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ABSTRACT 
 
Reclaimed oil sands landscapes are perceived to be low in plant diversity compared with 

naturally occurring plant communities. Approximately 66 Carex species inhabit the oil 

sand region. This thesis is unique and represents the first large scale study of Carex 

establishment on reclaimed oil sands landscapes. Research compared diversity and habitat 

variables between natural ecosystems and reclaimed landscapes, and examined the 

colonization mechanism for Carex establishment on reclaimed landscapes (i.e., ingress 

from adjacent natural ecosystems or emergence from the soil seed bank). Low positive 

associations between the presence of Carex in natural and reclaimed landscapes, and the 

presence of species on reclaimed landscapes not accounted for in either the forest or edge 

plots, suggests Carex established from the soil seed bank and less so from natural ingress. 

Carex share the same seed dispersal mechanisms as many plants, so the implications may 

apply to a broader range of plant species. 

 

Keywords: Carex, sedges, oil sands, reclamation, restoration, boreal forest, boreal 

grasslands, seed dispersal, ingress, species richness 

 

 



iii 
 

 
 

ACKNOWLEDGMENTS 

 

A special thank you for your hard work, kindness, support, advice  

and especially your patience: 

Debbie Smilar 

John Gulley 

Darrin Nielsen 

Hugh Kline 

Danna-Rae Evasiuk 

Rachel So 

Cumulative Environmental Management Association (Gillian Donald) 

Canadian Natural Horizon (Steve Tuttle)  

Fort McKay IRC 

Fort Hills Oil Sands Project (Tom Wiebe)  

Shell Canada (Ainslie Campbell) 

Suncor Energy Inc. (Bruce Anderson, Lelaynia Cox, Christine Daly, Jordan Eckel, Matt 
LeBlanc and Francis Salifu) 

Syncrude Canada Ltd. (Rob Vassov and Audrey Lanoue) 

Dr. Peter Ball, University of Toronto (Professor Emeritus) – who graciously agreed to 
help with Carex identification 

Moshi Charnell – your endless supply of statistical advice, support and encouragement 
kept me going  

Jaclyn MacLean Doyle –your assistance in the field, putting up with the bugs, long hours 
and for bravely clinging to steep slopes 

Finally, a special thank you to my supervisor Dr. Cynthia Lane – words can’t adequately 
express my gratitude for all your help! 

 



iv 
 

 
 

 

 
 

 

Funding is gratefully acknowledged from: 

Suncor Energy Inc. 

Golder Associated Ltd. 

 

 

No one can I thank more than my family, who without a complaint  

survived my three year absence 

Thank You 

 

 

 



v 
 

 

TABLE OF CONTENTS 

 

1 CHAPTER ONE: INTRODUCTION AND THESIS OVERVIEW ............................. 11 
1.1 The Problem and Opportunity..................................................................................................... 11 
1.2 Size and Intensity of Oil Sands Disturbance ............................................................................... 15 
1.3 Study Setting ............................................................................................................................... 16 
1.4 Carex Diversity on Reclaimed Landscapes ................................................................................. 17 
1.5 Study Focus and Objectives ........................................................................................................ 18 
1.6 Study Hypothesis ........................................................................................................................ 18 
1.7 Study Layout ............................................................................................................................... 19 

2 CHAPTER TWO: LITERATURE REVIEW ................................................................ 20 
2.1 Oil Sands Reclamation Objectives and Goals ............................................................................. 20 
2.2 Mining Method and Subsequent Landscapes .............................................................................. 21 

2.2.1 Substrate Material ..................................................................................................... 23 
2.2.2 Landscape Reconstruction and Design ...................................................................... 25 
2.2.3 Capping Soil Types .................................................................................................... 27 
2.2.4 Vegetation Establishment on Reclaimed Landscapes ................................................ 29 
2.2.5 Past Reclamation Practices at Suncor ....................................................................... 30 
2.2.6 Reclamation Process at Other Oil Sands Mines ........................................................ 33 

2.3 Plant Diversity ............................................................................................................................ 34 
2.3.1 Meeting Legislative Requirements ............................................................................. 34 
2.3.2 Factors Affecting Species Presence and Abundance ................................................. 36 
2.3.3 Limitations to Achieving Diversity............................................................................. 37 

2.4 The Genus Carex ........................................................................................................................ 39 
2.4.1 Carex Seed Dormancy, Stratification and Germination ............................................ 41 
2.4.2 Effects of Stockpiling on Carex Seed and Propagule Survival .................................. 42 
2.4.3 Seed Dispersal Mechanisms ...................................................................................... 43 
2.4.4 Importance of Carex to Oil Sands Reclamation ........................................................ 48 
2.4.5 Current Knowledge of Carex on Oil Sands Reclaimed Landscapes .......................... 53 

3 CHAPTER THREE: METHODS .................................................................................. 56 
3.1 The Study Area ........................................................................................................................... 56 

3.1.1 Geological and Climatic Setting ................................................................................ 56 
3.2 Source of Data ............................................................................................................................ 59 

3.2.1 Natural Ecosystem Dataset ........................................................................................ 59 
3.2.2 Suncor Dataset........................................................................................................... 61 

3.3 Study Presentation ...................................................................................................................... 62 
3.4 Analytical Preparation for Carex Establishment (Objectives 1 & 2) .......................................... 62 

3.4.1 Diversity variables ..................................................................................................... 62 
3.4.2 Habitat variables ....................................................................................................... 63 
3.4.3 Landscape variables .................................................................................................. 64 
3.4.4 Comparison of Natural Ecosystems, Natural Ecosystems Adjacent to Suncor 

and Suncor’s Reclaimed Landscapes ......................................................................... 66 
3.5 Carex Ingress (Objective 3) ........................................................................................................ 67 

3.5.1 Carex Ingress by Reclamation Area .......................................................................... 69 
3.5.2 Carex Ingress from Edge Plots to Interior Reclamation ........................................... 70 

3.6 Data Analysis .............................................................................................................................. 70 

4 CHAPTER FOUR: RESULTS & DISCUSSION ......................................................... 74 
4.1 Objective 1 Carex Establishment in Natural Ecosystems ........................................................... 74 

4.1.1 Diversity Variables .................................................................................................... 74 
4.1.2 Habitat Variables....................................................................................................... 77 



vi 
 

 

4.2 Objective 2 Carex Establishment on Suncor’s Reclaimed Landscapes ...................................... 86 
4.2.1 Diversity Variables .................................................................................................... 86 
4.2.2 Habitat Variables....................................................................................................... 92 
4.2.3 Landscape Variables ............................................................................................... 105 

4.3 Comparison of Natural Ecosystems, Natural Ecosystems Adjacent to Suncor and 
Suncor’s Reclaimed Landscapes ............................................................................................... 112 

4.4 Objective 3 Source of Carex Establishment: Ingress Versus Soil Seedbank ............................ 124 
4.4.1 Triple Transect Evaluations ..................................................................................... 124 
4.4.2 Other Evidence to Support Lack of Carex Ingress................................................... 127 
4.4.3 Long Distance Dispersal ......................................................................................... 133 
4.4.4 The Soil Seedbank .................................................................................................... 134 
4.4.5 Summary of Objective 3 ........................................................................................... 135 

5 CHAPTER FIVE: SYNTHESIS ................................................................................. 136 
5.1 Major Findings .......................................................................................................................... 136 
5.2 Implications for Reclamation .................................................................................................... 137 
5.3 Implementing the Findings ....................................................................................................... 138 

5.3.1 Carex Species Beneficial to Reclamation ................................................................ 138 
5.3.2 Management Considerations and Recommendations .............................................. 140 

5.4 Limitations of Research and Further Study .............................................................................. 142 

REFERENCES ............................................................................................................................. 143 
 
 
Appendices 
Appendix A-1. Suncor Reclamation Areas Surveyed - Physical Attributes, Seeding and 

Plot Age   ............................................................................................................... 166
Appendix A-2. Suncor Reclamation Areas Surveyed - Location of Transect Start, 

Compass Bearing, Location of First and Last Plots in each Transect   ................. 168
Appendix A-3. Map Showing Location of Natural Ecosystem Plots in the Oil Sands 

Region   .................................................................................................................. 170
Appendix A-4. Map Showing Location of Suncor Plots – West Side of Athabasca River   ............ 171
Appendix A-5. Map Showing Location of Suncor Plots - East Side of Athabasca River   .............. 172
Appendix B-1. Carex Species Documented in the Natural Ecosystems, Natural 

Ecosystems adjacent to Suncor and Suncor’s Reclaimed Landscapes   .............. 174
Appendix B-2. Potential Outliers Identified in the Natural Ecosystems Dataset   .......................... 178
Appendix C-1. Results of One-way Permutation Tests for the Habitat Variables Moisture, 

Slope and Aspect for Natural Ecosystems of the Oil Sands Region   ................... 182
Appendix C-2. Natural Ecosystems - Distribution of Carex by Moisture Category   ...................... 183
Appendix C-3. Natural Ecosystems - Distribution of Carex by Slope Category   ........................... 185
Appendix C-4. Natural Ecosystems - Distribution of Carex by Aspect Category   ......................... 187
Appendix C-5. Natural Ecosystems - Distribution of Carex by Subregion and Ecosite   ............... 189
Appendix D-1. Rare Carex Species Observed on Suncor’s Reclaimed Landscapes   .................. 194
Appendix D-2. Map Showing Location of Reported Occurrences of Rare Carex near 

Suncor and on Suncor’s reclaimed Landscapes   ................................................. 201
Appendix D-3. Results of One-way Permutation Tests for the Habitat Variables Moisture, 

Slope and Aspect on Suncor’s Reclaimed Landscapes   ...................................... 202
Appendix D-4. Suncor’s Reclaimed Landscapes - Distribution of Carex by Moisture 

Category   .............................................................................................................. 203
Appendix D-5. Suncor’s Reclaimed Landscapes - Distribution of Carex by Slope 

Category   .............................................................................................................. 205



vii 
 

 

Appendix D-6. Suncor’s Reclaimed Landscapes - Distribution of Carex by Aspect 
Category   .............................................................................................................. 206

Appendix D-7. Suncor’s Reclaimed Landscapes - Distribution of Carex Species by Age 
Category   .............................................................................................................. 208

Appendix E-1. Percent of Carex Species with Modes in Each Moisture Category-
Comparison between Natural Ecosystems and Suncor Reclaimed 
Landscapes   .......................................................................................................... 210

Appendix E-2. Results of Fisher Rank Sum Test and Wilcox Test Comparison of 
Proportion (Proportion of Plots Containing the Species of Interest), 
Median Percent Cover and Mean Percent Cover between Natural 
Ecosystems Adjacent to Suncor (Natural Suncor) and Natural 
Ecosystems of the Oil Sands Region (Natural region)   ........................................ 211

Appendix F-1. Carex Species Observed in the Triple Transects by Location and 
Additional Species Not Observed in the Triple Transects   ................................... 216

Appendix F-2. Results of Fisher Exact Test between Forest and Edge Plots: Ratio 
Estimates, Risk Ratios and Confidence Intervals   ................................................ 218

Appendix F-3. Results of Fisher Exact Test between Forest and Interior Plots: Ratio 
Estimates, Risk ratios and Confidence Intervals   ................................................. 220

Appendix F-4. Results of Fisher Exact Test between Edge and Interior Plots: Ratio 
Estimates, Risk ratios and Confidence Intervals   ................................................. 222

Appendix F-5. Triplet Transect Comparison by Reclamation Area   .............................................. 224
Appendix F-6. Distribution of Carex Species in the Triplet Transects   .......................................... 225
Appendix G-1. Percent Cover of Species Observed in Boreal Grassland Plots within the 

Oil Sands Region (Golder, 2009).   ........................................................................ 227
Appendix G-2. Carex adusta   ........................................................................................................ 230
Appendix G-3. Carex aenea   ......................................................................................................... 233
Appendix G-4. Carex aquatilis   ...................................................................................................... 235
Appendix G-5. Carex atherodes   ................................................................................................... 238
Appendix G-6. Carex aurea   .......................................................................................................... 241
Appendix G-7. Carex backii   .......................................................................................................... 243
Appendix G-8. Carex bebbii   ......................................................................................................... 245
Appendix G-9. Carex brunnescens   .............................................................................................. 247
Appendix G-10. Carex canescens   ................................................................................................ 249
Appendix G-11. Carex capillaris   ................................................................................................... 252
Appendix G-12. Carex capitata   .................................................................................................... 253
Appendix G-13. Carex chordorrhiza   ............................................................................................. 255
Appendix G-14. Carex concinna   ................................................................................................... 257
Appendix G-15. Carex crawfordii   .................................................................................................. 259
Appendix G-16. Carex deflexa   ..................................................................................................... 260
Appendix G-17. Carex deweyana  ................................................................................................. 262
Appendix G-18. Carex diandra   ..................................................................................................... 264
Appendix G-19. Carex disperma   .................................................................................................. 265
Appendix G-20. Carex duriuscula  ................................................................................................. 267
Appendix G-21. Carex gynocrates   ............................................................................................... 269
Appendix G-22. Carex houghtoniana   ........................................................................................... 271
Appendix G-23. Carex inops subsp. heliophila   ............................................................................ 273
Appendix G-24. Carex interior   ...................................................................................................... 275
Appendix G-25. Carex lacustris   .................................................................................................... 276
Appendix G-26. Carex lasiocarpa   ................................................................................................. 278



viii 
 

 

Appendix G-27. Carex lenticularis var. lenticularis, var. dolia & var. lipocarpa   ............................ 281
Appendix G-28. Carex leptalea   .................................................................................................... 283
Appendix G-29. Carex limosa   ....................................................................................................... 285
Appendix G-30. Carex livida   ......................................................................................................... 287
Appendix G-31. Carex loliacea   ..................................................................................................... 289
Appendix G-32. Carex media   ....................................................................................................... 290
Appendix G-33. Carex obtusata   ................................................................................................... 292
Appendix G-34. Carex oligosperma   ............................................................................................. 293
Appendix G-35. Carex pachystachya   ........................................................................................... 295
Appendix G-36. Carex parryana var. parryana   ............................................................................ 297
Appendix G-37. Carex pauciflora   ................................................................................................. 298
Appendix G-38. Carex paupercula (Carex magellanica)   .............................................................. 300
Appendix G-39. Carex peckii   ........................................................................................................ 302
Appendix G-40. Carex pellita   ........................................................................................................ 303
Appendix G-41. Carex praegracilis  ............................................................................................... 305
Appendix G-42. Carex prairea   ...................................................................................................... 307
Appendix G-43. Carex praticola   ................................................................................................... 309
Appendix G-44. Carex pseudocyperus   ........................................................................................ 310
Appendix G-45. Carex raymondii   ................................................................................................. 312
Appendix G-46. Carex retrorsa   ..................................................................................................... 314
Appendix G-47. Carex richardsonii  ............................................................................................... 315
Appendix G-48. Carex rossii   ......................................................................................................... 317
Appendix G-49. Carex rostrata   ..................................................................................................... 319
Appendix G-50. Carex sartwellii   ................................................................................................... 321
Appendix G-51. Carex scirpoidea   ................................................................................................. 323
Appendix G-52. Carex siccata   ...................................................................................................... 325
Appendix G-53. Carex sprengelii  .................................................................................................. 327
Appendix G-54. Carex stipata   ...................................................................................................... 329
Appendix G-55. Carex sychnocephala   ......................................................................................... 332
Appendix G-56. Carex tenuiflora   .................................................................................................. 333
Appendix G-57. Carex trisperma   .................................................................................................. 335
Appendix G-58. Carex tonsa var. tonsa   ....................................................................................... 337
Appendix G-59. Carex umbellata   ................................................................................................. 339
Appendix G-60. Carex utriculata   .................................................................................................. 341
Appendix G-61. Carex vaginata   ................................................................................................... 343
Appendix G-62. Carex viridula   ...................................................................................................... 345
Appendix G-63. Carex vulpinoidea   ............................................................................................... 347
 
List of Tables  
Table 1. Evolution of Reclamation Practices at Suncor Energy   ............................................................. 31
Table 2. Average Carex Percent Cover from Reclaimed Landscapes Studies at Suncor   ........................... 54
Table 3. Carex Species Present on Reclamation from CEMA’s LTPN Data   ............................................ 55
Table 4. Comparison of Variables for Overburden and Tailing Sand Substrates   ..................................... 65
Table 5. Distribution of Capping Material Plots at SB17   ...................................................................... 66
Table 6. Summary of Diversity Variables for Natural Ecosystem of the Oil Sands Region   ........................ 75
Table 7. General Habitat Distribution of Carex Species Observed in the Natural Ecosystems of the 

Boreal Mixedwood Subregions   .................................................................................. 85
Table 8. Summary of Diversity Variables for Suncor’s Reclaimed Landscapes   ....................................... 87



ix 
 

 

Table 9. Habitats of Carex Species Identified in the Oil Sands Region and Not Observed on 
Suncor`s Reclaimed Landscapes   ................................................................................ 90

Table 10. Summary of Diversity Indicators Between the Three Major Landscape Types   ........................ 113
Table 11. Summary of Results for the Triple Transects Surveys for Species with Positive 

Associations Between One or More Paired Areas   ...................................................... 125
Table 12. Summary of Carex Contribution to the Ecosystem Value and Function of Oil Sands 

Reclamation   ........................................................................................................... 139
Table 13. Carex with the Potential to Enhance Oil Sands Reclamation   ................................................ 141
 
List of Figures  
Figure 1. Location of Suncor Energy Inc. and the Athabasca Oil Sand Deposit (Modified from 

Einstein, 2006).   ........................................................................................................ 12
Figure 2. Open pit oil sands mines in north eastern Alberta, (map design: Aucoin, A., Golder 

Associates Ltd. 2010).  ............................................................................................... 16
Figure 3. Origin of reclamation materials and reclamation landscapes   ................................................... 22
Figure 4. Typical capping material depths at Suncor from 1971 to present   ............................................. 32
Figure 5. An example of a boreal grassland near the MacKay River (R005)   ........................................... 58
Figure 6. Schematic showing the relative locations of triple transect plots   .............................................. 67
Figure 7. Schematic diagram showing the location of triple transect plots (forest, edge and 

interior) in relationship to typical oil sands topography   ................................................ 69
Figure 8. Summary of analysis   ........................................................................................................... 72
Figure 9. Moisture categories associated with Carex species observed in natural ecosystems of the 

oil sands region   ........................................................................................................ 78
Figure 10. Slope categories associated with Carex species observed in natural ecosystems of the 

oil sands region   ........................................................................................................ 81
Figure 11. Aspect categories associated with Carex species observed in natural ecosystems of the 

oil sands region   ........................................................................................................ 83
Figure 12. Moisture categories associated with Carex species observed on Suncor`s reclaimed 

landscapes   ............................................................................................................... 93
Figure 13. The rhizomatic Carex siccata observed on the Boundary Exclusion Dyke  .............................. 96
Figure 14. Slope categories associated with Carex species observed on Suncor`s reclaimed 

landscapes   ............................................................................................................... 98
Figure 15. Wetland Carex aquatilis growing in dry beach sand dunes   ................................................. 100
Figure 16. Carex aquatilis intermixed with foxtail barley, growing on windblown sand   ........................ 100
Figure 17. Carex pseudocyperus in typical natural habitat   .................................................................. 101
Figure 18. Carex pseudocyperus growing on sandy upland slopes at ML 24 (September 2009)   ............. 101
Figure 19. Aspect categories associated with Carex species observed on Suncor`s reclaimed 

landscapes   ............................................................................................................. 103
Figure 20. Comparison of species richness showing the proportion of plots in each age category   ........... 105
Figure 21. One-way analysis comparison of median species richness between age categories   ................ 106
Figure 22. Age categories associated with Carex species observed on Suncor`s reclaimed 

landscapes   ............................................................................................................. 107
Figure 23. Comparison of mean species richness between overburden and tailings sand  ........................ 108
Figure 24. Comparison of mean percent covers between substrate materials   ........................................ 109
Figure 25. Comparison of species richness by substrate material   ......................................................... 109
Figure 26. Comparison of mean species richness between capping material   ......................................... 110
Figure 27. Comparison of mean percent cover between capping material   ............................................. 111



x 
 

 

Figure 28. Comparison of species richness between Suncor’s reclaimed landscapes (reclaimed), 
natural ecosystems of the oil sands region (natural region) and natural ecosystems 
adjacent to Suncor (natural Suncor)   .......................................................................... 114

Figure 29. Comparison of percent cover between Suncor’s reclaimed landscapes (reclaimed), 
natural ecosystems of the oil sands region (natural region) and natural ecosystems 
adjacent to Suncor (natural Suncor).   ......................................................................... 115

Figure 30. Comparison between natural ecosystems of the oil sands region (natural region) and 
natural ecosystems adjacent to Suncor (Natural Suncor) showing proportion of 
plots where Carex species were observed   ................................................................. 116

Figure 31. Comparison between Suncor’s reclaimed landscapes (reclaimed) and natural 
ecosystems of the oil sands region (natural region) showing proportion of 
plots where Carex species were observed.   ......................................................... 118

Figure 32 a-c. One-way Permutation Test for mean species richness between natural ecosystems 
of the oil sands region (natural region), natural ecosystems adjacent to Suncor 
(natural Suncor) and Suncor reclaimed landscapes (reclaimed) for moisture, slope 
and aspect (bars represent confidence intervals)   ........................................................ 120

Figure 33 a-c. One-way Permutation Test for mean percent cover between natural ecosystems, 
natural ecosystems adjacent to Suncor and Suncor reclaimed landscapes for 
moisture, slope and aspect (bars represent confidence intervals)   ................................. 123

Figure 34. Risk ratios and confidence intervals for significant associations   .......................................... 126
Figure 35. Potential sources of Carex establishment on Suncor’s reclaimed landscapes from 

examination of the triplet plots, edge and interior plots combined.   .............................. 129
Figure 36. Summary of species migration to interior reclamation, forest and edge plots combined.   ........ 130
Figure 37. Summary of arguments against forest ingress as a sole contributor to Carex 

establishment   ......................................................................................................... 132
Figure 38. Carex adusta inflorescence at plot Q020 at SB17 (Southeast dump)   .................................... 196
Figure 39. Potential Carex umbellata plant at plot Q001 located at 12V 477048E, 6315383N   ............... 198
Figure 40. Basal portion of potential Carex umbellata at plot Q001   ..................................................... 198
Figure 41. Close-up of basal inflorescence of potential Carex umbellata (C082) at plot Q001   ............... 199
Figure 42. Pubescent perigynia (~2.8 mm long) removed from above plant (scale in mm)   ..................... 199
 



LITERATURE REVIEW 11 
 

 

1 CHAPTER ONE: INTRODUCTION AND THESIS OVERVIEW 

1.1  The Problem and Opportunity 

The Athabasca oil sands in north eastern Alberta (Figure 1) covers approximately 

3,500 square kilometres and contains the second largest crude oil reserves in the world 

(Alberta Energy, 2010). Approximately 1.7 trillion barrels of crude oil are locked up in 

this deposit and about 10 % (170.4 billion barrels) is recoverable under current 

technology. The size of the reserve is comparable to world crude reserves in Venezuela 

and Saudi Arabia (Alberta Chamber of Resources, 2004, p.7). Due to global politics, this 

resource is increasingly recognized as a major contributor to North America’s energy 

security and as a result the oil sands are currently experiencing rapid development. As of 

March 2009 approximately one sixth or 602 km2 of the oil sands area has been disturbed 

(Alberta Energy, 2010). Under the terms of their operating approvals, oil sands operators 

must reclaim disturbed lands to a level of capability equivalent to that present prior to 

disturbance.  

Oil sands reclamation is perceived as not supporting the full complement of plant 

diversity seen in naturally occurring plant communities (Alberta Environment, 1999, p. 

41; Grant, Dyer & Woynillowicz, 2008, p. 26). A long term soil and vegetation 

monitoring study compared plots on upland reclaimed oil sands landscapes to mature 

natural ecosystems and found that recently reclaimed sites showed little similarity in 

terms of community composition, species richness and percent cover, but noted that 

reclaimed oil sands landscapes may becoming more similar as reclaimed landscapes 

mature (Paragon Consulting Inc., 2007, p. 47). A more recent study found that most  
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Figure 1. Location of Suncor Energy Inc. and the Athabasca Oil Sand Deposit (Modified 
from Einstein, 2006). 

 

Suncor Energy 
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natural upland forest diversity 15-20 years after reclamation (Rowland, Prescott, 

Grayston, Quideau & Bradfield, 2009, p 1580). No similar studies were found comparing 

wetlands in natural ecosystems to wetlands on reclaimed oil sands landscapes. 

Plant communities that have greater species richness are more likely to exhibit 

greater resilience to disturbance. For example, the response of diverse communities to 

disturbances such as fire, drought or global warming, should have a greater probability of 

containing plant species able to tolerate the new conditions (Tilman, 1996, p. 361). The 

species best adapted to the particular suite of conditions created by the disturbance, will 

become more prevalent, while others species decrease in abundance or fail to persist 

(Hooper, et al., 2005, p. 17; Tilman, 1996, p. 359-360; Walker, Kinzig & Langridge, 

1999). Therefore, if newly created landscapes are to be resilient, they need to be reclaimed 

to support a diverse plant community.  

Further, reclaimed landscapes lacking adequate plant diversity may experience 

lengthened recovery time. During recovery, reclaimed landscapes low in diversity may 

have reduced biomass and the resulting open patches could leave reclaimed landscapes 

vulnerable to erosion, loss of nutrients and moisture (Flombaum & Sala, 2007, p. 6087; 

Wang, et al., 2007, p. 22 & 25; Zhenhong, 2004, p. 1 & 4). Therefore, it is particularly 

important for intense land use (such as oil sands mining), to buffer against disturbance by 

ensuring a diverse assemblages of plant species on reclaimed landscapes. One plant group 

of interest to reclamation is the genus Carex (sedges). Carex is the largest vascular plant 

genus in Alberta (inferred from a count of genera) with a 131 species (Alberta 

Conservation Management System, 2010a). Carex species are present in nearly all boreal 

ecosites from the very wet to the very dry (Schutz, 2000, p. 68). Carex are important 
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components in both upland and wetland reclamation. Wetland species prevent soil erosion 

and can stabilize stream banks (Micheli & Kirchner, 2001, p. 627; Quitsberg, 2007, p. 3). 

Carex are often a keystone species in wetland communities, improving water quality by 

removing pollutants and after sphagnum moss, Carex are the primary builder of boreal 

peat soils (Glaser, 1987a, p. 408) and Carex and brown mosses are the primary peat 

formers in fens (Tande & Lipkin, 2003, p. 9-10; Graf & Rochefort, 2009, p. 158-159). 

