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ABSTRACT 

The effects of the intensification of silvicultural practices on seed bank diversity in the boreal 

and northern temperate forests 

Jose Rey Maloles                   Advisor: 

University of Guelph, 2015                                  Dr. Steven G. Newmaster 

 

Soil seed banks are recognized as an important mechanism for forest regeneration 

following disturbance. The objectives of this thesis are to establish a novel alternative method for 

estimating seed bank diversity through the use of DNA barcoding, and determine the effects of 

silvicultural intensification on soil seed bank diversity. Soil samples were collected from the 

Timmins and Kaspuskasing sites of the NEBIE plot network in 2012. A total of 306 plant species 

were compiled to construct a DNA barcode library. DNA barcoding found higher precision of 

species resolution over conventional seedling emergence trials. Disparity was found in the 

patterns of diversity within the soil seed bank at large spatial scales. Environmental factors 

associated with forest management were correlated with some of the variance found in seed bank 

diversity. This study provides direction for researchers to explore how certain management 

practices may affect the species diversity in the seed bank. 
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PROLOGUE 

Seed Banks 

Seed banks serve as mechanism for forest regeneration following disturbance. A seed 

bank is a reservoir of viable seeds that have the potential of replacing the above ground 

vegetation (Leck et al., 1989). The seeds found within the soil and associated soil litter 

constitutes the soil seed bank. Seed banks can be classified as transient or persistent depending 

on their seed longevity (Hills and Morris, 1992). Transient seed banks are viable for less than a 

year, whereas persistent seed banks remain viable for more than a year (Thompson and Grime, 

1979; Simpson et al., 1989; Hills and Morris, 1992).  

Soil seed banks are in constant flux. Seeds are continuously added and removed from the 

seed bank (Simpson et al., 1989). Seed rain, caused by fire, wind, rain, and animals, is the main 

mechanism for seed input into the soil seed bank. Losses from the soil seed bank are caused by: 

predation, germination, physiological death, decay, pathogens, and deep burial (Simpson et al., 

1989; Wood, 2002). 

The estimation of seed bank diversity is primarily accomplished via seedling emergence 

trials or by seed identification (Brown, 1992). Both of these methods, however, have been met 

with criticism (Brown, 1992; Leck et al., 1989). Seedling emergence methods rely on the 

identification of plants that grow in greenhouse conditions following cold stratifications. These 

methods may lead to an underestimation of seed bank diversity because the germination 

requirements of all the species may not have been fulfilled by the stratification duration (Brown, 

1992; Leck et al., 1989). A morphology-based approach with dichotomous keys is limited by the 

scarcity of seed morphological characters used for species delineation, which leads to low 

species resolution and poor estimates of the seed bank diversity (Brown, 1992). Presently, there 
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has been little innovation in methods for increasing precision in species resolution when 

estimating seed bank diversity. 

Forestry in Ontario 

The boreal and Great Lakes-St. Lawrence forests of Ontario are important to the 

Canadian forest industry, however, the amount of usable land for industrial forest management in 

Ontario was reduced under the Ontario Forest Accord (OFAAB, 2001; 2002). The losses in 

wood supply became a major concern for the Canadian forest industry which has led to the 

suggested use of intensive forest management to mitigate the anticipated shortfalls in timber 

supply in the future (OFAAB, 2001; 2002). The goal of intensive forest management is to yield 

high value timber and decrease harvest rotation length. 

Silvicultural intensity is defined as the degree to which the factors influencing the growth 

and yield of forest stands are manipulated (Bell et al., 2008). Silvicultural intensity can be 

separated into four classes: Extensive, Basic, Intensive, and Elite (Bell et al., 2008; 2012). These 

classes represent the expended silvicultural effort to increase the yield and value of forested 

stands. The criteria used to separate these classes include: stock selection, soil preparation, 

disturbance protection, herbicide application, thinning, and site amelioration (Bell et al., 2008). It 

has been suggested that the use of intensive forest management practices can modify the 

landscape and have a negative effect on biodiversity (Kimball and Hunter, 1990; OMNR, 1999, 

2004; Gilliam and Roberts, 1995; Armson, 2001; Betts et al., 2005; Carnus et al., 2006). The 

impacts of using intensive silviculture on the diversity within soil seed banks have not been 

extensively researched. 

Researchers decided to implement active adaptive management strategies to identify and 

reduce the uncertainties of implementing these types of forest management practices (Bell et al., 



3 
 

2008). This has led to the establishment of the NEBIE plot network. This network was designed 

to monitor biodiversity responses under varying intensities of forest management (Bell et al., 

2012). The NEBIE plot network has the potential to help determine the relative impacts of 

various intensive silvicultural practice on plant biodiversity following harvesting. 

Objectives 

The purpose of this research project was to better understand the effects of intensive 

silviculture on seed bank diversity in the boreal and northern temperate forests of Ontario. To 

achieve this goal, the objectives of each chapter were as follows: 

 

Chapter 1 – 1. Construct a library of DNA barcode sequences of boreal and northern temperate 

forest seeded plants derived from expert-identified reference specimens. 2. Contrast conventional 

seedling emergence trials and DNA barcoding as methods for estimating the species diversity of 

seed banks. 

 

Chapter 2 – 1. To measure changes in diversity (species richness and community composition) 

of the soil seed bank among the Natural, Extensive and Intensive silvicultural intensities. 2. 

Examine the possible explanatory variables that drive the community assemblage of the soil seed 

bank under these forest management practices.  
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CHAPTER I 

A comparative analysis of two methodologies for estimating seed bank diversity: 

seedling emergence and DNA barcoding 

Abstract 

Seed banks are reservoirs of viable seeds that have the potential of replacing the above 

ground vegetation. The estimation of seed bank diversity is primarily accomplished via seedling 

emergence trials or by seed identification. Advancements in molecular technology offer a new 

avenue in seed bank research. DNA barcoding has higher precision in plant species identification 

in comparison to conventional morphology-based taxonomy. The objectives of this study were to 

construct a library of DNA barcode sequences of boreal and northern temperate forest plants; and 

contrast DNA barcoding with conventional seedling emergence trials as methods for estimating 

the species diversity of soil seed banks. Sequences for the the rbcL and ITS2 barcoding regions 

from a total of 306 plant species, spread across 163 genera and 60 families, were compiled to 

construct the DNA barcode library. Soil samples were collected from the unmanaged control 

stands at the Timmins site of the NEBIE plot network in 2012. Soil samples allocated for the 

seedling emergence trial were grown in greenhouses for a period of four months following cold 

stratification. Ninety-six seed samples extracted from soil samples were barcoded for the rbcL 

and ITS2 regions for species identification. The use of rbcL and ITS2 has found 100% species 

resolution for all species listed within the library. Furthermore, DNA barcoding found higher 

precision of species resolution over conventional seedling emergence trials. Forest management 

studies that monitor biodiversity of underground plant communities would benefit from the high 

species detection and species resolution of DNA barcoding. 
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Introduction 

Seed banks are essential in a forest ecosystem as they serve as mechanism for forest 

regeneration following disturbance. A seed bank is a reservoir of viable seeds that must have the 

potential of replacing the above ground vegetation (Leck et al., 1989). Furthermore, seed banks 

are in constant flux in the soil; seeds are continuously added to and removed from the seed bank 

on spatial and temporal scales (Simpson et al., 1989). Knowledge of seed bank dynamics is 

important for understanding the response of forest ecosystems after natural and anthropogenic 

disturbances; however, progress in this field is often hindered by limitations in the techniques 

used to estimate seed bank diversity. 

The estimation of seed bank diversity is primarily accomplished via seedling emergence 

trials or by seed identification using dichotomous keys (Brown, 1992). Both of these methods, 

however, have been met with criticism (Brown, 1992; Leck et al., 1989). Firstly, seedling 

emergence methods rely on the identification of plants that grow in greenhouse conditions 

following cold stratifications. These methods may lead to an underestimation of seed bank 

diversity because the germination requirements of all the species may not have been fulfilled by 

the stratification duration or the greenhouse conditions that favour readily germinable weedy 

plant species (Brown, 1992; Leck et al., 1989). Secondly, a morphology-based approach with 

dichotomous keys is limited by the scarcity of seed morphological characters used for species 

delineation, which leads to low species resolution and poor estimates of the seed bank diversity. 

Furthermore, this method may lead to an overestimation of the seed bank with the inclusion of 

non-viable seeds (Brown, 1992). Despite earlier studies on increasing seed germination in 

emergence trials, there has been little innovation in methods for estimating seed bank diversity.  
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Advancements in molecular technology offer a new avenue in seed bank research. 

Molecular techniques, such as DNA barcoding, were found to have higher precision in plant 

species identification compared to conventional morphology-based taxonomy (Thompson and 

Newmaster, 2013). Consequently, this technique has found a wide range of applications 

including: vegetative surveys; assessment of diets for cryptic mammal species; spatial patterns of 

tree root diversit; medicinal plant authentication; and more recently, has been incorporated in 

seed bank studies (Kesanakurti et al., 2011; Newmaster et al., 2012, 2013; Nevill et al., 2013; 

Thompson and Newmaster, 2013; James et al., 2014). Success in barcoding seeds has been 

established using Acacia species (Nevill et al., 2013). Furthermore, DNA barcoding has also 

been used as an extension of plant seedling identification in seedling emergence trials (James et 

al., 2014). DNA barcoding is a method used for species identification that involves sequencing a 

standard region of DNA in taxa of interest (Hebert et al., 2003). For barcoding land plants, a 

multi-region approach for generating DNA barcodes has been found to be most successful (Kress 

et al., 2005; Newmaster et al., 2006; Kress and Erickson, 2007; CBOL Plant Working Group, 

2009). The rbcL plastid region is used as the standard first-tier marker because it is universally 

applicable across several plant taxa (Chase et al., 2006; Newmaster et al., 2006). The matK 

region has been suggested as the second barcode marker for the multi-region framework because 

of its consistency in discriminating angiosperm species (CBOL Plant Working Group, 2009). 

However, more studies have found it to have low amplification success, sequence quality, 

genetic variability and species resolution; and thus, it has inconsistent performance across all 

land plant taxa (Fazekas et al., 2008; Newmaster et al., 2008; Chen et al., 2010; Kress et al., 

2010; von Cräutlein et al., 2011; de Vere et al., 2012; Li et al., 2012a, 2012b; Sandionigi et al., 

2012; Zhang et al., 2012). Alternatively, the ITS2 nuclear region has been used as the second-
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tiered marker and this strategy has found large success (Chen et al., 2010; Yao et al., 2010; Li et 

al., 2011). This region is considered to have high variability of base-pair sequences and is 

capable of distinguishing closely related species from a broad range of taxa (Chen et al., 2010). 

In order for DNA barcoding to be functional, however, a database of reference barcode 

sequences is required. 

A DNA barcode library is a database of barcode sequences that have corresponding 

voucher specimens with validated species identification (Hebert et al., 2003). Barcodes from 

unidentified species are compared to sequences from the DNA barcode library to obtain a species 

identification. DNA barcode libraries can efficiently identify cryptic species within a geographic 

area or select group of taxa (Kazuma et al., 2012; Serrao et al., 2014). Previous plant barcode 

libraries from other geographic regions with similar flora have been created using both the 

traditional rbcL and matK barcoding regions. A barcode library for the arctic flora of Canada 

comprised of 490 species was able to discriminate 97% of genera, 56% of species, and 7% of 

intraspecific taxa (Saarela et al., 2013). A temperate flora barcode library in Ontario that looked 

at 513 species, was able to resolve 93.1% of the species (Burgess et al., 2011). One of the most 

extensive barcode floras sampled native flowering and conifer plants of Wales. This library was 

compiled using 1143 species and had 89.6% coverage for both barcoding regions (de Vere et al., 

2012). However, it was found to have 69.4 to 74.9% species level resolution and 98.6 to 99.8% 

to the genus level (de Vere et al., 2012). Despite past molecular studies of boreal forest plants 

and wide potential application of DNA barcoding in forestry, there is a lack of published or 

accessible DNA barcodes for boreal forest plants with proper reference material.  

The aim of the study described in this chapter was to establish a novel alternative method 

for estimating seed bank diversity through the use of DNA barcoding. The specific objectives of 
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this study were to: 1) Construct a library of DNA barcode sequences of boreal and northern 

temperate forest seeded plants derived from expert-identified reference specimens; and 2) 

Contrast conventional seedling emergence trials and DNA barcoding as methods for estimating 

the species diversity of seed banks. 

Materials and Methods 

DNA Barcode Library of Forest Seeded Plants of Ontario 

Plant Tissue Collection and Identification 

Plant species were collected for the assembly of the DNA barcode library of boreal and 

northern temperate forest plants across Ontario, Canada between 2009 and 2014. Species 

representative of boreal forest plants were selected using botanical floras and sourced vegetation 

data from the region. A collection of three samples of each species was attempted from different 

localities of at least 100 km apart to capture the genetic variation spread across large spatial 

scales (Fazekas et al., 2008). Approximately 10 cm2 of leaf tissue from each sample was sampled 

and stored in silica to prevent the degradation of DNA. The 430 plant specimens were identified 

to the species level by a team of two trained botanists with the use of binocular 

stereomicroscopes and dichotomous keys. Nomenclature followed the Ontario Plant List 

(Newmaster and Ragupathy, 2012). Voucher specimens were pressed and mounted under 

herbarium protocols and archived in the Biodiversity Institute of Ontario (BIO) Herbarium at the 

University of Guelph. Collection data and digital images of these specimens were prepared and 

uploaded to the Barcode of Life Database (BOLD website. Available: 

http://www.boldsystems.org). 
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DNA Extraction and Sequencing 

In all, 430 plant specimens were barcoded for the rbcL and nuclear ITS2 barcoding 

region, representing a total of 253 species, 150 genera, and 56 families. Additional sequences of 

boreal forest plants were sourced from other published collections on GenBank and the BOLD 

website to supplement missing barcodes. 

Approximately 0.5 cm2 of leaf tissue was sampled from each dried specimen stored in 

silica and processed at the Center of Biodiversity Genomics (CBG) building. The total genomic 

DNA was extracted from the dried leaf material using the Nucleospin Plant II Mini DNA 

Extraction kit. The extracted genomic DNA was amplified using polymerase chain reaction 

(PCR) and was performed in a 20 μL reaction mixture that contained 2.5 μL of genomic DNA, 

2.5 μL of 10 × Pfu buffer with MgSO4 (Fermentas®), 2.5 μL of 2 mM dNTPs (Fermentas), 0.5 

μL each of forward and reverse primers (10 pM) and 0.2 μL of 2.5 U Pfu DNA Polymerase 

(Fermentas) and 2 μL 0.5% dimethylsulfoxide (DMSO). The primer selection and the reaction 

conditions required for rbcL and ITS2 were previously published by Fazekas et al. (2012), and 

Chen et al., (2010), respectively. The PCR products obtained from these reactions were 

subjected to Big Dye (version 3.1) sequencing reactions that had a total volume of 10 μL and 

included 10 pMol of each primer. The sequencing amplification protocol consisted of 1 cycle of 

1 minute at 96°C, followed by 30 cycles of 10 s at 96°C, 5 s at 55°C, and 4 minutes at 60°C.  

The PCR products were bidirectionally sequenced using ABI 377 sequencer (Applied 

Biosystems).  

Assembling Consensus Sequences and Alignment  

The forward and reverse sequences were assembled into contiguous segments. Edits were 

made where necessary and exported as consensus sequences. To determine any erroneous 
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sequences from the recovered sequences, they were BLAST (Basic Local Alignment Search 

Tool) against the GenBank database. Sequences were uploaded to the BOLD website under the 

project “Boreal and Northern Temperate Forest Plants of Ontario”. Sequences were aligned in 

CLC sequence viewer 7.5 (CLC Bio, MD, USA). A maximum likelihood phylogeny was created 

using PhyML 3.1 with a BioNJ starting tree (Guindon et al., 2010). Huperzia lucidula, a non-

seeded plant, was used as an outgroup to root the tree. The phylogeny was altered into a 

cladogram and modified using FigTree (v1.4.2). 

