999, Abrams, 1998), and they both represent management problems in powerline 

rights-of-way (Boivin et al., 2004, Mercier et al., 2001). For red maple, there were often 

a decreasing number of seeds from the edge to the center of the right-of-way in several 

sampling sites (particularly apparent in S1, S2, S4, and S5) (Fig. 4). The same pattern 

occurred for seedlings in S5.  

Overall, there was a significant negative correlation between the abundance of seeds 

and seedlings at a particular location in the rights-of-way and the distance from the 

nearest border (r=-0.65 and -0.42 respectively, p<0.001 in both cases). Both of these 

patterns indicate that the lower establishment in the center of the right-of-way is at least 

partly due to low seed dispersal distance at the scale of the transect. A greater tree 

seedling establishment at the edge of another powerline right-of-way was also related to 

the proximity of seeding trees and low seed dispersal distance by Brisson et al. (1997). 

For gray birch, there was no relation between seed and seedling abundances and the 

distance to the nearest border (r=-0.16 and -0.02 respectively). Although spatial patterns 

of seed distribution for gray birch results from long-distance seed dispersion, the pattern 

along transects crossing the right-of-way implies smaller-scale dispersion processes, as 

shown by the apparent spatial autocorrelation in seed distribution within most sampling 

locations (Fig. 4). This may be due to local wind patterns within the rights-of-way. 
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Figure 4. Tree abundance for each forest border and spatial distribution of seeds and seedlings 

across the right-of-way for gray birch and red maple. The x-axis represents the distance (m), 
from the northern edge of the right-of-way to the center of the seed trap or seedling plot. At S3, 

the right-of-way was narrower, so that the transect had one plot less than for the other sites 
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Conclusion 

Seed abundance collected within a single year appeared to be poorly related to tree 

representation in the bordering forest and seedling abundance in the right-of-way, most 

likely due to interannual variation in seed production (Wesołowski et al. 2015). We 

found that the relation between nearby bordering tree, seed and seedling abundances 

varies among tree species. Distance to seed source was not so important for natural 

seedling establishment for some species such as gray birch. Winter seed dispersal may 

contribute to its long-distance dispersal. However, for many species, tree composition 

was an overall good predictor of nearby seedling establishment in terms of ranking. 

While this may be partially related to local suitable conditions, it also suggests that 

dispersal limitation may be an important factor in determining tree composition (Abiyu 

et al. 2016). These results may better inform powerline rights-of-way managers about 

corridor portions that may need greater plant control operations, but they are also 

relevant to other applications such as forest restoration and forestry. 
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