Some species are tolerant of high pH and saline conditions (Tande & Lipkin, 2003, p. 11), 

and others like Carex scirpoidea can colonize oil contaminated soils (USDA, 2003, p. 10 

& 28). On upland landscapes, several prairie Carex species increase in cover as result of 

over grazing, thereby preventing erosion (Looman & Best, 1979, p. 182). As a soil 

stabilizer, upland Carex can bind soil on slopes as steep as 80%, where the moisture 

regime can drop below that capable of supporting trees (Alberta Sustainable Resource 

Development, 2003, p. 37-38; Isselin-Nondedeu & Bédécarrats, 2007, p. 336; Ramaley, 

1919, p. 128). These functional traits make Carex ideal components of oil sands 

reclamation.  

Approximately 66 Carex species are known to inhabit natural ecosystems in the 

oil sands region. However to date, little is known regarding the establishment of the genus 

Carex on reclaimed oil sands landscapes. This research examined which species are 

establishing, the habitat associated with each and the colonization method (i.e., 

establishment from the soil seedbank or ingress from surrounding forest). This thesis is 

unique and represents the first large scale study of Carex establishment on reclaimed oil 

sands landscapes. Carex share the same seed dispersal mechanisms as many other plant 

species and therefore the findings of this research will be applicable to a broader range of 
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plant species than just the genus Carex. Understanding how plants establish on reclaimed 

oil sands landscapes is important for establishing management policies that protect plant 

diversity. 

 

1.2 Size and Intensity of Oil Sands Disturbance 

Land disturbance by oil sands mining is extensive and can result in a complete 

loss of ecosystems at a local scale. Oil sand deposits in northern Alberta cover 

approximately 140,000 km2, of this 3,450 km2 is close enough to the surface to be 

removed by open pit mining, the topic of this thesis. The result is a very intensive 

landscape-scale impact (Kennett et al., 2006, p. 2). Further, oil sands mining “... may 

impact adjacent un-harvested forest or other habitats through isolation effects and changes 

in moisture regime” (Cumulative Environmental Management Association (CEMA), 

2003, p. 46). Johnson & Miyanishi (2008, p. 123), in reference to the extent of the 

disturbance, write “this is not a restoration problem, but the engineering of new 

ecosystems”.  

Oil sands development (Figure 2) has impacted nearly 602 km2 of which 67 km2 

have been reclaimed (Alberta Energy, 2010). High intensity land use in Europe over the 

last several decades was found to be detrimental to Carex and many common species are 

now classified as rare (Schultz, 2000, p. 68). Given the size of the oil sands disturbance, 

there is a concern that species diversity in general and Carex presence and abundance in 

particular, could be negatively impacted. 
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Imagery obtained from Bing Maps for ArcGIS published by Microsoft Corporation, Redmond, WA, May 2009. 

Figure 2. Open pit oil sands mines in north eastern Alberta, (map design: Aucoin, A., 
Golder Associates Ltd. 2010).  
 

1.3 Study Setting 

Suncor Energy Inc. (Suncor), the study site for this research, is one of five large 

open pit oil sands mining operations located in the boreal forest of north eastern Alberta, 
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Canada, approximately 25 km north of Fort McMurray (Figure 1 and 2). In 1967 the Great 

Canadian Oil Sands (now Suncor Energy Inc.) became the first commercially viable oil 

sand extraction operation. Reclamation at Suncor began in 1968 and as of 2009 

approximately 1,181 hectares have been reclaimed (Suncor, 2010, p. 5). 

1.4 Carex Diversity on Reclaimed Landscapes 

The genus Carex is known to be present on reclaimed oil sands landscapes, but as 

no studies have identified Carex to the species level, it is uncertain which species are 

present and at what abundance. This study collected data to determine Carex species 

richness and abundance on reclaimed oil sands landscapes at Suncor Energy. Although, 

this study uses Suncor as a case study for Carex establishment, the results should be 

applicable to other open pit oil sands mines in the region. 

While selected tree and shrub species are planted on reclaimed oil sands 

landscapes, it is assumed that most herbaceous species including Carex will colonize on 

their own. However, it is not known if Carex colonization is due to ingress from adjacent 

natural ecosystems or establishment of seeds and propagules from within the soil seed 

bank. If Carex are not successful in colonizing from adjacent forest, then for successful 

reclamation to occur they must be present in the soil seed bank. Evaluating ingress onto 

reclaimed landscapes by studying the genus Carex is advantageous in that Carex are 

present in nearly all plant communities in the region. Therefore, the study of this one 

genus could shed insight on the establishment of a much larger group of plant species. 

Understanding the conditions under which Carex establish will assist reclamation planners 

in establishing more species diverse landscapes. 



LITERATURE REVIEW 18 
 

 

1.5 Study Focus and Objectives 

The three main focuses of this study were to (a) document to the species level 

Carex found in natural ecosystems of the oil sands region and those observed establishing 

on reclaimed oil sands landscapes, (b) examine the mechanism of establishment on 

reclaimed landscapes, and (c) compile species-specific biological information to assist in 

establishing Carex on reclaimed oil sands landscapes.  

Specifically the thesis will address the following objectives:  

Objective 1: Document which Carex species are present in natural ecosystems within the 

oil sands region, and examine the habits in which they are found. 

Objective 2: Document which Carex species are establishing on reclaimed oil sands 

landscapes, and examines the habits in which they are found. 

Objective 3: Examine potential pathways for Carex establishment on reclaimed 

landscapes: emergence from the soil seed bank and ingress from adjacent 

natural ecosystems. 

Objective 4: In combination with the above results and a literature review, prepare a 

summary of reclamation value(s) and establishment strategies for each Carex 

species found in the oil sands region.  

1.6 Study Hypothesis 

The research hypothesis examined as part of this study was: It is anticipated that 

Carex species richness and percent cover will be higher in natural ecosystems of the oil sands 

region, than on Suncor reclaimed landscapes. 
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1.7 Study Layout 

The thesis is comprised of five chapters. Chapter 1 introduces the context of the 

problem, issues surrounding low reclamation diversity and sets the regional scale of the 

problem. This chapter also outlines the thesis approach, objectives and hypotheses. 

Chapter 2 discusses background information vital to understanding the thesis context. 

Chapter 3 outlines data collection, methodology and statistical analysis. Chapter 4 

presents the results and discussion of the statistical analysis in the context of the thesis 

objectives. Conclusions are presented directly after each discussion. Lastly, Chapter 5 is a 

synthesis of the research, summarizes the major findings and suggests policy changes to 

improve oil sands reclamation based on the results of this study. 
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2 CHAPTER TWO: LITERATURE REVIEW 

2.1 Oil Sands Reclamation Objectives and Goals 

Oil sands reclamation objectives and goals are regulated by the government of 

Alberta. Under the terms of their operating approval, oil sands operations are required to 

reclaim disturbed lands to a level of biodiversity and productivity present prior to 

disturbance. As referenced in the Alberta Environmental Protection and Enhancement 

Act, the Cumulative Environmental Management Association (CEMA) is authorized to 

identify, and has identified, species richness and percent cover as indicators of 

revegetation success (CEMA, 2009, p. 45). Further, section 6.1.85c of Suncor’s operating 

approval 94-02-00 issued by Alberta Environment (2007a, p. 100) states Suncor is 

required to “plan and schedule to monitor and document the return of biodiversity in the 

reclaimed landscape and to evaluate and compare changes in biodiversity on reclaimed 

sites”. Section 6.1.45 covers the Revegetation Plan and states Suncor shall comply with 

the Guidelines for Reclamation to Forest Vegetation in the Athabasca Oil Sands Region 

(Alberta Environment, 1999). This document states, “To successfully reclaim lands to a 

sustainable ecosystem, the vegetation systems should have a range of biodiversity similar 

to pre-disturbance values” (p. 5) and list among others the following plant community 

level indicators “the range in number and abundance of plant species common to natural 

ecosystems as compared to the number and abundance of plant species found in the 

similar reclaimed ecosystem established, noting any endangered or vulnerable species in 

the predisturbance and reclaimed landscape.” Therefore, it is important to determine 

whether Carex in general are establishing on reclaimed landscapes; and in particular, 

which species are establishing successfully. 
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The goal of reclamation as defined by Alberta Sustainable Resource 

Development (2004) is to: 

Return disturbed land to a capability (end land use) that is 

equivalent to, or greater than what existed before. Vegetation on 

reclaimed land must be sustainable under normal management, 

which means plant communities becoming established and mature 

without an ongoing, external source of nutrients, water, seeds or 

seedlings. Reclaimed sites must also be able to recover from 

naturally occurring environmental disturbances such as fire, floods 

or drought at a rate comparable to representative undisturbed land. 

(p. 51) 

2.2 Mining Method and Subsequent Landscapes 

Prior to mining commercial timber is harvested, the waterlogged muskeg drained 

and surface soil salvaged for later use in reclamation. In brief, oil sands mining consists of 

the removal of overlying material (overburden), subsequent stockpiling of overburden in 

dumps, extraction of oil from the oil saturated sand beneath and disposal of the residual 

material (tailings sand and water). Finally, landforms are contoured to create new 

landscapes that are then capped with soil and reclaimed (Figure 3). The current practice at 

Suncor is to directly place salvaged surface soils on land ready for reclamation. When 

land is not available for reclamation, salvaged soils are stockpiled.
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 Figure 3. Origin of reclamation materials and reclamation landscapes

        

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Muskeg (peat) is over-excavated to include the 
mineral soil (overburden) beneath, creating a 
60:40 peat/mineral soil amendment. 

 

 

Overburden (clays, sand and shale) are 
stockpiled in dumps, contoured to form 
gently undulating hills and then reclaimed. 

Merchantable timber harvested and muskeg dewatered 

Upland surface soils are salvaged by ecosite and 
further divided by soil horizon (after December, 2007). 

The oil sand is mined and the oil 
extracted. By-products are tailings 
sand and process water that may 
contain salts. 

  

Tailings sand is formed into 
dykes up to 90 m in height 
or used to infill ponds.  
Process water is retained in 
ponds behind these dykes 
or placed directly in mined 
out pits.  Water is recycled 
back to extraction. 

oil sand 

overburden 

 

 

Peat/mineral mix and 
upland surface soils are 
placed directly on recently 
reclaimed areas (according 
to horizon and soil quality) 
or stockpiled for future 
use.  Local tree and shrub 
seedlings are planted. 
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Mining results in pits several kilometres long and up to 100 metres in depth 

(Rowland, 2008, p. 1). Once oil is extracted, residual materials are used to fill the mine 

pits or tailings sand is pumped as slurry to tailings areas and allowed to dewater. The 

resulting relatively drier sand is used to form dykes to contain tailings water.  

Extensive information is available describing the mining process, extraction and 

subsequent tailing sand dyke construction (Masliyah, Zhou, Xu, Czarnecki & Hamza, 

2008; see also Morgenstern & Scott, 1977). This thesis will focus on those mining 

processes that affect vegetation establishment, specifically, substrate materials, landscape 

design, surface soil types, natural and reclaimed soil chemistry and reclamation practices.  

2.2.1 Substrate Material  

Mining activities result in the production of five main substrate materials (a) 

tailings pond beaches, (b) consolidated tailings, (c) overburden dumps, (d) tailings sand 

dykes, and (e) peripheral areas of cleared forest on original substrates. Tailings pond 

beaches and consolidated tailings were excluded from this study, since to date, no large 

scale reclamation of these materials has occurred. The latter three substrate types are 

discussed in detail below.  

Overburden is the geological deposits directly above the oil-rich mineable sands 

and must be removed prior to mining. Open pit mining is only feasible where overburden 

depths do not exceed 75 metres (Alberta Energy, 2009). Overburden, is a mixture of 

glacial till, glaciolacustrine silts and clays, fluvial silts and sands, saline/sodic shales, low 

grade oil sands, glaciofluvial sands and gravels. The coarse sand and gravel fraction 

(aggregates) are scarce, but where they occur, are removed for road and construction 
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purposes. The remaining overburden components form the core of tailings sand dykes or 

are piled in “overburden dumps” and contoured as new landscapes.  

Overburden originating from marine deposits within the Clearwater formation, 

are high in natural salts (Alberta Environment, 2008, p. 33; Redfield, Durnie & Zwiazek 

(2004, p.1). These salts can leach from recently created landforms and can cause salinity 

and sodicity problems on reclaimed landscapes (Alberta Environment, 2008, p. 3 &18; 

Trites & Bayley, 2009, p. 27). Saline and sodic soils and the accumulated runoff is a 

challenge for oil sands reclamation (CEMA, 2003 p. 53) because these soils restrict plant 

growth (Alberta Agriculture Food and Rural development, 1987, p.18). Salts can 

percolate upwards to affect surface soils or migrate downward and contaminate down 

slope wetlands and ground water (Kelln, Barbour & Qualizza, 2008, p. 351), resulting in 

run off with higher salinity than naturally occurs in the oil sands region (Alberta 

Environment, 2008, p. 18 & 76; Kelln, Barbour & Qualizza, 2008, p. 351). A study at 

South Bison Hill, Syncrude Canada Ltd. (Syncrude) on saline-sodic overburden, found 

that in most years, there was sufficient rainfall to flush salts and to support vegetation; but 

in drier years the landscape could experience a moisture deficit (Carey, 2008, p. 2847 & 

2856). To reduce the effects of salt leaching, overburden high in Clearwater clays must be 

covered with a 100 cm thick layer of non-saline/sodic subsoil rated good or fair (Alberta 

Environment, 2007a, p. 88).  

Tailings sand, a by-product of the extraction process, is composed of 

approximately 95% coarse grained silica sand, 4% silt and 1% clay, and subsequent 

dewatering removes some of the smaller fines and clay (Rowland, 2008, p. 6). Tailings 

sand can contain unrecovered hydrocarbons (Morgenstern & Scott, 1997, p.105) that 
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restricts plant growth. Tailings sand is an inorganic, sterile medium, with a pH of 8.0 + 

0.5. The elevated pH is due to sodium hydroxide (NaOH) added in the extraction process 

(Rowland, 2008, p. 6) and ions from the raw ore (Redfield, Durnie & Zwiazek, 2004, p. 1; 

Renault, Lait, Zwiazek and MacKinnon, 1998, p. 177). The practice of adding NaOH 

ceased around 2000 (M. LeBlanc, personal communication, May 25, 2010).  

The last substrate type is original forest substrates. Original forest substrates 

occur in narrow bands at the interface between undisturbed forest and reclaimed areas. 

These areas have had the timber removed and some contouring of the substrate to 

accommodate roads. Although the upper surfaces have been disturbed, the underlying 

substrates generally remain intact. Treatment of this substrate type is variable. Depending 

on the extent of disturbance, these areas may receive an additional soil cap (L. Paquin, 

personal communication, May 1, 2008). This area will be referred to as “edge” in the 

remainder of this document. 

2.2.2 Landscape Reconstruction and Design 

Landscape reconstruction begins with contouring of these new substrates, 

usually at slopes from level to a maximum of 3:1 grade (33.5 %); on older reclaimed 

landscapes slopes ranged from 27 to 40% (Alberta Environment, 2007a, p. 86; Alberta 

Environment, 1999, p. F-2). The oil sands mining process changes the density of mined 

materials and the total volume increases by 20 to 25%, which results in landforms with 

higher relief than adjacent landscapes and a radically different hydrologic flow (Alberta 

Environment, 2008, p. 18). Overburden and tailings sand dykes can reach heights of 

90 metres above the surrounding forest (Morgenstern & Scott, 1997, p. 106) and can be 
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drier than nearby undisturbed forests (McMillan, Quideau, MacKenzie & Biryukovan, 

2007, p. 1473. 

Fens and peat bogs that existed prior to mining have not been incorporated into 

past landscape designs (Alberta Environment, 2008, p.17 & 27). Obligate peatland plants 

that require saturated water regimes are likely excluded from reclaimed landscapes at 

present, including fen and bog Carex. However, both Suncor and Syncrude are in the 

initial stage of fen pilot projects (Daly, 2010; Wytrykush, 2010).  

Some opportunistic marshes have formed at the base of slopes and a few perched 

marshes occur in depressions on slopes and benches. To date very few streams or 

wetlands have been purposely constructed on reclaimed oil sands landscapes. This is due 

to the potential of flowing or impounded water to create seepage and the subsequent 

erosion caused by this seepage could result in geotechnical failure of the dyke (Alberta 

Environment, 2008, p. 35; C. Hale, personal communication, April 14, 2010). Additional 

wetlands including stream channels and compensation lakes have been incorporated into 

Suncor’s final closure plan (C. Daly personal communication, December 18, 2010). 

Newly created topography is contoured to match existing topography. Suncor’s 

operating approval requires that landscape design be integrated with the surrounding 

undisturbed landforms including, topography, vegetation and water courses (Alberta 

Environment, 2007a, p. 83). The final goal of reclamation is to create a landscape design 

that blends in with the natural appearances and characteristics of the region (Alberta 

Environment, 2007a, p.85).  
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2.2.3 Capping Soil Types  

Substrate materials are covered with a capping soil to promote vegetation 

growth. Capping materials used in oil sands reclamation include (a) peat-mineral mix, 

((b) upland forest mineral soil, (c) shallow forest floor soil, or (d) a combination of 

capping materials. Capping soil types are discussed in detailed in the following 

subsections. Other than a few small field trials with upland forest mineral soil, only peat-

mineral mix was used as a capping material at Suncor prior to 2007 (C. Daly, personal 

communication, December 18, 2010). As a result of new approvals issued since 2007 by 

Alberta Environment, the mandatory use of upland forest soils for capping is now a 

requirement of most oil sands mining approvals.  

2.2.3.1 Peat mineral mix 

Peat develops in fens and bogs from the accumulation of partially decomposed 

sphagnum moss and sedges (mainly Carex). Peat is abundant in the region and forms the 

primary capping material used in oil sands reclamation (McMillan et al., 2007, p. 1470). 

At one time it was not considered economical to salvage peat in depths shallower than 

60 cm (L. Paquin, personal communication, May 1, 2008; Suncor, 2007, p. 19). As of 

2007, all peat is salvaged regardless of depth (J. Eckel, personal communication, April 

16, 2010). Peat is intentionally over salvaged to include the underlying mineral soil. This 

produces a peat to mineral mix with a ratio per volume of 60:40 (B. Anderson, Personnel 

communication, May 20, 2010, Suncor, 2007, p. 19). The peat-mineral mix used at 

Suncor has a slightly higher pH than noted at Syncrude (Section 2.3.3), ranging from 6.32 

to 7.89 (Suncor, 2006, p. 177; Suncor 2007, p. 198). Prior to 2007, substrates at Suncor 
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were typically capped with 20 cm of peat-mineral mix. The depth was increased to a 

minimum of 30 cm after 2007 (Alberta Environment, 2007a, p. 87).  

2.2.3.2 Upland forest soil  

Upland forest soil refers to soil that develops on mineral parent material under 

upland forest conditions and generally includes the LFH and A, B, and C soil horizons 

(Alberta Environment, 2007a, p.87). LFH (Litter Fermented Humus) is the decomposing 

organic layer found at the surface of natural soils and is generally high in seeds and 

propagules as well as containing soil microfauna and soil flora responsible for nutrient 

cycling. Shallow forest floor soil is the thin upper surface soil composed of the LFH and 

A horizon layers. As a result of new Alberta Environment approval conditions, soil 

salvage at Suncor must include upland forest soil (Alberta Environment, 2007a, p. 19). 

Suncor’s operating approval as of August 2007, states: “The approval holder shall reclaim 

a minimum of 20 percent of the disturbed land within the Athabasca River Valley as land 

capability class 2, using upland soils.” (Alberta Environment, 2007a, p. 87). As of 

November 2009, two reclamation areas had been capped with upland soil, a 24.6 ha area 

reclaimed in 2007 and a 58.3 ha area capped in 2008 and scheduled for seeding in 2009 

(C. Daly, personal communication, July 2009; Suncor, 2008, p. 12 & 16).  

2.2.3.3 Soil properties of reclamation capping material and natural ecosystem soils 

In a comparison of the two capping soils (peat mineral mix and upland forest 

soil) to natural ecosystem soils, McMillan, Quideau, MacKenzie & Biryukovan (2007, 

p.1473 & 1475) found reclaimed soils generally had a higher bulk density and higher pH, 

while having lower total carbon, lower total nitrogen and a higher carbon to nitrogen ratio 

than natural soils. In contrast, Yarmuch (2003, p. 48) compared natural and reclamation 
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horizons on a per horizon basis and found significantly lower bulk density in the peat-

mineral mix capping material. Sampling at Syncrude in 2004, noted that the two capping 

materials were chemically similar with peat-mineral mix having slightly lower pH 

(5.51+0.13), higher carbon (92.9+5.2) and higher nitrogen concentrations (4.5+0.2) than 

upland forest soils respectively 5.95+0.05, 50.5+1.8 and 2.4+0.1 (McMillan et al., 2007, 

p. 1473). The same study found that the two capping soils had similar moisture content in 

the upper 7 cm, but capping soils were significantly drier than natural soils. Phosphorus in 

reclaimed oil sands soils is currently available in adequate amounts (Lanoue, 2003, p. 37). 

A more recent study (Rowland, Prescott, Graystone, Quideau & Bradfield , 2008, p. 1580 

& 1588) sampled peat-mineral mix capping soils on reclaimed oil sands landscapes at 

Syncrude, Suncor and Albian and found that generally the major nutrients potassium and 

phosphorus were lower on reclaimed soil, and available nitrate was higher on natural 

soils, while the micronutrients calcium, magnesium and sulphur were higher on reclaimed 

soils and manganese was generally higher in natural soil. The study also found that with 

repeated applications of fertilizer, most reclaimed landscapes, with a few exceptions, was 

similar to natural soils after 15 to 25 years. Suncor applies fertilizer for the first two to 

four years after reclamation is initiated (Alberta Environment, 1999, p. 28), at a rate 

determined by soil testing and vegetation cover performance (Suncor, 2008, p. 18).  

2.2.4 Vegetation Establishment on Reclaimed Landscapes 

Once capping is complete, the present practiceis to seed the area to annual barley 

and plant with native trees and shrubs (Alberta Environment, 1999, p. 28 &30). Annual 

barley is valuable in providing cover for newly emergent vegetation and planted seedling, 

and for retaining soil moisture and preventing surface erosion (Fung & Macyk, p. 766 & 
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770). Annual barley is not persistent in the boreal climate and dies out within several 

years. Commercial tree and some shrub species are planted, but herbaceous plants and 

graminoid species, including Carex, are expected to establish from the soil seed bank or 

via ingress from adjacent forest.  

2.2.5 Past Reclamation Practices at Suncor 

Oil sands reclamation practices have evolved over time as a result of ongoing 

research. Reclaimed areas surveyed in this study are up to 35 years old and reclamation 

methods used for earlier efforts have been subsequently modified and improved. 

Reclamation began at Suncor in 1968 and was ongoing from 1971 (Hardy BBT Ltd., 

1990, p. 1). The surface was prepared by tilling about 10 cm of peat into the tailings sand 

and then planting a seed mix of agronomic grass. The practice of tilling ceased in 1980, 

and was replaced by 10 cm peat-mineral mix. The depth of the cap was increased to 

20 cm by 1984. 

Vegetation establishment in the early years was primarily focused around 

erosion control. To prevent erosion, reclaimed soils were seeded to agronomic grass 

species. When agronomic grasses were found to be too competitive with native species, 

there use was discontinued and subsequently replaced, first by native grasses and then by 

annual barley, each less competitive than the former. Further refinement evolved through 

several learning stages as outlined in Table 1 and Figure 4. 
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Table 1. Evolution of Reclamation Practices at Suncor Energy  

     Year Reclamation Practice 

Prior to 1980 primary focus of vegetation selection was erosion control, peat 
tilled into underlying substrate 
 

After 1980 peat-mineral mix applied as a cap (no tilling) 
 

1983-1994 practice of direct placement of soil preferred over stockpiling of 
peat whenever possible1 

 
1983 switch from agronomic grasses to native grasses2 

 
1991-1992 use of all grass mix discontinued due to the competitive nature 

of grass3  

 
~1992 implementation of aerial seeding of annual barley as a cover 

crop 
 

~1992 focus changed from establishing commercial tree species to 
development of a self-sustaining ecosystem4 

 
~2000 reduced use of sodium hydroxide (NaOH) in the extraction 

process begins in the 1990’s and is completely phased out by 
~2000 (M. LeBlanc, personal communication, May 25, 2010), 
reducing some residual salts in substrate materials. 
 

2003 starting in 2003 mine operations began encountering areas of 
saline/sodic overburden. Consequently, saline/sodic soils were 
capped with a minimum of 80 cm of non-saline/sodic 
secondary material (subsoil).  
 

2005 in 2005, the depth of subsoil above saline/sodic overburden was 
increased to 1 meter 
 

2007 first use of upland forest soils on reclaimed landscapes as an 
alternative to peat-mineral mix5 
 

Note. Some dates are approximate and marked with the symbol (~) 
1 S. Tuttle, personal communication, October, 1, 2009 
2 Alberta Environment, 1999, p.30, Hardy BBT Ltd., 1990, p. 20) 
3 (Hardy BBT Ltd. 1990, p. 36; Alberta Environment, 1999, p. F-3) 
4 Alberta Environment, 1999, p. F-2   
5 B. Anderson, personal communication, May 18, 2010 
6 Suncor, 2008, p. 16. 
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Note. PM refers to peat-mineral mix (60:40 peat to mineral ratio per volume); LFH refers to the dead vegetation, organic matter and humus that accumulate on the forest floor 
above the mineral soil. Upland surface soil includes the a-soil horizon and may contain some or the entire b-soil horizon.  

1 Starting in 2003 mine operations began encountering areas of saline/sodic overburden. Subsequently, saline/sodic soils were capped with a minimum of 80 cm of non-saline/sodic 
secondary material; in 2005, this was increased to 1 meter (B. Anderson, personal communication, May 18, 2010).  

2 Limited to small occurrences along the forest-edge interface and where areas were cleared but the substrate not excavated. Original substrate areas may or may not be capped with 
PM.  

3 If subsoil contains >20% clay (and is not saline/sodic) 20 cm of subsoil can be counted with a capping of 30 cm of PM to create a total depth of 0.5 m. 
4 If the subsoil contains <20% clay (and is not saline/sodic), the depth of the PM can be placed at 0.3, 0.4 & 0.5 m thick depending on the land capability class targeted. Better  
  quality soils (land capability class 1 or class 2) require thicker capping of PM (i.e., 0.5 m).  
5 One metre of secondary material rated good or fair is required over saline/sodic Clearwater overburden, lean oil sands, rocks or process affected soils or materials. 
6 One metre of secondary subsoil is required if the substrate is composed of any of the materials noted in footnote 5.  
Figure 4. Typical capping material depths at Suncor from 1971 to present 
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2.2.6 Reclamation Process at Other Oil Sands Mines 

To relate this case study undertaken at Suncor to the oil sands industry as a 

whole, it is necessary to examine how reclamation practises at other oil sand mines differ 

from Suncor. Syncrude began reclaiming land in 1976 (Alberta Environment, 1999, p. F-

10). Modifications to reclamation practices were generally implemented at Syncrude 

along the same timeline as Suncor. Like Suncor, peat-mineral mix was the primary 

reclamation capping material, but upland soil was also incorporated. The major difference 

between the two sites was that at Syncrude peat-mineral capping material was usually 

applied over a secondary subsoil of 10 to 70 cm (Alberta Environment, 1999, p. F-10), 

and both oats and barley were used as a nurse crop (Alberta Environment, 1999, p. F-12). 