Comparison of Seed Bank Estimation Methodologies 

Soil Collection 

Soil samples were collected from the unmanaged control stands (‘Natural’ treatment) at 

the Timmins site of the Ontario Ministry of Natural Resources Forestry (OMNRF)’s NEBIE plot 

network (Figure 1.1a; Bell et al., 2012). The forest stands are described as boreal mixedwood. 

Soil samples were collected from research plots used for surveying above ground vegetation. The 

Natural stands were replicated into 4 blocks, each approximately 2 hectares in size. These blocks 

were divided into 20 x 20 m sampling plots, with 5 randomly selected plots containing 2 

sampling posts each. Soil was sampled four times approximately 2.82 m away from the survey 

post in each of the ordinal directions: Northeast, Southeast, Southwest, and Northwest (Figure 

1.1b). 

Soil samples were collected using a commercial bulb planter that was 6 cm in diameter 

and 10 cm in depth. The soil litter (coarse organic debris, roots, and bryophytes) was removed 

prior to soil extraction. Two soil cores (approximately 1.0 kg) were collected from each ordinal 

sampling location to be used for the seedling emergence trial (n = 160). An additional two core 

samples were collected from each location for seed DNA barcoding (n = 160). The soil samples 
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were stored in re-sealable bags and mixed thoroughly prior to storage. A total ground area of 

0.45 m2 was sampled. 

Figure 1.1: a) A map showing the study site location in Ontario, 2012. b) A diagram showing 

the sampling design on each of the plots. Yellow dots indicate sampling post; red dots indicate 

location of where soil was sampled. 

 

Seedling Emergence and Plant Identification 

Soil samples allocated for the seedling emergence trial were placed in a -4oC cold storage 

for four months to meet the majority of cold stratification needs of the potential species present 

(Schopmeyer, 1974). These samples were exposed to a growing period of up to four months in 

the University of Guelph Phytotron greenhouses. To improve germination rates, the samples 

were filtered using a sieve with a 2 mm mesh to remove any coarse debris (Ter Heerdt et al., 

1996). However, the removed coarse debris were examined for seeds larger than 2 mm to be 

included back into the samples. The filtered samples were placed in conventional 10 inch (25.4 

cm) diameter pots containing vermiculite filled up to approximately half of the container. The 

Phytotron was maintained with a thermoperiod of 25/16 C and a photoperiod of 16/8 using 

supplemental 600W high pressure sodium lamps.  

Timmins 
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Plants were removed from pots upon reaching an identifiable stage. The plants were 

identified using a binocular stereomicroscope according to Voss and Reznicek (2012). Voucher 

specimens of representative species were pressed and mounted into herbarium specimens, and 

stored in the BIO Herbarium.  

Seed Extraction and Stratification 

The 160 soil samples allocated for DNA barcoding were moved to a 35ºC drying room 

for 2-3 days until dried. The samples were mechanically broken down with a rubber mallet, and 

filtered through a 2 mm sieve to remove any coarse debris.  

Seeds were extracted from the soil via a flotation method following the protocol of 

Malone (1967). This procedure used a solution consisting of 10 g sodium hexametaphosphate, 

5 g sodium bicarbonate, 25 g magnesium sulphate, and 200 mL per 100 g of soil sample. This 

solution causes the breakdown of soil aggregates and the flotation of the organic matter. Each 

soil sample was immersed into separate solutions and was mechanically agitated using a trowel 

for 10 minutes. After sitting for 15 minutes, the organic matter was sieved from the surface of 

the soil solutions. Next, the sieved organic matter was stored in individual paper bags and placed 

in a 35ºC drying room for 3 days until thoroughly dried. Finally, seeds were extracted from the 

organic matter using a binocular stereomicroscope according to Montgomery (1977). This 

procedure was repeated for each of the 160 soil samples. Seeds extracted from the organic matter 

were grouped together by the soil sample which they originated from, and were stored separately 

into one of the 160 labelled packets. 

To determine the sampling time that optimally extracts seeds from the organic matter, 

seeds were extracted at 5 minute intervals. The number of seeds were counted and recorded from 

each time interval. Seeds were extracted until no seeds were found within 10 minutes. This 
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process was repeated for 10 samples. Using the data on the number of seeds that were extracted 

over each time interval, a species accumulation curve was created to determine the optimal time 

required for extracting. 

Seeds within each of the 160 packets were counted, and stratified into recognizable taxa 

and unidentifiable taxonomic groups based on morphological characters (Montgomery 1977). 

These groups consisted of Rubus idaeus, Sambucus canadensis, Carex intumescens, Convolvulus 

canadensis, and miscellaneous. The seeds were stratified because of the high number of seeds 

that were counted belonging to the 4 recognizable taxa. This would allow for more resources to 

be allocated towards identifying the miscellaneous category. Seeds were sampled to fill a 

standard 96-well plate for DNA barcoding. Three samples of the 96-well plate were each 

allocated to Rubus idaeus, Sambucus canadensis, Carex intumescens, Convolvulus Canadensis, 

with the remaining 84 samples allocated to the miscellaneous group. A packet was randomly 

selected using a random number generator. Afterwards, a seed from that packet was chosen 

which represented one of the stratified groups. This process was repeated until the plate was 

filled. 

Seed DNA Barcoding and Identification 

The 96 seed samples were barcoded for the rbcL and nuclear ITS2 barcoding region. Seed 

samples were subsequently sent to the Canadian Center for DNA Barcoding (CCDB) for 

sequencing. The sequences received were compared to the compiled library for species 

identification. Species accumulation curves were made for each block and across all 4 replicates 

to determine if a sufficient amount of seeds were sampled for DNA barcoding in R version 3.1.0 

(R Core Team, 2013). 
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Seed DNA barcodes were matched to the forest species DNA barcode library in BOLD. 

The all-to-all BLASTn analysis (Altschul et al., 1990) was implemented via BLAST+2.2.29 in 

which all recovered sequences from the seeds were queried to the forest DNA reference 

database. The query sequence was identified correctly when the highest Bit-Score in the 

reference database was returned to the subject co-species. 

Analysis of Diversity 

To compare the differences in species diversity detected by the two methods, the 

Sørensen’s index of dissimilarity was calculated.  

β = (b + c)/(2a + b + c) 

β: Sørensen’s index of dissimilarity 

a: The number of shared taxa detected across both methods 

b: The unique taxa detected in the seedling emergence trials 

c: The unique taxa detected using DNA barcoding 
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Results 

DNA Barcode Library 

 

Figure 1.2: A cladogram representing the 306 species for the DNA barcode library of the boreal 

and northern temperate forest seeded plants of Ontario. The 60 families are separated into 

different highlighted groups. 

 

A total of 306 plant species, spread across 163 genera and 60 families, were compiled to 

construct a DNA barcode library of the rbcL and nuclear ITS2 barcoding regions (Figure 1.2, 

Appendix 1). This database is comprised of 79 woody plant, 87 graminoid, and 140 forb species. 



16 
 

Comparative Analysis on Seed Bank Estimation 

It was found that a 60 to 75 minute interval was sufficient for seed extraction from soil 

samples before experiencing diminishing returns for the time allocated (Appendix 2). For the 

seedling emergence trials, the species-sample curve leveled off at the treatment and block level 

(Appendix 3). In contrast, the species-sample curve for DNA barcoding almost reaches a plateau 

at the treatment level, but does not level off at the block level (Appendix 4). These curves 

indicate there will still be new species identified with additional samples. 

Table 1.1: Summary comparison of the two methodologies on estimating seed bank 

composition. 

 

 Seedling Emergence DNA Barcoding 

Total specimens recovered 538 2682 

Sample size 538 96 

Total taxa detected 25 35 

Identification rate (per taxa)   

    Not identifiable 0.08 0 

    To family 0.92 1 

    To genus 0.80 1 

    To species 0.68 1 

Identification rate (per 

specimen) 

  

    Not identifiable 0.01 0.01 

    To family 0.99 0.99 

    To genus 0.98 0.99 

    To species 0.84 0.99 

 

A total of 3220 plant specimens were recovered across both methodologies (Table 1.1). 

In addition, 43 unique taxa were identified with 17 species detected by both methods (Table 1.2). 

In the seedling emergence trial, approximately 99% of the plant specimens detected were 

identified to family, 98% to genus and 84% to the species level. Only 1% of the specimens were 
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unable to be identified. However, by species identification, 23 taxa were identified to family, 20 

to genus and only 17 taxa were identified to the species level. In contrast, seeds that were 

subsampled for DNA barcoding, there was 99% resolution to the species level. Only 1% of 

samples were unable to be identified due to lack of DNA recovered in the extraction process.  

Lastly, all 35 taxa that had successful DNA extraction were identified to the species level. 

Table 1.2: Plant taxa detected by both methods, and those unique to seedling emergence and 

DNA barcoding methods. 

 

Both Seedling Emergence DNA Barcoding 

Carex arctata Asteraceae sp. I Actaea rubra 

Carex deweyana Brassicaceae sp. I Aralia nudicaulis 

Cinna latifolia Carex sp. I Eurybia macrophyllum 

Corydalis sempervirens Carex sp. II Bromus ciliatus 

Corylus cornuta Physalis sp. I Carex intumescens 

Diervilla lonicera Poaceae sp. I Carex pennsylvanica 

Epilobium ciliatum Unidentified sp. I Clintonia borealis 

Fragaria virginiana Unidentified sp. II Convolvulus arvensis 

Galium triflorum  Coptis trifolia 

Geranium bicknelii  Cornus canadensis 

Juncus tenuis  Dalibarda repens 

Prunus virginiana  Galium asprellum 

Ranunculus abortivus  Linnaea borealis 

Ribes glandulosum  Maianthemum canadense 

Rubus idaeus  Oryzopsis asperifolia 

Sambucus racemosa  Petasites frigidus 

Viola renifolia  Schizachne purpurascens 

  Streptopus lanceolatus  

 

The Sørensen’s index of dissimilarity was calculated to be 0.43. The seedling emergence 

method uncovered 8 unique plant taxa. However, all were not resolved to the species level. Two 

of the taxa were unidentified, 3 were identified up to the family level and 3 to the genus level. In 

contrast, there were 18 additional species detected only through DNA barcoding. Furthermore, 

all 18 plant taxa were resolved to the species level. 
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Discussion 

The use of rbcL and ITS2 has found 100% species resolution for all 306 species listed 

within the library. Although other barcode libraries have greater species coverage compared to 

this study, the library uses the favoured ITS2 region as the second-tiered marker in place of matK 

(Burgess et al., 2011; Saarela et al., 2013; de Vere et al., 2012). The DNA barcode library 

represents the most comprehensive rbcL and ITS2 barcodes for forest seeded plants within the 

boreal and northern temperate regions of Ontario.  

 The DNA barcode database for the province’s boreal and northern temperate flora of 

seeded forest plants provides a platform for a range of applications in forestry and forest ecology. 

Vegetation surveys that are reliant on traditional morphology-based taxonomy for species 

identification, however, have their disadvantages. In order to properly conduct such surveys 

researchers would need extensive botanical knowledge to distinguish unique species, and would 

need to collect vouchers of obscure specimens for further species validation (Thompson and 

Newmaster, 2014). On-site identifications with no collections as supportive evidence could also 

result in misidentifications leading poor taxa resolution at the species level (Thompson and 

Newmaster, 2014). Finally, the floral characters required for specimen identification which 

would not be accessible for all plant species within a single survey at any point of the season. 

DNA barcoding aids in the identification taxonomically difficult groups, thus limiting the 

requirement for researchers to have extensive botanical knowledge. Moreover, specimens do not 

necessarily have to be mature at the time of sampling for species identification and, once 

archived, sequence data could be more easily accessed as supportive evidence. These molecular 

techniques and barcode reference libraries can provide the effective means for high precision in 

species identification of cryptic species or unidentifiable samples, like seeds. 
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This study presents the first instance seed bank diversity was estimated through the 

barcoding of extracted seeds and its comparison to the conventional seedling emergence method. 

A disparity in community composition between the two methods of estimating seed bank 

diversity was found within this comparative study. DNA barcoding for species identification of 

seeds showed higher species detection than the conventional seedling emergence technique, 

despite only sampling 96 seeds (Table 1.1). With a Sørensen’s dissimilarity index of 0.43, there 

was a moderate difference in the species composition detected by both methods. However, this 

index value could be an overestimation of the dissimilarity as several unique taxa detected by 

seedling emergence were not resolved to the species level. Full species identification of these 

unresolved taxa could lead to overlap with species found through DNA barcoding, and a lower 

Sørensen’s dissimilarity index value. Molecular-based techniques should be considered as a new 

avenue for determining species composition in seed banks.  

 The majority of differences in community composition are the additional plant species 

detected through DNA barcoding. Multiple members of the Liliaceae, Asteraceae, Poaceae, 

Cyperaceae, and Ranunculaceae families were identified. A number of species of the Liliaceae 

family are known to be found in late stages of succession and may not germinate in greenhouse 

conditions (Siccama et al., 1970). Clintonia borealis has a lengthy cold stratification requirement 

for seed germination which could explain the lack of presence in the seedling emergence trials 

(Nichols, 1934). Interestingly, Eurybia macrophyllum was not detected in the seedling 

emergence method as it is commonly found in disturbed forests (Pidgen and Mallik, 2013). 

Likewise, the five graminoid species (Bromus ciliatus, Carex intumescens, Carex pennsylvanica, 

Oryzopsis asperifolia, and Schizachne purpurascens) were detected only through molecular 

techniques despite studies high species detection of graminoids in greenhouse trials (Johnson and 
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Anderson, 1986). The individual species: Aralia nudicaulis, Convolvulus arvensis, Cornus 

canadensis, Dalibara repens, Galium asprellum, Linnaea borealis, and Maianthemum candense 

were also only detected using DNA barcoding. Linnaea borealis had relatively low germination 

rates, and woody plant species are commonly underrepresented using seeding emergence 

methods (Kellman, 1970; Brown, 1992). Aralia nudicaulis, Cornus canadensis, and 

Maianthemum canadense are commonly found under the forest understory. In addition, these 3 

species have relatively high germination rates under greenhouse conditions (Nichols, 1937) so it 

is uncharacteristic for these species to be absent from the emergence trials. The seedling 

emergence method uncovered 8 unique plant taxa, with 3 taxa belonging to the graminoid plant 

group. Interestingly, a species of Physalis was identified using this method, which is 

uncharacteristic of the boreal and northern temperate flora and could be because of soil 

contamination in the greenhouse (Voss and Reznicek, 2012). 

This disparity was evident in the number of specimens recovered, as well as the species 

composition. Previous studies in forest ecosystems found similar estimates of higher seed bank 

density using seed identification in comparison to seedling emergence method (Kramer and 

Johnson, 1987; Brown, 1992). Higher estimates of seed bank density using seed extraction is due 

to the inclusion of nonviable and difficult to germinate seeds, which was not resolved by DNA 

barcoding (Brown, 1992). The number of samples that could be processed and identified using 

DNA barcoding was limited to financial constraints. Therefore, there was only effective 

sampling of seeds at the treatment level with the limited sample size (Appendix 4). DNA 

barcoding was also able to identify all taxa to the species level, thus providing higher species 

resolution per taxa than the traditional method. The seedling emergence method only recognized 

92%, 80% and 68% of the taxa detected to the family, genus and species level, respectively; with 
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8% of the taxa not identifiable. The identification rate per specimen, however, was similar 

between the two methods. DNA barcoding was able to identify 99% of the specimens to the 

species level, with 1% of the specimens unidentifiable. The seedling emergence method was able 

to identify 99%, 98% and 84% of the specimens to the family, genus and species level, with 1% 

of the specimens unidentifiable. In this regard alone, the seedling emergence method would still 

be an effective procedure for estimating the seed bank of readily germinable plant species.  