Historical reclamation practices at Syncrude are documented in Alberta Environment, 

(1998, Section F) and in Fung & Macyk (2000). More recent reclamation methods are 

outlined in Syncrude’s operating approval 26-02-00 (Alberta Environment, 2007b) and 

are generally consistent with those of Suncor.  

Reclamation at Shell’s Muskeg River Mine and Jackpine Mine is in the start-up 

phase. Until mining is complete, land available for reclamation is limited. Only a few 

hectares have been available at Shell for reclamation. Reclamation practices outlined in 

Alberta Environment’s operating approvals have become standardized over the last 

10 years. Thus, Shell’s operating approvals No. 20809-01-00 (2007c) and 00153125-00-

00 (2004a), for the Muskeg River Mine and Jackpine Mine, respectively, generally mirror 

those of Suncor.  

Fort Hill Oil Sands Project has had a history of active development followed by 

inactive periods since 1980. Active mining has not started. Reclamation has followed the 
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regulatory approval conditions current at the time. The few hectares that have been 

disturbed and reclaimed have followed practices similar to Suncor. (T. Wiebe, personal 

communication, May 18, 2010).  

Reclamation at the Canadian Natural Resources Limited (CNRL) Horizon mine 

is regulated under Alberta Environment (2004b) Approval 00149968-00-01. Soil 

salvaging, placement and reclamation methods are similar to that of Suncor (S. Tuttle, 

personal communication, April 14, 2010). Soil salvage started in 2004 with the first 

reclamation soils placed in 2008. Saline Sodic overburden is capped with one metre of 

fair to good soil material as rated in Soil Quality Criteria Relative to Disturbance and 

Reclamation (Alberta Agriculture, 1987), and reclaimed with either 30 cm of peat-mineral 

mix (60:40 ratio) or reclaimed with 20 cm of upland forest soil. A nurse crop of barley is 

applied in the first spring with tree and shrub seedlings planted in the summer (S. Tuttle, 

personal communication, April 18, 2010). To date no tailing sand areas have been 

reclaimed.  

2.3 Plant Diversity 

2.3.1 Meeting Legislative Requirements 

Under the terms of their operating approval, Suncor is required to reclaim 

disturbed lands to a level of biodiversity and productivity present prior to disturbance. 

Suncor’s operating approval 94-02-00 (Alberta Environment, 2007a, p. 8) states 

"Reclamation means the stabilization, contouring, maintenance, conditioning, 

reconstruction, and revegetation of the surface of the land to a state that permanently 

returns the plant to a land capability equivalent to its pre-disturbed state.” To ensure 

compliance, diversity on Suncor’s reclaimed landscape must be comparable to the 
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diversity of natural ecosystems in the area. Section 6.1.85c of Suncor’s operating 

approval 94-02-00 issued by Alberta Environment (2007a, p. 100) states Suncor is 

required to “plan and schedule to monitor and document the return of biodiversity in the 

reclaimed landscape and to evaluate and compare changes in biodiversity on reclaimed 

sites”. Section 6.1.45 covers the Revegetation Plan and states Suncor shall comply with 

the Guidelines for Reclamation to Forest Vegetation in the Athabasca Oil Sands Region, 

1998 as amended. This latter document states, “To successfully reclaim lands to a 

sustainable ecosystem, the vegetation systems should have a range of biodiversity similar 

to pre-disturbance values” and list among others, the following plant community level 

indicators, “The range in number and abundance of plant species common to natural 

ecosystems as compared to the number and abundance of plant species found in the 

similar reclaimed ecosystem established, noting any endangered or vulnerable species in 

the predisturbance and reclaimed landscape.” Therefore, to meet the requirements of 

Suncor’s approval, it is important to determine which species of Carex are establishing, 

and whether any rare Carex are present. Since development of this thesis, a 2nd edition of 

the guidelines was released in 2010. The new guidelines (Alberta Environment, 2010), 

drops the reference to rare plants and states the following:  

1. That reclaimed plant communities should have species characteristic of native 

plant communities in the oil sands region. 

2. That trends of vegetation community and structure development on reclaimed 

landscapes should be similar to native plant communities in the oil sands 

region. 

3. That reclaimed ecosystems should have developmental trajectories that satisfy 

land use objectives, and have characteristics that provide resilience against 

natural disturbance events. (p. 2) 
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2.3.2 Factors Affecting Species Presence and Abundance 

Slope, aspect and soil moisture can have a major influence on the selection of 

vegetation capable of establishing. Significant differences in vegetation communities 

occur between north and south-facing slopes. Solar radiation is affected by aspect and 

slope (Bennie, Huntley, Wiltshire, Hill & Baxter, 2008, p. 47), and the amount of solar 

radiation received at the surface strongly influences surface conditions including soil 

temperature, soil moisture, evaporation and the photo synthetic ability of vegetation. 

Therefore, topographical variation of the reclaimed landscape is a key determinant of 

species composition (Bennie, et al., 2008, p. 47).  

The manual, “Land Capability Classification for Forest Ecosystems in the Oil 

Sands” (Alberta Environmental Protection, 1998, p. 50), notes that reclaimed landscapes 

with southerly aspects ranging from approximately 130 degree to 270 degrees are prone 

to drying. North facing aspects are moister, but this advantage is offset by cooler 

temperatures. The amount of water available to plants is a combination of available water 

holding capacity of the soil, slope, aspect, water table, and climate (Alberta 

Environmental Protection, 1998, p. 40). The steepness of reclaimed slopes can impact the 

water holding capacity of the soil. Typical reclaimed slopes vary from flat to a 3:1 grade 

33% (Alberta Environment, 2007a, p. 86). Older reclamation has some of the steeper 

slopes up to 40% percent (Alberta Environment, 1999, p.F-2). The combination of soil 

chemistry, aspect, slope, moisture regime, and age of the reclamation determine the 

assemblages of plant species, including Carex that make up the vegetation communities 

that inhabit reclaimed landscapes.  
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In natural ecosystems, plants have evolved adaptation strategies to site 

conditions (i.e., moisture, slope, aspect, salinity, among others). “These strategies define 

the assemblage of [sic plant] species capable of establishment and co-existence on a given 

site” (CEMA, 2009, p. 11). Due to the arbitrary placement of soils, the assemblage of 

plants that emerge are not necessarily those best suited for the conditions. The failure to 

not match donor soils to receiving reclaimed landscape conditions could result in lower 

diversity. Therefore, understanding the limitations of the reclaimed landscape and 

knowing the species adapted to these limitations, is crucial for recreating functioning 

plant communities. 

2.3.3 Limitations to Achieving Diversity  

Vegetation diversity on reclaimed oil sands landscapes can be reduced by factors 

inherent in the reclamation material and current reclamation practices. Factors inherent in 

the reclamation material include elevated salinity, lower nutrient holding capacity, lower 

water holding capacity (Fung & Macyk, 2000, p. 765) and lack of mycorrhiza inoculants 

(Bois, Piche, Fung & Khasa, 2005, p.157). Reclamation practices may also contribute to 

dilution and reduced survival of seeds and propagules within the soil. In particular, the 

practices of concern are: the dilution of seeds and propagules during soil salvaging, the 

placement of wetland soils on upland slopes, and the stockpiling of soils. 

Current soil salvaging practices, in which peat and the mineral soils beneath are 

mixed to produce peat-mineral mix capping material, reduces the density of seeds and 

propagules at the soil surface (Mackenzie, 2006, p. 45; Mackenzie & Naeth, 2009). In 

natural ecosystems, viable seeds and propagules are concentrated within 15 cm of the 

surface (AMEC, 2001, p. B-1), with their density decreasing with depth (Koch, Ward, 
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Grant & Ainsworth, 1996, p. 369). Salvaging of deep peat deposits, often four metres in 

depth or greater, and the over salvaging of the mineral soil beneath, results in the surface 

soil being blended into the total volume and the result is a reclaimed soil with reduced 

seed densities at the surface (AMEC, 2001, p. B-1).  

Organic peat soils form the primary soil material used in reclamation. This 

presents some issues, as organic soils are generally from water saturated wetland plant 

communities found on relatively level terrain and therefore contain seeds of bog and fen 

species. When these soils are place on relatively drier upland slopes, seeds may fail to 

germinate or are short-lived in the unfavourable conditions. Therefore, the practiceof 

using wetlands soils on upland slopes may be detrimental to plant diversity on as the 

available seeds and propagules are not adapted to upland conditions.  

The third concern is the practice of stockpiling capping soils until needed (Suncor, 

2007, p. 19). The viability of seed and seed propagules diminish with time. Stockpiling of 

soil is known to be detrimental to seed and propagate survival. For example, an 

Australian study of stockpiled soil for a bauxite mine reclamation found significant loss in 

seed density; seed density dropped to between 13 and 15 percent of the original forest soil 

after clearing, stripping and stockpiling for 10 months; stockpiling alone accounted for 

the greatest loss (Koch, et al., 19966, p. 367). Stockpiling can be detrimental to some 

wetland seeds in peat soils from composting (Alberta Environment, 2008, p. 59). A 

Minnesota fen restoration project (Johnson & Valppu, 2003), found 0.1 mean stems/metre 

on plots restored with stockpiled soil compared to 4.2 mean stems/metre on plots using 

fresh donor soil (Johnson & Valppu, 2003, p. 10). In the oil sands region, Mackenzie 

(2006, p. 41, 45 & 108) conducted a study on seed viability in stockpiled soil and 
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quantified a substantial drop in all propagules after typical soil handling practices at 

Syncrude’s mine including the stockpiling of both peat-mineral mix and LFH soils. 

Losses in soil propagules densities ranged from 77 to 96%, with greatest losses on 

shallow LFH. The study noted that soils were stockpiled while moist, potentially creating 

ideal conditions for the desiccation of the seeds and propagules within (Mackenzie, 2006, 

p. 42). Further, stockpiling longer than 12 months greatly reduces LFH propagule 

viability (Alberta Environment, 2010), p. 39). Therefore the practice of stockpiling soils 

may contribute to low vascular plant diversity, including Carex diversity on reclaimed oil 

sands landscapes.  

2.4 The Genus Carex 

Carex are a member of the Cyperaceae family, with approximately 2,100 species 

world-wide (Waterway, Hoshino & Masaki, 2009) and 100 species in the North American 

Boreal forest (Johnson, Kershaw, McKinnon & Pojar, 1995, p. 227). Although primarily 

found in wetlands, where they can be the dominant species (Hudson, 1977, p. 4), Carex 

also occur in forest floor habitats, sand dunes and dry escarpments (Schütz, 2000, p. 68). 

There are fewer Carex species in dry upland habitats than wetland habitats but where 

upland species occur, they can be quite abundant (Ball, Reznicek & Murray, 2002, p. 254-

258; Hudson, 1977, p. 4). 

It is generally thought the minimum regenerative time from seedling to fruit is 

two years (Alexeev, 1988, p. 45) and inferred in (Budelsky & Galatowitsch, 2004, p. 95; 

Lembicz, Olejniczak, Żukowski, Bogdanowicz, 2010, p. 2). Although regenerative time 

may be as short as one year in a few species, such as the boreal Carex bebbii, C. 

crawfordii and C. viridula (Ball, Reznicek & Murray, 2002, p. 254).  
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Carex have a clonal life form (i.e., plants interconnected by underground 

rhizomes). Development of the clone occurs in several growth stages starting with the 

original seedling, subsequent formation of daughter plants at the end of new rhizomes and 

the death of older plants (Alexeev, 1988, p. 41). Different portions of the clonal network 

can be at different development stage simultaneously (Bernard, 1990, p. 1444). The life 

span of Carex shoots (i.e., individual plants) and clonal networks can vary. Carex shoots 

can be short-lived and die within the first year or be persistent and may live as long as 

five to seven years in some arctic species (Bernard, 1990, p. 1445). The life span of the 

clonal network, however, is somewhat dependent on the type of growth form.  

Carex are divided into two growth form groups, depending on the length of the 

rhizomes between shoots. The two groups are: (a) cespitose (clump forming) with 

rhizomes generally less than 10 cm long, and (b) rhizomatous, long trailing or mat 

forming rhizomes, greater than 10 cm (Bernard, 1990, p. 1442; Johnston, 2001, p. 4. For 

unexplained reasons, the cespitose growth form generally appears to have a shorter 

lifespan than rhizomatic species (Bernard, 1990, p. 1444). The lifespan of the clonal 

network for cesptiose species Carex adusta is three to five years (Ball, Reznicek & 

Murray, 2002, p. 254) and Carex viridula less than 10 years (Alexeev, 1988, p. 45). In 

comparison, the rhizomatous species Carex stans a sub species of Carex aquatilis, has 

been reported living up to 147 years, and the Siberian species C. ensifolia has an 

estimated life span of approximately 3000 years (Jonsdottir, Augner, Fagerstrom, Persson 

& Stenstrom, 2000). The boreal grasslands species, Carex inops, has an estimated life 

span of 25 years (Goslee, Peters, Beck, 2001, p. 36). The rhizomatic growth form in 

combination with long life span makes some Carex species especially valuable for 
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binding soil. Identification to the species level can be difficult as most identification keys 

rely on characteristics of the inflorescence (flower structure) and perigynia shape (seed 

sac) and these features are only present for a short duration each year (Looman, & Best, 

1979, p. 182). Where Carex seedlings emerge from the soil seedbank, the minimum age 

for Carex seedlings to flower is generally two years (Alexeev, 1988, p. 42 & 45) and then 

only when the plant is fit enough that its own survival is assured. This delay in flowering 

can make identification difficult on reclaimed landscapes younger than two years of age.  

2.4.1 Carex Seed Dormancy, Stratification and Germination 

Carex can be challenging to establish from seed; in part because triggers for 

germination are controlled by a narrow set of environmental factors specific to each 

species (Budelsky & Galatowitsch 1999, p. 96). Generally, temperate Carex break 

dormancy after a period of cold temperatures (Schutz, 2000, p. 67). Forest species 

generally germinate at lower temperatures than Carex of open habits and forest species 

often require gaps created by fallen trees, possibly for sufficient light (Schutz, 2000, p. 

83). Some wetland species require periods of water level drawdown while some require 

stable levels (Alberta environment, 2008, p. 46; Shultz, 2000, p. 75). Other species like 

Carex adusta require disturbance (Kershaw, et al, 2003, p. 279). A northern B.C. study 

examining Carex aenea establishment found that even after successful laboratory and 

greenhouse germination, there was a <1% survival in field trials (Burton & Burton, 2001, 

p. 26). The individual species limitation can make establishing Carex difficult, especially 

on highly disturbed lands (Budelsky & Galatowitsch, 2000, p. 972).  

In a literature review of Carex seed germination studies, Shultz (2000) found that 

Carex species require a specific combination of temperature and moisture stratification to 
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break dormancy. Even with the correct stratification; the results were often variable and 

Carex seed germination was poor (p.70). In a study of 32 Carex species, cold-wet 

stratification greatly improved the germination of Carex seed (Schutz & Rave, 1999, p. 

224). The same study noted that the germination rates of wetland Carex species were 

significantly higher than those for dry sites species (p. 215). This may have implications 

for oil sands reclamation. It should be noted that of the 32 species tested, only four are 

found in northern Alberta and of these all were wetland or moist habitat species. Schutz 

(2000, p. 85) noted, most Carex seed stratification and germination studies have been 

conducted on wetland species and no studies have been conducted on Carex species 

native to arid habitats. References to stratification and germination requirements specific 

to boreal Carex species of the oil sand region are discussed later in this study.  

2.4.2 Effects of Stockpiling on Carex Seed and Propagule Survival 

Few studies have examined whether the viability of Carex seed and propagules is 

reduced by soil stockpiling. An oil sands reclamation study evaluated vegetation 

emergence after stockpiling and found that Sedges [sic Carex] had the highest abundance 

of propagules in both peat-mineral and LFH capping material (Mackenzie, 2006, p. 40). 

This suggests that stockpiling is not detrimental to Carex seed in general. 

Emergence densities for Carex spp. well exceeded those reported for other species 

(Mackenzie, 2006, p.123). However, the above study combined emergence densities of all 

Carex species into one group Carex spp. (i.e., at the genus level). Emergence densities are 

probably comparable to other species when broken down to the species level. Therefore, 

there is an information gap concerning which Carex species can survive stockpiling.  
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2.4.3 Seed Dispersal Mechanisms  

The distance over which plants disperse seeds is important for understanding 

whether species diversity on reclaimed landscapes is possible through ingress from 

adjacent forests. Dispersal refers to the movement of seeds away from the parent plant. 

Plants have mechanisms for seed dispersal both spatially and temporally through 

dormancy (Vittoz, & Engler, 2007, p. 110). Carex dormancy is discussed in section 2.4.1. 

and only spatial dispersal will be discussed further. The length and width of the seed 

shadow (pattern of seed dispersal) is dependent on abiotic conditions: gravity, weather 

and hydrological flow, and biotic functions: animal dispersal and mechanism within the 

plant itself (Chambers & Machon, 1994, p. 263). Most seed movement is within a short 

distance from the parent plant (Chambers & Machon, 1994, p. 266). Long distance 

dispersal occurs in only a very small number of seeds (Vittoz & Engler, 2007, p. 111) but 

it may be more common in ungulate dispersed seeds (Myers, Velland, Gardescu, & 

Marks, 2004, p. 41). Long distance seed dispersal is important for oil sands reclamation, 

especially where reclaimed landscapes can be located at distances greater than a kilometre 

from natural ecosystems.  

2.4.3.1 Atelochory (gravity) dispersal 

Atelochory or gravity is the simplest means of seed dispersal. It is often the 

forerunner of secondary dispersal. Seed shadows from predominantly gravity dispersed 

seeds are greatest on the down slope side of the plant (Chambers & Machon, 1994, p. 

268). This could have implications for reclaimed oil sands landscapes where forests are 

generally located at the bottom of slopes and reclaimed landscapes are found on berms 

above. Gravity dispersed seeds do not travel far from the parent plant. Carex with no 
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additional dispersal mechanism are generally dispersed the distance of the fallen seed 

bearing stem (Handel, 1976, p.1076). 

2.4.3.2 Anemochory (wind) dispersal 

Seed weight and shape is the primary determinant of the seed shadow of wind-

dispersed seeds (Chambers & Machon, 1994, p. 270). Heavier seeds have a shorter seed 

shadows and seeds with enhanced structures such as wings or pappus hairs have a longer 

shadow. Plants utilizing wind dispersal mechanisms typically produce abundant seeds. In 

northern climates wind can enhance seed travel over frozen snow or wetland ice 

(Chambers & Machon, 1994, p. 270). Leck & Shultz (2005, p. 97) noted Carex with 

rounded or inflated perigynia are more likely to be wind dispersed. However, Carex have 

no enhanced structures for wind dispersal except wings on the perigynia of species in 

Section Ovales (a taxonomic sublevel within the genus Carex). However, Carex species 

of Section Ovales that inhabit the oil sands region, have poorly developed wings and by 

deduction should be less dependent on wind dispersal than other Ovales. Wind dispersed 

seeds lacking enhanced structures are generally not dispersed more than a few metres 

(Sorenson, 1986, p. 450). 

Semachory is a subset of wind dispersal, where seeds without any enhanced 

features are transported when the wind sways the plant. Vittoz & Engler (2007) reviewed 

the literature on dispersion distances and modelled the maximum distance for each 

dispersion type. The dispersion distances attributed to Vittoz and Engler in this section 

are the maximum distances, and the author’s note that in most species the dispersal 

distance will be less. Maximum distance for 99% of the seeds dispersed by semachory 
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plants is one metre for plants shorter than 30 cm and 3 to 5 m for plants >30 cm (Vittoz & 

Engler, 2007, p. 115). 

2.4.3.3 Hydrochory (water) dispersal 

Water dispersal accounts for the longest seed shadows. Ocean dispersed seeds 

such as coconut palms can be transported from one continent to another. Dispersal 

distance by hydrochory is unpredictable and is geographically limited by the length of the 

wetland or watershed (Vittoz & Engler, 2007, p. 116). However, secondary mechanism 

such as waterfowl transport may increase the seed shadow a considerable distance. 

Hydrochory is wide spread in Carex (Leck & Shultz, 2005, p. 96). Some wetland Carex 

have inflated perigynia (Handel, 1976, p. 1076; Reznicek, 2003) and the buoyant 

perigynia are dispersed by prevailing winds or current (Fenner, 2001, p. 91). For example, 

Carex utriculata and C. lasiocarpa have inflated perigynia (Johnson, Kershaw, 

McKinnon & Pojar, 1995, p. 241-242). 

2.4.3.4 Zoochory (animal) dispersal 

Animals can disperse seeds externally or internally. External dispersal, or 

epizoochory (e.g., seeds trapped in fur), is often facilitated by adhesion of sticky mucous, 

barbs, hooks or perianth bristles. Less than 5% of plant species or approximately 10% of 

all plant families are dependent on epizoochory for dispersal (Sorenson, 1986, p. 446). 

The boreal species Carex pseudocyperus has large divergent beak teeth that facilitate 

epizoochory dispersal, while other wetland species (e.g. Carex viridula) are dispersed by 

adhesion (Leck & Shultz, 2005, p. 97). Seeds hoarded by birds can be carried in the beak 

up to 22 kilometres (Sorenson, 1986, p. 450). Granivores, (squirrels, mice and other 

rodents) are known to cache seeds which later germinate (Fenner, 2001, p. 91-2). The 
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maximum distance for 99% of the epizoochory seeds dispersed by vertebrates is 1500 

metres, and 50% have a maximum range of 400 metres (Vittoz & Engler, 2007, p. 112).  

Endozoochory dispersal, or seeds dispersed internally by animals, begins when 

seeds are consumed by mammals, waterfowl or rodents, attracted to the fleshy fruit or 

nutritional component. Seeds are then transported internally in the gut and dispersed in 

the feces (Schultz, 1999, p. 97; Fenner, 2001, p. 115). Brightly coloured seeds can 

enhance attractiveness to animals (Leck & Shultz, 2005, p. 96). Carex aurea produces 

bright orange fruit that stand out conspicuously amongst other herbaceous vegetation 

(Tande & Lipkin, 2003, p. 41). Successful endozoochory is a balance between digestive 

enzymes and gut passage rate (Fenner, 2001, p. 115). If seeds are retained in the gut too 

long, the seeds will be masticated and no longer viable. A study conducted in New York 

State found 70 plant species (including five Carex species) in the feces of deer collected 

over a one-year period. The authors concluded that due to the broad diet, long gut 

retention time and far ranging foraging ability, deer have a high potential for long 

distance seed dispersal greater than 100 metres (Myers, Velland, Gardescu & Marks, 

2004, p. 36). Endozoochory dispersal by vertebrates had similar maximum distances as 

epizoochory, 99% to 1500 metres and 50% to 400 metres (Vittoz & Engler, 2007, p. 112). 

Therefore, since Carex species are consumed by moose (Renecker & Hudson, 1988, p. 

112) and ungulates (Leck & Shultz, p. 97), Carex could conceivably disperse as far as 

1,500 metres. 

2.4.3.5 Myrmecochory (ant) Dispersal 

Some plants produce a lipid-rich appendage (elaiosome) that attracts ants 

(Gunther & Lanza, 1989, p. 321). The seed is carried back to the nest where the 
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appendage is eaten and the seed discarded outside the nest, where it is free to germinate 

(Crisanto, Espadaler, & Bas, 2005, p. 244; Handel & Beattie, 1990, p. 76). Carex 

pedunculata is one Alberta Carex species known to use this method of dispersal (Handel, 

1978). In some plants such as the boreal species Carex umbellata, the flowering stems are 

extremely short (ground level) to facilitate ant collection (Handel, 1978, p. 2925). Ant 

seed dispersal is particularly successful in forest understory species (Vellend, Lechowicz 

& Waterway, 2000). The maximum distance for 99% of ant dispersed seed is 15 metres 

(Vittoz & Engler, 2007, p. 112).  

2.4.3.6 Autochory (self-dispersal)  

Autochory is the self dispersal of seeds by plants. Dispersal mechanism include 

ballistic (the explosive discharge of the seeds by contraction of cell tissue), stem 

elongation or limp stems (Leck & Shultz, 2005, p. 96). Ballistic (bollocochory) and ant 

distributed seeds generally have shorter seed shadows than wind or animal dispersed 

seeds (Fenner, 2001). Ninety-nine percent of ballistically dispersed plants, even those 

greater than 30 cm in height, have a maximum dispersal distance of 5 metres (Vittoz & 

Engler, 2007, p. 112) and achieved only slightly greater distances than gravity dispersed 

seeds (Wilson, 1993, p. 272-273). Carex pauciflora (Leck & Shultz, 2005, p. 98) is the 

only known ballistic dispersed Carex in the oil sands region.  

One further method of self-dispersal is stem elongation. In late summer, the stem 

elongates which causes the stem to fall over, thereby dispersing seed a stems length away 

from the parent (Leak & Shultz, 2005, p. 98). Positioning seeds near the ground may 

enhance secondary dispersal by granivores. Seed dispersed by stem elongation have a 

maximum dispersal distance of one meter in 99% of the seeds (Vittoz & Engler, 2007, p. 

http://www.springerlink.com.ezproxy.royalroads.ca/content/?Author=Crisanto+G%c3%b3mez�
http://www.springerlink.com.ezproxy.royalroads.ca/content/?Author=Crisanto+G%c3%b3mez�
http://www.springerlink.com.ezproxy.royalroads.ca/content/?Author=Josep+M.+Bas�
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112). Postfloral stem elongation and limp stems are both dispersal mechanism employed 

by some Carex species (Leck & Shultz, 2005, p. 97).   

Although not necessarily self dispersal, in some species, plants have evolved 

short stems, so that rodents and ants can easily reach the seeds (Handel, 1978, p. 2925).  

Two boreal forest species Carex tonsa and Carex umbellata both have abundant pergiynia 

located on short stems at ground level (Hudson, 1977, p. 28). Handel (1978) suggests that 

the very short stems of Carex umbellata could aid ant dispersal of this species. 

2.4.4  Importance of Carex to Oil Sands Reclamation  

Carex are an important component of oil sands reclamation. They are present in 

nearly all boreal ecosites, with some species capable of establishing under less than ideal 

conditions, including many of the limitations associated with reclaimed oil sands 

landscapes. Carex can provide vital ecosystem functions such as anchoring steep hills and 

streambanks, while providing valuable forage to wildlife. Further, Carex have an ability 

to reabsorb nutrients from the leaves prior to winter dieback, thus reducing the need to 

acquire further nutrients in the spring. Finally, Carex make good indicators of 

environmental and land use changes. These and other contributions that make Carex 

important to oil sands reclamation are discussed in detail below. 

Carex have adapted to habitats that can limit the establishment of vegetation, 

including adaption to many of the limitations found on reclaimed oil sands landscapes. 

Forty percent of the boreal forest is composed of wetlands, where Carex species are often 

dominant in these saturated soils. Some Carex species of northern Alberta are capable of 

establishing in nutrient poor sandy soil and others on steep exposed hillsides (Allen, 2008, 

p. 33 & 81). While others are tolerant of alkali and saline conditions (Tande & Lipkin, 
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2003, p. 11) including several northern Alberta species (Gage & Cooper, 2006, p. 23; 

Gauthier, Rochefort & Bubier, 2004, p. 1299). This ability to establish in limiting habitats 

similar to those found on reclaimed oil sands landscapes makes Carex ideal components 

of oil sands reclamation.  

Six Carex species are known to occur in boreal grasslands in the oil sands region, 

on dry, steep slopes, Carex inops, C. pachystachya, C. obtusata, C richardsonii, C, rossii 

and C. siccata (Golder, 2009). The Manual of plant species suitability for reclamation in 

Alberta (Hardy, 1989, p. 98-100), rates Carex rossii as having high erosion control, 

persistent, palatable and browse tolerant to wildlife. Encouraging boreal grassland Carex 

species could aid problem reclamation areas, such as the easily eroded, tailings sand 

landforms. 

Carex with rhizomatic growth forms are particularly important for reclamation 

because of their soil binding properties. The clonal organism, while appearing as singular 

plants on the surface, is composed of interconnected underground rhizomes. Even when 

above ground biomass dies, the underground network of rhizomes continues to live. 

These underground networks are known to extend to a radius of 15 to 20 metres beneath 

the soil (Jonsdottir, Augner, Fagerstrom, Persson & Stenstrom, 2000, p. 404). This 

interlocking network of rhizomes can extend under the stream beds, physically tying both 

sides of the stream bank together (Wilson, Newhouse, Lytjen, Otting & Brainerd, 2008, p. 

16), providing bank stability along riparian drainage (Quitsberg, 2007, p. 3; Micheli & 

Kirchner, 2001, p. 627). In the same way upland Carex species can assist in upland 

surface erosion control. As a soil stabilizer, upland sedges can bind soil on slopes as steep 
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as 80%, even in southern aspects where the moisture regime can drop below that capable 

of supporting other plants (Geowest Environmental Consultants Ltd., 2003, p. 33).  

Establishing a diverse plant community is important for maintaining ecosystem 

functions such as forage, cover for wildlife, nutrient cycling, moisture retention, and for 

deterring weed and pest invasion. A diverse habitat provides cover and high quality 

forage for wildlife, (Alberta Environment, 1999, p. 40; CEMA, 2009, p. 21). In particular, 

Carex can benefit wildlife by supplying forage high in protein, cover for small mammals 

and nesting material. A 1994 study on Carex of eastern Canada determined that of 77 

Carex species tested, most would exceed the energy requirements of livestock (Catling, 

McElroy, Spicer, 1994, p. 226). Carex duriuscula, a small dry upland Carex of the boreal 

forest, was found to be one of the major forage foods utilized by Colorado cattle (Catling, 

et al., 1994, p. 226). Carex atherodes and C. rostrata (this latter species is likely that 

recognized in Alberta as C. utriculata) are preferred forage food for Alaska elk 

populations. To a lesser degree, moose and mule deer also forage on boreal Carex, and 

this occurs primarily in the summer and autumn when digestibility is highest (Renecker & 

Hudson, 1988). Further, Carex atherodes is an important forage plant for Alberta’s wood 

bison, especially during the winter months (Redburn, Strong & Gates, 2008, p. 2226). The 

nutritional and mineral requirements of bison are unknown, but Carex atherodes was near 

or exceeded the mineral requirements for cattle in: Cu, Fe, Mg, Mn, K, S and Zn; this 

species is also high in crude protein, and exceeds the total digestible nutrient requirements 

of cattle by 6 to 8% (Redburn, et al., 2008, p. 2230). Beavers, waterfowl, small mammals 

and ants feed on the seeds of Carex, and many small birds use Carex plants to build or 

line nests (Catling, et al., 1994; Fryer, 2009; Hauser, 2006).  
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Most boreal forest plants and trees rely on symbiotic mycorrhizal associations 

for nutrient uptake (Read, Leake, & Perez-Moreno, 2004, p. 1243). Grasses, ferns and 

herbaceous plants tend to be associated with arbuscular mycorrhizae (AM) fungi, and 

conifer and deciduous trees on ectomycorrhizae (EM) fungi (Dahlberg, 2002, p. 70-71). 

However, on reclaimed oil sands landscapes soil microbial biomass is decreased 

(McMillan, Quideau, Mackenzie, & Biryukova, 2007, p. 1470). In a Wyoming study, the 

stockpiling of soils, a common practice on oil sand operations, was found to be 

detrimental to arbuscular mycorrhizae (AM) fungi, to the extent that populations may not 

survive to inoculate regenerating plant communities (Mummey, Stahl & Buyer, 2002). 

McMillan, et al. (2007) when examining Syncrude oil sands reclaimed soils, found that 

microbial biomass was higher on LFH soils than on peat-mineral mix. 

In the mutalistic association between mycorrhizal fungi and a host plant, the fungi 

assists the plant with the uptake of essential nutrients, such as nitrogen, phosphorus, and 

trace elements that would otherwise be unavailable (Pate, 2002, p.45; Tian, et al., 2010). 

Until recently Carex were considered non-mycorrhizal, however, a recent review of 221 

sedge species found that 40% were mycorrhiza dependent and a further 11% were 

facultative mycorrhiza dependent (Muthukumar, Udaiyan & Shanmughavel, 2004). Most 

non-mycorrhiza Carex are those in wetlands where anoxic conditions deter mycorrhiza, or 

in alpine or arctic areas. Current research suggests that due to the long lived nature of 

Carex rhizomes, Carex roots can be a persistent source of donor mycorrhizal for 

inoculation of other plant species. Laboratory tests showed that Carex inoculated with 

mycorrhizal fungi, acted as a host and non-inoculated agricultural species developed 

mycorrhiza associations (Muthukumar, et al., 2004, p. 67). This persistence of 
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mycorrhizae within Carex roots is particularly advantageous in first successional 

communities where Carex propagules in the soil amendments could inoculate later 

establishing plants species. Mycorrhizal colonization of sedges increased with increased 

soil pH (Muthukumar, et al., 2004, p. 70). This is good news as oil sands reclaimed soils 

generally have elevated pH (Section 2.1.3.1).  

Non-mycorrhizal sedges have several adaptations that allow nutrient uptake in the 

absence of mycorrhiza. Carex have a network of underground foraging rhizomes, which 

seek pockets of nutrients and water and then translocate these within the plant network 

(Muthukumar, Udaiyan & Shanmughavel, 2004, p. 71). Carex rhizome networks have 

been recorded with diameters as great as 40 meters (Jonsdottir, Augner, Fagerstrom, 

Persson & Stenstrom, 2000, p. 404). Further Carex have the ability to short-circuit the 

nitrogen cycling by absorbing and directly utilizing amino acids from decomposing 

material and also by reabsorption of the nitrogen and phosphorus from above ground 

biomass at senescence (Muthukumar, et al., 2004, p. 71). A study on Carex bigelowii, 

found high reabsorption of nutrients from older biomass, with up to 59% nitrogen, 81% 

phosphorus, 92% potassium and other minor nutrients being reabsorped (Carlsson & 

Callaghen, 1990, p. 226). The ability of at least some Carex to reabsorb nutrients from the 

leaves prior to winter dieback, decreases the need to acquire further nutrients in the 

spring. This adaption allows Carex to survive in nutrient poor soils where nutrients could 

be locked in the leaves of previous year’s growth and unavailable in the immediate future. 

Further, the ability to short cut the nitrogen cycle is especially advantageous on reclaimed 

oil sands landscapes where nitrogen fixing plants may be just establishing and nitrogen 

levels in the soil are low.  
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Carex are good indicators of environmental change (Chen, Su, Fang & Chen, 

2007, p. 49; Moffatt & McLachlan, 2004, p. 9, Wittig, Kemmermann & Zacharias, 2006, 

p. 190). “Their presence or absence may reflect not only environmental changes on the 

ecosystem-level, but also, at a large scale, recent changes due to modern land use” 

(Shultz, 2000, p. 68). Although modern land use changes are beyond the scope of this 

work, it may be possible to use the presence of Carex as indicators of reclamation success 

or to identify the trajectory of developing ecosites. 

2.4.5 Current Knowledge of Carex on Oil Sands Reclaimed Landscapes 

Literature is sparse for Carex establishment success on reclaimed oil sands 

landscapes. Preliminary research indicates that Carex are present on reclaimed 

landscapes, but most studies do not delineate Carex to the species level. Carex are simply 

recorded under the generic term “Carex spp.” The following is a sampling of references to 

Carex establishment on reclaimed oil sands landscapes over the past thirty-one years. The 

purpose of this subsection is to acknowledge the lack of delineation and more importantly 

provide some context for this study.  

Hardy (1990) evaluated natural plant invasion (ingress) onto reclaimed upland 

landscapes. Carex were not delineated to the species level. The study found that Carex 

were not present on tailings sand and overburden substrate seeded to agronomic grasses in 

any year. Carex were found in year 1 on tailings sand seeded to native grasses (Hardy, 

1990, p. 12 & 21). Overburden substrate seeded to native grasses was not included in the 

study. Overburden not seeded or seeded to barley only, had higher Carex percent cover (1 

to 4%), observed in a greater number of plots and persisted into year five and year 10 

(Hardy, 1990, p. 25-27). The study noted that agronomic species provided higher erosion 



LITERATURE REVIEW 54 
 

 

control, but overall there was greater ingress in plots not seeded to agronomic species (p. 

37), suggesting that Carex may not be able to compete with agronomic grasses. The 

results were preliminary. 

In contrast to upland reclaimed landscapes, a 1996 study of several wetlands on 

Suncor’s lease found the cumulative percent cover of wetland Carex species was 

considerably higher. An area referred to as the ‘Natural wetland’ (formed from tailings 

pond seepage) had 25.2% Carex cover, CT wetlands 39% and a constructed wetland 

associated with dyke drainage effluent treated with phosphorus added to increase 

microbial activity had 51% (Crowe, Plant, & Kermode, 2002, p. 183). Reference to Carex 

in Suncor’s Annual Conservation and Reclamation Report for the year 2007 (Suncor, 

2008), are listed in Table 2. Percent cover ranged from zero to 36 percent for three Carex 

species. 

Table 2. Average Carex Percent Cover from Reclaimed Landscapes Studies at Suncor 
Study Title Treatment Mean percent cover (range) 
Millennium fertilizer study fertilized 

control  

0.1 (0.0 to 0.3) 

0.3 (0.0 to 2.05) 

Coarse woody debris study coarse woody debris  

control  

0.1 (0.0 to 0.3) 

0.0 (0.0 to 0.05)a 

Biodiversity study-dyke 11  25 cm peat-mineral mixb 

25 cm LFH over 30 cm clay 

25 cm peat-mineral mix over clay 

25 cm peat-mineral mix + woodd 

9.95, 0.01, 0.00c (0.0 to 35.6) 

8.32, 0.68, 0.15c (0.0 to 15.1) 

2.55, 0.04, 0.01c (0.0 to 8.0) 

4.77, 0.01, 0.00c (0.0 to 8.7) 
a  rounding accounts for discrepancies between range and treatment average. 
b  peat mineral mix soil amendment composed of 70:30 peat to mineral ratio. 
c  three sedges species were recorded: Sedge #1 no description, sedge #2 described as     
   “medium” and sedge #3 described as “tall” in height. 
d  wood = a ground cover of woody debris material.  

 

A 2004 study on Syncrude’s Southwest Sand Storage Facility (Burgers, 2005) 

found four Carex species establishing in areas of elevated pH and electrical conductivity. 
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Knowing the names of the four Carex species that were tolerant of the higher pH and 

electrical conductivity would be beneficial for the reclamation of other areas with similar 

soils conditions. Similarly two of the Carex species had high percent cover and two had 

substantially lower cover. Identifying these Carex to the species level would enable 

reclamation planners to know which species are capable of providing good cover under 

these conditions. 

The first known study to identify Carex to the species level was the long term 

monitoring plot network (LTPN) initiated by CEMA and its earlier reclamation working 

groups (G. Donald, personal communication, February 15, 2010). Findings from 1992 to 

2008 identified the following Carex species on Suncor and Syncrude’s reclaimed 

landscapes (Table 3). 

Table 3. Carex Species Present on Reclamation from CEMA’s LTPN Data 

Data source. G. Donald, personal communication, February 15, 2010. Cumulative Environmental 
Management Association (CEMA), Reclamation Working Group, Technical Program Manager, 
based on data from Terrestrial Subgroup’s long-term monitoring plot network (LTPN), 2008. 

Carex species Suncor Syncrude 

Carex aenea x x 
Carex aquatilis x x 
Carex atherodes - x 
Carex aurea x x 
Carex bebbii - x 
Carex brunnescens - x 
Carex concinna x - 
Carex deflexa - x 
Carex diandra  - x 
Carex disperma - x 
Carex livida - x 
Carex norvegica Retz. x - 
Carex praegracilis x - 
Carex prairea Dewey x x 
Carex sartwellii - x 
Carex scirpoidea - x 
Carex siccata x x 
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3 CHAPTER THREE: METHODS 

3.1 The Study Area  

The location of the oil sands region is described in sections 1.1 and 1.3. Suncor 

Energy Inc., the focus area for this research, is located 43 km north of the city of Fort 

McMurray. Suncor’s mining operations are separated by the Athabasca River, with 

reclamation occurring on both the east and west sides of the river. Syncrude Canada 

Limited’s oil sands operation borders the northwest side of Suncor. Locations of other oil 

sands leases are illustrated in Figure 2. As of December 2009, Suncor has disturbed 

17,161 ha, of which 1,182 hectares have been reclaimed (Suncor, 2010, p. 5). Reclaimed 

landscapes included in this study are outlined in Appendix A-1 and A-2. 

3.1.1 Geological and Climatic Setting 

The study area is located within the Central Mixedwood Subregion of the 

Canadian Boreal Forest. This area has a continental climate characterized by short, cool 

summers and long, cold winters (Downing & Pettapiece, 2006, p. 123). The average 

temperature between the months of May and September is 12oC, with an average of 97 

frost free days, and ranging from 74-116 days (Downing & Pettapiece, 2006, p. 192). The 

number of frost free days is usually higher along the Athabasca River north and south of 

Fort McMurray (Downing & Pettapiece, 2006, p. 137). Current reclamation is within 

5 km of the river (i.e., within this greater frost free zone). Annual precipitation averages 

about 380 mm, with June and July being the wettest months. Winters tend to be relatively 

dry. Although moister than some areas of the boreal forest, the Central Mixedwood 

Subregion still experiences a moisture deficit (Downing & Pettapiece, 2006, p. 137). The 
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short growing season, cool temperatures and moisture deficit is disadvantageous to 

reclamation establishment. 

Topography is a mixture of upland forest on gently undulating hills and wetlands 

on low relief plains (Downing & Pettapiece, 2006, p. 136). Elevations within the 

subregion range from 200 to 1,050 metres. In the area of the oil sands mines, elevation 

ranges from 250 to 320 metres at Suncor to 230 to 360 metres at Fort Hills 

(MapSourceTM, version 6.15.6).  

Surficial materials are mainly glacial in origin, composed of till, ground moraine, 

hummocky moraine and areas of aeolian dunes, outwash and glaciolacustrine plains. 

Bedrock is mainly Cretaceous shales, with some sandstone and siltstone varying to 

Devonian limestone in the northeast (Downing & Pettapiece, 2006, p. 138). The oil sands 

deposit is found within this cretaceous layer. 

 Forest and soil types vary across the region. Upland forests are a mixture of 

aspen, mixed wood and white spruce, with stands of jack pine on coarser materials. 

Upland soils are gray luvisols on areas of medium to fine textured material, with brunisols 

forming on sands. Wetlands with extensive areas of treed fens and bogs are predominant, 

covering approximately 45% of the area (Downing & Pettapiece, 2006, p. 139). Prior to 

mining at Suncor, wetlands were estimated to cover between 39 and 63% of the lease 

(Daly, Tedder & Marlowe, 2009). These organic wetland soils stay saturated for most of 

the year and are dominated by tamarack and black spruce (Downing & Pettapiece, 2006, 

p.138).  

Dry grasslands are uncommon in the Central Mixedwood Subregion (Allen, L., 

2009, p. 108 & 114; Downing & Pettapiece, 2006, p. 138). A more detailed description of 
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this plant community is presented because (a) this community is largely unstudied, (b) 

these areas share many landscape similarities to the early successional stage of reclaimed 

upland landscapes, and (c) grassland Carex were not found on Suncor as part of this 

research and yet could greatly benefit reclamation as this thesis will demonstrate. 

 At least nine small Carex dominated grasslands are in the vicinity of oil sands 

development. These unique grasslands are found almost exclusively on dry, steep, south 

facing slopes along major rivers and creeks (Figure 3). Two small boreal grasslands are 

found on Suncor’s lease and other known grasslands are located within a 50 km radius of 

Suncor. These grasslands are associated with south exposures along major rivers 

including the Athabasca River*, Clearwater River, Conn Creek*, Clarke Creek, MacLean 

Creek*, Poplar Creek, Steepbank River* and the MacKay River*. Starred locations are 

included in the natural ecosystem data used in this study (Golder, 2009). 

 
Figure 5. An example of a boreal grassland near the MacKay River (R005) 
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3.2 Source of Data 

Two sources of data were used for this research (a) a pre-existing database of 

vegetation plots surveyed in natural ecosystems of the oil sands region by Golder 

Associates Ltd. (Golder), information hereinafter referred to as ‘natural ecosystems’, and 

(b) vegetation plots surveyed at Suncor Energy Inc. as part of this research, hereinafter 

referred to as ‘Suncor data’. The two datasets are described below. 

3.2.1 Natural Ecosystem Dataset 

The Golder database contains details of vegetation plots surveyed by Golder in the 

natural ecosystems of north eastern Alberta. This data represents baseline surveys 

conducted to support oil sands Environmental Impact Assessments (EIA’s). The data 

represents the natural ecosystem prior to development. It covers approximately 60 

townships or 5600 km2, from approximately Christina Lake in the south, to the southerly 

boundary of Wood Buffalo National Park in the north, west as far as approximately the 

town of Wabasca and east as far as 30 km from the Saskatchewan border. Appendix A-3 

shows the distribution of plots within the oil sands region. 

Golder dataset was collected as per Field Technical Procedures: Biophysical and 

Vegetation Technical Procedures B1.06 (Golder, 2006). Briefly, data were collected to 

inventory natural plant communities in the oil sands region. Within the survey area, 

vegetation sampling plots were placed subjectively within each ecosite type (plant 

community) identified from aerial mapping. The target number of plots surveyed per 

ecosite type was proportional to the estimated area of each ecosite within the total study 

area and therefore should be representative of the natural ecosystems in the oil sands 

region. This thesis assumes the Golder data provides a representative sampling. 
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Primary plots measuring10 x 10 m, were established for each of the five strata 

layer except trees (i.e., shrubs, forbs, graminoids (including the genus Carex), bryophytes 

and lichen). Where the plant community was linear (i.e., shoreline at edge of lake), the 

plot size could be adjusted (e.g., a 5 x 20 m plot), to keep the plot within the plant 

community. Trees were assessed in a 20 x 20 m area situated to include the primary plot. 

At each plot, the data recorded included: classifying the plant community, determining 

plant community composition using the measurable variables species richness and 

abundance (recorded as percent cover), assessing the potential to support rare plants and a 

description of the soil and landscape terrain. 

Data was queried October 14, 2009 by Darrin Nielsen, Senior Terrestrial 

Ecologist, Golder Associates Ltd., Calgary, Alberta, who filtered the data for the oil sands 

region and for the years 2006 through to 2008. Filtering ensured data was relevant to the 

research area and had undergone quality control checks.  Four plots were missing Carex 

percent covers and were excluded. A total of 1461 plots were retained. Golder controls 

the rights to the data and permission to use this data was granted by John Gulley, Sr. 

Principal, Golder Associates Ltd., Calgary, Alberta with the understanding that project 

names and UTM locations of the plot be excluded to protect client confidentially. The 

Golder dataset provided the basis to (a) compile a list of Carex species found in the oil 

sands region, (b) compare natural ecosystems to Suncor’s reclaimed landscapes, and (c) 

to compare natural ecosystems to natural ecosystems adjacent to Suncor. The latter 

comparison was employed to determine whether natural ecosystems adjacent to Suncor’s 

were representative of natural ecosystems in the oil sands region in general.  
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3.2.2 Suncor Dataset 

Reclamation data to support this thesis was collected by the author at Suncor. A 

total of 694 plots were surveyed, including 478 upland reclamation plots, 86 wetland 

reclamation plots, and 130 plots in forests adjacent to Suncor’s reclaimed landscapes. 

Plots were surveyed between May 8 and July 31, 2009. All plots at Suncor were surveyed 

using the same plot size and plot data collection methodology as the Golder dataset, with 

three exceptions (a) only Carex species were recorded, (b) additional information was 

collected for Carex morphology and reproductive state, and (c) plot locations were not 

chosen on an ecosite basis, instead plots were placed to obtain a representative sampling 

of Suncor’s reclaimed landscapes.  

Deviations from Golder’s protocols were implemented to streamline the collection 

of data specifically to Carex establishment. Additional information was recorded to assist 

with Carex identification. For each Carex observed the general growth form (i.e., 

cespitose, loosely cespitose, mat forming or clump forming) and reproductive stage (i.e., 

vegetative, flowering, fruiting or senescence) was recorded. A photograph record was 

also made as a backup and to capture details not recorded in the field. Lastly, plot 

locations within Suncor were first selected to examine Carex ingress and then these plots 

were supplemented with additional plots to provide a representative sampling for 

reclamation age, substrate type, and capping material comparisons. Unless otherwise 

stated, plots were surveyed every 25 m along transects subjectively placed through the 

center of selected reclamation sites. These deviations allowed a more comprehensive 

picture of Carex establishment on reclaimed landscapes.  
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3.3 Study Presentation  

The research is presented following the original objectives: 

1. Assess the establishment of Carex species present in the natural ecosystems of the oil 

sands region in relationship to the diversity variables: species richness, 

abundance and presence of rare plants, and habitat variables: moisture, slope, 

aspect and ecosite classification. 

2. Assess the establishment of Carex species establishing on reclaimed oil sands 

landscapes in relationship to the diversity variables: species richness and 

abundance and habitat variables: moisture, slope and aspect and landscape 

variables: reclamation age, substrate type and capping material. 

3. Examine Carex ingress onto reclaimed landscapes from forests adjacent to Suncor. 

4. In combination with the above results and a literature review, prepare a summary of 

reclamation value(s) and establishment strategies for each Carex species found in 

the oil sands region.  

3.4 Analytical Preparation for Carex Establishment (Objectives 1 & 2) 

Measurable variables provide estimates of conditions in natural ecosystems and 

allow for comparison with reclaimed areas in order to evaluate reclamation success. Some 

manipulation of the data was necessary for comparison of diversity, habitat and landscape 

variables. Section 3.4 describes the treatment of each variable prior to analyses. 

3.4.1 Diversity variables 

Carex nomenclature follows Flora of North America, Volume 23, (Ball, 

Reznicek & Murray, 2002), except where noted. Species names and authorities are listed 

in Appendix B-1. Of the 1,441 Carex observations in natural ecosystems (Golder 
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database), six were identified as outliers. The rational for labelling these six occurrences 

as outlier is presented in Appendix B-2.  

To supplement the Golder database, additional sources were checked to compile 

a comprehensive list of Carex species for the oil sands region. Additional sources 

included: the Alberta Biodiversity Monitoring Institute, (2010), an Alberta wide program, 

was filtered to extract Carex species in the oil sands region; the Cumulative 

Environmental Management Association (CEMA) maintains a database of long term 

monitoring plots for both natural ecosystems and reclaimed landscapes in the oil sands 

region (G. Donald, personal communication, February 15, 2010); and the Alberta 

Conservation Information Management System’s rare plant database (ACIMS, 2010b).  

Carex species observed at Suncor that could not be positively identified were 

photographed under high magnification and sent to Dr. Peter Ball, Professor emeritus, 

University of Toronto, herbarium curator and co-editor of the Vol. 23, “Cyperaceae” in 

the series, Flora of North America (2002).  

3.4.2 Habitat variables 

Moisture regime was recorded in the field using the ten industry standard 

categories, (Alberta Sustainable Resource Development, 2005, p.55). Moisture regime 

was subsequently grouped into three categories for analysis: wet (aquatic, hydric, 

subhydric and hygric); mesic (subhygric, mesic and submesic); and dry (subxeric, xeric 

and very xeric).  

Slope was recorded in the field as percent slope and later assigned to one of three 

slope categories: level (0-9%), low (10-29%), steep (>30%). The Land capability 

classification system for forest ecosystems in the oil sands (LCCS manual) does not 
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reduce overall capability for slopes under 10% (Alberta Environment, 2006, p. 35). 

Therefore reclaimed landscapes with slopes <10% were combined with level to make one 

category.  

Aspect was recorded in the field using a compass. For analysis, aspect categories 

were based on the four cardinal directions and were divided by degrees as per the LCCS 

Manual (2006, p. 35): north (NW-NE or 316o to 45 o); east (NE-SE or 46 o to135 o); south 

(SE-SW or 136 o to 225 o) and west (SW-NW or 226 o to 315 o). 

The oil sands region is found within three natural subregions: the Central 

Mixedwood, Boreal Highland and Athabasca Plains (Beckingham & Archibald, 1996, p. 

2-1). Natural ecosystem data were divided into plant community type. Upland ecosites 

within these subregions were classified following the Field Guide to Ecosites of Northern 

Alberta (Beckingham & Archibald, 1996) and wetland ecosites were classified following 

the Alberta wetland inventory standards (Halsey, et al., 2004). All current oil sands mines 

are located in the Central Mixedwood Subregion, but oil sands exploration is taking place 

in all three subregions. Only the Central Mixedwood Subregion had sufficient data for 

comparison and is discussed in the remainder of this document. 

3.4.3 Landscape variables 

Suncor data was divided into age categories. No statistics were available on 

successional development on reclaimed oil sands landscapes. Therefore, reclamation age 

was arbitrarily divided into four temporal categories: early (1-5 years), young (6-10 

years), mature (10-20 years) and old (greater than 20 years). The rationale for the 5 year, 

span in the early and young, the 10 year span in the mature category and open ended for 



METHODS 65 
 

 

the old category, was the understanding that changes occur faster in the first years after 

initial reclamation, followed by slower changes as reclaimed landscapes mature.  