Conclusions 

 The DNA barcode database presented here provides a useful resource for researchers 

working in boreal and northern temperate ecosystems. Future work can extend into including 

sequence data from other plant groups such as pteridophytes, lycophytes, and bryophytes. This 

would allow for broader application of the barcode library into other fields of research that 

include environmental monitoring and conservation.  

The use of DNA barcoding in seed bank research has benefits over the traditional 

seedling emergence method. Molecular-based identification tools are not subjected to limitations 

imposed by seed germination requirements normally encountered in seedling emergence 

methods (Brown, 1992). This, in turn, allows for higher detection rates and species resolution on 

estimating the seed bank. Conversely, this barcoding method is unable to determine the viability 

of the seeds which leads to the overestimation of realized diversity but still allows one to 

understand the potential diversity of the soil seed bank. As seed longevity within a persistent 

seed bank is variable depending on the species, not all plant species may be captured with 

limited sample size and sampling at a specific point in time. The potential diversity can give an 

indication of all the previous plant species that were once recruited into the seed bank, therefore, 

the inclusion of non-viable seeds in seed bank estimates does have merit. Lastly, the scale of the 
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study should be taken into consideration when determining which method to use for estimating 

seed bank diversity because of potential financial limitations as DNA barcoding is currently 

relatively expensive.  Future work can look into using alternative molecular techniques that 

allow large scale sample processing.  

Estimating seed bank diversity using molecular techniques can be valuable in areas of 

ecology and forest management. The detection of rare or cryptic plant species is critical for 

monitoring practices. Forest management studies that monitor biodiversity of underground plant 

communities would benefit from the high species detection and species resolution of DNA 

barcoding.  
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CHAPTER II 

The effects of the intensification of silvicultural practices on seed bank diversity in the 

boreal and northern temperate forests 

Abstract 

There is interest on the use of intensive silviculture within the boreal and northern 

temperate forests to mitigate anticipated shortfalls in future timber supply. However, there is an 

expectation that the disturbance caused by intensive silviculture may reduce biodiversity. Soil 

seed banks are recognized as an important mechanism for forest regeneration following 

disturbance; though, our understanding of them is limited in scale and in the context of intensive 

silviculture. This study measures the changes in diversity (species richness and community 

composition) of the soil seed bank among three silvicultural intensities; and explores the possible 

explanatory variables that drive the community assemblage of the soil seed bank under these 

forest management practices. I used tenth-year post-harvest soil samples collected from the 

Timmins and Kapuskasing sites of the OMNRF’s NEBIE plot network in Ontario, Canada in 

2012. Seed specimens were extracted from soil samples and barcoded for the rbcL and nuclear 

ITS2 barcoding region. Disparity was found in the patterns of diversity within the soil seed bank 

at large spatial scales. Environmental factors associated with forest management were correlated 

with some of the variance found in seed bank diversity. This study provides direction for 

researchers to explore how certain management practices may affect the species diversity in the 

seed bank. 
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Introduction 

Nearly 10% of the world’s forests are located in Canada, with approximately 119 million 

out of the 416 million hectares of this forested land being used for timber production. The boreal 

and Great Lakes-St. Lawrence forests of Ontario are important to the Canadian forest industry, 

however, the amount of usable land for industrial forest management in Ontario was reduced 

under the Ontario Forest Accord (OFAAB, 2001; 2002). The introduction of Ontario’s Living 

Legacy has expanded the protected forested land and parks area by 2.4 million hectares, which is 

equivalent to approximately 12% of the province’s forested area. The losses in wood supply 

associated with the reduction in land use for industrial forest management became a major 

concern for the Canadian forest industry. The use of intensive forest management was suggested 

to mitigate the anticipated shortfalls in timber supply in the future (OFAAB, 2001; 2002). The 

aim of these intensive forest management practices is to decrease harvest rotation length, by 

yielding high value timber in a shorter timeframe. 

Silvicultural intensity is defined as the degree to which the factors influencing the growth 

and yield of forest stands are manipulated (Bell et al., 2008). Silvicultural intensity can be 

separated into four classes: Extensive, Basic, Intensive, and Elite (Bell et al., 2008; 2012). These 

classes represent the expended silvicultural effort to increase the yield and value of forested 

stands. The criteria used to separate these classes include: stock selection, soil preparation, 

disturbance protection, herbicide application, thinning, and site amelioration (Bell et al., 2008). 

Although several provinces, including Ontario, have decided to implement intensive silvicultural 

practices, many groups have suggested that the use of intensive forest management practices can 

modify the landscape and have a negative effect on biodiversity (Kimball and Hunter, 1990; 

OMNR, 1999, 2004; Gilliam and Roberts, 1995; Armson, 2001; Betts et al., 2005; Carnus et al., 



25 
 

2006). To alleviate the anthropogenic impact of forest management practices on the forest 

ecosystem, the Crown Forest Sustainability Act (CFSA) was introduced. The CFSA ensures that 

forest management practices emulate natural disturbances and landscape patterns within the 

limits of silvicultural requirements (Statutes of Ontario, 1994). Nevertheless, the impacts of 

using intensive silviculture on the forest ecosystem have not been extensively researched in 

support of this legislation. 

Forest researchers decided to adopt active adaptive management strategies to understand 

the uncertainties of implementing these types of forest management practices (Bell et al., 2008). 

This approach is a formal process for identifying and reducing uncertainties from implementing 

forestry practices and has led to the establishment of the NEBIE plot network. This network was 

designed to monitor biodiversity responses under varying intensities of forest management (Bell 

et al., 2012). The NEBIE plot network has the potential to help determine the relative impacts of 

various intensive silvicultural practice on plant biodiversity following harvesting. 

It has often been suggested that disturbances increase the potential for the establishment 

of invasive alien plant species in forest communities (Hobbs and Huenneke, 1992; Hobbs and 

Humphries, 1995; Fridley, 2011). The introduction of exotic or weedy plant species through 

forest management practices can drive the local extinction of native forest plant species (Kimball 

and Hunter, 1990; Halpern and Spies, 1995; Jobidon et al., 2004). Exotic species (also used 

interchangeably with introduced or non-native species) are described as species occurring 

outside their natural range and dispersal potential with the direct or indirect intervention by 

humans (FAO, 2010). Plant species are classified as weeds if their population grows extensively 

in situations of human disturbance of a specified geographical area without the deliberate 

cultivation of that plant (Baker, 1974). Disturbances are often implicated with the spread of 
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propagules of exotic species; increase the availability of resources; and reduce the competition of 

these resources from native species (Davis et al., 2000; Shea and Chesson, 2002). Although, the 

presence of exotic and weedy plant species has been documented in northern temperate and 

boreal forests, few studies provide explanations of the factors influencing their introduction 

following harvesting and post-harvest silviculture (Harvey et al., 1995; Bell and Newmaster, 

2002; Haeussler et al., 2002; Hunt et al., 2003; Scheller and Mladenoff, 2002; Newmaster et al., 

2007).  

Seed banks are a mechanism for a forest to regenerate the above ground vegetation 

following disturbance. They are a reservoir of viable seeds that have the potential to replace the 

above ground vegetation (Leck et al., 1989). The viable seeds that are found within the soil and 

associated soil litter constitutes the soil seed bank. Seed banks can also be categorized into 

transient or persistent seed banks depending on their seed longevity (Hills and Morris, 1992). 

Transient seed banks are viable for less than a year, whereas persistent seed banks remain viable 

for more than a year (Thompson and Grime, 1979; Simpson et al., 1989; Hills and Morris, 1992). 

Although seed banks are important components of forest ecosystems; our understanding of them 

is limited in scale and in the context of intensive silviculture.  

Soil seed banks are in constant flux. Seeds are continuously added and removed from the 

seed bank (Simpson et al., 1989). Seed rain, caused by fire, wind, rain, and animals, is the main 

mechanism for seed input into the soil seed bank. Losses from the soil seed bank are caused by: 

predation, germination, physiological death, decay, pathogens, and deep burial (Simpson et al., 

1989; Wood, 2002). The responses of the soil seed bank to disturbance have also been previously 

studied (Archibold, 1989; Leck et al., 1989; Qi and Scaratt, 1998; Wood, 2000). The community 

composition of the soil seed bank was found to change following fire disturbance (Archibold, 
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1989). Such studies have provided evidence that soil seed banks do not necessarily match the 

above ground vegetation but rather contain seeds that represented earlier or later succession 

states (Pickett and McDonnell, 1989). Interestingly however, stands exposed to continuous 

disturbance have been found to have seed banks that better represent the above ground 

vegetation than stands exposed to less frequent disturbance (Leck et al., 1989).  

The impacts of forest management on soil seed banks have also been studied in the boreal 

forests (Qi and Scaratt, 1998; Wood, 2000). Differences in community composition of the seed 

banks were found between natural stands and harvested sites within a 2-3 year timeframe (Qi and 

Scaratt, 1998; Wood, 2000). Minimal variation was found in the species richness and 

communities of the seed banks across clear-cut, and partial-cut harvesting treatments (Qi and 

Scaratt, 1998). However, species richness and abundances within the seed bank was found to 

differ across commonly used conifer release treatments (Wood, 2000). Forest management 

practices can have an influence on the mechanisms that control the input and output of seed 

within the soil seed bank. The mechanical removal of trees and lower vegetation from harvesting 

removes the seed rain input from within the stand. This would lead to a greater reliance on 

external sources of seed rain during the first few years post-harvest. Higher intensitive 

silvicultural practices influence the establishment of plants recruited from external seed sources. 

This can alter the species richness and abundance of seed rain entering the soil seed bank within 

a stand. Intensive forest management practices can increase seed outflow through germination; 

and expose the seeds to more pathogens. An open canopy can influence the temperature and 

moisture of the soil which can lead to decay and seed rot (Harper, 1977). Determining the 

underlying mechanisms that influence seed bank composition will give insight on the 
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biodiversity responses to the different types of disturbances and silvicultural interventions in 

forest management. 

The aim of this chapter is to explore the patterns in community composition of the soil 

seed bank at varying levels of intensive silvicultural practices. The first objective of this study is 

to measure changes in diversity (species richness and community composition) of the soil seed 

bank among the Natural, Extensive and Intensive silvicultural intensities. The second objective is 

to examine the possible explanatory variables that drive the community assemblage of the soil 

seed bank under these forest management practices. To address these questions, I used tenth-year 

post-harvest soil samples collected from the OMNRF’s NEBIE plot network in Ontario, Canada. 

Materials and Methods 

Study Sites 

The Timmins and Kapuskasing sites of the NEBIE plot network were selected for this 

study (Figure 2.1). The Timmins site is located at 48° 21’ N latitude and 81° 18’ W longitude 

within the Lake Abitibi ecoregion (3E-5) (Crins et al., 2009). The historical daily average 

temperature is -17.5°C in January, and 17.4°C in July; with 154.8 days having a minimum 

temperature of above 0°C (Environment Canada, 2015a). This site receives an average annual 

rainfall of 558.1 mm, and snowfall of 313.4 cm (Environment Canada, 2015a). The pre-harvest 

stand was considered boreal mixedwood predominantly of trembling aspen (Populus 

tremuloides), white spruce (Picea glauca), and balsam fir (Abies balsamea) with a lesser 

abundance of black spruce (Picea mariana) and white birch (Betula papyifera) (OMNRF 

unpublished data). 

The Kapuskasing site is located at 49° 08’ N latitude and 82° 28’ W longitude within the 

Lake Abitibi ecoregion (3E-1) (Crins et al., 2009). The historical daily average temperature is -
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18.7°C in January, and 17.2°C in July; with 150.9 days having a minimum temperature of above 

0°C (Environment Canada, 2015b). This site receives an average annual rainfall of 544.6 mm, 

and snowfall of 313 cm (Environment Canada, 2015b). The pre-harvest stand was considered 

boreal mixedwood predominantly of trembling aspen (Populus tremuloides), white birch (Betula 

papyifera), and black spruce (Picea mariana) and (OMNRF unpublished data). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1: a) A map showing the location of the Timmins and Kapuskasing installation sites in 

Ontario, 2012. b) A diagram showing the sampling design on each of the sampling plots. Yellow 

dots indicate sampling post; red dots indicate location of where soil was subsampled. 

Soil Collection 

The Natural, Extensive and Intensive treatments were selected for soil collection 

(Appendix 5; Bell et al., 2012). The Natural treatment acts as the control. This treatment was not 

harvested and was left to undergo natural succession. Extensive treatments have silvicultural 

interventions that are limited to harvesting. The recruitment cohort of plant species are 

determined by the plant propagules that are present naturally and through micro-sites created 

during harvesting. Intensive treatments have silvicultural interventions that control the quality 

and quantity of fibre grown and meet rotation lengths or cutting cycles. This is achieved by 

controlling species composition and managing inter- and intraspecific competition throughout 

Timmins 
Kapuskasing 
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the whole rotation length of the stand. Furthermore, protection against fire, insects, and disease is 

active and stand specific. 

Soil samples were collected from research plots used for surveying above ground 

vegetation. At both research sites, each of the treatment stands were replicated into 4 blocks, of 

100 m x 200 m in size (Appendix 6). The stands separated into 20 x 20 m sampling plots and 

with 5 plots randomly selected containing 2 surveying posts each. The sampling effort was: 3 

treatments x 4 replications x 2 sites = 24. All experimental units were sampled 10 times each 

(n=240). A commercial bulb planter (6 cm in diameter and 10 cm in depth) was used to excavate 

the soil. Soil was subsampled 4 times approximately 2.82 m away from the survey post in each 

of the ordinal directions: Northeast, Southeast, Southwest, and Northwest (Figure 2.1). The soil 

litter (coarse organic debris, roots, and bryophytes) were removed prior to soil extraction. Soil 

cores were collected from each ordinal sampling location to be used for seed DNA barcoding 

and stored in re-sealable bags. 

Explanatory Variables 

 Data for 68 explanatory variables on the NEBIE plot network was compiled using data 

from previous site preparation data, field observations, and historical climate data (Appendix 7) 

(Bell, 2015; Environment Canada, 2015a; 2015b).  

Seed Extraction and Stratification 

The 240 soil samples allocated for DNA barcoding were moved to a 35ºC drying room 

for 2-3 days until dried. The samples were mechanically broken down with a rubber mallet, and 

filtered through a 2 mm sieve to remove any coarse debris.  

Seeds were extracted from the soil via a flotation method following the protocol of 

Malone (1967). This procedure used a solution consisting of 10 g sodium hexametaphosphate,  
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5 g sodium bicarbonate, 25 g magnesium sulphate, and 200 mL per 100 g of soil sample. This 

solution causes the breakdown of soil aggregates and the flotation of the organic matter. Each 

soil sample was immersed into separate solutions and was mechanically agitated using a trowel 

for 10 minutes. After sitting for 15 minutes, the organic matter was sieved from the surface of 

the soil solutions. Next, the sieved organic matter was stored in individual paper bags and placed 

in a 35ºC drying room for 3 days until thoroughly dried. Finally, seeds were extracted from the 

organic matter using a binocular stereomicroscope according to Montgomery (1977). This 

procedure was repeated for each of the 240 soil samples. Seeds extracted from the organic matter 

were grouped together by the soil sample which they originated from, and were stored separately 

into one of the 240 labelled packets. 

Seeds within each of the 240 packets were counted, and stratified into recognizable taxa 

and unrecognizable taxonomic groups based on morphological characters (Montgomery 1977). 

These groups consisted of Rubus idaeus, Sambucus canadensis, Carex intumescens, Convolvulus 

canadensis, and miscellaneous. The seeds were stratified because of the high number of seeds 

that were counted belonging to the 4 recognizable taxa. Therefore, more resources could be 

allocated towards identifying the miscellaneous category. Seeds were sampled to fill 5 standard 

DNA barcoding plates. To fulfill these proportions, a packet was randomly selected using a 

random number generator. Afterwards, a seed from that packet was chosen which represented 

one of the stratified groups. This process was repeated until all of the plates were filled. 

A total of three plates were allocated to the Natural, Extensive, and Intensive treatments 

from the Timmins research site, with each treatment allotted 1 plate (96 seed samples). A total of 

two plates were allocated to the 3 treatments from the Kapuskasing research site, as there were 

considerably less seeds extracted from the soil samples. Each treatment from the Kapuskasing 



32 
 

site was allotted two-thirds of a plate (equivalent to 64 seed samples). A total of 480 seed 

specimens were sampled from the 2 sites and across the 3 treatments. 

Seed DNA Barcoding and Identification 

The 480 seed specimens (5 x 96-well plates) were barcoded for the rbcL and nuclear ITS2 

barcoding region. Seed samples were subsequently sent to the CCDB for sequencing. The 

sequences received were compared to the compiled library for species identification. Species 

accumulation curves were made in R version 3.1.0 (R Core Team, 2013 for each block and 

across all 4 replicates to determine if a sufficient amount of seeds were sampled for DNA 

barcoding. 

Seed DNA barcodes were matched to the forest species DNA barcode library in BOLD. 

The all-to-all BLASTn analysis (Altschul et al., 1990) was implemented via BLAST+2.2.29 in 

which all recovered sequences from the seeds were queried to the forest DNA reference 

database. The query sequence was identified correctly when the highest Bit-Score in the 

reference database was returned to the subject co-species. 

Plant Life History and Rank Abundance 

 The identified plant species were cross-referenced with FOIBIS to determine whether a 

species was classified as introduced. In addition, the species were also cross-referenced to 

determine their status as weeds (Alex, 1992). Abundance values were determined from counting 

the seeds that were extracted. Species under the miscellaneous seed group had abundance values 

extrapolated from the frequency values determined using DNA barcoding from the total seed 

count of that seed group. 
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Analysis of Diversity 

The species richness of each treatment and control groups from each site were tabulated 

to determine the α-diversity. To compare the differences in species diversity between two 

treatments, the Sørensen’s index of dissimilarity was calculated.  

β = (b + c)/(2a + b + c) 

β: Sørensen’s index of dissimilarity 

a: The number of shared taxa detected across both populations 

b: The unique taxa detected in the first population 

c: The unique taxa detected in the second population 

 

Multivariate analyses were used to explore the variation in community structure among 

plant species in the seed bank under silvicultural intensification. A matrix was constructed using 

the species data detected in the soil samples. With low species presence at the plot level, the 

species data was pooled at the block level to ensure sufficient representation of the plant 

communities in each data point on the ordination. In addition, another maxtrix was constructed 

using the explanatory variables measured pre-harvest for each of the installation sites. CANOCO 

4.5 (ter Braak and Smilauer, 2002) was used to explore the variation among 62, and 53 plant 

species on the treatments, from Timmins, and Kapuskasing respectively. A detrended 

correspondence analysis (DCA; ter Braak, 1986) was used to determine the length of the 

ordination axis (the extent of the variation along the axis) and determine the need for either a 

linear or unimodal ordination model. Community composition between stands is considered in 

the DCCA analysis through the use of Hill’s scaling to analyze species turnover between stand 

sampling units. CCA was used to determine the environmental gradients that explain the 

variation in community composition (CCA; ter Braak, 1986). The respective matrix of 



34 
 

explanatory variables was used to constrain the variation in species. Multivariate statistics was 

used to identify important explanatory variables used in the DCCA. The direct ordination finds 

patterns in community variation that can be best explained by the explanatory variables, 

producing an ordination where stands are points in space defined by their axis scores and a bi-

plot with an arrow for each explanatory variable. 

Results 

 A total of 78 unique plant species was detected from the 480 seed specimens barcoded in 

the seed bank on the NEBIE plot network across the 2 study sites; with 62 of the species in 

Timmins, and 53 in Kapuskasing. The species that are classified as introduced were: Cirsium 

vulgare, Elymus trachycaulus, Hieracium aurantiacum, Hieracium caespitosum, Phleum 

pretense, Sonchus arvensis, Taraxacum officinale, and Vicia cracca (Appendix 8) (Newmaster 

and Ragupathy, 2012). These 8 taxa were comprised of 1 graminoid and 7 forb species. In 

Timmins, only 4 of the exotic species were present. There were 0, 1, and 4 exotic species found 

in the Natural, Extensive, and Intensive treatments respectively. In Kapuskasing, all 8 exotic 

species were present; with 0, 3, and 6 exotic species found in the Natural, Extensive, and 

Intensive treatments. 

There were 18 plant species that were considered weeds according to Alex (1992). These 

species were: Cirsium vulgare, Convolvulus arvensis, Epilobium ciliatum, Erigeron 

philadelphicus, Geum aleppicum, Hieracium aurantiacum, Hieracium caespitosum, Impatiens 

capensis, Phleum pretense, Poa palustris, Poa pratensis, Potentilla norvegica, Prunus 

virginiana, Rubus idaeus, Solidago canadensis, Sonchus arvensis, Taraxacum officinale, and 

Vicia cracca (Appendix 8). Two of these species are woody plants, 3 are graminoid and 13 are 

forb species. In Timmins, 13 of the weed species were found, with 4, 4, and 10 weed species 



35 
 

present in the Natural, Extensive, and Intensive treatments respectively. In Kapuskasing, 13 of 

the weed species were found; with 2, 8, and 12 weed species present in the Natural, Extensive, 

and Intensive treatments. 

The species richness from the Timmins site was relatively the same across the treatment 

groups. The α-diversity of the soil seed bank was found to be 35, 32, and 34 in the Natural, 

Extensive, and Intensive treatments respectively in these plots (Table 2.1). In contrast, the α-

diversity on the Kapuskasing site were found to be 25, 37, and 42 in the Natural, Extensive and 

Intensive treatments respectively (Table 2.1). 

 

Table 2.1: The species richness in the soil seed bank of the Natural, Extensive, and Intensive 

treatments across Timmins and Kapuskasing. 

 

Location Treatment Species Richness 

Timmins Natural 35 

Timmins Extensive 32 

Timmins Intensive 34 

Kapuskasing Natural 25 

Kapuskasing Extensive 37 

Kapuskasing Intensive 42 

 

The patterns in β-diversity along the gradient of intensive silviculture indicates 

considerable species turnover between the two sites. The Natural treatment from the Timmins 

site was found to be more dissimilar in community composition to the Extensive, and Intensive 

treatments (Sørensen’s dissimilarity index values of 0.582, and 0.681 respectively; Table 1.2), 

while community composition was more similar between the Extensive and Intensive treatments 

(with a lower Sørensen’s dissimilarity index value of 0.424). These patterns were not found at 

Kapuskasing site. At this site, β-diversity is similar among the treatments with the lowest 

dissimilarity between the Natural and Extensive treatments (0.419), the highest between Natural 
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and Intensive treatments (0.463), and the Extensive and Intensive treatments falling in between 

with a value of 0.436 (Table 1.2).  

Table 2.2: Sørensen’s index of dissimilarity values between pairs of different treatment groups. 

 

Site Treatment 1 Treatment 2 Index Value 

Timmins Natural Extensive 0.582 

Timmins Natural Intensive 0.681 

Timmins Extensive Intensive 0.424 

Kapuskasing Natural Extensive 0.419 

Kapuskasing Natural Intensive 0.463 

Kapuskasing Extensive Intensive 0.436 

 

 There is considerable variation in community assemblage at the Timmins site. Points are 

clustered along a gradient of silvicultural intensification with groupings of treatments clearly 

separated from one another (Figure 2.2). The relationship between the community composition 

along the gradient of silvicultural intensification were interpretable in the canonical 

correspondence analysis (Figure 2.3; Table 2.3). The overall inertia (i.e. variance) was 1.488 SD 

indicating moderate dispersion among the species data. The CCA results indicated that axis 1 

explained 23.2%, and axis 2 explained 12.9% of the total variation captured in the analysis 

(Table 2.3). 
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Figure 2.2: CCA plot ordination of the plant communities found in the soil seed bank from the 

treatment stands of the Timmins installation site. Each point represents the pooled species 

composition within each block. 

 

Table 2.3: Summary of the canonical correlation analysis of the Timmins installation site.  

 Axis 1 Axis 2 Axis 3 Axis 4 

Eigenvalues 0.611 0.341 0.28 0.256 

Species-Environment correlations 0.982 0.971 0.949 0.928 

Proportion of total variation explained     

of species data 23.2 12.9 10.6 9.7 

of species-environment relation 42 18.3 16.1 13.1 

Community assemblage along the gradient of silvicultural intensification can be partially 

explained by explanatory variables. Interpretations of variation were only made on axes 1 and 2, 

as eigenvalues dropped off after the second axis (Table 2.3). Sixty-three explanatory variables 

were found significant (P<0.05) in explaining the variance (as inertia) in the plant species 

composition within the soil seed bank (Table 2.4). Variables that displayed strong positive 

correlations on axis 1 were: Cover, Uncut, CWDdwdUn, NaturalDis, SNCon, CWDStumpV, and 
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SlashTop. The variables that displayed strong negative correlations on axis 1 were CWDstumpH, 

CWDdwd, CutUnd, SnagStum, MTrBerm, MechBerm, MTr, Relherb, Herbicid, and SlashBr. On 

axis 2, the variables that displayed strong positive correlations were: MTr, Mech, MTrBerm, 

MechBerm, Herbicid, and RelHerb. On the other hand, the variables that displayed strong 

negative correlations were: SkidLber, Skidberm, SlashLog, SkidL, CutUnd, DWD, SkidHber, 

and Road. 

Figure 2.3: CCA biplot of the explanatory variables constraining the species variation in the soil 

seed bank from the Timmins installation site. 
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Table 2.4: Canonical correlations of explanatory variables in relation to the community 

composition of the soil seed bank from the Timmins installation site. 

 

 CCA1 CCA2 CCA3 CCA4 

Uncut 0.9502 0.2442 -0.0131 -0.0342 

CutUnd -0.8049 -0.5562 0.0721 -0.0082 

Road -0.0422 -0.5112 -0.1713 0.201 

TrailUnc -0.2499 0.1256 -0.4299 -0.2501 

RoadsTra -0.0727 -0.4975 -0.2241 0.1713 

SkidH -0.1418 -0.3711 0.1603 0.1468 

SkidL -0.1732 -0.6214 0.0274 0.178 

SkidHber -0.0422 -0.5112 -0.1713 0.201 

SkidLber -0.1081 -0.6675 -0.1908 0.1725 

Skid -0.1527 -0.4334 0.1388 0.1579 

Skidberm -0.087 -0.6598 -0.2009 0.2042 

CWDdwd -0.8137 -0.4122 0.0875 -0.0894 

CWDdwdUn 0.9224 0.3115 -0.0121 0.0155 

SlashLog -0.2665 -0.649 -0.1025 0.4159 

DWD 0.1468 -0.5244 0.0575 0.141 

CWDStumpH -0.8981 -0.1596 -0.14 0.0567 

CWDStumpV 0.6181 0.1245 0.09 0.1366 

SnagStum -0.8039 -0.1361 -0.1282 0.1311 

SlashBr -0.6373 -0.4301 -0.1749 0.2661 

SlashBrC 0.4214 0.1515 0.0541 -0.3435 

SlashBrS1 -0.2762 -0.0178 -0.0815 0.5184 

SlashBrS2 -0.3383 0.5185 0.5664 0.1126 

SlashTop 0.5213 -0.1607 -0.1818 -0.3799 

Slash -0.4999 -0.4075 -0.1694 0.158 

MTr -0.6949 0.6573 -0.0552 0.0311 

MTrWater -0.1418 -0.3711 0.1603 0.1468 

Mech -0.6963 0.656 -0.0545 0.0318 

MTrBerm -0.709 0.6558 -0.1615 0.0006 

Rock 0.2566 -0.4239 -0.0041 0.1956 

Soil 0.4181 0.1983 -0.0015 0.4692 

UPRoot 0.4214 0.1515 0.0541 -0.3435 

UPRootSo 0.155 -0.4062 -0.1346 0.0289 

UpRoot 0.3567 -0.1339 -0.0419 -0.2027 

W 0.425 0.2352 0.0132 0.4664 

Creek 0.425 0.2352 0.0132 0.4664 

Water 0.425 0.2352 0.0132 0.4664 
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Herbicid -0.6844 0.6154 -0.2379 0.1288 

RelHerb -0.6844 0.6154 -0.2379 0.1288 

Mot 0.1227 0.1504 0.2278 -0.0573 

Cfrag 0.4164 -0.0321 0.1875 0.0541 

ESoilVol 0.1009 0.1505 0.2162 -0.0594 

MR 0.0252 -0.2388 -0.4666 0.1864 

DrainC 0.3253 -0.174 -0.4374 0.4487 

Cal -0.3839 -0.2983 -0.0234 -0.5012 

Natural -0.0329 0.0376 -0.3535 0.4098 

Humus 0.3254 0.2895 0.3419 0.1541 

DOM -0.3886 0.0136 -0.5176 -0.0749 

BLHwd 0.4214 0.1515 0.0541 -0.3435 

NLHwd 0.1441 -0.4024 0.2931 0.026 

LNCon -0.2719 -0.2795 0.4554 -0.5079 

SNCon 0.7286 0.0456 0.2635 -0.0795 

Exotics -0.2499 0.1256 -0.4299 -0.2501 

NaturalDis* 0.7503 0.4944 -0.1405 -0.2226 

BodyofW* -0.3592 -0.3745 -0.187 0.3807 

Road* -0.1146 0.5451 0.3629 0.6111 

Cover* 0.973 0.0012 -0.0822 0.002 

StandTyp* -0.2971 0.113 0.6476 -0.3103 

 

Although there was considerable variation in the community assemblage at the 

Kapuskasing site, there were no clear groupings of treatments (Figure 2.4). The overall inertia 

was 1.062 SD indicating some dispersion among the species data (Table 2.5). The CCA results 

indicated that axis 1 explained 13.7%, and axis 2 explained 12.3% of the total variation captured 

in the analysis.  
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Figure 2.4: CCA plot ordination of the plant communities found in the soil seed bank from the 

treatment stands of the Kapuskasing installation site. Each point represents the pooled species 

composition within each block. 

 

Table 2.5: Summary of the canonical correlation analysis of the Kapuskasing installation site. 

 Axis 1 Axis 2 Axis 3 Axis 4 

Eigenvalues 0.334 0.301 0.258 0.169 

Species-Environment correlations 0.971 0.965 0.962 0.987 

Proportion of total variation explained     

of species data 13.7 12.3 10.5 6.9 

of species-environment relation 28.6 25.8 22.1 14.4 

 

Community assemblage along the gradient of silvicultural intensification can be partially 

explained by explanatory variables. There were 50 explanatory variables that were significant 

correlated with the plant species composition within the soil seed bank (Figure 2.5). The 

variables that displayed strong positive correlations with axis 1 were: Cover, SkidLW, 

UpRootW, W, Water, SkidL, StandTyp, and SlashLog. Only the variable, BodyofW, showed a 

strong negative correlation in axis 1. There were no variables that displayed strong positive 
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correlations with axis 2. On the other hand, the variables that displayed strong negative 

correlations with axis 2 were StandTyp, Exotics, SkidHW, SnagStum, and SkidL. 

 

Figure 2.5: CCA biplot of the explanatory variables constraining the species variation in the soil 

seed bank from the Kapuskasing installation site. 
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Table 2.6: Canonical correlations of explanatory variables in relation to the community 

composition of the soil seed bank from the Kapuskasing installation site. 