Substrate type was recorded in the field as tailings sand, overburden or original 

forest soil. For comparison of the two main substrate types, tailings sand and overburden, 

filtering of the data was required to obtain a meaningful comparison. Tailings sand 

substrates are typically found on slopes, while overburden substrates can be found on 

both level and slopes. To remove bias, data was filtered to include only plots on slopes. 

However, even with this one bias removed other confounding variables were inherent to 

tailings sand substrates. Tailings sand landscapes at Suncor were generally steeper, had 

drier moisture regimes and greater southerly aspects. Table 4 shows the variables inherent 

to the two substrate types. 

Table 4. Comparison of Variables for Overburden and Tailing Sand Substrates 
Variables Overburden Tailings sand 

Number of plots 140 136 

Proportion of plots on southerly aspects 17% 24% 

Proportion of plots in dry moisture class 13% 38% 

Proportion of plots in steep slope class 42% 74% 

 

For comparisons of capping soil amendment, only one upland soil (LFH) site of 

sufficient age existed. A 24.6 hectare site located at SB17 (southeast dump). A similar 

LFH site at MD5 was excluded. Soil was placed in MD5 in the first quarter of 2009 

(Suncor, 2010, p. 15) and therefore any establishing Carex would be too young to produce 

inflorescence and as a result would be difficult or impossible to identify. 
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Two types of capping material were examined, peat-mineral mix and upland 

forest soil. The use of upland forest soil is relatively new, only one location at SB17 

(Southeast dump) was capped with both amendments. SB17 has an overburden substrate. 

The dataset was filtered to include all 40 plots surveyed at SB17. Table 5 notes the 

distribution of plots between the two capping material types. The peat mineral mix plots 

were generally on steeper slopes than the uplands forest plots. However, none of the plots 

exceeded the low slope category. The mode for moisture class was similar with both 

capping materials having a mesic moisture. 

Table 5. Distribution of Capping Material Plots at SB17 
Description Upland Forest Soil  Peat-Mineral Mix  

Number of plots 24 16 

Proportion of plots 60% 40% 

Mean slope 2% 13% 

No of plots in mesic moisture class 21 13 

 

3.4.4 Comparison of Natural Ecosystems, Natural Ecosystems Adjacent to 
Suncor and Suncor’s Reclaimed Landscapes 

The three major landscapes, natural ecosystems, natural ecosystems adjacent to 

Suncor and Suncor’s reclaimed landscapes were compared to determine if difference 

existed between diversity and habitat variables. In addition to the diversity variables 

species richness and percent cover, one further measure, species evenness was examined. 

Species evenness in this case refers to the proportion of observations per landscape (i.e., 

the number of plots were the species was observed). Species evenness was compared 

between natural ecosystems and natural ecosystems adjacent to Suncor and between 
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natural ecosystems and Suncor’s reclaimed landscapes. Habitat variable comparisons 

utilized the same habitat categories as noted in section 3.4.2. Species richness and percent 

cover were used as indicators of difference between the habitat variable categories.  

3.5 Carex Ingress (Objective 3)  

Oil sand reclamation assumes that understorey plants (including Carex) will 

naturally establish from ingress from adjacent natural ecosystems (CMEA, 2009, p. 38 & 

266). It is unknown if Carex ingress is occurring. To examine Carex ingress from 

adjacent forests onto Suncor’s reclaimed landscapes, a study design was implemented that 

consisted of a series of three plots extending perpendicular from the forest edge to 100 m 

into the interior of the reclaimed landscape (Figure 6).  

 

Figure 6. Schematic showing the relative locations of triple transect plots 

 

Triple transects were surveyed every 25 m along the interface between the 

reclaimed landscape and the edge of the forest adjacent to Suncor, (i.e., “edge” plots). 

 

Forest 

Edge 

Interior 

A 

B 

C 

A-plot center at -5 m from forest 

B-plot center at +5 m from forest 
 

C-plot center at 100 m from forest 
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Although located at the interface, edge plots were located fully within Suncor’s reclaimed 

landscape. Plots were then placed in the natural ecosystems adjacent to Suncor, referred 

to as “forest” plots and in the interior of the reclamation referred to as “interior” plots. For 

this study “forest” plots referred to undisturbed natural ecosystems adjacent to Suncor’s 

reclaimed landscapes and included both upland and wetlands plots. 

This formed a series of plots running perpendicular to the forest edge. These 

“triple transect” were placed at locations where (a) reclamation abutted undisturbed 

forest, (b) the size of the reclamation allowed paired plots at the forest and edge, and (c) 

where reclamation extended out a sufficient distance to allow for placement of an interior 

plot at 100 m from the forest edge. UTM coordinates for the beginning and end of each 

transect are listed in Appendix A2. Locations with construction, erosion or where 100 m 

fell on a road or other disturbance were excluded. All possible locations for triplet 

transects were exhausted. One hundred and thirty triplet transects were surveyed for a 

total of 390 plots. Triple transects were located in six reclamation areas: Tar Island Dyke, 

Steepbank North Dump, ML3, Original Sandpit area, Steepbank Access Road and 

Reclamation Area #8. Four locations were surveyed on the east side of the river and two 

on the west side. Fewer sites were available on the older west side as most of the original 

forest had been removed. Generally reclamation is constructed on berms (Figure 7). This 

placed the 100 m interior plots on slopes above the forest for four locations, across the 

slope at Tar Island Dyke and only at the Sandpit Area was 100 m on level ground 

(Appendix A4 and Appendix A5). 
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Figure 7. Schematic diagram showing the location of triple transect plots (forest, edge 
and interior) in relationship to typical oil sands topography 

 

Presence/absence counts were summed for species observed in forest, edge and 

interior plots along the same transect. Positive associations between locations were 

analyzed using a Fisher Exact Test. Risk ratios were calculated for those species with 

positive association. Carex ingress, should it be occurring, would be inferred from the 

relationship between risk ratios and the number of associations in relationship to the total 

number of species observed in the triplets.  

3.5.1 Carex Ingress by Reclamation Area 

As a further test, the triple transect data was compiled on the presence or absence 

of species by reclamation area (six locations) instead of the 130 individual transects. This 

examination tests the assumption that Carex do not necessarily migrate out perpendicular 

to the forest edge. For example, moisture loving Carex will follow a depression and dry 

site Carex will follow a meandering ridge, both of which may not run perpendicular to the 

forest edge. Data from the six locations were further subdivided into two groups: forest 

plots and reclaimed landscape plots (i.e., interior and edge plots combined) for a total of 
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130 and 260 plots, respectively, and divided into three conditions. The three conditions 

examined were (1) the number of species potentially contributing seed (present in the 

forest and present in reclamation = potential ingress), (2) the number of species not 

attributing seed (present in the forest and not found in reclamation = no ingress), and (3) 

no seed source (not present in forest, but found in reclamation = soil seed bank). The 

results from each condition are then summed and presented on a bar graph.  

3.5.2 Carex Ingress from Edge Plots to Interior Reclamation 

It could be argued that the species observed in the edge plots demonstrate the 

first phase of ingress onto reclaimed landscapes and because of short dispersal distance, 

Carex have not had sufficient time to ingress to interior plots. To examine this argument, 

species from forest and edge plots were combined and compared to the species present in 

interior plots. Data from the six triplet areas were divided into two groups: potential donor 

(forest and edge plots combined) and interior plots for a total of 260 and 130 plots, 

respectively, and divided into three conditions. The three conditions examined were (1) 

the number of species potentially contributing seed (present in the forest/edge and present 

in interior = potential ingress), (2) the number of species not attributing seed (present in 

the forest/edge and not found in interior = no ingress), and (3) no seed source (not present 

in forest and edge, but found in interior = soil seed bank). The results from each condition 

are then summed and presented on a bar graph. 

3.6 Data Analysis 

Both exploratory (descriptive) and analytical statistics were employed to analyze 

variables. Counts of species richness and rare plants, and analysis of simple trends were 

compiled using Microsoft Excel TM pivot tables. Dot graphs were generated using SPSSTM 



METHODS 71 
 

 

version 18.0 and bar graphs created with Excel. All statistical tests were performed using 

the statistical program R (Version 2.10.0, 2009).  

All data were tested for normality using Shapiro-Wilk Normality Test. Due to 

the large number of plots with no Carex observations, distributions were skewed to the 

right. Consequently non-parametric statistics were used. For objectives 1 and 2 (Carex 

establishment in the natural ecosystems and on reclaimed landscapes, respectively) the 

significant difference between treatment groups was analyzed using the One-way 

Permutation Test, Fisher Rank Sum Test and Wilcox Exact Test in the package R (R 

Development Core Team, 2009). Elizinga, Salzer & Willoughby (1998, p. 255) note plant 

population with positive skewed distributions should be compared using the median 

rather than the mean as a measure of central tendency. Therefore, this study uses median 

as a measure of central tendency, for data with skewed distributions and for comparisons 

involving more than two conditions. Where only two conditions are present and the 

sample size is large, the mean was used as a measure of central tendency. For objective 3 

(Carex ingress), associations generated from contingency tables were analyzed using 

Fisher Exact Test (Meyer, Zeileis & Hornik, 2009). Figure 8 summarizes the types of 

analyses completed for each objective.  
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To determine if significant relationships exist between forest, edge or interior 

reclamation areas, observed frequencies were summed for a 2 x 2 contingency tables for 

each species and analyzed using the Fisher Exact Test. Where significant relationships 

existed, risk ratios (Milton, 1999) were calculated to determine the magnitude of the 

relationship. Risk ratios were generated for each potential association:  

 forest to edge and edge to forest; 

 edge to interior and interior to edge; and 

 forest to interior and interior to forest. 

Confidence intervals for risk ratios were generated using Vassar Stats TM. 

Confidence intervals provide an estimate of the precision of the results or in other words, 

how certain the risk ratio represents the genuine effect. The more narrow the confidence 

interval the more precise the results. 
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4 CHAPTER FOUR: RESULTS & DISCUSSION 

4.1 Objective 1 Carex Establishment in Natural Ecosystems 

4.1.1 Diversity Variables  

Results for diversity variables: species richness, percent cover and the presence 

of rare plants are presented for the 1,441 natural ecosystem plots (Table 6). A total of 51 

Carex species were recorded. The average percent cover in plots where Carex were 

present was 5.1%. The maximum and minimum percent cover obtained by any one 

species in a single plot varied from a maximum of 90% to a minimum of 0.05%. Carex 

with the greatest average percent cover in order of rank from highest to lowest were: 

Carex duriuscula, C. lasiocarpa, C. atherodes, C. aquatilis and C. utriculata. Of these, all 

were wetland species except Carex duriuscula, which was found in dry boreal grasslands, 

consistent with the habitat description in Flora of North America (Reznicek & Catling, 

2002, p. 305). Two rare species were recorded in the Golder database, Carex lenticularis 

and Carex oligosperma. 

Carex with the highest percent cover did not have the highest number of 

observations. The five most common species, as ranked by the number of plots where the 

species was observed, were from highest to lowest: Carex aquatilis, C. disperma, C. 

diandra, C. limosa and C. paupercula. All five were wetland species, reflecting the high 

cover (45%) of wetland habitat in the area (Downing & Pettapiece, 2006, p. 139).  
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Table 6. Summary of Diversity Variables for Natural Ecosystem of the Oil Sands Region 

Species 
Number of 

observations 
Average percent 

cover 
Maximum 

cover 
Minimum 

cover 
Rare 

species 
Carex aenea 14 3.2 35 0.05 - 
Carex aquatilis 312 17.8 90 0.05 - 
Carex atherodes 17 18.9 75 0.5 - 
Carex aurea 2 0.8 1 0.5 - 
Carex backii 1 0.5 0.5 0.5 - 
Carex bebbii 10 5.3 30 0.5 - 
Carex brunnescens 8 1.8 5 0.5 - 
Carex canescens 44 2.0 30 0.5 - 
Carex capillaris 11 2.1 10 0.05 - 
Carex chordorrhiza 59 6.9 45 0.05 - 
Carex concinna 16 2.1 10 0.5 - 
Carex crawfordii 1 0.5 0.5 0.5 - 
Carex deflexa 4 0.8 1 0.5 - 
Carex deweyana 5 1.8 7 0.05 - 
Carex diandra 105 12.5 75 0.05 - 
Carex disperma 136 2.2 25 0.05 - 
Carex duriuscula  3 27.5 67 0.5 - 
Carex gynocrates 46 2.2 30 0.05 - 
Carex houghtoniana 2 1.0 1 1 - 
Carex inops 5 5.3 15 0.5 - 
Carex interior 26 2.4 20 0.05 - 
Carex lacustris 1 1.0 1 1 - 
Carex lasiocarpa 26 27.3 85 0.05 - 
Carex leptalea 27 0.8 5 0.05 - 
Carex limosa 99 5.4 35 0.05 - 
Carex lenticularis  1 5.0 5 5 Yes 
Carex livida 6 4.4 10 0.05 - 
Carex loliacea 2 0.5 0.5 0.5 - 
Carex media 1 0.5 0.5 0.5 - 
Carex obtusata 6 11.9 39 0.5 - 
Carex oligosperma 6 12.2 25 1 Yes 
Carex pachystachya 2 5.0 5 5 - 
Carex pauciflora 11 3.0 10 0.5 - 
Carex paupercula 78 3.9 30 0.5 - 
Carex parryana 1 1.0 1 1 - 
Carex peckii 2 0.5 0.5 0.5 - 
Carex prairea 5 10.6 40 0.5 - 
Carex praticola 1 3.0 3 3 - 
Carex pseudocyperus 3 1.2 2 0.5 - 
Carex retrorsa 1 0.5 0.5 0.5 - 
Carex richardsonii 4 0.6 1 0.5 - 
Carex rossii 3 0.8 1 0.5 - 
Carex rostrata 8 12.3 35 0.05 - 
Carex sartwellii 16 2.3 5 0.5 - 
Carex siccata 29 1.7 15 0.5 - 
Carex tenuiflora 51 1.7 15 0.05 - 
Carex trisperma 8 2.1 8 0.05 - 
Carex utriculata 44 14.6 60 0.5 - 
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Table 6 (continued). Summary of Diversity Indicators for Natural Ecosystem Carex 
species  

Species 
Sample 
size (n)1 

Average Percent 
cover Maximum cover 

Minimum 
cover 

Rare 
species 

Carex vaginata 42 3.5 40 0.05 - 
Carex viridula 6 0.9 2 0.5 - 
Carex spp. 123 5.2 70 0.05 - 

    
Total Species 51 Mean % cover 8.3 Two rare species 

Total plots surveyed 1461     
1 The number of plots containing the species observed. Species with the highest percent cover are highlighted in gray. 
A dash (-) indicates the species is not a rare plant. 

 
In addition to the Golder database, additional sources were checked to compile a 

comprehensive list of Carex species known to occur in the oil sands region (Appendix B-

1). Five rare species are listed in the Alberta Conservation Information Management 

System rare plant database for the oil sand region, three of which were not included in the 

Golder database, Carex adusta, C. heleonastes and C. umbellata (ACIMS, 2010b). The 

Alberta Biodiversity Monitoring Institute documented 22 species in the oil sands region; 

no additional species were documented as a result of this search (Alberta Biodiversity 

Monitoring Institute, 2010). The Cumulative Environmental Management Association 

maintains a database of long term monitoring plots in the oil sands region. No additional 

species were found in the database. However one additional species, Carex scirpoidea, 

was found in the reclamation plots, suggesting that a seed source is present in the oil sands 

region (see also Appendix B-1). A literature search of oil sands Environmental Impact 

Assessments brought the total number of known species in the natural forest of the oil 

sands region to 66 (Appendix B-1). 
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4.1.2 Habitat Variables  

4.1.2.1 Moisture Regime 

The mean species richness for each moisture category (Appendix C-1) was: 1.9 

(wet), 0.38 (mesic) and 0.26 (dry); the mean percent cover for each moisture category 

was: 18.5% (wet), 1.8% (mesic) and 0.9% (dry). Results of the One-way Permutation Test 

(Appendix C-1) indicated that there was a significant difference between moisture 

categories for both mean species richness (p-value = <0.0005) and mean percent cover (p-

value= <0.0005). The wet category was significantly different from the mesic and dry 

categories for both species richness and percent cover. Mesic and dry categories were not 

significantly different. This indicates that there are significantly more species and in 

greater abundance in areas of wet moisture regimes than mesic or dry moisture regimes 

within the natural ecosystems of the oil sands region. Species richness and abundance was 

similar between mesic and dry moisture regimes. 

Dot plot analysis shows the range of moisture categories associated with each 

Carex species (Figure 9). Twenty-one species had narrow moisture ranges. The 

percentage of species with modes in each moisture category was: 63% wet, 22% 

intermediate and 14% in dry (Appendix C-2).  

The number of species that were associated with intermediate to dry conditions, 

or were obligate to dry locations, illustrates the wide habitat diversity of this Genus. Carex 

with narrow moisture ranges (three or fewer adjacent moisture categories) are highlighted 

in Figure 9 by a dotted line. While some species had wider ranges than others, no one 

species was observed in all moisture categories. The high number of species associated 

with wet habitats reflects the high (45%) cover of wetlands in the region (Downing &  
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Note. Carex species with a narrow moisture tolerance range (three or less adjacent moisture categories) are marked with a solid line. Species with >30 
observations and thus some degree of confidence are marked with a star (). Outliers have been removed (see Appendix B-2). 

 

Figure 9. Moisture categories associated with Carex species observed in natural ecosystems of the oil sands region 
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Pettapiece, 2006, p. 139). Nine species were obligate to wet habitat regimes (hygric to 

aquatic) where the water level was at or above ground level for most of the year 

(Beckingham &Archibald, 1996, A16-13): Carex crawfordii, C. lipocarpa, C. lacustris, 

C. loliacea, C. oligosperma, C. pauciflora, C. prairea, C. pseudocyperus and C. retrorsa.  

This is consistent with the habitat descriptions in Looman & Best (1979) and 

Packer (2000). At the opposite end of the moisture regime scale, 16 species were 

associated with dry conditions subxeric to very xeric. Of these, two species Carex 

duriuscula and Carex rossii were obligate to dry sites. This is consistent with the dry 

slopes and dry grassland habitat descriptions in Ball, Reznicek & Murray, (2002, p. 305 & 

536) and Looman & Best (1979, p 227 & 229). Only Carex siccata was found in the ‘very 

xeric’ moisture regime.  

In conclusion, Carex species in intermediate and dry moisture regimes would be 

best suited for reclaimed upland landscapes. Carex associated with wet habitats are best 

suited for reclaimed wetland landscapes. The genus Carex had members in all class 

moisture classes, but no one species was associated with all moisture regimes. 

4.1.2.2 Slope (steepness) natural ecosystems 

The mean species richness for each slope category (Appendix C-1) was: 1.0 

(level), 0.1 (low) and 1.1 (steep); the mean percent cover for each slope category was: 

8.4% (level), 0.3% (low) and 10.2% (steep). Results of the One-way Permutation Test 

(Appendix C-1) indicated that there was a significant difference between slope categories 

for both mean species richness (p-value = 0.001) and mean percent cover (p-value = 

0.025). In natural ecosystems, areas with low slope had significantly lower species 

richness and abundance than areas with level or steep slopes. Species richness and  
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abundance was similar between level and steep locations within the oil sands region.  

Dot plot analysis shows the range of slopes associated with each Carex species 

(Figure 10). The data showed that most Carex in natural ecosystems occurred on slopes 

less than 10 % (i.e., level slope class). The one species associated with slopes from 10 to 

29 % was C. siccata. Five species were associated with slopes greater than 30 %: Carex 

siccata, C. rossii and C. obtusata as well as the two obligate boreal grassland species, 

Carex duriuscula and C. inops. Results for natural ecosystem slope categories are 

presented in Appendix C-3.  

Slope positions associated with specific Carex species are rarely described in 

literature. A literature search produced only slope descriptions for a few species on very 

steep slopes or alpine locations. Carex duriuscula inhabits boreal grassland slopes and dry 

bluffs (Johnson, Kershaw, McKinnon & Pojar, 1995, p. 231); Carex rossii on dry slopes 

in the boreal forest (Looman & Best, 1979, p. 227); Carex obtusata inhabits slopes to 

48% in montane and subalpine regions with Carex cover to 20% (Allen, 2009, p. 84); 

Carex inops inhabits slopes as steep as 80% in southern Alberta (Alberta Sustainable 

Resource Development, 2003); and Carex siccata is found on sandy or dune slopes 

(Allen, 2009; p. 37, 40 & 61). The Alberta Biodiversity Monitoring Institute’s database 

(2010) records 22 species on level to 10% slopes. No references were found in this 

database for Carex on slopes between 11and 30%.  

In conclusion, Carex had higher species richness and abundance on level areas, 

followed by steep area. Areas with gentler slopes had the lowest richness and abundance. 

Carex species in Figure 10, associated with slopes greater than 10% (i.e., low and steep) 

would be best suited for reclamation of upland sites. 
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Note. Carex species with narrow slope tolerance ranges (one slope class) are marked with a solid line. Species with >30 observations and thus some degree of 
confidence are marked with a star (). Outliers have been removed (see Appendix B-2). 
Figure 10. Slope categories associated with Carex species observed in natural ecosystems of the oil sands region 
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4.1.2.3 Aspect natural ecosystems 

The mean species richness for each aspect category (Appendix C-1) was: 0.3 

(north), 0.1(east), 0.8 (south), 0.3 (west) and 6.8 (no aspect or level topography); the mean 

percent cover for each aspect category was: 2.5% (north), 0.1% (east), 3.0% (south), 0.5% 

(west) and 10.7% (no aspect). Results of the One-way Permutation Test (Appendix C-1) 

indicated that there was a significant difference between aspect categories for both mean 

species richness (p-value = <0.0005) and mean percent cover (p-value= <0.0005). The ‘no 

aspect’ (level) class had significantly higher species richness and percent cover than all 

other aspect categories. There was no significant difference between other aspect 

categories.  

Dot plot analysis shows the range of aspects associated with each Carex species 

(Figure 11). The majority of Carex species were associated with the no aspect category. 

Three species were associated exclusively with south aspects.  

 The mode for each Carex species was examined; 41 of the 51 Carex species had 

modes in the ‘no aspect’ category (Appendix C-4). This is consistent with the relatively 

greater amount of level wetlands in the region. Two Carex species had modes in the west 

aspect category, Carex houghtoniana and C. richardsonii, although the samples size for 

both was low, n=2 and n=4, respectively; four species had modes in the south aspect class, 

Carex duriuscula, C. inops, C. obtusata and C, rossii (Appendix C-4). Carex duriuscula, 

C. inops and C. obtusata are obligate to boreal grassland. Three species were found in all 

aspect categories except south facing: Carex aquatilis, C. canescens and C. vaginata. 

Only Carex siccata and C. disperma were found in all five aspect categories. 
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Note. Species with narrow aspect tolerance ranges (one aspect class) are marked with a solid line. Species with >30 observations and thus some degree of 
confidence are marked with a star (). Outliers have been removed (see Appendix B-2). 
Figure 11. Aspect categories associated with Carex species observed in natural ecosystems of the oil sands region
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Southerly aspects are drier and have a high vegetation growth limitation (Alberta 

Environment, 2006, p. 35). Dry areas are often problematic for establishing vegetation 

and lack of vegetation can increase erosion. The four species with modes in the south 

aspect class: Carex duriuscula, C. inops, C. obtusata and C, rossii (Appendix C-4), 

suggests these species are more adapted to the drier south aspect. 

In conclusion, the greatest Carex diversity and abundance was associated with 

level topography and in the oil sands region this is primarily associated with the water 

saturated wetland plant communities (Section 3.1.1). The four species associated with 

southerly exposures would be best suited on reclaimed landscapes with south aspects. 

Additionally, as south aspect tend to be drier, these species could be beneficial for 

establishing cover on drier reclaimed landscapes. 

4.1.2.4 Ecosite classification 

The Central Mixedwood Subregion included 49 Carex species. Modes for most 

Carex (31 of the 49) species showed greater association with wetland ecosites. Sample 

size was small for upland forest, boreal grasslands and disturbed ecosites and therefore 

less confidence is placed on the reporting of these. Three Carex species preferred forested 

ecosites, five including two obligates are found in the dry, south facing, steep sloped 

boreal grasslands and six preferred regenerating burns. The dataset did not include the age 

of regenerating burns. The habitat distribution of Carex species in natural ecosystems is 

presented in Appendix C-5. General habitat is summarized in Table 7.  
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Table 7. General Habitat Distribution of Carex Species Observed in the Natural Ecosystems of the Boreal Mixedwood Subregions 
  Upland forest         Fen          Bog       Marsh      Swamp Boreal grassland    Clearcut 

Carex aenea Carex aquatilis Carex aquatilis Carex aquatilis Carex aquatilis Carex duriuscula Carex backii 
Carex bebbii Carex atherodes Carex brunnescens Carex atherodes Carex atherodes Carex inops Carex houghtoniana 
Carex brunnescens Carex bebbii Carex canescens Carex bebbii Carex canescens Carex obtusata Carex retrorsa 
Carex canescens Carex capillaris Carex capillaris Carex brunnescens Carex capillaris Carex rossii  
Carex capillaris Carex chordorrhiza Carex chordorrhiza Carex chordorrhiza Carex chordorrhiza Carex siccata  
Carex concinna Carex crawfordii Carex diandra Carex disperma Carex disperma   
Carex deflexa Carex deflexa Carex disperma Carex lasiocarpa Carex gynocrates   
Carex deweyana Carex diandra Carex gynocrates Carex paupercula Carex leptalea   
Carex disperma Carex disperma Carex limosa Carex pseudocyperus Carex limosa   
Carex inops Carex gynocrates Carex pauciflora Carex sartwellii Carex paupercula   
Carex leptalea Carex interior Carex paupercula Carex tenuiflora Carex tenuiflora   
Carex media Carex lacustris Carex tenuiflora Carex utriculata Carex trisperma   
Carex peckii Carex lasiocarpa Carex utriculata  Carex utriculata   
Carex siccata Carex limosa Carex vaginata  Carex vaginata   
Carex utriculata Carex lenticularis   Carex viridula   
Carex vaginata Carex livida      
 Carex loliacea      
 Carex oligosperma      
 Carex pachystachya      
 Carex pauciflora      
 Carex paupercula      
 Carex prairea      
 Carex rostrata      
 Carex sartwellii      
 Carex tenuiflora      
 Carex trisperma      
 Carex utriculata      
 Carex vaginata      
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4.2 Objective 2 Carex Establishment on Suncor’s Reclaimed Landscapes 

4.2.1 Diversity Variables 

Results for diversity variables: species richness, abundance, as well as the 

presence of rare plants are presented for the 564 reclamation plots (Table 8). A total of 37 

Carex species were found on Suncor’s reclaimed landscapes. Six species were found on 

Suncor’s reclaimed landscapes that were not reported in the natural ecosystem dataset: 

Carex adusta, C. atrosquama, C. raymondii, C. sychnocephala, C. tonsa and C. 

umbellata. Of these, Carex adusta and C. umbellata are both reported in the ACIMS rare 

plant database for the oil sands region (ACIMS, 2010).   