 

 CCA1 CCA2 CCA3 CCA4 

Uncut -0.2539 0.4185 -0.6152 0.3998 

CutUnd 0.255 -0.3846 0.6266 -0.3734 

Trail -0.4874 -0.3439 0.1009 -0.1927 

RoadsTra -0.4874 -0.3439 0.1009 -0.1927 

SkidH 0.1629 -0.2365 0.6011 -0.3098 

SkidL 0.55 -0.5066 -0.1167 -0.0946 

SkidHber -0.0834 -0.2837 0.517 -0.5688 

SkidLber 0.1989 -0.4093 0.4616 -0.0682 

SkidLW 0.6968 -0.4664 -0.3436 -0.1319 

SkidHW 0.293 -0.643 0.0509 -0.3701 

SkidHS -0.0624 0.1905 0.1278 -0.3995 

SkidLS -0.0624 0.1905 0.1278 -0.3995 

Skid 0.3367 -0.4802 0.4224 -0.3702 

Skidberm -0.0477 -0.3263 0.5517 -0.5405 

CWDdwd 0.2961 -0.4211 0.6098 -0.4259 

CWDdwdUn -0.2715 0.3471 -0.6024 0.3432 

SlashLog 0.5173 -0.129 0.4505 0.2613 

DWD 0.0759 0.0246 -0.1742 0.1514 

CWDsnag -0.4407 -0.2339 -0.4461 0.0412 

CWDStump -0.2731 0.2542 -0.622 0.373 

StumpH 0.4191 -0.4827 0.4839 -0.2861 

SnagStum 0.4033 -0.6099 0.3389 -0.2335 

SlashBr -0.2839 0.4353 -0.4522 0.1264 

SlashTop 0.1791 -0.1123 0.5375 0.6085 

Slash -0.265 0.4298 -0.3857 0.2175 

UPRoot -0.274 0.1659 -0.368 0.3359 

UPRootSo 0.0111 -0.1855 -0.241 0.2122 

UpRootW 0.675 -0.4578 -0.3824 -0.1254 

UpRoot 0.0144 -0.1033 -0.3987 0.2503 

W 0.6423 -0.3559 -0.218 0.1566 

Water 0.6423 -0.3559 -0.218 0.1566 

Herbicid 0.4199 -0.2543 0.3607 -0.1291 

RelHerb 0.4199 -0.2543 0.3607 -0.1291 

Mot -0.1974 -0.1056 -0.2465 0.0419 

RRL 0.259 0.3324 0.1464 0.0214 
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Cfrag 0.1882 0.4588 0.2997 -0.5592 

ESoilVol -0.1981 -0.108 -0.2478 0.045 

MR 0.0547 0.2566 0.1835 0.0889 

DrainC -0.0327 -0.2551 0.074 0.4357 

Cal -0.245 -0.0237 0.714 -0.1505 

Humus 0.4918 0.2683 0.3266 0.0409 

DOM 0.0275 -0.0451 -0.3335 -0.0322 

NLHwd -0.4334 0.3607 -0.2562 0.0125 

SNCon -0.1261 0.4167 -0.3516 0.2348 

Exotics 0.4424 -0.6776 0.0817 -0.3012 

NaturalDis* 0.0576 0.1233 -0.2181 0.0345 

BodyofW* -0.7208 -0.0718 0.4002 -0.3639 

Road* 0.2967 -0.1001 -0.8629 -0.2198 

Cover* 0.7306 -0.1441 -0.3269 -0.2703 

StandTyp* 0.5192 -0.7833 0.1777 -0.1363 

 

Discussion  

Soil seed banks are recognized as an important mechanism for forest regeneration 

following disturbance (Leck et al., 1989; Simpson et al., 1989; Hills and Morris, 1992).  A 

change in community composition in seed banks from harvested stands compared to natural 

stands can occur within a 2-3 year timeframe (Qi and Scaratt, 1998; Wood, 2000). Although 

minimal variation was found in the species richness and communities of the seed banks across 

clear-cut, and partial-cut harvesting treatments, species richness and abundances within the seed 

bank was found to differ across commonly used conifer release treatments (Qi and Scaratt, 1998; 

Wood, 2000). The uncertainties associated with intensive forest management has previously 

raised concerns with respect to the effects on biodiversity. This study is the first to examine the 

changes in seed bank diversity under intensive forest management strategies. Additionally, this 

study examines the response of soil seed banks following silvicultural disturbance on a longer 

temporal scale. 
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The low numbers of tree seeds found in the seed bank is in agreement with previous 

studies in the boreal mixedwoods (Qi and Scaratt, 1998; Wood, 2000). Although there were a 

high occurrence of Abies balsamea, Alnus rugosa, Acer spicata, and Populus tremuloidies in the 

vegetative layer, these species were absent in the seed bank (OMNR, 2011). In addition, while 

Pinus strobus was identified within the seed bank in Timmins, conifer species do not generally 

form within the persistent seed bank (Farmer, 1997; Qi and Scarratt, 1998). 

Studies have suggested that the abundance of the understory vegetation may decrease 

with intensification of silviculture (Roberts and Zhu, 2002, Pidgen and Mallik, 2013; Aubin et 

al., 2014). Notable species that follow this pattern within the soil seed bank are Aralia 

nudicaulis, Clintonia borealis, Coptis trifolia, Linnaea borealis, and Viola renifolia. 

Furthermore, seeds of Goodyera repens, and Linnaea borealis species that typically grow in 

shaded conditions with roots or rhizomes located in the moist organic matter (MacLean, 1969), 

were only found in the Natural treatment. These growing conditions likley no longer occur 

following harvesting and silviculture (Neary, 2002). Conversely, an increase in abundance of 

Rubus idaeus in the soil seed bank with silvicultural intensification was found in Timmins 

(Appendix 9). This supports the assertion that shade intolerant species, such as R. idaeus, 

increase in abundance with silvicultural intensification (Whitney, 1978; Lautenschlager et al., 

1997; Bell, 2015). Lastly, the large abundance of R. idaeus found in the soil seed bank was also 

consistent with Fyles (1989). 

The results of this study suggest that there is a disparity in patterns of diversity in the soil 

seed bank at large spatial scales, which has not been previously documented. There was variation 

in seed bank diversity between the Timmins and Kapuskasing installation sites, which are in the 

same forest region and approximately 125 km apart. Similar species richness was found across 
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Natural, Extensive and Intensive treatments in Timmins; however, the Sørensen’s dissimilarity 

index was higher when comparing the Natural treatment to the silvicultural treatments (Table 

2.1, 2.2). The CCA plot ordination indicates that the community composition differed among the 

treatments (Figure 2.1). At the Kapuskasing site, there was an increasing trend in total species 

richness across Natural, Extensive and Intensive treatments; however the Sørensen’s 

dissimilarity index is relatively similar among the three treatments (Table 2.1, 2.2). The 

community composition between the treatments differed, which was observed in the CCA plot 

ordination (Figure 2.2). Under boreal mixedwoods, ground vegetation was found to have high 

species evenness on Natural stands, but have lower values in Extensive and Intensive treatments 

(Bell, 2015). The considerable variation observed in the CCA plot ordination suggests that site 

and specific treatments are important factors that influence seed bank diversity. 

The boreal mixedwood forests in Ontario, which are associated with seldom and 

infrequent fire regimes, have been found to be prone to invasion (Bell, 2015). A higher number 

of exotic species have been observed in the ground vegetation on NEBIE sites of boreal 

mixedwood stands in comparison to NEBIE sites in other forest types in Ontario (Bell, 2015). In 

the soil seed bank, the higher number of exotic species was observed with increased levels of 

intensive forest management at both Timmins and Kapuskasing (Appendix 8). Although the 

differences are relatively small, this may be a reflection of the small sample size. There were a 

total of 0, 4, and 7 exotic species found on the Natural, Extensive and Intensive treatments, 

respectively. This trend follows the increase in exotic species surveyed in the ground vegetation 

as silvicultural practices intensified (Bell and Newmaster, 2006; Bell, 2015). Bell (2015) found 

that the exotic ground vegetation conforms to the intermediate disturbance hypothesis, with 

losses in species richness at the highest class of silvicultural intensification; however the study 
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looked across the full range of silvicultural intensification (Connell, 1978; Catford et al., 2012). 

The differences in community composition and high Sørensen’s dissimilarity index across 

treatments in Timmins can be attributed to the increase in exotic species (Table 2.1; Appendix 

8). The unique plant species found in the Intensive treatments at the NEBIE sites were 

categorized as exotic species, and this accounted for most of the species turnover from low to 

higher intensive management treatments. Similarly, the presence of exotic species can at least 

partially explain the differences in species composition between the treatments in Kapuskasing 

(Table 2.1; Appendix 8). Additionally, there was a higher number of weedy plant species 

detected in the seed bank with increased intensification of forest management (Appendix 8). This 

result is in agreement with previous work by Cavers and Benoit (1989) who suggested that 

differences in community composition within seed banks are due to weed site preferences. The 

majority of the weed species present at both sites belong to the Asteraceae, and Rosaceae 

families (Judd et al., 2008). The weedy members of the Asteraceae family all have seed traits 

associated with wind dispersal, with this trait found to be positively correlated with boreal 

mixedwood sites (Bell, 2015). The presence of these exotic and weedy plant species is likely 

driven by explanatory variables and is not due to stochastic seed rain. 

Changes in environmental factors following forest management may explain some of the 

variance in forest seed bank diversity. Logging and mechanical site preparation has been found 

to cause extensive soil disturbance which can enhance or permit the establishment of exotic plant 

species (Harvey et al., 1995; Peltzer et al., 2000; Haeussler et al., 2002). Several explanatory 

variables were correlated with the observed patterns found in the community composition of 

seed banks from the Natural, Extensive, and Intensive treatments in this study (Figure 2.2). 

Although these variables might not be mechanistic, they do provide elements that may suggest 
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the driving forces for these observed patterns. In Timmins, the variables Cover, Uncut, 

CWDdwdUn, NaturalDis, SNCon, CWDStumpV, and SlashTop were strongly correlated with 

the Natural treatment (Figure 2.1). Many of these variables are all associated with natural stands, 

close proximity to unmanaged stands and having dense canopy cover. These stand characteristics 

would limit the dispersal of the exotic and weedy plant species (such as Cirsium vulgare, 

Hieracium caespitosum, Sonchus arvensis, and Taraxacum officinale), with associated wind 

dispersal mechanisms into the treatment (Judd et al., 2008). The variables that were strongly 

correlated with the Extensive and Intensive treatments were CWDstumpH, CWDdwd, CutUnd, 

SnagStum, MTrBerm, MechBerm, MTr, Relherb, Herbicid, and SlashBr (Figure 2.1). These 

variables include the presence of coarse woody debris, use of trenching and berms, and the 

application of herbicides. This was anticipated due to the severity of the trenching applied on the 

treatment plots in comparison to the Natural stand (OMNR, 2011). The mechanical disturbance 

of the stand may influence the native seed bank and encourage exotic and weedy plant species 

establishment (Harvey et al., 1995; Peltzer et al., 2000; Haeussler et al., 2002; Bell, 2015). This 

would result in greater reliance on external sources of seed for post-harvest re-colonization. 

The variables that are strongly correlated with the Extensive treatment that separate it 

from the Intensive treatment are SkidLber, Skidberm, SlashLog, SkidL, CutUnd, DWD, 

SkidHber, and Road. The levels of disturbance caused from skidding influence the survival and 

establishment of different species (Harvey and Brais, 2002). On the other end, the variables that 

were strongly correlated with the Intensive treatments were MTr, Mech, MTrBerm, MechBerm, 

Herbicid, and RelHerb. (Figure 2.1). The mechanical disturbance of the soil through trenching 

and use of berms could harm the native seed bank species, while increasing the biotic and abiotic 

preferences of weeds and exotics plant species such as Geum macrophyllum, Impatiens capensis, 
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Potentilla norvegica, and Vicia cracca (Simpson et al., 1989; Leck et al., 1989). Lastly, the 

application of herbicides could change the seed input into the seed bank by limiting seed rain 

from the above-ground flora. Multiple applications of glyphosate reduced exotic species richness 

in the ground vegetation (Bell, 2015). It was suggested this was a consequence of direct 

mortality of newly established plants of invasive species (Bell, 2015). 

There was considerable variability in seed bank diversity at the Kapuskasing NEBIE site 

(Figure 2.3). The variables StandTyp, Exotics, SkidHW, SnagStump, and SkidL were strongly 

correlated with the Block 1 Intensive, Block 3 Intensive, and Block 4 Extensive treatments. 

These variables are mainly associated with skidding practices, the high ground cover of exotic 

plants, and moisture of stands. The mechanical disturbance from skidding practices may affect 

the native seed bank and promote different species in the above ground vegetation (Leck et al., 

1989; Harvey and Brais, 2002). The variables that were strongly correlated with Block 1 

Intensive were Cover, SkidLW, UpRootW, W, Water, SkidL, StandTyp, SlashLog, and Exotics 

(Figure 2.4). These variables include skidding practices, the proximity to water and the general 

moisture level of the stand. The high ground cover of exotics plant species would be a source of 

seed rain (Leck et al., 1989; Wood, 2002; Bell, 2015). The explanatory variables concerning 

proximity to water and moisture of the stand, are positively correlated with species richness. This 

may indicate why wetland plants like Scirpus cyperinus are found in this stand (Appendix 9) 

(Judd et al., 2008; Bell, 2015). Conversely, the variables that were associated with Block 3 

Intensive, and Block 4 Extensive were CWDsnag, Trail, Roads and ESoilVol. Skid trails and 

roads may provide a mechanism for species dispersal to these stands, although the mechanism 

for dispersal within these sites is unknown (Bell, 2015). 
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While there were no explanatory variables strongly correlated with Block 1 Natural and 

Block 4 Intensive, Cfrag, SlashBr, Slash, Uncut, and SNCon showed moderate correlations 

(Figure 2.3). The presence of slash piles, uncut trees, and high cover of short needle conifers 

appear to drive the seed bank community of these treatments away from the others. Slash piles 

can provide shade for understory vegetation; although dense piles can smother vegetation 

(McInnis and Roberts, 1994). Furthermore, the presence of coarse woody debris, cover of 

hardwood trees and uncut trees are correlated with Block 1 Natural. This is unsurprising as 

Natural treatments are not harvested, and the seed bank community are generally different from 

harvested sites (Qi and Scarratt, 1998). Lastly, the root restriction layer and humus form more 

associated with the Block 4 Intensive. Although there were several explanatory factors that were 

associated with certain treatment stands, the underlying mechanisms that explain the community 

composition of the seed bank for the majority of the stands in Kapuskasing are yet to be clearly 

determined.  

 Although the application of DNA barcoding in estimating seed bank diversity and 

composition has benefits in species resolution and time efficiency, large-scale application of this 

technology is limited to financial constraints of the study. To extract the seeds from soil samples 

and process them for DNA barcoding took approximately 2-3 months. This process is time 

efficient in comparison to conventional seedling emergence methods that require a minimum 4 

month cold stratification period, and generally a 4 month greenhouse trial period (Brown, 1992) 

However, the estimated cost for barcoding a single sample would range from $15 to $40 CAD 

(Thompson and Newmaster, 2014). Financial circumstances would limit barcoding large 

quantities of seed samples and make it difficult to obtain species abundance data for measuring 
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diversity. This method would only be able to achieve coarse level rank abundance values that 

were extrapolated from individual species identification from the DNA barcoding process.  

Conclusions 

There were inconsistencies among species richness and community composition within 

the soil seed bank between the Timmins and Kapuskasing sites along an intensive silvicultural 

gradient despite both sites being considered boreal mixedwood forests. This disparity in patterns 

of diversity in the soil seed bank at large spatial scales is important for forest researchers and 

managers to consider when using silvicultural intensification in forest management practices as 

generalizations should not be made on the forest type and location. 

The proportion of invasive species seeds was observed to increase within the seed bank 

with the intensification of forest management. However, these differences may be due to 

environmental variation and additional sampling would be required to test statistical significance. 