In Alberta, Carex adusta has been ranked S1, the provinces’ rarest ranking. 

Previously it has been confirmed at Suncor’s Millennium Lodge in 2005. A second 

location was confirmed on Suncor’s reclamation area SB9 in 2007. The locations of these 

two occurrences are discussed in (Appendix D-1).  

Carex atrosquama is reported only as far north as Edmonton on distribution 

maps in Flora of Alberta (Packer, 2000, p. 624). However, this species is reported in 

Alaska and the Northwest Territories (Porsild & Cody, 1980. Therefore, it seems 

reasonable to assume it could be in the oil sands region as well. Carex atrosquama was 

found in five plots at SB17 (SE overburden dump) in an area recently reclaimed with 

upland forest soil in 2007. At the time of the survey, vegetation in SB17 was in the second 

year of growth. Therefore, plants were young and likely flowering for the first time. Due 

to the young age of the plants, variable morphological features and the fact that it has not 

been reported in this area, less confidence is placed on the identification of Carex 

atrosquama.  
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Table 8. Summary of Diversity Variables for Suncor’s Reclaimed Landscapes  

Species Number of 
observations 

Average 
percent cover 

Max percent 
cover 

Min percent 
cover 

Rare 
species 

Carex adusta 1 0.2 0.2 0.2 yes 
Carex aenea 100 1.5 40.0 0.2 - 
Carex aquatilis 166 16.6 90.0 0.2 - 
Carex atherodes  34 11.7 70.0 0.2 - 
Carex atrosquama 5 0.3 0.5 0.2 - 
Carex aurea 33 0.5 1.0 0.2 - 
Carex backii 7 0.2 0.5 0.2 - 
Carex bebbii 29 0.6 4.0 0.2 - 
Carex brunnescens 13 1.3 10.0 0.2 - 
Carex canescens 17 0.3 1.0 0.2 - 
Carex capillaris 5 0.4 0.5 0.2 - 
Carex concinna 34 0.9 10.0 0.2 - 
Carex crawfordii 3 0.2 0.2 0.2 - 
Carex deflexa 13 0.4 2.0 0.2 - 
Carex deweyana 41 0.8 3.0 0.2 - 
Carex diandra 47 5.0 40.0 0.2 - 
Carex disperma 50 0.6 3.0 0.2 - 
Carex gynocrates 1 0.2 0.2 0.2 - 
Carex houghtoniana 9 2.2 15.0 0.2 - 
Carex leptalea 8 0.3 1.0 0.2 - 
Carex media 40 0.5 3.0 0.2 - 
Carex paupercula 1 0.2 0.2 0.2 - 
Carex peckii 8 0.3 0.5 0.2 - 
Carex prairea 3 0.4 0.5 0.2 - 
Carex praticola 3 1.8 5.0 0.2 - 
Carex pseudocyperus 15 1.4 6.0 0.5 - 
Carex raymondii 12 0.9 4.0 0.2 - 
Carex richardsonii 1 0.2 0.2 0.2 - 
Carex rossii 13 0.6 4.0 0.2 - 
Carex sartwellii 2 0.5 0.5 0.5 - 
Carex siccata 108 4.4 40.0 0.2 - 
Carex sychnocephala 1 0.2 0.2 0.2 - 
Carex tenuiflora 2 0.2 0.2 0.2 - 
Carex tonsa 2 0.5 0.5 0.5 - 
Carex umbellata 17 0.3 1.0 0.2 yes 
Carex utriculata 60 13.3 44.0 0.2 - 
Carex vaginata 11 0.8 3.0 0.2 - 
Carex spp. 19 0.3 0.5 0.2 - 
Total Species  37 Mean % cover 5.4 Two rare species 
Total plots surveyed 694     
Note. Shaded cells show the top five species in each category. 
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Carex raymondii is illustrated in species distribution maps in Flora of Alberta as 

been present in the oil sands region (Packer, 2000, p. 627). This species is reported as 

growing sporadically across the western boreal forest (Johnson, Kershaw, MacKinnon & 

Pojar, 1995, p. 239). In this author’s opinion, Carex raymondii is common in the region 

and the fact that it is not reported in the natural ecosystem dataset suggests it is 

underreported.  

Carex sychnocephala is illustrated in distribution maps in Flora of Alberta, with 

locations both north and south of the oil sands region. Therefore, it is reasonable to 

assume the species could be present in the oil sands region as well. Identification of this 

species was confirmed by Dr. Peter Ball, University of Toronto (Professor Emeritus).  

Carex tonsa is common in dry sandy jack pine habitats in the Fort Hills area. 

This area was not covered in Golder’s database. Specimens from the Fort Hills area were 

sent in 2005 to Dr. Bruce Ford (University of Manitoba herbarium) who confirmed the 

specimens as Carex tonsa.  

Carex umbellata was found in 17 plots at SB17 (SE overburden dump). Carex 

umbellata is another rare species ranked S2 and reported in the oil sands region in the Fort 

Hills area (ACIMS, 2010). Carex umbellata closely resembles the more common Carex 

tonsa from which it was recently split. It is differentiate by its more herbaceous leaves and 

hairy perigynia, in contrast to Carex tonsa with short roughened leaves and perigynia with 

few hairs. Plants at SB17 matched the morphological features of Carex umbellata. Close-

up photos of the plants at SB17 are presented in Appendix D-1. Less confidence is placed 

on the identification of Carex umbellata than for other species. Follow up is required to 
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confirm identification. Appendix D-2 shows the location of rare plants found on Suncor’s 

lease. 

Missing from Suncor’s reclaimed landscapes were 18 species present in the 

natural ecosystem data and four additional species known to occur in this area, for a total 

of 22 species (Table 9). The lack of bog and fen habitat in reclamation, accounts for 12 of 

the missing Carex species. Suncor is in the process of developing bog and fen habitat 

(Daly, 2010). There is a greater likelihood that these species will be observed on 

reclaimed landscapes once these habitats are established. Of the five marsh species 

missing, one is rare (i.e., Carex lacustris) and therefore has specific habitat requirements. 

A small population of Carex lacustris is found in Shipyard Lake, a natural waterbody 

adjacent to Suncor (Golder, 2007). Another missing species was Carex retrorsa. A small 

population of Carex retrorsa was observed on Suncor’s reclaimed landscape along a 

drainage ditch at SB7. This location was not associated with a plot and therefore not 

captured in the Suncor data. In the oil sands region, this species is associated with flowing 

water (author’s personnel knowledge). The lack of flowing water may account for the low 

representation on Suncor’s reclaimed landscapes. The remaining wetland species are 

uncommon, as noted by the low or missing representation in the natural ecosystems 

dataset (Table 6).  
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Table 9. Habitats of Carex Species Identified in the Oil Sands Region and Not Observed 
on Suncor`s Reclaimed Landscapes  

Species name 
Natural 

ecosystems1 
Rare 

Bog or 
Fen 

(peat) 

Marshes, 
shorelines 
& streams 

Moist 
areas 

Saline 
wetlands 

Boreal 
grasslands 

Open 
woods 

Carex chordorrhiza x 
 

x 
   

 
 

Carex duriuscula x 
     

x 
 

Carex inops2 x 
     

x 
 

Carex interior x 
 

x 
   

 
 

Carex lacustris x x 
 

x 
  

 
 

Carex lasiocarpa x 
 

x 
   

 
 

Carex lenticularis3 x 
  

x 
  

 
 

Carex limosa x 
 

x 
   

 
 

Carex livida x 
 

x 
   

 
 

Carex loliacea x 
 

x 
 

x 
 

 
 

Carex obtusata x 
     

x 
 

Carex oligosperma x x x 
   

 
 

Carex pachystachya x 
 

x 
 

x 
 

 
 

Carex parryana x 
   

x 
 

 
 

Carex pauciflora x 
 

x 
   

 
 

Carex praegracilis(4) 
     

x  
 

Care retrorsa x 
  

x x 
 

 
 

Carex rostrata x 
 

x 
   

 
 

Carex scirpoidea(4, 5) 
  

x x 
  

 
 

Carex sprengelii (5, 6) 
    

x 
 

 x 

Carex stipata (5) 
   

x 
  

 
 

Carex trisperma x 
 

x x x 
 

 
 

Carex viridula x 
  

x x 
 

 
 

Note. Habitat delineation from: Natural Ecosystem dataset (Golder, 2009); Flora of Alberta (Packer, 1994); Budd`s 
flora of the Canadian prairie provinces (Looman & Best, 1979); Plants of Northern British Columbia 
(MacKinnon, Pojar & Coupe, 1992) and Carex in Saskatchewan (Hudson, 1977). 

1 Natural Ecosystem dataset (Golder, 2009), see also section 3.2.1. 
2 Carex inops subsp. heliophila. 
3 Carex lenticularis var. lipocarpa.  
4 LTPN data (Donald, 2010). 
5 Personal observations (see Appendix G). 
6 True North Energy (2001, B-6, p. 9) 

 

Some upland species were also missing from reclamation. Three missing upland 

species are obligate to boreal grasslands: Carex duriuscula, C. inops and C. obtusata, 

even though boreal grasslands were identified less than 500 m from Suncor’s reclamation. 

As noted in Section 4.1 these species are tolerant of dry sleep slopes on south aspects, 

matching some problematic reclamation conditions and therefore could be beneficial to 
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reclamation. These species typically reproduce by vegetative clones and produce few seed 

and this low seed production may account for their absence on reclaimed landscapes. One 

further upland species Carex sprengelii, is uncommon in the oil sands region. This species 

was found in mature, moist open aspen stands on MacDonald Island within the town site 

of Fort McMurray, consistent with descriptions in Parker (2000, p. 153) and Looman & 

Best (1979, p. 229). Therefore, it may require mature forests for successful establishment 

on reclaimed landscapes. Table 8 summarizes the habitats of all 23 species identified in 

the oil sands region and missing from reclamation plots.  

Average percent cover in plots where Carex were present is 1.9%. The maximum 

and minimum percent cover obtained by any one species in a single plot varied from a 

maximum of 90% to a minimum of 0.2% (Table 9). Carex with the greatest percent cover 

in order of rank from highest to lowest were: Carex aquatilis, C. atherodes, C. utriculata, 

C. diandra and C. disperma. The first four are wetland species and the latter of moist 

forest.  

Similar to the natural ecosystem results, Carex with the highest percent cover did 

not necessarily have the highest number of observations. The five most common species 

as ranked by the number of plots where the species was observed were from highest to 

lowest: Carex aquatilis, C. siccata, C. aenea, C. utriculata and C. disperma. Of these, 

Carex aquatilis and C. utriculata are typically wetland species, Carex disperma is a moist 

forest species, while Carex siccata and C. aenea inhabit drier upland habitats.  
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4.2.2 Habitat Variables  

4.2.2.1 Moisture Regime 

The mean species richness for each moisture category (Appendix D-3) was: 3.1 

(wet), 1.5 (mesic) and 0.7 (dry), the mean percent cover for each moisture category was 

41.0 % (wet), 3.8% (mesic) and 1.8% (dry). Results of the One-way Permutation Test 

(Appendix D-3) indicated that there was a significant difference between moisture 

categories for mean species richness (p-value = 1.874E-13) and mean percent cover (p-

value = <0.0005). The wet category had significantly higher species richness and percent 

cover than mesic and dry categories. This suggests that on Suncor’s reclaimed landscapes 

the greatest Carex richness and abundance occurs on wetter soils.  

Dot plot analysis shows the range of moisture regimes associated with each Carex 

species (Figure 12). Fourteen species appeared to have narrow moisture ranges (i.e., three 

or less adjacent moisture regimes). Most species were associated with wet or mesic 

moisture regimes.  

The percentage of species with modes in each moisture category was: 24% wet, 

70% intermediate and 5% in dry (Appendix D-4). Only one species Carex rossii had a 

mode in the dry category. Generally species ranged one or two moisture regimes on either 

side of the mode 
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Note. Carex species with narrow moisture tolerance ranges (three or less moisture regime category) are marked with a solid line. Species with >30 
observations and thus some degree of confidence are marked with a star (). 

  Figure 12. Moisture categories associated with Carex species observed on Suncor`s reclaimed landscapes
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Carex species in intermediate and dry moisture regimes would be best suited for 

upland reclaimed landscapes, while those in wetter moisture regimes are best suited for 

reclaimed wetland landscapes. The higher number of species with modes in the 

intermediate moisture category, (i.e., 70% on Suncor’s reclaimed landscapes compare to 

22% in natural ecosystems), appears reflective of the drier upland habitats associated with 

Suncor’s reclaimed landscapes. However, the low number of species with modes in the 

dry moisture category, 5% on Suncor’s reclaimed landscape compared to 14% in natural 

ecosystems suggests these species are under-represented on reclaimed landscapes and 

Suncor’s reclaimed landscape may be improved by the addition of these species. 

Carex adusta was found in one reclaimed landscape plot at SB17 (Southeast 

overburden dump) with a moisture regime of subhygric. This moisture regime is likely 

outside its normal moisture tolerance. Due to the rare status of this species all 

observations were recorded regardless of whether they were in a plot or not. Carex adusta 

was observed at Suncor at SB9 (n=1 plant) and at ML 3 (n=7) in 30 m2 area on hillside of 

sand and lean oil sands (Appendix D-1 and G-1). Carex adusta clumps at ML 3 appeared 

robust and in good vigour. This location had a xeric moisture regime with very low 

competition from other species. The xeric conditions recorded for this observations are 

consistent with published floras, Looman and Best state “not common, dry, usually sandy, 

soil” (1979, p. 201). The Flora of Saskatchewan records “this species is confined in 

Saskatchewan to sandy disturbed areas in the boreal forest zone (Hudson, 1977, p. 37). 

This suggests this one Carex adusta observation at SB17 was likely outside its normal 

moisture range, not because it cannot thrive in the moist condition, but likely it is 

outcompeted by other species. All nine Carex adusta observations were included in 
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Figure 12 for a more complete assessment of the moisture regimes associated with this 

species.  

Ten species, (including two wetland species) had wide moisture ranges (i.e., 

greater than six adjacent moisture categories). Carex species with wide moisture ranges 

were: Carex aenea, C. aquatilis, C. aurea, C. bebbii, C. canescens, C. concinna, C. 

disperma, C. media, C. siccata and C. utriculata. Carex species with wide moisture 

regimes would be beneficial on recently reclaimed landscapes, where predicting the future 

moisture regime may be difficult.  

The wide moisture ranges of Carex aquatilis, C. aurea, C. disperma, C. media 

and C. siccata on reclaimed landscapes (Figure 12) compared to natural ecosystems 

(Figure 9), suggest that Carex can tolerate drier conditions than normal if they do not have 

to compete with other vegetation for available moisture. A literature search did not reveal 

any discussion on whether Carex tolerance ranges increase with lack of competition. The 

low competition from other species inherent to newly reclaimed landscapes may allow 

Carex species to establish and inhabit moisture conditions they normal could not. Whether 

this initial foothold allows them to compete in the long term is unknown.  

Especially valuable to reclaimed landscapes are the upland species with wide 

moisture ranges: Carex aenea, C. concinna and C. siccata. As noted in the next section 

these species are also tolerant of steep slopes. The rhizomatic Carex siccata (Figure 13) 

can have percent covers greater than 15% where exposed sand exceeds 60% (Allen, 

2009). Therefore it is not surprising that this species has the third highest observation and 

fifth highest mean cover on Suncor’s reclaimed landscapes (Table 9). The long rhizomes 

of this species form a network that bind the soil surface.  
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Figure 13. The rhizomatic Carex siccata observed on the Boundary Exclusion Dyke 

 

In conclusion, on Suncor’s reclaimed landscapes Carex species richness and 

abundance was higher on saturated soils than moist or drier soils. Some Carex species 

were associated with drier conditions on reclamation than in natural ecosystems. The low 

competition from other species inherent to newly reclaimed landscapes, may allow Carex 

species to establish and inhabit moisture regimes outside their typical range. Further study 

is needed. Species adapted to dry moisture classes may be underrepresented on 

reclamation and reclamation may be improved by the addition of these species. The 

ability of some species like Carex siccata to inhabit dry areas and stabilize slopes may be 

beneficial to areas prone to erosion. 

4.2.2.2 Slope (steepness) 

The mean species richness for each slope category (Appendix D-3) was: 1.2 

(level), 2.5 (low) and 0.4 (steep); the mean percent cover for each slope category was: 

1.2% (level), 2.5% (low) and 0.4% (steep). Results of the One-way Permutation Test 
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(Appendix D-3) indicated that there was a significant difference between slope categories 

for mean species richness (p-value = <0.0005) and mean percent cover (p-value= 2.998E-

15). The level category had significantly higher species richness and percent cover than 

low or steep categories. This suggests that on Suncor’s reclaimed landscapes the greatest 

Carex richness and abundance occurs on level or nearly level topography. 

Dot plot analysis shows the range of slopes associated with each Carex species 

(Figure 14, Appendix D-5). Carex on Suncor’s reclaimed landscapes were generally 

observed on slopes less than 10%. All 37 species were observed in the level slope 

category. Of these, 23 species were associated with slopes from 10 to 29% and 11 species 

were associated with slopes greater than 30%.  

It was not surprising to find upland species on steeper slopes (i.e., Carex aenea, 

C. backii, C. concinna, C. disperma, C. peckii, C. raymondii, C. rossii and C. siccata). 

However, one surprising field observation is the number of wetland species found on 

slopes. The wetland species Carex aquatilis, C. atherodes, C. aurea, C, leptalea, C. 

utriculata and C. vaginata were observed on slopes to 29% and Carex aquatilis and C. 

atherodes on slopes greater than 30%. Carex aquatilis and C. utriculata were observed on 

slopes outside their typical range. Again this may reflect the lack of competition that 

allows establishment under a wider range of environmental conditions than is typical.  
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Note. Carex species with a narrow slope tolerance range (one slope category) are marked with a solid line. Species with >30 observations and thus some 
degree of confidence are marked with a star (). 

Figure 14. Slope categories associated with Carex species observed on Suncor`s reclaimed landscapes
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The following photos illustrate the ability of two wetlands species to inhabit 

conditions far outside their typical range. Although neither species observation was 

associated with a plot, the large deviation from typical growing habits is important to 

highlight. Figure 15 and 16 shows the wetland species Carex aquatilis inhabiting sand 

dunes near the boundary exclusion dyke. Another wetland species, Carex pseudocyperus, 

is typically found growing on floating logs (Figure 17). This species was observed 

growing on the dry upper slope (low population) and moist lower slope (high population) 

on the east side of reclamation area ML 24 (Figure 18).  

It is unknown whether these occurrences established from seed or pieces of 

rhizomes in the capping material. The opportunity for Carex rhizomes to be present in the 

capping material is high. Further, the difficulty of germinating Carex seed in unfavourable 

conditions, suggests that establishment was likely from rhizomes than seed.  

In conclusion, on Suncor’s reclaimed landscapes Carex species richness and 

abundance are highest when the topography is level. Some Carex species were observed 

on slopes outside their typical range. One surprising field observation was the number of 

wetland species found on slopes. Again this may reflect the lack of competition that 

allows establishment under a wider range of environmental conditions than is typical.  
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Figure 15. Wetland Carex aquatilis growing in dry beach sand dunes 

 

Figure 16. Carex aquatilis intermixed with foxtail barley, growing on windblown sand 
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Figure 17. Carex pseudocyperus in typical natural habitat 

 

Figure 18. Carex pseudocyperus growing on sandy upland slopes at ML 24 (September 
2009) 
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4.2.2.3 Aspect Class 

The mean species richness for each aspect category (Appendix D-3) was 0.7 

(north), 0.7 (east), 0.6 (south), 1.6 (west) and 2.5 (no aspect). The mean percent cover for 

each aspect category (Appendix D-3) was 2.6% (north), 1.5% (east), 0.9% (south), 3.9% 

(west) and 19.1% (no aspect). Results of the One-way Permutation Test (Appendix D-3) 

indicated that there was a significant difference between aspect categories for mean 

species richness (p-value = <0.0005) and mean percent cover (p-value= <0.0005). The ‘no 

aspect’ category (i.e., level topography) had significantly higher species richness and 

percent cover than all other aspect categories. Generally, there were no significant 

differences between the four aspect categories. This suggests that other than level 

topography, aspect is not a factor in Carex establishment on Suncor’s reclaimed 

landscapes. Further, the higher values associated with level topography are more likely a 

result of the lack of slope and higher moisture, than influence from aspect. Although, 

literature indicates that southerly aspects can be drier and limit vegetation establishment 

(Alberta Environment, 2006, p. 35). 

Dot plot analysis shows the range of aspects associated with each Carex species. 

Carex were observed in all aspect categories (Figure 19, Appendix D-6). Eleven species 

were observed in south aspects and three species were found in all aspect categories 

except south: Carex bebbii, C. disperma and C. media. Only Carex aquatilis, C. concinna 

and C. siccata were found in all five aspect categories.  
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Note. Carex species with narrow aspect tolerance ranges (one aspect category) are marked with a solid line. Species with >30 observations and thus some 
degree of confidence are marked with a star (). 

Figure 19. Aspect categories associated with Carex species observed on Suncor`s reclaimed landscapes
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The percentage of species with modes in each aspect category Appendix D-6) 

was: 70% (no aspect or level), 14% (east), 6% (west), 6% (south) and none of the Carex 

species observed had a mode in the north aspect category. Four species had modes 

exclusively in west aspects, Carex aenea, C. houghtoniana, C. peckii and C. rossii. Two 

species had modes in the drier south aspect, Carex richardsonii and C. tonsa. Only Carex 

aenea had a sample size large enough for some degree of confidence.  

Very little has been published in literature regarding the typical aspects 

associated with Carex species. Further what has been published must be considered in 

context to latitude. For example, some prairie species of southern Alberta are found on all 

aspects, but in the boreal forest are present only on southerly aspects. Flora of 

Saskatchewan notes, Carex richardsonii is generally found on “drier sunny sites” 

(Hudson, 1977, p. 129), implying that Carex richardsonii may prefer south aspects. No 

information was found for Carex tonsa. Both species are tolerant of very dry south aspect 

(Figures 12 and 14). However, neither species appeared tolerant of slopes (Figure 19). 

These two species would be beneficial to dry level reclamation, such as the top of tailing 

sands berms. Five upland species were tolerant of south aspects, xeric conditions and 

steep slopes: Carex aenea, C. concinna, C. raymondii, C. rossii and C. siccata.  

In conclusion, on Suncor’s reclaimed landscapes Carex species richness and 

abundance were highest when the topography was level. Upland species adapted to the 

drier southerly aspects may be beneficial to reclaimed landscapes with south aspects. 

However, all conditions must be taken into account as some species associated with dry 

conditions, were not tolerant of steep slopes.  
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4.2.3 Landscape Variables 

4.2.3.1 Age of Reclaimed Landscapes 

Carex species richness was quantified by age of the reclaimed landscape to 

determine if species richness remained steady temporally. Results of the One-way 

Permutation Test indicated that species richness was significantly different between age 

categories (p-value 6.12E-10). Reclamation with higher species richness tended to be 

plots in the early or young age category (Figure 20 and Appendix D-7). There was no 

significant difference between the median species richness for age categories: early, 

young and mature. The median species richness of the old age category was significantly 

lower than all other median age categories (Figure 21).  

 
Figure 20. Comparison of species richness showing the proportion of plots in each age 
category 
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Note. Bars represent confidence intervals. The old age category has an upper and lower error bar of 1. 

Figure 21. One-way analysis comparison of median species richness between age 
categories  
 

Dot plot analysis shows the range of age category observations for each Carex 

species (Figure 22). Both upland and wetland species were found on reclamation older 

than 20 years. Four upland species observed in the old category include: Carex deweyana, 

C. peckii, C. rossii and C. siccata. Six wetlands species observed in the old category 

include: Carex aquatilis, C. atherodes, C. canescens, C. diandra, C. disperma and C. 

utriculata. It is unknown if these species were present from initial establishment or 

established at a later date. 

In conclusion, the low species richness on older reclamation could be a result of 

one or more past practices (a) reclamation was seeded to agronomic grasses and legumes 

(competition), (b) steeper slopes on older reclamation (drier habitat), or (c) poor soil 

handling practices (stockpiling of top soils). To support the theory that competition may 

be one cause of lower sedge abundance, is a 1990 study found that seeding reclaimed 

landscapes to agronomic species inhibited natural invasion (Hardy, 2990, p. 37). Further,  
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Note. Carex species observed in a single age category are marked with a solid line. Species with >30 observations and thus some degree of confidence are 
marked with a star (). 

Figure 22. Age categories associated with Carex species observed on Suncor`s reclaimed landscapes  
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there was lower sedge abundance on reclaimed landscapes planted with agronomic 

species or native grass species compared to reclaimed landscapes planted with the less 

competitive barley (Hardy, 2990, p.18, 21 & 25). The study did not differentiate sedges to 

the species level. Therefore, it is not known if the decrease is mirrored in all Carex 

species. 

4.2.3.2 Substrate Type 

Overburden and tailings sand substrates were examined to determine if different 

substrate materials affected Carex establishment. Results of the One-way Permutation 

Test showed both mean species richness and percent cover were significantly different 

between the two substrate types (p-value = 9.57E-14 and 7.35E-06) respectively (Figures 

23 and 24). Plots with four or more Carex species were observed only on overburden 

substrates (Figure 25). Overburden substrates had a maximum of 11 species per plot. In 

contrast, the highest species richness obtained on any tailings sand plot was three species. 

The greatest portion of tailings sand plots had no Carex (Figure 25).  

 

 
Note. Bars represent confidence intervals.  

Figure 23. Comparison of mean species richness between overburden and tailings sand 
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Note. Bars represent confidence intervals.  

Figure 24. Comparison of mean percent covers between substrate materials 

 

 

Figure 25. Comparison of species richness by substrate material 
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section 3.1.2.1.). Other variables inherent to tailings sand substrates (i.e., higher slopes 

and drier moisture conditions) were not removed since these variables reflect the nature of 

the material.  

In conclusion, the significantly higher species richness and percent cover on 

overburden plots, suggests that tailing sand is not conductive to Carex establishment. It 

seems reasonable to assume that these conditions associated with tailings sand (i.e., dry, 

steep slopes) would be detrimental to other establishing vegetation. Carex that naturally 

inhabit dry steeper slopes, such as those found in the dry steep sloped boreal grasslands 

may be beneficial to reclaimed landscapes with tailings sand substrates. 