Nevertheless, over a 10-year timeframe, intensive silviculture has resulted in a seed bank 

community that is not representative of native plant diversity in boreal mixedwoods in Ontario. 

Given the role of underground plant communities in forest regeneration, maintaining the native 

seed bank diversity would be important in forestry practices governed under the CFSA. Future 

work can look into measuring the diversity changes of the seed bank at the end of the rotation 

periods. This would provide a better assessment on the overall effect of silvicultural 

intensification and allow for foresters to determine which intensive forest management practices 

fall under CFSA guidelines and emulate natural disturbance on underground plant communities. 

This study identifies the potential explanatory factors associated with forest management 

that explain the variance within the forest seed bank. Logging and mechanical site preparation 

that can cause extensive soil disturbance, and can influence the mechanisms driving seed output 
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from the seed bank (Simpson et al., 1989). Moreover, these practices encourage the colonization 

and persistence of invasive exotic plant species in the seed banks at these sites through increased 

seed rain (Harvey et al., 1995; Peltzer et al., 2000; Haeussler et al., 2002). The results of this 

study provides direction for researchers and foresters to explore how certain management 

practices may affect the species richness and community composition of seed banks from exotic 

and weedy plant species. 

Advancements in barcoding technology show promising results in large scale sample 

processing. Future work can extend into broadening the scope of identifying underground plant 

communities to other non-seeded vascular plants and vegetative propagules. This would give a 

comprehensive understanding on the mechanics underlying the below ground plant community 

responses during regeneration after disturbance under forest management practices.  
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EPILOGUE 

All of the objectives presented in this thesis were achieved. The first objective was to 

develop and test a new method for estimating seed bank diversity using DNA barcoding. In 

Chapter 1, I was able to construct a DNA barcode library of boreal and northern temperate forest 

plants using 306 plant species, spread across 163 genera and 60 families. I then used the DNA 

barcode library as a platform to develop a new method for estimating seed banks using DNA 

barcoding. I found that DNA barcoding had higher precision of species resolution over 

conventional seedling emergence trials. This new method was then successfully applied in 

Chapter 2. The second objective was to explore the patterns in community composition of the 

soil seed bank at varying levels of intensive silvicultural practices. In Chapter 2, I measured the 

changes in diversity of the soil seed bank among the Natural, Extensive and Intensive 

silvicultural intensities. I found a disparity in the patterns of diversity within the soil seed bank at 

large spatial scales. Furthermore, I found explanatory variables associated with forest 

management were correlated with some of the variance found in seed bank diversity. 

In conclusion, this study provided improved understanding in the effects of intensive 

silviculture on seed bank diversty in the boreal and northern temperate forests of Ontario. A new 

tool was produced by this study that can assist further research and monitoring strategies on seed 

banks under varying forest management practices. Forest managers can use these data to develop 

strategies for maintaining seed bank diversity in the boreal and northern temperate forests of 

Ontario.  
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APPENDICES 

Appendix 1: The plant species list and respective number of rbcL and ITS2 barcodes for the DNA barcode library of boreal forest 

seeded plants of Ontario. 

 

OPLcode FAMILY GENUS SPECIES AUTHORITY SSPVAR SSPVAR_AUTHORITY # of 
rbcL 

# of 
ITS2 

HALLTRI Amaryllidaceae Allium tricoccum Soalnder in Aiton var. tricoccum   3 3 

HMAIRAR Asparagaceae Maianthemum racemosum (L.) Link ssp. racemosum   7 1 

HMAITRI Asparagaceae Maianthemum trifolium (L.) Sloboda     4 1 

HPOLPUB Asparagaceae Polygonatum pubescens (Willd.) Pursh     9 1 

SCXAQUA Cyperaceae Carex aquatilis Wahlenb. var. aquatilis   11 5 

SCXARTT Cyperaceae Carex arctata Boott     10 5 

SCXAURE Cyperaceae Carex aurea Nutt.     5 2 

SCXBACK Cyperaceae Carex backii Boott     1 4 

SCXBEBB Cyperaceae Carex bebbii (L.H.  Bailey) Olney ex Fern.     1 1 

SCXBRUB Cyperaceae Carex brunnescens (Pers.) Poir. ex Lam. ssp. brunnescens   4 4 

SCXCANC Cyperaceae Carex canescens O. Lang     3 3 

SCXCAPT Cyperaceae Carex capitata L.     2 2 

SCXCAST Cyperaceae Carex castanea Wahlenb.     2 2 

SCXCHOR Cyperaceae Carex chordorrhiza Ehrh. ex L. f.     6 4 

SCXCOMM Cyperaceae Carex communis L.H. Bailey var. communis   5 1 

SCXCRIN Cyperaceae Carex crinita Lam. var. crinita   4 2 

SCXCRIS Cyperaceae Carex cristatella Britton     4 1 

SCXCRYP Cyperaceae Carex cryptolepis Mack.     4 3 

SCXCUMU Cyperaceae Carex cumulata (L.H. Bailey) Mack.     2 2 

SCXDEWE Cyperaceae Carex deweyana Schwein. var. deweyana   7 4 

SCXDISP Cyperaceae Carex disperma Dewey     6 3 

SCXECHE Cyperaceae Carex echinata Murray     1 8 
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SCXFOEN Cyperaceae Carex foenea Willd.     4 3 

SCXGRAM Cyperaceae Carex gracillima Schwein.     4 2 

SCXGRAN Cyperaceae Carex granularis Muhlenb. ex Willd.     1 1 

SCXGYNA Cyperaceae Carex gynandra Schwein.     3 2 

SCXHOUG Cyperaceae Carex houghtoniana Torr. ex Dewey     5 3 

SCXINTU Cyperaceae Carex intumescens Rudge     8 3 

SCXLASI Cyperaceae Carex lasiocarpa Ehrh.     3 1 

SCXLAXI Cyperaceae Carex laxiflora Lam.     6 1 

SCXLEPL Cyperaceae Carex leptalea Wahlenb.     1 2 

SCXLEPT Cyperaceae Carex leptonervia (Fern.) Fern.     8 1 

SCXMAGI Cyperaceae Carex magellanica Lam.     2 1 

SCXPECK Cyperaceae Carex peckii Howe     1 2 

SCXPEDU Cyperaceae Carex pedunculata Muhlenb. ex Willd.     5 1 

SCXPENN Cyperaceae Carex pensylvanica Lam.     7 2 

SCXPROJ Cyperaceae Carex projecta Mack.     4 3 

SCXRADI Cyperaceae Carex radiata (Wahlenb.) Small     6 3 

SCXRETR Cyperaceae Carex retrorsa Schwein.     4 2 

SCXROSE Cyperaceae Carex rosea Schkuhr ex Willd.      7 1 

SCXSTIP Cyperaceae Carex stipata Muhlenb. ex Willd. var. stipata   7 3 

SCXTENU Cyperaceae Carex tenuiflora Wahlenb.     1 2 

SCXTRIU Cyperaceae Carex tribuloides Wahlenb. var. tribuloides   5 3 

SCXTRIT Cyperaceae Carex trisperma (O.W.Knight) C.D. Kirschbaum     4 3 

SCXVAGI Cyperaceae Carex vaginata Tausch     16 6 

SCXVESI Cyperaceae Carex vesicaria L.     4 2 

SCXVULP Cyperaceae Carex vulpinoidea Michx.     4 3 

SELEOBT Cyperaceae Eleocharis obtusa (Willd.) Schult.     1 1 

SSCIATC Cyperaceae Scirpus atrocinctus Fern.     2 1 

SSCIATR Cyperaceae Scirpus atrovirens Willd.     7 4 

SSCICYP Cyperaceae Scirpus cyperinus (L.) Kunth     6 2 

SSCIHUD Cyperaceae Trichophorum alpinum (L.) Pers.     2 2 
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HSISMON Iridaceae Sisyrinchium montanum Greene     5 1 

SJUNALP Juncaceae Juncus alpinoarticulatus Chaix     5 5 

SJUNART  Juncaceae Juncus articulatus L.     1 1 

SJUNBUF Juncaceae Juncus bufonius L.     4 2 

SJUNTEN Juncaceae Juncus tenuis Willd.     5 1 

SLUZACU Juncaceae Luzula acuminata Raf. var. acuminata   4 1 

SLUZPAM Juncaceae Luzula parviflora (Ehrh.) Desv. var. parviflora   7 5 

HLILPHI Liliaceae Lilium philadelphicum L.     1 1 

HTRICER Melanthiaceae Trillium cernuum L.     4 5 

HTRIUND Melanthiaceae Trillium undulatum Willd.     3 2 

HCORSTR Orchidaceae Corallorhiza striata Lindl.       70 1 

HCORTRI Orchidaceae Corallorhiza trifida Châtel     9 5 

HLISCOR Orchidaceae Listera cordata (L.) R. Br. ex Aiton f.          2 1 

HPLAPSY Orchidaceae Platanthera psycodes (L.) Lindl.     1 1 

HSPICER Orchidaceae Spiranthes cernua (L.) Rich.       3 3 

GAGRGIG Poaceae Agrostis gigantea Roth     11 1 

GAGRPER Poaceae Agrostis perennans (Walter) Tuckerm.     1 1 

GAGRSCA Poaceae Agrostis scabra Willd.     10 3 

GAGRSTO Poaceae Agrostis stolonifera L.     12 11 

GALOAEQ Poaceae Alopecurus aequalis Sobol.     8 2 

GBRAERE Poaceae Brachyelytrum erectum (Schreb. ex Spreng.) Beauv.     4 1 

GBROCIL Poaceae Bromus ciliatus L.     3 1 

GCALCAN Poaceae Calamagrostis canadensis (Michx.) P. Beauv. var. canadensis   5 7 

GCINLAT Poaceae Cinna latifolia 
(Trevir. ex Goepp.) Griseb. in 
Ledeb.     10 4 

GDANSPI Poaceae Danthonia spicata (L.) P. Beauv. ex Roem. & Schult.     7 2 

GECHMUR Poaceae Echinochloa muricata (Michx.) Fern.     3 1 

GELYREP Poaceae Elymus repens (L.) Gould     15 4 

GELYTRT Poaceae Elymus trachycaulus (Link) Gould in Shinn.     14 6 

GELYVIV Poaceae Elymus virginicus L.     3 1 
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GGLYBOR Poaceae Glyceria borealis (Nash) Batch.     3 2 

GGLYCAN Poaceae Glyceria canadensis (Michx.) Trin. var. canadensis   3 1 

GGLYSTR Poaceae Glyceria striata (Lam.) A. Hitchc.     16 2 

GHORJUJ Poaceae Hordeum jubatum L. ssp. jubatum   8 8 

GMILEFF Poaceae Milium effusum L. var. cisatlanticum Fern. 4 2 

GMUHMEM Poaceae Muhlenbergia mexicana (L.) Trin.     2 2 

GORYASP Poaceae Oryzopsis asperifolia Michx.     11 3 

GPANCAP Poaceae Panicum capillare L. ssp. capillare   13 7 

GPHLPRA Poaceae Phleum pratense L. ssp. pratense   12 4 

GORYCAN  Poaceae Piptatherum canadense (Poir) Barkworth     1 1 

GORYPUN Poaceae Piptatherum pungens (Torr.) Hitchc.     3 1 

GPOAANN Poaceae Poa annua L.     11 2 

GPOACOM Poaceae Poa compressa L.     5 1 

GPOAPAL Poaceae Poa palustris L.     11 4 

GPOAPRP Poaceae Poa pratensis L.     13 2 

GPOASAL Poaceae Poa saltuensis Fern. & Wiegand ssp. saltuensis   2 3 

GSCHPUP Poaceae Schizachne purpurascens (Torr.) Swallen     12 1 

GSPHINT Poaceae Sphenopholis intermedia (Rydb.) Rydb.     3 2 

HASACAN Aristolochiaceae Asarum canadense L.     6 1 

WJUNCOM Cupressaceae Juniperus communis L.     4 1 

WTHUOCC Cupressaceae Thuja occidentalis L.     9 3 

WPICGLA Pinaceae Picea glauca (Moench) Voss     9 1 

WPICMAR Pinaceae Picea mariana (Miller) B.S.P.     10 2 

WTAXCAN Taxaceae Taxus canadensis Marshall     3 1 

WSAMRAP Adoxaceae Sambucus racemosa L. ssp. pubens (Michx.) House 5 4 

WVIBACE Adoxaceae Viburnum acerifolium L.     6 1 

WVIBEDU Adoxaceae Viburnum edule (Michx.) Raf.     4 2 

WVIBLAO Adoxaceae Viburnum lantanoides Michx.     1 1 

WVIBTRI Adoxaceae Viburnum opulus L. ssp. trilobum (Marshall) Clausen 4 1 

WVIBRAF Adoxaceae Viburnum rafinesquianum Schult.     2 3 
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HCHEALA Amaranthaceae Chenopodium album L. var. album   10 6 

HCHECAP Amaranthaceae Chenopodium capitatum       4 4 

HCHEGLG Amaranthaceae Chenopodium glaucum       4 3 

HHERLAN Apiaceae Heracleum maximum Bartram     2 2 

HOSMCLA Apiaceae Osmorhiza claytonii (Michx.) C.B. Clarke     4 1 

HSANMAR Apiaceae Sanicula marilandica L.     1 1 

HAPOANA Apocynaceae Apocynum 
androsaemifoliu
m L. 

ssp. 
androsaemifolium   11 1 

WILEVER Aquifoliaceae Ilex verticillata (L.) A. Gray     4 1 

HARAHIS Araliaceae Aralia hispida Vent.     3 4 

HARANUD Araliaceae Aralia nudicaulis L.     11 4 

HARARAR Araliaceae Aralia racemosa       7 3 

HACHMIM Asteraceae Achillea millefolium L.     25 10 

HAMBART Asteraceae Ambrosia artemisiifolia L.     3 1 

HANAMAR Asteraceae Anaphalis margaritacea (L.) Benth. & Hook. f.     8 6 

HANTNEG Asteraceae Antennaria neglecta Greene     3 1 

HARCMIM Asteraceae Arctium minus (Hill) Bernh.     8 1 

HBIDCER Asteraceae Bidens cernua L.     9 3 

HCIRMUT Asteraceae Cirsium muticum Michx.     2 2 

HCIRVUL Asteraceae Cirsium vulgare (Savi) Ten.     7 1 

HCRETEC Asteraceae Crepis tectorum L.     2 1 

HASTUMU Asteraceae Doellingeria umbellata (Miller) Nees var. umbellata   6 3 

HERIANN Asteraceae Erigeron annuus (L.) Pers.     9 6 

HCONCAN Asteraceae Erigeron canadensis L.     4 3 

HERIPHP Asteraceae Erigeron philadelphicus L. var. philadelphicus   6 3 

HERISTR Asteraceae Erigeron strigosus Muhlenb. ex Willd. var. strigosus   5 1 

HEUPPER Asteraceae Eupatorium perfoliatum L.     3 2 

HASTMAC Asteraceae Eurybia macrophylla (L.) Cass.     6 4 

HEUTGRA Asteraceae Euthamia graminifolia (L.) Nutt.     5 2 

HEUPMAM Asteraceae Eutrochium maculatum (L.) E.E.Lamont var. maculatum   5 3 
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HHIEAUR Asteraceae Hieracium aurantiacum L.     11 6 

HHIECAC Asteraceae Hieracium caespitosum Dumort.     12 3 

HLACBIE Asteraceae Lactuca biennis (Moench) Fern.     5 2 

HLACCAN Asteraceae Lactuca canadensis L.     6 4 

HCHRLEU Asteraceae Leucanthemum vulgare Lam.     12 3 

HMATMAT Asteraceae Matricaria matricarioides DC.     4 1 

HPETFRI Asteraceae Petasites frigidus (L.) Fr. var. palmatus (Ait.) Cronquist 5 5 

HPREALB Asteraceae Prenanthes alba (L.) Hook.     3 1 

HSOLCAN Asteraceae Solidago canadensis L. var. canadensis   7 4 

HSOLGIG Asteraceae Solidago gigantea Aiton     2 1 

HSOLHIS Asteraceae Solidago hispida Muhlenb. ex Willd. var. hispida   1 1 

HSOLRUR Asteraceae Solidago rugosa Mill. ssp. rugosa   4 2 

HSOLULI Asteraceae Solidago uliginosa Nutt.     4 4 

HSONARA Asteraceae Sonchus arvensis L.     8 4 

HSONASA  Asteraceae Sonchus asper (L.) Hill      6 1 

HASTCIL Asteraceae Symphyotrichum ciliolatum (Lindl. in DC.) Löve     4 2 

HASTCOR Asteraceae Symphyotrichum cordifolium (L.) Nesom      6 3 

HASTLAN Asteraceae Symphyotrichum lanceolatum (Willd.) Nesom ssp. lanceolatum   7 3 

HASTLAF Asteraceae Symphyotrichum lateriflorum (L.) A & D. Love var. lateriflorum   11 6 

HASTPUP Asteraceae Symphyotrichum puniceum (L.) A. & D. Love var. puniceum   6 1 

HTAROFF Asteraceae Taraxacum officinale G. Weber ex Wiggers     12 2 

HTRADUB Asteraceae Tragopogon dubius Scop.     5 2 

HTRAPRP Asteraceae Tragopogon pratensis L.     5 3 

HIMPCAP Balsaminaceae Impatiens capensis Meerb.     7 4 

WALNINR Betulaceae Alnus incana (L.) Moench spp. rugosa (Du Roi) Clausen 7 6 

WALNVIC Betulaceae Alnus viridis (Chaix) DC. spp. crispa 
(Dryander ex Aiton) Turrill ex 
Aiton 6 1 

WBETALL Betulaceae Betula alleghaniensis Britton     8 1 

WBETPAP Betulaceae Betula papyrifera Marshall     8 3 

WBETPUM Betulaceae Betula pumila L.     1 2 
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WCORCOC Betulaceae Corylus cornuta Marshall ssp. cornuta   6 3 

WOSTVIR Betulaceae Ostrya virginiana (Miller) K. Koch var. virginiana   8 1 

HCYNBOR Boraginaceae Cynoglossum virginianum L. var. boreale (Fern.) Cooperr. 1 1 

HMERPAN Boraginaceae Mertensia paniculata (Aiton) G. Don var. paniculata   1 2 

HERYCHC Brassicaceae Erysimum cheiranthoides L.     7 2 

HLOBINF  Campanulaceae Lobelia inflata L.     2 1 

WDIELON Caprifoliaceae Diervilla lonicera Miller     8 3 

WLINBOL Caprifoliaceae Linnaea borealis L. ssp. longiflora (Torr.) Hultén 11 3 

WLONCAN Caprifoliaceae Lonicera canadensis Bartram ex Marshall     7 1 

WLONHIR Caprifoliaceae Lonicera hirsuta Eaton     3 2 

WLONOBL Caprifoliaceae Lonicera oblongifolia (Goldie) Hook.     3 2 

WLONVIL Caprifoliaceae Lonicera villosa (Michx.) Roem. & Schult.     4 1 

HCERFON Caryophyllaceae Cerastium fontanum Baumg. ssp. vulgare (Hartman) Greuter & Burdet 8 3 

HCORCAN Cornaceae Cornus canadensis L.     8 2 

WCORSTO Cornaceae Cornus sericea Michx.     4 1 

SERIVIR Cyperaceae Eriophorum virginicum L.     1 1 

HDROROT Droseraceae Drosera rotundifolia       2 2 

WSHECAN Eleagnaceae Shepherdia canadensis (L.) Nutt.     6 3 

WANDPOG Ericaceae Andromeda glaucophylla Link     6 3 

WARCUVA Ericaceae Arctostaphylos uva-ursi (L.) Spreng.     4 9 

WCHACAL Ericaceae Chamaedaphne calyculata (L.) Moench     6 2 

WCHIUMC Ericaceae Chimaphila umbellata (L.) Barton ssp. umbellata   2 2 

WEPIREP Ericaceae Epigaea repens L.     1 1 

WGAUHIS Ericaceae Gaultheria hispidula (L.) Muhlenb. ex Bigelow     4 3 

WGAUPRO Ericaceae Gaultheria procumbens L.     4 2 

WGAYBAC Ericaceae Gaylussacia baccata (Wangenh.) K. Koch     1 3 

WKALANG Ericaceae Kalmia angustifolia L. var. angustifolia   1 2 

WKALPOL Ericaceae Kalmia polifolia Wangenh.     4 4 

HMONUNF Ericaceae Moneses uniflora (L.) A. Gray     3 4 

HORTSEC Ericaceae Orthilia secunda (L.) House     14 6 
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HPYRASA Ericaceae Pyrola asarifolia Michx. ssp. asarifolia   4 3 

HPYRCHL Ericaceae Pyrola chlorantha Sw.     2 4 

HPYRELL Ericaceae Pyrola elliptica Nutt.     4 4 

HPYRMIN Ericaceae Pyrola minor L.     2 3 

WLEDGRO Ericaceae Rhododendron groenlandicum (Oeder) Kron & Judd     7 3 

WVACANG Ericaceae Vaccinium angustifolium Aiton     3 2 

WVACMYR Ericaceae Vaccinium myrtilloides Michx.     4 4 

WVACOXY Ericaceae Vaccinium oxycoccos L.     1 2 

HLATOCH Fabaceae Lathyrus ochroleucus Hook.     1 1 

HLATPAL Fabaceae Lathyrus palustris L.     1 1 

HMEDLUP Fabaceae Medicago lupulina L.     7 2 

HMELALB Fabaceae Melilotus albus Medik.     7 2 

HMELOFF Fabaceae Melilotus officinalis (L.) Pall.     7 1 

HTRIAUE Fabaceae Trifolium aureum Pollich 
 

  9 3 

HTRIHYE Fabaceae Trifolium hybridum L. ssp. elegans (Savi) Asch. & Graebn. 7 4 

HTRIPRA Fabaceae Trifolium pratense L.     10 4 

HTRIREP Fabaceae Trifolium repens L.     7 3 

HVICAME Fabaceae Vicia americana Muhlenb. ex Willd.     4 4 

HVICCRA Fabaceae Vicia cracca L.     13 9 

WQUERUB Fagaceae Quercus rubra L.     6 1 

WRIBGLA Grossulariaceae Ribes glandulosum Grauer     2 3 

WRIBHIR Grossulariaceae Ribes hirtellum Michx.     1 2 

WRIBHUD Grossulariaceae Ribes hudsonianum Richardson var. hudsonianum   3 3 

WRIBLAC Grossulariaceae Ribes lacustre (Pers.) Poir.     3 2 

WRIBOXO Grossulariaceae Ribes oxyacanthoides L. ssp. oxyacanthoides   4 4 

WRIBTRI Grossulariaceae Ribes triste Pall.     3 5 

HHYPPER  Hypericaceae Hypericum perforatum L.     16 7 

HMENARB Lamiaceae Mentha canadensis L. ssp. borealis 
(Michx.) R.L. Taylor & 
Macbryde 1 1 

HPRUVUV Lamiaceae Prunella vulgaris L. ssp. vulgaris   5 1 
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HSCULAT Lamiaceae Scutellaria lateriflora L.     4 1 

WTILAME Malvaceae Tilia americana L.     4 1 

HMENTRI Menyanthaceae Menyanthes trifoliata L.     8 3 

WCOMPER Myricaceae Comptonia peregrina (L.) J.M. Coult.     1 2 

WMYRGAL Myricaceae Myrica gale L.     6 3 

HTRIBOB Myrsinaceae Trientalis borealis Raf. ssp. borealis   4 1 

WFRAAME Oleaceae Fraxinus americana L.     5 2 

WFRANIG Oleaceae Fraxinus nigra Marshall     3 3 

WFRAPEN Oleaceae Fraxinus pennsylvanica Marshall     3 3 

HEPIANG Onagraceae Chamerion angustifolium (L.) Holub ssp. angustifolium   16 8 

HCIRALP Onagraceae Circaea alpina L. ssp. alpina   3 2 

HCIRLUC Onagraceae Circaea lutetiana L. ssp. canadensis (L.) Asch. & Magnus 10 3 

HEPICIC Onagraceae Epilobium ciliatum Raf.     4 2 

HEPILEP Onagraceae Epilobium leptophyllum Raf.     1 2 

HOENBIE Onagraceae Oenothera biennis L.     7 4 

HOENPAR  Onagraceae Oenothera parviflora L.     2 3 

HMELLIN Orobanchaceae Melampyrum lineare Desr.     1 2 

HOXAACM Oxalidaceae Oxalis acetosella L. ssp. montana (Raf.) Hulten 5 2 

HCORSEM Papaveraceae Capnoides sempervirens (L.) Borck.     1 1 

HSANCAN Papaveraceae Sanguinaria canadensis L.     4 1 

HPLAMAJ Plantaginaceae Plantago major L.     12 8 

HPOLPAU Polygalaceae Polygala paucifolia Willd.     2 1 

HPOLCIL Polygonaceae Fallopia cilinodis (Michx.) J.Holub     5 3 

HPOLHDP  Polygonaceae Persicaria hydropiper (L.) Opiz       4 1 

HPOROLE Portulaceae Portulaca oleracea L.     4 3 

HLYSCIL Primulaceae Lysimachia ciliata L.     4 1 

HACTPAC Ranunculaceae Actaea pachypoda Elliott     8 4 

HACTRUB Ranunculaceae Actaea rubra (Aiton) Willd. ssp. rubra   10 3 

HANECAN Ranunculaceae Anemone canadensis L.     6 4 

HANEQUQ Ranunculaceae Anemone quinquefolia L. var. quinquefolia   6 3 
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HAQUCAN Ranunculaceae Aquilegia canadensis L.     6 1 

HCALPAL Ranunculaceae Caltha palustris L.     14 4 

WCLEVIR Ranunculaceae Clematis virginiana L.     7 1 

HCOPTRI Ranunculaceae Coptis trifolia (L.) Salisb.     7 2 

HRANACR Ranunculaceae Ranunculus acris L.     9 4 

HTHADIO Ranunculaceae Thalictrum dioicum L.     5 1 

HTHAPUB Ranunculaceae Thalictrum pubescens Pursh     3 1 

WRHAALN Rhamnaceae Rhamnus alnifolia L'Hér.     2 2 

HAGRGRY Rosaceae Agrimonia gryposepala       3 1 

WCRACHR Rosaceae Crataegus chrysocarpa Ashe     6 1 

WCRASUC Rosaceae Crataegus succulenta Schrad. ex Link     3 2 

HFRAVIV Rosaceae Fragaria virginiana Miller ssp. virginiana   11 7 

HGEUMAC Rosaceae Geum macrophyllum Willd. var. macrophyllum   2 2 

HPOTNON Rosaceae Potentilla norvegica L. ssp. norvegica   9 8 

HPOTPAL Rosaceae Potentilla palustris       5 3 

HPOTREC Rosaceae Potentilla recta L.     4 1 

WPRUPEN Rosaceae Prunus pensylvanica L. f.     6 3 

WPRUVIV Rosaceae Prunus virginiana L. var. virginiana   6 1 

WROSACS Rosaceae Rosa acicularis Lindl. ssp. sayi (Schwein.) W. Lewis 3 3 

WRUBALL Rosaceae Rubus allegheniensis Porter     4 1 

WRUBCAN Rosaceae Rubus canadensis L.     1 1 

HRUBCHA Rosaceae Rubus chamaemorus L.     8 3 

WRUBIDM Rosaceae Rubus idaeus L. ssp. strigosus (Michx.) Focke 11 2 

HRUBPUB Rosaceae Rubus pubescens Raf.     5 2 

WSORAME Rosaceae Sorbus americana Marshall 
 

  1 1 

WSORDEC Rosaceae Sorbus decora (Sarg.) C.K. Schneid.     4 3 

HGALASP Rubiaceae Galium asprellum Michx. 
 

  2 1 

HGALTRI Rubiaceae Galium triflorum Michx.     10 3 

WPOPBAB Salicaceae Populus balsamifera L.     13 6 
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WPOPGRA Salicaceae Populus grandidentata Michx.     5 1 

WPOPTRE Salicaceae Populus tremuloides Michx.     8 4 

WSALBEB Salicaceae Salix bebbiana Sarg.     42 5 

WSALCAN Salicaceae Salix candida Flüegge ex Willd.     23 12 

WSALDIS Salicaceae Salix discolor Muhlenb.     9 1 

WSALLUC Salicaceae Salix lucida Muhlenb.     3 1 

WSALPED Salicaceae Salix pedicellaris Pursh     6 3 

WSALSER Salicaceae Salix serissima (L.H. Bailey) Fern.     4 1 

HGEOLIV Santalaceae Geocaulon lividum (Richardson) Fern.     7 4 

WACEPEN Sapindaceae Acer pensylvanicum L.     2 3 

WACERUB Sapindaceae Acer rubrum L.     8 5 

WACESAS Sapindaceae Acer saccharum Marshall var. saccharum   5 4 

WACESPI Sapindaceae Acer spicatum Lam.     4 1 

HMITNUD Saxifragaceae Mitella nuda L.     6 4 

HPARPAL Saxifragaceae Parnassia palustris       6 1 

HURTDIG Urticaceae Urtica dioica L. ssp. gracilis (Aiton) Selander 6 5 

HVIOCAN Violaceae Viola canadensis       3 1 

HVIOPUB Violaceae Viola pubescens Aiton var. pubescens   5 1 

HVIOREN Violaceae Viola renifolia A. Gray     4 4 
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Appendix 2: The cumulative average number of seeds extracted from organic matter at 5 minute 

intervals (n = 10). The standard error is represented by the error bars. 
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Appendix 3: The cumulative number species detected for the number of specimens identified 

using seedling emergence trials. The shaded areas represent a 95% confidence interval. A: 

Combined across all 4 blocks, B: Block 1, C: Block 2, D: Block 3, E: Block 4.  
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Appendix 4: The cumulative number species detected for the number of specimens identified 

using DNA Barcoding. The shaded areas represent a 95% confidence interval. A: Combined 

across all 4 blocks, B: Block 1, C: Block 2, D: Block 3, E: Block 4. 
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Appendix 5: The standard framework and vegetation data for the Natural, Extensive, and Intensive treatments of the NEBIE plot 

network (Bell et al., 2008; OMNRF unpublished data).  

* - Vegetation data was measured 5 years post-harvest. 

 

Treatment Definition Vegetation Data* (Percent Cover) 

  Timmins % Kapuskasing % 

Natural Intervention applied following fire, insect, disease, or 

severe weather events. Regeneration and stand 

development are determined by the incidence, type, and 

intensity of the natural disturbance and the availability 

of plant propagules, and by the composition of the 

residual stand. 

Eurybia macrophylla 

Abies balsamea 

Corylus cornuta 

Diervilla lonicera 

Acer spicatum 

30 

17 

15 

12 

11 

Abies balsamea 

Alnus rugosa 

Acer spicatum  

Rubus idaeus 

Mnium 

18 

9 

8 

8 

6 

Extensive Intervention characterized by selection of harvesting 

method and scarification. Species composition of the 

recruitment cohort, stand development, and stand 

dynamics are determined by plant propagules present 

naturally and micro-sites created during harvesting or 

by scarification or by the residual stand characteristics. 

Stand dynamics and development are similar to natural 

disturbance. 

Populus tremuloides 

Rubus idaeus 

Corylus cornuta 

Eurybia macrophylla 

Diervilla lonicera 

 

40 

28 

25 

9 

8 

 

Rubus idaeus 

Calamagrostis 

canadensis 

Eurybia macrophylla 

Diervilla lonicera 

Rubus pubescens 

31 

24 

 

23 

11 

10 

Intensive Intervention intended to control the quality and quantity 

of fibre grown on a given site and to meet a specific 

short rotation length/cutting cycle target by tightly 

controlling species composition and quality of residual 

stems while closely managing both inter- and intra-

specific competition during all stand development 

phases. 