4.2.3.3 Capping material 

Peat mineral-mix and upland forest soils (LFH) were compared to understand if 

different capping material types affected Carex establishment. Results of the One-way 

Permutation Test of means showed both species richness and percent cover were 

significantly different between the two capping materials (p-value = 2.199 E-06 and 

0.0010) respectively (Figures 26 and 27). 

 
Note. Bars represent confidence intervals.  

Figure 26. Comparison of mean species richness between capping material  
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Note. Bars represent confidence intervals.  

Figure 27. Comparison of mean percent cover between capping material  

 

Upland forest soils are more likely to provide a better quality capping material for 

upland reclamation, because plant propagules within forest soils are adapted to upland 

conditions, whereas plant propagules in peat-mineral mix would be better adapted to 

wetland conditions. The only place a comparison was possible was in reclamation area 

SB17. At this location both peat-mineral mix and upland soil were reclaimed in the same 

year (2007). Both capping materials were placed under similar conditions, except barley 

was seeded as a nurse crop in the peat-mineral mix. The results showed greater Carex 

species richness and percent cover was obtained on upland soils reclaimed with upland 

forest soils than with peat-mineral mix.  
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4.3 Comparison of Natural Ecosystems, Natural Ecosystems Adjacent to Suncor 
and Suncor’s Reclaimed Landscapes 

The three major landscape types were compared. The primary purpose of this 

evaluation was to set the stage for objective 3, potential Carex ingress from natural 

ecosystems adjacent to Suncor onto Suncor`s reclaimed landscapes. To do so, it was 

necessary to understand if natural ecosystems adjacent to Suncor were representative of 

natural ecosystems in the oil sands region. Therefore, diversity and habitat variables were 

compared between natural ecosystems and natural ecosystems adjacent to Suncor. 

Further, Suncor`s reclaimed landscapes were compared with natural ecosystems and 

natural ecosystems adjacent to Suncor to show all three in context. The results are 

discussed in sections 4.2.4.1 and 4.2.4.2.  

4.3.1.1 Diversity variables 

There was greater species richness in the natural ecosystems than natural 

ecosystems adjacent to Suncor or Suncor’s reclaimed landscapes (Figure 10). Natural 

ecosystems adjacent to Suncor had the lowest species richness. However, the number of 

species observed per plot surveyed is highest in the natural ecosystem adjacent to Suncor. 

This suggests that if a greater number of plots were surveyed in natural ecosystems 

adjacent to Suncor, additional species are possible. No rare Carex species were observed 

in the natural ecosystem plots adjacent to Suncor. A similar number of rare Carex were 

observed between the natural ecosystems and Suncor’s reclaimed landscapes (Figure 10; 

Appendix B-1).   
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Table 10. Summary of Diversity Indicators Between the Three Major Landscape Types 

Indicator Natural 
ecosystems1 

Natural ecosystems 
adjacent to Suncor2 

Suncor’s 
reclaimed 

landscape2 
No. of plots surveyed 1,461 130 564 
No. of Carex species 58 19 37 
No. of species per plots surveyed 0.04 0.15 0.07 
Species unique to location3 18 1 6 
Mean Carex cover per plot 8.23 3.43 9.01 
No. of Rare species 2 0 2a 
1 Golder dataset (Golder, 2009). 
2 Thesis data. 
3 Species observed only in that location. 
a One confirmed and one potential rare Carex species observed (refer to section 4.2.1 and Appendix D-1). 

 

Results of the Wilcox Exact Test (Figure 28) indicated that the median species 

richness per plot was significantly different (p-value = <0.0005) between Suncor’s 

reclaimed landscapes compared to natural ecosystems, but not significantly different 

between natural ecosystems and natural ecosystems adjacent to Suncor (p-value = 0.429). 

This suggests that species richness per plot is higher on Suncor’s reclaimed landscapes 

than the natural ecosystems. The higher mean and median species richness on Suncor’s 

reclaimed landscapes may be due to the relatively young successional stage, and the lack 

of competition, allows opportunity for establishment. Further the lack of a statistical 

difference between natural ecosystems and natural ecosystems adjacent to Suncor 

suggests and that the natural ecosystems adjacent to Suncor are representative of natural 

ecosystems in the oil sands region.  
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Note. Data labels refer to median species richness and proportion of total plots, respectively. 

Figure 28. Comparison of species richness between Suncor’s reclaimed landscapes 
(reclaimed), natural ecosystems of the oil sands region (natural region) and natural 
ecosystems adjacent to Suncor (natural Suncor)  
 

Results of the Wilcox Exact Test (Figure 29) indicated that the median percent 

cover per plot was significantly different (p-value = <0.0005) between Suncor’s reclaimed 

landscapes compared to the natural ecosystems, but not significantly different between 

natural ecosystems and natural ecosystems adjacent to Suncor (p-value = 0.3364). The 

higher percent cover on Suncor’s reclaimed landscapes compared to the natural forest, is 

likely due to the lack of competition and available bare ground for establishment. Further 

the lack of a statistical difference for percent cover between natural ecosystems and 

natural ecosystems adjacent to Suncor suggests and that natural ecosystems adjacent to 

Suncor are representative of natural ecosystems in the oil sands region. 
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Note. Data labels refer to median species richness and proportion of total plots, respectively. 

Figure 29. Comparison of percent cover between Suncor’s reclaimed landscapes 
(reclaimed), natural ecosystems of the oil sands region (natural region) and natural 
ecosystems adjacent to Suncor (natural Suncor).  
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Note. Results from Fisher Exact Test, starred (*) species have significantly different number of observations (p-value <0.05).  

Figure 30. Comparison between natural ecosystems of the oil sands region (natural region) and natural ecosystems adjacent to Suncor 
(Natural Suncor) showing proportion of plots where Carex species were observed 
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C. peckii, and C. media had significantly higher number of observations in Suncor’s 

forests (p-values <0.05). This suggests that for species richness and abundance, the forest 

adjacent to Suncor are more similar to the Carex species found in upland plant 

communities, than wetland plant communities.  

Results of the Fisher Exact Test (Figure 31; Appendix E-3) found the proportion 

of observations for Carex on Suncor’s reclaimed landscape plots were significantly higher 

than natural ecosystems plots for all upland species and for most moist forest species. In 

contrast, three wetland species were significantly higher in natural ecosystems plots. The 

one exception was the wetland species Carex aquatilis, which was significantly higher on 

Suncor’s reclaimed landscapes.  

The significantly higher proportion of observations for the three wetland species 

Carex gynocrates, C. paupercula and C. tenuiflora in natural ecosystems as compared to 

Suncor’s reclaimed landscapes is reflective of the lack of fens and bogs on Suncor’s 

reclaimed landscapes. Fens and bogs are not currently incorporated into reclamation 

landscapes.  

The reason for the significantly high number of observation of the wetland 

species Carex aquatilis on predominantly upland reclamation habitat is unknown. 

However, as noted previous, Carex aquatilis was found in a wider range of habitats on 

Suncor’s reclaimed landscapes including very dry and very steep habitats (Figures 9, 10, 

12 &14) than is typical of natural ecosystems. It may be that the lack of competition for 

available moisture has allowed this species to survive outside its normal range.  

Based on the above findings, forests adjacent to Suncor are representative of 

natural ecosystems. Further, Carex species are not limited in natural ecosystem adjacent to 
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Note. Results from Fisher Exact Test, starred (*) species have significantly different number of observations (p-value <0.05).  
Figure 31. Comparison between Suncor’s reclaimed landscapes (reclaimed) and natural ecosystems of the oil sands region (natural 
region) showing proportion of plots where Carex species were observed.
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Suncor and are present to provide seed for colonizing. Therefore, for the purposes of 

objective 3, examine potential pathways for Carex establishment, including ingress from 

forest adjacent to Suncor, an assumption is made that there is no limitations in the 

availability of Carex species in the forest adjacent to Suncor for ingress onto Suncor’s 

reclaimed landscapes. 

4.3.1.2 Habitat variables 

Species Richness 

Habitat variables were compared between natural ecosystems, natural ecosystems 

adjacent to Suncor and Suncor reclamation. Species richness and percent cover were used 

as indicators to measure differences between the categories. The results of the One-way 

Permutation Test comparison of mean species richness between moisture regime, slope 

and aspect categories found that there was generally little difference between natural 

ecosystems, natural ecosystems adjacent to Suncor and Suncor’s reclaimed landscapes. 

The results were similar between all three areas or there was a tendency for higher species 

richness on reclamation than on either natural ecosystems or ecosystems adjacent to 

Suncor (Figure 32 a-c). Some exceptions were, significantly greater species richness on 

dry moisture categories in natural ecosystems adjacent to Suncor compared to natural 

ecosystem, and higher species richness on reclamation in the level and ‘no aspect’ 

categories compared to the other two locations. The first exception is potentially 

beneficial to Carex ingress and the second exception indicates that at least level reclaimed 

areas provide suitable habitat for Carex establishment. Therefore, these exceptions would 

not limit Carex ingress from adjacent forests onto reclaimed landscapes.  
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                  Figure 32a. Comparison of moisture regime 

 
                          Figure 32b. Comparison of slope  

 
Figure 32c. Comparison of aspect 

Figure 32 a-c. One-way Permutation Test for mean species richness between natural ecosystems of the oil sands region (natural 
region), natural ecosystems adjacent to Suncor (natural Suncor) and Suncor reclaimed landscapes (reclaimed) for moisture, slope and 
aspect (bars represent confidence intervals)  
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Percent cover 

The same comparisons as above were conducted for percent cover. Results of the 

One-way Permutation Test for mean percent cover between moisture regime, slope and 

aspect categories were compared between natural ecosystems, natural ecosystems 

adjacent to Suncor and Suncor reclamation. There was no significant difference in percent 

cover between natural ecosystems and natural ecosystems adjacent to Suncor for 

moisture, slope and aspect (Figure 33 a-c). The results for percent cover mirrored that of 

species richness, that natural ecosystems adjacent to Suncor were representative of natural 

ecosystems.  

Suncor’s reclaimed landscape had significantly higher percent cover in the wet 

moisture category than natural ecosystems, but similar to natural ecosystems adjacent to 

Suncor. The mesic moisture category had significantly greater percent cover on 

reclamation that the two forest areas. The dry moisture category was not significantly 

different. Comparison of slope showed that the level and low slope category had 

significantly higher percent cover on reclamation than in the natural ecosystems and 

natural ecosystems adjacent to Suncor and was not significantly different in the steep 

slope category. Suncor’s reclaimed landscapes had higher percent cover in ‘no aspect’ 

(level) and west aspect categories than in either forest location.  

In conclusion, habitat variables for natural ecosystems adjacent to Suncor were 

representative of natural ecosystems in respect to species richness and percent cover. 

Additionally, the higher species richness and percent cover on reclaimed landscapes 

indicated that the habitat associated with Suncor’s reclaimed landscapes was not 

detrimental to Carex establishment. Based on the above analysis, an assumption is made 
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for objective 3, that diversity and habitat variables on natural ecosystems adjacent to 

Suncor are representative of natural ecosystems in the oil sands region. 
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                   Figure 33a. Comparison of moisture regime 

 
                     Figure 33b. Comparison of slope  

 
Figure 33c. Comparison of aspect 

Figure 33 a-c. One-way Permutation Test for mean percent cover between natural ecosystems, natural ecosystems adjacent to Suncor 
and Suncor reclaimed landscapes for moisture, slope and aspect (bars represent confidence intervals)  
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4.4 Objective 3 Source of Carex Establishment: Ingress Versus Soil Seedbank 

4.4.1 Triple Transect Evaluations 

A total of 390 plots were surveyed in 130 triplet transects to examine Carex ingress 

from forests adjacent to Suncor onto Suncor’s reclaimed landscapes. If Carex ingress was 

occurring there would be positive associations between the presence or absence of species in 

forest adjacent to Suncor and Suncor’s reclaimed landscapes. Nineteen species were observed in 

forest adjacent to Suncor, 22 species were observed in edge plots and 19 species in interior plots. 

In total, 26 species were found in reclamation plots (i.e., edge and interior plots combined). 

Three species were found exclusively in forests adjacent to Suncor and were not found in 

Suncor’s reclaimed landscape plots. In total 29 species were observed in the triple transects 

(Appendix F1).  

Results of the Fisher Exact Test for presence/absence frequencies within the triple 

transects showed significant positive associations for 15 of the 29 species (Appendix F-2 to F-4). 

The greatest number of positive associations occurred between the forest and edge plots. Table 

11 summarizes the significant positive associations found for 13 species between AB 

(forest/edge), four species for AC (forest/interior) and two species for BC (edge/interior). Only 

five species had association with interior reclamation plots and approximately half of the species 

(i.e., 16 of the 29 species) had no positive associations. 
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Table 11. Summary of Results for the Triple Transects Surveys for Species with Positive 
Associations Between One or More Paired Areas  
Name of species AB 

(forest/edge) 
AC 

(forest/interior) 
BC 

(edge/interior) 
Carex aquatilis x x - 
Carex atherodes x - - 
Carex bebbii - - x 
Carex brunnescens - x - 
Carex canescens x - - 
Carex concinna x - - 
Carex deweyana x - - 
Carex diandra x - - 
Carex leptalea x - - 
Carex media x x - 
Carex peckii x - - 
Carex rossii x - - 
Carex siccata x x x 
Carex utriculata x - - 
Carex vaginata x - - 
Total positive associations 13 4 2 
Percentage of species with no 
association 

55% 95% 86% 

Note. An (x) indicates a positive association between paired areas, (-) indicates no association. 
Only species with positive associations are shown. 
 
 

Risk ratios were calculated for each association (Figure 34). Risk ratios cannot determine 

the direction of migration or even if migration is occurring. However, they can estimate the 

probability of a species being present in one location if present in another location. For example, 

an AB (forest/edge) risk ratio of 3 would indicate that it is three time more likely that there is a 

presence of that species in the edge reclamation plots when it is present in the forest plots as 

opposed to when it is not present in the forest plots. Similarly a BA (edge/forest) ratio of 5 would 

indicate that it is five times more likely that a species is present in the forest plots, when it is 

present in the edge plots, compared to when it is not present in the forest plots.  
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Figure 34. Risk ratios and confidence intervals for significant associations 
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AB Carex utriculata

BA Carex utriculata

AB Carex vaginata

BA Carex vaginata

AC Carex aquatilis

CA Carex aquatilis

AC Carex brunnescens

AC Carex media

CA Carex media

AC carex siccata

CA Carex siccata

BC Carex bebbii

CB Carex bebbii

BC Carex siccata

CB Carex siccata

706
706

AB = Species is present in the edge when it is also found in the forest
BA = Species is present in the forest when  it is also found in the edge

AC = Species is present in the interior when it is also found in the forest
CA = Species is present in the forest when it is also found in the interior

352

144

901

BC = Species is present in the edge when it is also found in the interior
CB = Species is present in the interior when  it is also found in the edge

168
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All species with significant positive associations examined as part of the triplet 

survey had higher risk ratios for BA than the alternate AB. Therefore, there is a higher 

probability of a species being found in forest plots when present in reclamation, than 

being found in reclamation plots when present in the forest. The relationship between the 

two probabilities suggests that there is a greater likelihood that species are migrating from 

reclamation into the forest than the other way around.  

Where p-values indicated positive associations existed, the confidence intervals 

were large (generally >5) for all species except Carex concinna, C. deweyana and C. 

siccata (Figure 34). Therefore it was felt that it would be inappropriate to accept or reject 

ingress based on this test alone.  

4.4.2 Other Evidence to Support Lack of Carex Ingress 

In addition to the results of the triplet transect survey, other evidence also 

suggests that Carex are not migrating from the forest to the interior. The triple transect 

data was combined into three groups by area, (i.e., all forest, all edge and all interior 

plots). Approximately 10 or 1/3 of the species observed in the triplet transects were found 

only in interior and edge plots (i.e., reclaimed landscape plots) and not in the forest plots 

(Appendix F-1). Of these, fours species were observed in interior plots (100 m distance 

from a forest seed source) and not in the edge or forest plots. Further, three species were 

found in forests plots and not found on reclaimed landscapes plots, suggesting they are not 

migrating out. The seed for species found in reclaimed landscape plots had to come from 

somewhere, if not from migration from the forest edge, then the most likely source is the 

soil seed bank. The argument for animal dispersal will be discussed later. This suggests 
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that for many Carex a seed source is not available in the forest and even when a seed 

source is available, Carex are not migrating out onto Suncor’s reclaimed landscapes. 

It should be noted that the three species found exclusively in the forest plots (i.e., 

Carex pseudocyperus, C. retrorsa and C. loliacea) are all wetland species. As noted in 

section 4.2.2.2, Carex pseudocyperus at least, is capable of living on habits outside its 

normal range of occurrence. Both Carex pseudocyperus and C. retrorsa are found 

elsewhere on reclamation (Appendix B-1), yet these species were not found on edge or 

interior plots when a seed source was nearby. 

As a further test, the triple transect data was compiled on the presence or absence 

of species by reclamation area (refer to section 3.5.1). This examination tests the 

assumption that Carex do not necessarily migrate out perpendicular to the forest edge. For 

example, moisture loving Carex will follow a depression and dry site Carex will follow a 

meandering ridge, both of which may not run perpendicular to the forest edge. The results 

illustrate that a large portion of reclamation species are not accounted for by ingress from 

the adjacent forest (Figure 35; Appendix F-5). This suggests that other sources such as the 

soil seed bank or other dispersal mechanisms are responsible for Carex establishment on 

Suncor’s reclaimed landscape. 
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Note. Reclamation age for each location is noted in brackets. 

Figure 35. Potential sources of Carex establishment on Suncor’s reclaimed landscapes 
from examination of the triplet plots, edge and interior plots combined.  

 

Seeds will remain dormant in forest soils until disturbance creates suitable 

habitats, such as the disturbance created by oil sands mining. The less disturbed soils 

along the forest interface (i.e., edge plots) are generally a good growing medium. Edge 

soils may contain remnant soil seed banks similar to adjacent forests, have less 

disturbance of the lower soil horizons than interior reclaimed landscape areas, lack 

competition due to tree removal and thus have increased light. Therefore, edge plots 

should be ideal for Carex seed germination.  

It could be argued that the species observed in the edge plots demonstrate the 

first phase of ingress onto reclaimed landscapes and because of short dispersal distance, 

Carex have not had sufficient time to ingress to interior plots. To examine this argument, 

species from forest and edge plots were combined and compared to the species present in 
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interior plots (refer to section 3.5.2). Examining the combined forest/edge distribution 

described above, the results suggested that there were still species in the interior plots not 

accounted for by the presence in the combined forest and edge plots (Figure 36; Appendix 

F-6).  

 
Note. Reclamation age for each location is noted in brackets. 

Figure 36. Summary of species migration to interior reclamation, forest and edge plots 
combined.  
 
 

It is important to note that the presence of a species in the ‘potential ingress’ 

group does not necessarily mean the source of that seed was from the forest or 

forest/edge, the species could have been equally present in the soil seed bank and merely 

coincidence that the species appeared in all locations. Thus the contribution from potential 

ingress may be lower than illustrated in Figures 35 and 36. Similarly, establishment 

attributed to the soil seed bank could have arrived by long distance dispersal by avian and 

ungulates and not from the soil seed bank, although, most of these possibilities will be 

ruled out in section 4.3.3. 
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As a last test, all Carex observation were compared including data from plots 

surveyed in addition to the triple transect study. The results found 10 Carex species were 

present at considerable distances from a forest edge and not present in the triple transects 

or in other reclamation plots within 100 m of a forest edge. Of these, seven species were 

found in plots at distances equal or greater than 100 m from adjacent forest: Carex 

gynocrates, C. paupercula, C. prairea, C. praticola, C. sartwellii, C. sychnocephala and 

C. tenuiflora. Three additional species were found at distances >400 m from adjacent 

forest: Carex adusta, C. atrosquama and C. umbellata (Appendix F-1). Therefore, 26% of 

the total Carex species observed at Suncor are unique to reclamation areas and occurred in 

plots at a considerable distance from a forest seed source. The lack of presence elsewhere 

suggests that these species may have established by other means than colonization from 

the forest. 

The strongest evidence for lack of ingress is the low number of positive 

associations in the triple transects (Table 11), although the results may not be significant 

considering the low number of observations for some species. Of the 29 species observed 

in the triple transects, 55% had no associations between AB (forest /edge), 95% had no 

association between AC (forest/edge) and 86% between BC (edge /interior). The lack of 

positive associations indicated that ingress onto reclamation is low for the majority of 

Carex species. Figure 37 summarizes the conclusions from these arguments. 
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Figure 37. Summary of arguments against forest ingress as a sole contributor to Carex 
establishment 

One final argument to support the lack of forest ingress is that despite the close 

proximity of boreal grassland to reclamation (400 m or less) none of the boreal grassland 

Carex species or the unusual shrub, forbs and grass species found at these locations 

(Appendix G-1) were observed on Suncor’s reclaimed landscapes, despite the presence of 

dry sandy slopes, ideal habitat for these species. Some of the unique species found in the 

two boreal grasslands near Suncor and consistent with other boreal grasslands are: Carex 

obtusata, C. inops, Juniperus communis (ground juniper), Monarda fistulosa (wild 

bergamot), Stipa curtiseta (western porcupine grass) and Stipata viridula (green needle 

grass). See Appendix G1 for a summary of vegetation found in the boreal grasslands 

including the two boreal grassland located near Suncor, plots R011 and R012. The above 

findings suggest that Carex establishment can only be partially attributed to ingress.  

 

Forest 

Edge 

Interior 

A A 

 B 

C C 

AB  55% of species have no positive association 

26% of Carex species found exclusively at 
distances greater than 100 m.  These species are 
not found in the forest, edge or interior plots. 

BC  93% of species have no positive association 

AC  86% of species have no positive association  
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4.4.3 Long Distance Dispersal  

One potential source of Carex seeds on reclaimed landscapes is that of long 

distance seed dispersal. Of the dispersal mechanism discussed in section 2.5.3, only 

hydrochory, myrmecochory and zoochory have the ability to disperse seeds at distances 

greater than 5 m. The lack of streams and waterbodies on upland reclamation eliminate 

hydrochory as a dispersal mechanism for almost all of Suncor’s reclaimed landscapes. 

Long distance dispersal by waterfowl and ungulates (zoochory) cannot be ruled out as 

possible contributor to the presence of Carex at distances greater than 100 m. Long 

distance dispersal by waterfowl could account for one wetland species Carex 

sychnocephala found at a distance >100 m from a forest edge (east shore of the sandpit 

wetland). However, the small number of wetlands and waterbodies in reclamation suggest 

that Carex establishment from waterfowl is likely low in upland reclamation.  

Carex umbellata is the only known ant (myrmecochory) dispersed seed in the oil 

sands region. Assuming ants were available throughout Suncor’s reclaimed landscapes, 

with a maximum dispersal distance of 15 m (Sec. 2.4.3.5) and at a minimum Carex 

regenerative time of two years (Sec. 2.4), it would take 53 years for Carex umbellata to 

migrate the 400 m from a forest edge to where it was found at SB17. Carex umbellata was 

present at SB17 two years after the area was reclaimed, suggesting it was not ant 

dispersed. 

One type of long distance dispersal that could account for Carex establishment is 

dispersal by ungulates. A boreal Alberta study noted deer generally do not consume Carex 

except in late winter (Telfer & Scotter, 1975, p. 179). Kucera (1997, p. 553) found that 

Carex are a minor component of mule deer diet in late winter and spring when other food 
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is scare. A Colorado study found “Sedges never exceeded 4% of a mule deer diet” 

(Hansen & Clarke, 1977, p. 78). In Alaska, sedges make up 4% of the moose diet in 

summer (LeResche & Davis, 1973, p. 281). Deer and moose are present on Suncor’s 

reclamation in densities generally equivalent to natural ecosystems (Golder, 2008, p. 32). 

A Connecticut study found that white-tailed deer traveled on average approximately 

0.5 km, to a maximum of 6 km a day, but the Carex seeds that survived mastication and 

gut passage made up less than 1% of the germinates (Williams, Ward & Ramakrishnan, 

2008, p. 943). It is unknown if these values reflect boreal habitats. Deer and moose have 

the gut retention time for long distance dispersal, but the low percentage in the diet and 

low germination rate, suggests that the potential for Carex to be dispersed by 

endozoochory of ungulates is low. This appears to be confirmed from the lack of boreal 

grassland species on reclamation. Therefore, dispersal by hydrochory, myrmecochory and 

zoochory, while possible, the probability is likely low. 

4.4.4 The Soil Seedbank 

The last and most likely source for the presence of Carex on reclaimed 

landscapes is the soil seed bank. Mackenzie (2006) evaluated vegetation emergence at 

Syncrude Canada Ltd., in both upland forest (LFH) soil and peat-mineral soil after 

stockpiling. The study found that “Sedges had the highest abundance of propagules in all 

treatments” within the soil propagule bank at the receiving site (Mackenzie, 2006, p. 40). 

Emergence densities for Carex spp. well exceeded those reported for other species 

(Mackenzie, 2006, p.123). This indicates that at least some Carex species are capable of 

emergence from the soil seed bank and in high abundance, even after soil stockpiling.  
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4.4.5 Summary of Objective 3 

Results of triple transect analysis suggest that many Carex are not establishing by 

ingress from the forest. Considering the low likelihood of other forms of dispersal, the 

bulk of Carex establishment appears to be from the soil seed bank and supplemented with 

forest ingress (at least at the forest/edge interface), and possibly endozoochory seed 

dispersal. As oil sands mining continues, the amount of forest edge becomes less or at 

greater distance from reclamation areas and the ability of Carex to ingress to interior 

reclamation becomes more difficult. Further, as distances increase, the temporal period for 

Carex establishment will be extended. This places a greater need to preserve the soil seed 

bank.  

Forest ingress may be suppressed as reclamation ages. Generally bare ground is 

quickly colonized by species already present. The ability of seed to germinate declines as 

available bare ground for recruitment is exploited and thatch (litter) layers increase in 

depth (Sydes & Grime, 1981a p. 237, 1981b, p. 260; Vellend, Lechowicz & Waterway, 

2000, p.1517, see also Xion & Nilsson, 1999). It seems reasonable that as these barriers to 

seed germination increase, the rate of ingress will decline. The believe that native plant 

species will invade reclaimed landscapes and increase diversity over time, as prescribed in 

the Guidelines for Reclamation to Forest Vegetation in the Athabasca Oil Sands Region 

(Alberta Environment, 1999, p. 30, F5 & F6), may be inappropriate for Carex species. 

Carex share the same dispersal patterns as many other plant species, so the implications 

apply to a broader range of plant families. 
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5 CHAPTER FIVE: SYNTHESIS  

5.1 Major Findings 

The following major findings are a result of this research: 

• A minimum of 66 Carex species are present in natural ecosystems of the oil sands 

region.  

• A total of 37 Carex species were recorded on Suncor’s reclaimed landscapes, with 

one additional species found in the forest adjacent to Suncor.  