Rubus idaeus 

Populus tremuloides 

Solidago rugosa 

Eurybia macrophylla 

Ribes glandulosum 

36 

17 

10 

9 

7 

Rubus idaeus 

Eurybia macrophylla 

Chamerion angustifolium 

Rubus pubescens 

Calamagrostis 

canadensis 

 

15 

9 

8 

6 

4 
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Appendix 6: The layout of the blocks (B1–B4) and treatment plots at the Timmins (A), and Kapuskasing (B) installation sites 

(OMNR, 2011). 
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Appendix 7:  Description of the explanatory variables collected on the NEBIE plot network using data 

from previous field observations and historical climate data 

* - denotes a summary of a group of explanatory variables 

† - denotes a variable using observational data taken at the time of soil sampling 

 

Explanatory 

Variable 

Description 

Uncut Uncut 

CutUnd Cut undisturbed 

Road Distance of secondary road intersecting 

Trail Distance of trail intersecting cut  

TrailUnc Distance of tour trail intersecting uncut 

RoadsTrails* Roads and trails summary 

SkidH deeply rutted or heavily compacted and berming maybe visible (most likely in 

wetter areas) 

SkidL slightly disturbed with maples, raspberry, and elderberry 

SkidM medium disturbance 

SkidMberm pushed up or turned over organic/soil due to skidding 

SkidHberm pushed up or turned over organic/soil due to skidding 

SkidLberm pushed up or turned over organic/soil due to skidding 

SkidLW has water in track 

SkidHW has water in track 

SkidHS skid track bottom is disturbed soil 

SkidLS skid track bottom is disturbed soil 

Skid* Skidding summary 

Skidberm* Skidding berm summary 

CWDdwd Coarse woody debris 

CWDdwdUnc Coarse woody debris uncut 

SlashLog any slash pile containing at least one large log that will take considerable time 

to decay 

DWD* Down woody debris summary 

CWDsnag Coarse woody debris snag 

CWDStumpH Coarse woody debris stump 

CWDStumpV Coarse woody debris stump 

StumpH Stump 

SnagStump* Snag or stump summary 

SlashBr immature or smaller diameter pieces of woody material in a pile that will 

decay much quicker (> 5 cm ≤ 25cm) 

SlashBrCut any slash pile containing at least one large log that will take considerable time 

to decay 

SlashBrS1 attached to slashpile conditions when significant soil is visible on top. 

SlashBrS2 attached to slashpile conditions when significant soil is visible within. 
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SlashTop only a single top that is in one piece and for length of limbs > 5cm in diameter 

(more common in Basic and Extensive treatments) 

Slash* Slash summary 

MTr Trench bottom 

MTrWater Trench bottom filled with water, deep enough that it was difficult to 

determine underlying structure 

Mech* Mechanical trenching summary 

MechBerm* Mechanical berm summary 

Rock* Rock summary 

Soil* Soil summary 

UPRoot windthrown tree 

UPRootSoil Up-rooted tree exposing mineral soil 

UpRootW Up-rooted tree with uprooted cavity filled with water 

UpRoot* Uproot summary 

W Wet area 

Creek Proximity to creek 

Water* Water summary 

Herbicide  litres of glyphosate formulated as Vision/ha 

RelHerb % relative to max 12 L ha-1; The relative volume of herbicide (i.e., litres of 

glyphosate formulated as Vision®) 

AnRain Annual rainfall (mm) 

TPrecip Total precipitation (mm) 

TDAv Temperature daily average (°C) 

ExMin Extreme minimum temperature (°C) 

GDD5C Growing degree days above 5 °C 

Mot Depth to prominent mottling (Mot, cm) 

RRL Depth to root restricting layer (RRL, cm) 

Cfrag Coarse fragments (Cfrag, %) 

ESoilVol Effective soil volume (ESoilVol, m3) 

MR Moisture regime (MR, ord) 

DrainC Drainage class (DrainC, ord) 

Cal Calcareous (Cal, ord) 

PoreC Pore class (PoreC, ord) 

Humus Humus form (Humus; mor, moder, mull) 

DOM Depth of organic matter (DOM, cm) 

HFRegime The classification system developed by Rülcker et al. (1994) was used to 

categorize historic fire regimes. The categories included (0) no fire regime: 

stand-replacing fires absent (i.e., northern temperate hardwoods), (1) 

understory fire: stand-replacing fires seldom occur (i.e., northern temperate 

mixedwoods), (2) mixed-severity: stand-replacing fires occur infrequently 

(i.e., boreal mixedwoods), and (3) stand replacement fires: stand-replacing 

fires occur often (boreal conifers). 
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RFProb relative fire probability, which was developed for Ontario’s forests by Li 

(2000), was used. Relative fire probability is associated with the dominant tree 

species in a stand. In dense deciduous forests, white and red pine (Pinus 

strobus L. and Pinus resinosa Ait.), mixed coniferous, and dense jack pine 

(Pinus banksiana Lamb.) these probabilities are 0.22, 0.30, 0.94, and 0.97, 

respectively (see Li 2000; Table 7.3).  

BLHwd broad leaved hardwood 

NLHwd narrowleaved hardwood 

LNCon long needle conifer 

SNCon short needle conifer 

Exotics non-native to Canada 

NaturalDis† Distance to natural area 

BodyofW† Distance to body of water 

Road† Distance to nearest secondary road 

Cover† Canopy cover from aerial photographs 

StandTyp† Water moisture of stand 



 

 

Appendix 8: An abundance list of the plant species detected using DNA barcoding. The frequency of detection is separated across the 

Natural, Extensive and Intensive treatments in Timmins and Kapuskasing, Ontario.  

* - denotes an introduced species to Ontario 

† - denotes a weed species to Ontario 

 

 Timmins    Kapuskasing   

DNA Barcode Species 

Identification 

Natural Extensive Intensive Total Natural Extensive Intensive Total 

Actea rubra 1 0 0 1 1 0 0 1 

Agrostis scabra 0 1 3 4 0 1 1 2 

Anaphalis margaritacea 0 0 0 0 0 1 0 1 

Anemone quinquefolia 0 1 1 2 0 0 0 0 

Aralia nudicaulis 5 1 0 6 4 1 1 6 

Aster ciliolatus 0 0 13 13 0 0 0 0 

Bromus ciliatus 1 1 9 11 2 3 1 6 

Calamagrostis canadensis 0 2 7 9 5 5 1 11 

Carex arctata 4 7 6 17 0 3 1 4 

Carex brunnescens 0 0 0 0 1 0 0 1 

Carex deweyana 4 1 0 5 2 1 1 4 

Carex intumescens 5 1 0 6 0 1 1 2 

Carex leptonervia 0 0 0 0 1 0 0 1 

Carex pensylvanica 3 0 0 3 0 0 0 0 

Carex retrorsa 0 2 1 3 0 0 0 0 

Caulophyllum thalictroides 0 0 4 4 0 0 0 0 

Chamerion angustifolium 0 5 1 6 0 0 1 1 

Cinna latifolia 3 6 3 12 4 1 2 7 

Cirsium muticum 0 0 1 1 0 1 2 3 

Cirsium vulgare * †  0 0 0 0 0 0 1 1 

Clintonia borealis 2 1 0 3 4 2 4 10 
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Convolvulus arvensis † 1 0 0 1 0 0 0 0 

Coptis trifolia 1 0 0 1 2 0 0 2 

Cornus Canadensis 3 1 1 5 4 3 4 11 

Corydalis sempervirens 1 0 0 1 0 0 0 0 

Corylus cornuta 4 0 0 4 0 0 0 0 

Dalibarda repens 1 0 0 1 0 0 0 0 

Diervilla lonicera 3 0 0 3 0 0 0 0 

Elymus trachycaulus * 0 0 0 0 0 0 2 2 

Epilobium ciliatum † 2 0 0 2 0 0 1 1 

Erigeron philadelphicus † 0 0 2 2 0 0 0 0 

Eurybia macrophylla 3 12 11 26 6 2 0 8 

Fallopia cilinodis 0 1 1 2 0 0 0 0 

Fragaria virginiana 3 2 1 5 0 2 3 5 

Galium asprellum 1 0 2 3 0 0 2 2 

Galium triflorum 4 0 1 5 6 4 2 12 

Geranium bicknelii 4 0 0 4 0 0 0 0 

Geum aleppicum † 0 0 0 0 0 1 1 2 

Geum macrophyllum 0 0 1 1 0 0 0 0 

Glyceria striata 0 0 0 0 1 1 1 3 

Goodyera repens 0 0 0 0 2 0 0 2 

Hieracium aurantiacum *† 0 0 0 0 0 0 1 1 

Hieracium caespitosum *† 0 0 2 2 0 2 0 2 

Impatiens capensis † 0 0 5 5 4 4 3 11 

Juncus tenuis 1 0 0 1 0 0 0 0 

Lactuca biennis 0 3 1 4 1 2 1 4 

Linnaea borealis 1 0 0 1 0 0 0 0 

Luzula acuminatus 0 6 1 7 1 3 1 5 

Maianthemum canadense 2 2 3 7 3 2 3 8 

Mertensia paniculata 0 0 1 1 0 0 0 0 

Oryzopsis asperifolia 1 0 0 1 0 1 1 2 
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Petasites frigidus 1 0 0 1 1 1 1 3 

Phleum pretense *† 0 0 0 0 0 1 0 1 

Pinus strobus 0 1 0 1 0 0 0 0 

Poa palustris † 0 0 1 1 0 1 1 2 

Poa pratensis † 0 2 0 2 0 1 0 1 

Potentilla norvegica † 0 0 1 1 0 0 1 1 

Prunus virginiana † 3 2 1 6 0 0 0 0 

Ranunculus abortivus 1 1 0 2 0 0 0 0 

Ribes glandulosum 2 0 0 2 0 0 0 0 

Rubus idaeus † 9 0 0 9 3 3 2 8 

Rubus pubescens 0 9 2 11 0 2 1 3 

Sambucus racemosa 8 5 2 15 2 1 1 4 

Sanicula marilandica 0 4 0 4 0 0 0 0 

Schizachne purpurascens 1 0 0 1 1 1 1 3 

Scirpus atrovirens 0 1 0 1 0 0 0 0 

Scirpus cyperinus 0 0 0 0 0 1 1 2 

Solidago canadensis † 0 0 0 0 0 0 1 1 

Solidago rugosa 0 6 0 6 0 1 2 3 

Sonchus arvensis *† 0 3 1 4 0 0 1 1 

Streptopus lanceolatus 1 0 0 1 1 0 2 3 

Symphyotrichum ciliolatum 0 0 0 0 0 1 1 2 

Taraxacum officinale *† 0 0 2 2 0 1 2 3 

Thalictrum dioicum 0 3 1 4 0 0 0 0 

Trientalis borealis 0 1 0 1 0 0 0 0 

Vicia americana 0 0 0 0 0 1 1 2 

Vicia cracca *† 0 0 3 3 0 0 2 2 

Viola renifolia 4 2 0 6 2 1 0 3 
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Appendix 9: Estimated abundance values on the plant species found in the soil seed bank in Timmins and Kapuskasing, Ontario 

across the Natural, Extensive, and Intensive treatments.  

  

 Timmins   Kapuskasing  

Taxa Natural Extensive Intensive Natural Extensive Intensive 

Actea rubra 29 0 0 11 0 9 

Agrostis scabra 0 24 77 0 11 0 

Anaphalis margaritacea 0 0 0 0 11 0 

Anemone quinquefolia 0 24 26 0 0 0 

Aralia nudicaulis 143 24 0 46 11 9 

Aster ciliolatus 0 0 332 0 0 0 

Bromus ciliatus 29 24 204 23 34 9 

Calamagrostis canadensis 0 49 179 57 57 9 

Carex arctata 114 170 153 0 34 9 

Carex brunnescens 0 0 0 11 0 0 

Carex deweyana 114 24 0 23 11 9 

Carex intumescens 142 35 2 0 11 9 

Carex leptonervia 0 0 0 11 0 0 

Carex pensylvanica 86 0 0 0 0 0 

Carex retrorsa 0 49 26 0 0 0 

Caulophyllum thalictroides 0 0 102 0 0 0 

Chamerion angustifolium 0 0 26 0 0 9 

Cinna latifolia 86 146 77 46 11 18 

Cirsium muticum 0 0 26 0 11 18 

Cirsium vulgare 0 0 0 0 0 9 

Clintonia borealis 57 24 0 46 23 37 

Convolvulus arvensis 0 0 0 0 0 0 

Coptis trifolia 29 0 0 23 0 0 

Cornus canadensis 86 24 26 46 87 37 

Corydalis sempervirens 29 0 0 0 0 0 
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Corylus cornuta 114 0 0 0 0 0 

Dalibarda repens 29 0 0 0 0 0 

Diervilla lonicera 86 0 0 0 0 0 

Elymus trachycaulus 0 0 0 0 0 18 

Epilobium ciliatum 57 121 0 0 0 9 

Erigeron philadelphicus 0 0 51 0 0 0 

Eurybia macrophylla 86 291 281 69 23 0 

Fallopia cilinodis 13 35 145 0 0 0 

Fragaria virginiana 86 49 26 0 23 28 

Galium asprellum 29 0 51 0 0 18 

Galium triflorum 114 0 26 69 45 18 

Geranium bicknelii 114 0 

 

0 0 0 0 

Geum aleppicum 0 0 0 0 11 9 

Geum macrophyllum 0 0 26 0 0 0 

Glyceria striata 0 0 0 11 11 9 

Goodyera repens 0 0 0 23 0 0 

Hieracium aurantiacum 0 0 0 0 0 9 

Hieracium caespitosum 0 0 51 0 23 0 

Impatiens capensis 0 0 128 46 97 28 

Juncus tenuis 29 0 0 0 0 0 

Lactuca biennis 0 73 26 11 23 9 

Linnaea borealis 29 0 0 0 0 0 

Luzula acuminata 0 146 26 11 34 9 

Maianthemum canadense 57 49 77 34 23 28 

Mertensia paniculata 0 0 26 0 0 0 

Oryzopsis asperifolia 29 0 0 0 11 9 

Petasites frigidus 29 0 0 11 11 9 

Phleum pratense 0 0 0 0 11 0 

Pinus strobus 0 24 0 0 0 0 

Poa palustris 0 49 26 0 11 9 
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Poa pratensis 0 0 0 0 11 0 

Potentilla norvegica 0 0 26 0 0 9 

Prunus virginiana 74 245 93 0 0 0 

Ranunculus abortivus 29 24 0 0 0 0 

Ribes glandulosum 57 0 0 0 0 0 

Rubus idaeus 244 732 1738 516 576 394 

Rubus pubescens 0 146 0 0 23 9 

Sambucus racemosa 229 636 184 60 23 8 

Sanicula marilandica 0 97 0 0 0 0 

Schizachne purpurascens 29 0 0 11 11 9 

Scirpus atrovirens 0 24 0 0 0 0 

Scirpus cyperinus 0 0 0 0 11 9 

Solidago canadensis 0 0 0 0 0 9 

Solidago rugosa 0 146 0 0 11 18 

Sonchus arvensis 0 73 26 0 0 9 

Streptopus lanceolatus 29 0 0 11 0 18 

Symphyotrichum ciliolatum 0 0 0 0 11 9 

Taraxacum officinale 0 0 51 0 11 18 

Thalictrum dioicum 0 73 26 0 0 0 

Trientalis borealis 0 24 0 0 0 0 

Vicia americana 0 0 0 0 11 9 

Vicia cracca 0 0 77 0 0 18 

Viola renifolia 114 49 0 23 11 0 

 