• Missing from reclamation are many bog, fen and boreal grassland species (e.g., 

Carex gynocrates, C. lasiocarpa, C. limosa, C. paupercula, C. viridula, C. 

duriuscula, C. inops and C. obtusata).  

• The dry, steep slope tolerances and soil binding properties of Carex duriuscula, C. 

inops, C. obtusata, C. rossii and C. siccata makes these species ideal for 

problematic erosion areas. However, these species typically reproduce by 

vegetative clones and produce few seed; these Carex may need to be transplanted 

onto reclamation. 

• One rare S1 species Carex adusta is confirmed on reclamation and a second rare 

S1 species Carex umbellata may be present on reclamation. 

• Suncor reclamation appears comparable to upland forests in species richness.  

• Carex on Suncor reclamation appeared to have wider moisture tolerance ranges 

than those in natural ecosystems, perhaps due to lack of competition for available 

moisture. Of particular benefit to future reclamation efforts are Carex tolerant of 

very dry conditions and those tolerant of steep slopes. These species would be 
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beneficial in reducing erosion during drought years and may provide a buffer for 

future climate change. 

• Carex establishment was significantly greater on overburden than tailings sand 

substrates, on LFH than peat-mineral mix amendments and on younger versus 

older reclaimed landscapes. Although there is less confidence in these results due 

to confounding variables (see limitations in section 4.7).  

• Contingency tables suggest that only 45% of the Carex species have an association 

between the forest and edge. There is a greater likelihood that Carex species are 

moving from the edge into the forest than the reverse. There are very few 

associations between the edge and the interior and the forest and interior. The 

presence of species at distances greater than 100 m and not found in the forest and 

edge plots strongly indicates a lack of ingress from the forest unto reclamation. 

• The lack of boreal grassland species on reclaimed landscapes (when locations are 

present within 400 m of reclamation), indicates that Carex do not appear to be 

migrating great distances and supports the argument that for successful 

reclamation to occur, propagules must be present in the soil seed bank. 

5.2 Implications for Reclamation 

Carex diversity on Suncor’s reclaimed landscapes appears to be equal to that of 

undisturbed natural ecosystems and in some cases greater than (which is to be expected 

with increased habitat free of competition). Wetland fen and bog species are in low cover 

or missing, but their presence should increase as bog and fen habitat is created. The 

sample size was small, but LFH appears to have greater Carex diversity than peat-mineral 

mix and would be better suited for upland applications than peat-mineral mix. It appears 
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that at least some Carex are establishing from the soil seed bank and not from ingress 

from the forest. Therefore, if the greatest bulk of diversity is from the soil seed bank and 

less so from ingress from the forest edge, then every effort should be made to preserve the 

soil seed bank. Carex share the same seed dispersal mechanisms as many other plant 

species. Therefore the findings of this research may be applicable to a broader range of 

plant species than just the genus Carex. 

5.3 Implementing the Findings 

5.3.1 Carex Species Beneficial to Reclamation 

Carex are an important component of successful reclamation. The response of 

diverse communities to disturbances such as fire, drought and global warming, have a 

greater probability of containing species capable of tolerating the changing conditions. 

Species best adapted to the particular suite of conditions created by oil sands disturbance 

will become more prevalent. Thus a diverse plant community that can respond to 

changing conditions is essential for resilient reclamation. Carex contribute to the 

resilience of natural ecosystems with members inhabiting a wide range of environmental 

conditions. Carex can assist in erosion prevention on steep dry slopes, provide cover in 

areas of high salinity, establish in soils containing hydrocarbons and can stabilize stream 

banks. The contribution Carex make to the overall biodiversity of reclamation (ecosystem 

value and function) is summarized in Table 12. Thirty-seven Carex species are present on 

reclamation and are currently providing these benefits. The purposeful introduction of 

additional Carex species could improve the ecological value of reclamation efforts. 
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Table 12. Summary of Carex Contribution to the Ecosystem Value and Function of Oil Sands Reclamation  
Composition                              Structure Function 

Thirty-seven species inhabit 
Suncor reclamation, including one 
(possibly two) rare Carex species 
(p. 72). 

Carex occupy areas unsuitable for 
other species, Carex adusta on oil 
sands enriched sandy bluffs Carex 
rossii and C. tonsa on dry sand 
(Appendix G-48 & G-52. 

Carex are establishing in non-typical habitats. 
Wetland Carex aquatilis and C. pseudocyperus 
establishing on upland slopes, Carex aquatilis on dry 
sand dunes, and the dry habitat Carex tonsa, C. 
umbellata and C. adusta establishing in areas of 
mesic soil moisture (Sec 4.2.2.2). 

Carex have the potential to shortcut the nitrogen 
fixation cycle. Specialized rhizomes seek out water 
and nutrients to supply the clonal group (Sec. 2.4.4). 

Dry site Carex such as Carex siccata, C. adusta,  
C. rossii and C. tonsa are present on reclamation, 
the addition of Carex obtusata, C. duriuscula, C. 
richardsonii and C. inops tolerant of drought 
conditions could further enhance reclamation. 
Small pockets of these species can provide a 
refugia, that when drought conditions occur, 
composition of these species can temporarily 
increase providing reclamation cover and 
buffering reclamation from the effects of drought 
such as erosion or climate change (p. 2, 15, 119 
& appendix G-1).   

Carex are capable of occupying all 
habitat niches in reclamation from 
the very wet to the dry and level to 
steep slopes (Sec 4.2). 

Most Carex are not dependent on mycorrhizal 
associations and are thus able to establish on 
reclamation soils limited in microrhiza fungi (Sec. 
2.4.4).  

Valuable food source for bison, caribou, moose, 
deer, beaver, rabbits, small mammals, waterfowl, 
song birds and even ants. Provide nesting 
material for many bird and rodents (p.40). 

Due to the lack of fen and bogs, 
species obligate to these areas are 
missing from or are in low cover 
(Sec.4.2.1). 

Carex can establish on soils with elevated 
hydrocarbon. Saline tolerant species are present 
Carex atherodes and C. prairea (Table 13). 

Rhizomes of wetland species can spread beneath 
streams and ditches to emerge on the opposite 
bank, locking the two banks together to reduce 
erosion and stream channel deepening (2.4.4). 

At least two varieties of Carex 
aquatilis are present (Appendix  
G-4). 

Due to the large area of relatively open soil, first 
successional species (Carex aquatilis and C. siccata) 
are in high abundance on reclamation (Figure 31, G-4 
and G-52).  

Rhizomatic nature of boreal grassland Carex can 
bind dry steep (up to 80% slopes) prone to 
erosion by a network of interwoven underground 
stems (2.4.4).   

Note. This table applies the principle components of biodiversity (composition, structure and function) as described in Noss (1990) to Carex Establishment on oil sands 
reclamation. 
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To assist reclamation planners in choosing appropriate Carex species, summaries 

were compiled for each species outlining the relative abundance, characteristics beneficial 

to reclamation, implications to wildlife, potential collection areas, germination and 

propagation information. Summaries were compiled based on the results of this research 

and from literature review. Beneficial Carex are outlined in Table 13 and summarized in 

detail in Appendix G-2 to G-63.  

 
5.3.2 Management Considerations and Recommendations 

Understanding the variables under which Carex establish will assist reclamation 

planners in establishing more species diverse landscapes. Low Carex association and 

species not accounted for in the forest and edge plots, supports the hypothesis that Carex 

are emerging primarily from propagules within the soil seed bank and less so from 

ingress. Therefore, every effort should be made to protect the soil seed bank during 

stripping and stockpiling. This further supports the current policy of direct placement of 

soil over stockpiling, whenever possible. To ensure the greatest Carex diversity, 

reclamation planners should try to match habitat variables between source soils and 

receiving locations, especially in relation to moisture and slope. Aspect appears to have 

less importance, except for a few boreal grassland Carex species that are obligate to south 

exposures. Landscape position should match the original habitat. Therefore it is 

recommended that LFH soils should be placed on upland slopes and peat-mineral mix on 

gently undulating overburden where wetlands can form. Carex share the same seed 

dispersal mechanisms as many other plant species. Therefore the findings of this research 

are expected to be applicable to a broader range of plant species than just the genus Carex. 
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Table 13. Carex with the Potential to Enhance Oil Sands Reclamation 

Stream bank stabilizers Steep slope soil binders Erosion control Drifting sand 
Carex aquatilis 

Carex pseudocyperus 
Carex retrorsa 

 
 

Carex duriuscula 
Carex inops 

Carex obtusata 
Carex siccata 

Carex duriuscula 
Carex inops 

Carex obtusata 
Carex siccata 

Carex siccata 

Open, dry sandy soil under jack 
pine (a1 ecosites) 

Drought tolerant 
ephemeral wetlands 

Flood tolerant High quality forage 
 

Carex adusta 
Carex richardsonii 

Carex tonsa 
Carex umbellata 

 

Carex atherodes Carex limosa 
Carex stipata 

Carex atherodes 
Carex houghtoniana 
Carex praegracilis 

Carex rossii 

Saline tolerant Sodium tolerant  Alkaline tolerant high pH tolerant 
Carex atherodes 
Carex prairea 

Carex praticola 
Carex stipata 

 
 
 

Carex praegracilis Carex atherodes 
Carex duriuscsula 
Carex umbellata 

 

Carex capitata 
Carex diandra 
Carex livida 

Carex interior 
Carex prairea 

Carex tenuiflora 
 

Hydrocarbon tolerant 
(wetland sites) 

Hydrocarbon tolerant 
(dry sites) 

Quick cover on dry disturbed 
sites (not persistent or 
competitive with tree 

development) 

Early responder after wildfires 

Carex aquatilis 
Carex scirpoidea 

 

Carex adusta 
Carex rossii  

 
 

Carex adusta 
Carex aenea 

Carex houghtoniana 
 

Carex adusta 
Carex aenea 

Carex concinna 
Carex houghtoniana 

Note. See appendix G-2 to G-63 for references.
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5.4 Limitations of Research and Further Study 

There was a lack of natural analogs for comparison to reclamation. Reclamation plots 

had a maximum age of 35 years. In contrast, natural ecosystem plots were generally older, 

although they represent a cross sectional range of forest age categories in the oil sands region. 

Upland natural ecosystem age is controlled by the fire cycle every 80 to 120 years while wetland 

ecosites have been in development since the last glacier retreat and are likely much older. Other 

plant communities like riparian or steep slope ecosites are usually avoided by anthropogenic 

disturbances and young age disturbances are few. Further, even where anthropogenic 

disturbances have created young age stands (e.g., cutlines), the soils are generally not disturbed 

to the extent of those of reclaimed oil sands landscapes and the seed bank generally remains 

intact. Therefore, the lack of young natural ecosystems with deep soil disturbances meant that 

using a cross-sectional age class of natural ecosystem data were the best proxy.  

The comparisons between substrate type (i.e., overburden and tailing sand) were 

confounded by the age of reclaimed plots and an unequal sample size between treatments. The 

comparison between capping material (peat-mineral mix and LFH) was confounded by unequal 

sample size between treatments and slope differences between the two treatments. These 

variables affect the ability of this study to isolate effects. In all cases a conservative approach 

was taken. Several assumptions were made in the examination of forest ingress (a) Suncor`s 

forest were representative of upland forests in the oil sands region, and (b) there was no 

limitation to Carex establishment on Suncor’s reclaimed soils. The findings in this thesis are 

based on exploratory surveys and should be followed with experimental designs specific to each 

objective. 
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Appendix A-1. Suncor Reclamation Areas Surveyed - Physical Attributes, Seeding and Plot Age 

Survey 
Type 

General Location Reclamation Area Size (ha) Substrate 
Soil 

amendment(a) 
Seeded to 

Year 
Reclaimed(b) 

Age in 
2009 

Terrestrial Boundary Exclusion Dyke Lease 86/17 R.A. #97 21.9 tailings sand p/m barley 2003 6 
Terrestrial Dyke 2 East Lease 86/17 R.A. #38 6.1 tailings sand p/m grass 1985 24 
Terrestrial Dyke 2 East-West Lease 86/17 R.A. #80 14.6 tailings sand p/m barley 1997 12 
Terrestrial Dyke 2 Plug Lease 86/17 R.A. #30 3.5 tailings sand p/m barley/grass(c) 1983 26 
Terrestrial Dyke 5 Mid Berm Lease 86/17 R.A. #98 8.2 tailings sand p/m barley 2004 5 
Terrestrial Dyke 6 Lease 86/17 R.A. #82 18.4 tailings sand p/m barley 1997 12 
Terrestrial Dyke 7 East Lease 86/17 R.A. #95 14.6 tailings sand p/m barley 2000 9 
Terrestrial Reclamation Area 8 Lease 86/17 R.A. #34 16.2 overburden p/m barley 1984 25 
Terrestrial Reclamation Area 16 Lease 86/17 R.A. #51 7.2 overburden p/m barley 1990 10 
Terrestrial Reclamation Area 19 Lease 86/17 R.A. #40 15.2 overburden p/m barley 1985 24 
Terrestrial Tar Island Dyke Lease 86/17 R.A. #6 16.2 overburden p/m grass 1978 31 
Terrestrial Tar Island Dyke Lease 86/17 R.A. #14 3.0 tailings sand p/m grass 1980 29 
Terrestrial Tar Island Dyke Lease 86/17 R.A. #17 1.3 overburden p/m grass 1981 28 
Terrestrial Tar Island Dyke Lease 86/17 R.A. #29 27.1 overburden p/m grass 1974 35 
Terrestrial Tar Island Dyke Lease 86/17 R.A. #66 9.3 tailings sand p/m barley 1991 18 
Terrestrial Tar Island Dyke Lease 86/17 R.A. #69 2.7 tailings sand p/m grass 1975 34 
Terrestrial North Waste Dump SB9 36.3 overburden p/m barley 2000 9 
Terrestrial Steepbank Access Road SB7 18.3 overburden p/m & original barley & n/s(d) 1998 11 
Terrestrial S.E. Dump SB17 (plateau) 24.6 overburden LFH not seeded 2007 2 
Terrestrial S.E. Dump SB17 (north area) 8.0 overburden p/m barley 2007 2 
Terrestrial Pipeline Corridor ML3 27.9 overburden p/m barley 2001 8 
Terrestrial Sand Pit Area ML17 14.8 overburden p/m barley 2003 6 
Terrestrial Sand Pit Area ML20 9.3 original original n/s 2003 6 
Terrestrial Wood Creek Plug ML21 5.6 overburden p/m barley 2004 5 
Wetland Control Reservoir Lease 86/17 R.A. #51 <1 overburden p/m barley 1990 9 
Wetland Crane Lake Lease 86/17 R.A. #59 27.3 overburden p/m n/s 1991 18 
Wetland Dyke 4 Wetland Base of Dyke 4 <1 overburden p/m n/s 1983 26 
Wetland High Sulphate Wetland Lease 86/17 R.A. #55 <1 overburden p/m not stated 1988 21 
Wetland R.A. 8 Wetland Lease 86/17 R.A. #34 <1 overburden p/m barley 1984 25 
Wetland Sand Pit Wetland ML17/ML18 ~1 overburden p/m barley & n/s (e) 2003 6 
Wetland Weir 1 Lake Lease 86/17 R.A. #82 18.4 overburden p/m barley 1997 12 

Forest Forest adjacent to Suncor n/a n/a n/a n/a n/a n/a n/a 
(a) Capped with peat-mineral mix (P/M), except SB17 that was capped with upland forest soil (LFH).   
(b) Erosion repairs may have occurred after initial reclamation. Areas with obvious erosion repair were avoided.   
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(c) North portion 6 plots seeded to grass, south portion 4 plots seeded to barley.   
(d) n/s = not seeded, narrow west portion 24 plots are original ground and not seeded; east portion 25 plots are peat-mineral mix and seeded to  
     barley.   
(e) ML 17 portion 11 plots seeded to barley, ML 18 portion 12 plots not seeded.   
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Appendix A-2. Suncor Reclamation Areas Surveyed - Location of Transect Start, Compass Bearing, Location of First and Last Plots in 
each Transect 

Survey Type General Location Reclamation Area No. Transect start 
Compass 
bearing 

Location of first plot Location of last plot 
# of 

plots 
Terrestrial Boundary Exclusion Dyke Lease 86/17 R.A. #97 A044 466629E, 6318853N 230 466586E, 6318833N 466421E, 6318714N 9 
Terrestrial Boundary Exclusion Dyke Lease 86/17 R.A. #97 A042 466325E, 6317399N 320 466294E, 6317440N 466167E, 6317636N 10 
Terrestrial Boundary Exclusion Dyke Lease 86/17 R.A. #97 A042 466167E, 6317636N 360 466167E, 6317660N 466174E, 6317764N 5 
Terrestrial Dyke 2 East Lease 86/17 R.A. #38 A046 470454E, 6316024N 25 470476E, 6316069N 470638E, 6316393N 15 
Terrestrial Dyke 2 East-West Lease 86/17 R.A. #80 A040 468473E, 6315507N 88 468499E, 6315503N 468734E, 6315504N 10 
Terrestrial Dyke 2 Plug Lease 86/17 R.A. #30 A045 470599E, 6317191N 130 470599E, 6317173N 470673E, 6317095N 5 
Terrestrial Dyke 2 Plug Lease 86/17 R.A. #30 A045 470673E, 6317095N 165 470678E, 6317069N 470738E, 6316956N 5 
Terrestrial Dyke 5 Mid Berm Lease 86/17 R.A. #98 A043 469772E, 6317861N 180 469774E, 6317811N 469783E, 6317357N 17 
Terrestrial Dyke 5 Mid Berm Lease 86/17 R.A. #98 A043 469783E, 6317357N 160 469792E, 6317331N 469814E, 6317233N 5 
Terrestrial Dyke 6 Lease 86/17 R.A. #82 A039 468783E, 6317435N 235 468340E, 6317411N 468046E, 6317205N 15 
Terrestrial Dyke 7 East Lease 86/17 R.A. #95 A047 469764E, 6318548N 310 469751E, 6318598N 469696E, 6318652N 10 
Terrestrial Dyke 7 East Lease 86/17 R.A. #95 A041 469696E, 6318652N 330 469684E, 6318672N 469621E, 6318795N 6 
Terrestrial Dyke 7 East Lease 86/17 R.A. #95 A041 469843E, 6318578N 330 469838E, 6318617N 469658E, 6318935N 9 
Terrestrial Reclamation Area 8 Suncor Forest A013F 469715E, 6320116N P.F.E 469750E, 6320047N 470065E, 6319710N 18 
Terrestrial Reclamation Area 8 Lease 86/17 R.A. #34 A012E 469724E, 6320116N P.F.E 469745E, 6320057N 470051E, 6316850N 18 
Terrestrial Reclamation Area 8 Lease 86/17 R.A. #34 A014I n/a P.F.E 469655E,6320012N 469977E, 6319619N 18 
Terrestrial Reclamation Area 16 Lease 86/17 R.A. #51 A037 467675E, 6315884N 5 467688E, 6315932N 467675E, 6315900N 10 
Terrestrial Reclamation Area 19 Lease 86/17 R.A. #40 A038 466949E, 6317130N 270 466899E, 6317130N 466677E, 6317134N 10 
Terrestrial Tar Island Dyke Lease 86/17 R.A. #6      2 
Terrestrial Tar Island Dyke Lease 86/17 R.A. #14 A015F 472369E, 6314841N P.F.E 472171E, 6315004N 472369E, 6314841N 5 
Terrestrial Tar Island Dyke Lease 86/17 R.A. #17 A003E 471969E, 6314803N  P.F.E 472018E, 6314803N 472382E, 6314842N 10 
Terrestrial Tar Island Dyke Lease 86/17 R.A. #29 A004I 471948E, 6314955N P.F.E 471981E, 6314955N 472445E, 6314920N 8 
Terrestrial Tar Island Dyke Lease 86/17 R.A. #66      7 
Terrestrial Tar Island Dyke Lease 86/17 R.A. #69      9 
Terrestrial North Waste Dump SB9S -Suncor Forest A010F n/a P.F.E 472578E, 6318098N 472302E, 6318577N 23 
Terrestrial North Waste Dump SB9S A009E 472611E, 6318063N P.F.E 472582E, 6318105N 472290E, 6318569N 23 
Terrestrial North Waste Dump SB9S A011I 472238E, 6318808N P.F.E 472238E, 6318808N 472392E, 6318658N 23 
Terrestrial North Waste Dump SB9N-Suncor Forest A027F n/a P.F.E 472139E, 6318751N 471917E, 6319093N 17 
Terrestrial North Waste Dump SB9N A026E 472155E, 6318732N P.F.E 472149E, 6318757N 471921E, 6319097N 17 
Terrestrial North Waste Dump SB9N A031I n/a P.F.E 472238E, 6318808N 472012E, 6319152N 17 
Terrestrial Steepbank Access Road SB7-Suncor Forest A007 n/a P.F.E 473715E, 6316060N 473786E, 6315500N 23 
Terrestrial Steepbank Access Road SB7 A005 473734E, 6316056N P.F.E 473725E, 6316050N 473790E, 6316502N 24 
Terrestrial Steepbank Access Road SB7 A006 473818E, 6316063N P.F.E 473831E, 6316040N 473895E, 6315509N 25 

Note. P.F.E. refers to a transect paralleling the forest edge, S.L. T. refers to a transect paralleling the shoreline. A dashed line, indicates the transects 
dissects several reclamation areas, n/a = not applicable.  
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Appendix A-2 (continued). Suncor Reclamation Areas Surveyed as Part of this Research: Location of Transect Start, Compass Bearing, 
Location of First and Last Plots in Each Transect 

Survey Type General Location Reclamation Area No. Transect start 
Compass 
bearing 

Location of first plot Location of last plot 
# of 
plots 

Terrestrial S.E. Dump SB17 (plateau) A019 477083E, 6315350N 310 477048E, 6315383N 476867E, 6315529N 10 
Terrestrial S.E. Dump SB17 (plateau) A020 477200E, 6315581N 310 477181E, 6315597N 476951E, 6315759N 12 
Terrestrial S.E. Dump SB17 (north slope) A028 476846E, 6315546N 310 476825E, 6315562N 476726E, 6315639N 6 
Terrestrial S.E. Dump SB17 (north slope) A029 476930E, 6315773N 310 476909E, 6315787N 476785E, 6315880N 7 
Terrestrial S.E. Dump SB17 (north slope) A030 476668E, 6315556N 310 476685E, 6315538N 476752E, 6315462N 5 
Terrestrial Pipeline Corridor Suncor Forest A017F n/a P.F.E 474058E, 6309220N 474111E, 6309592N 15 
Terrestrial Pipeline Corridor ML3 A016E n/a P.F.E 474069E, 6309223N 474117E, 6309592N 15 
Terrestrial Sand Pit Area ML20-Suncor Forest A008F n/a P.F.E 475099E, 6306325N 474925E, 6306622N 17 
Terrestrial Sand Pit Area ML17 & ML20 A001E n/a P.F.E 475108E, 6306328N 474934E, 6306631N 17 
Terrestrial Sand Pit Area ML17 & ML20 A002I n/a P.F.E 475155E, 6306386N 474996E, 6306674N 23 
Terrestrial Wood Creek Plug ML21 A035 474374E, 6307389N P.F.E 474386E, 6307364N 474484E, 6307158N 10 
Terrestrial Wood Creek Plug ML21 A036 474582E, 6307125N P.F.E 474573E, 6307149N 474472E, 6307351N 10 
Wetland Control Reservoir Lease 86/17 R.A. #51 A023 467643E, 6316135N S.L.T 467646E, 6316163N 467638E, 6316142N 9 
Wetland Crane Lake Lease 86/17 R.A. #59 A033 466392E, 6317035N S.L.T. 466418E, 6317036N 466418E, 6317036N 10 
Wetland Dyke 4 Wetland Base of Dyke 4 A024 467084E, 6316385N S.L.T. 467063E, 6316400N 467121E, 6316543N 8 
Wetland High Sulphate Wetland Lease 86/17 R.A. #55 A032 466432E, 6317236N S.L.T. 466412E, 6317250N 466628E, 6316979N 10 
Wetland R.A. 8 Wetland Lease 86/17 R.A. #34 A021 470056E, 6319701N S.L.T. 470078E, 6319700N 470054E, 6319717N 11 
Wetland Sand Pit Wetland ML17/ML18 A025 475274E, 6306498N S.L.T 475260E, 6306479N 475292E, 6306479N 23 
Wetland Weir 1 (Lake) Lease 86/17 R.A. #82 A034 471653E, 6314861N S.L.T. 471677E, 6314869N 471620E, 6315117N 15 

         
Note. P.F.E. refers to a transect paralleling the forest edge, S.L. T. refers to shoreline transects, (i.e., transects paralleling the shoreline of a wetland or 
waterbody). A dashed line, indicates the transects dissects several reclamation areas, n/a = not applicable.  
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Fort McMurray, Alberta

DESIGN

LOCATION OF PLOTS IN
NATURAL ECOSYSTEMS

APPENDIX A-3
PROJECT No. 09-1329-0010 SCALE AS SHOWN

PROJECT

TITLE

GIS

REVIEW

PM 15 Dec. 2009

CHECK

CAREX ESTABLISHMENT

PM
JG

AA 26 Aug. 2010
30 Nov. 2010
30 Nov. 2010

LEGEND

Alberta digital data obtained from AltaLIS Ltd. (2005) used under licence.
Projection: UTM Zone 12   Datum: NAD 83

REFERENCE

³

!( UNDISTURBED NATURAL FOREST PLOTS
PRIMARY HIGHWAY
SECONDARY HIGHWAY
LOCAL ROAD
WATERCOURSE
WATERBODY

50 0 50

KILOMETRES1:1,500,000SCALE
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Fort McMurray, Alberta

DESIGN

LOCATION OF SUNCOR PLOTS - 
WEST SIDE OF ATHABASCA RIVER

APPENDIX A-4
PROJECT No. 09-1329-0010 SCALE AS SHOWN

PROJECT

TITLE

GIS

REVIEW

PM 23 Oct. 2009

CHECK

SUNCOR RECLAMATION

PM
JG

AA 26 Aug. 2010
30 Nov. 2010
30 Nov. 2010

LEGEND

Imagery obtained from Suncor, 2009.
Alberta digital data obtained from AltaLIS Ltd. (September 2005) used under licence.
Projection: UTM Zone 12  Datum: NAD 83

REFERENCE

³

!( INTERIOR RECLAMATION PLOTS (> 100 m FROM UNDISTURBED FOREST)
!( TRIPLE TRANSECT EDGE PLOTS
!( TRIPLE TRANSECT FOREST PLOTS
!( TRIPLE TRANSECT INTERIOR PLOTS
!( UPLAND (LFH) PLOTS
!( WETLANDS PLOTS

1,500 0 1,500
 

METRES1:50,000SCALE

34 - WASTE AREA #8 (1984)

95 - DYKE 7 EAST (2000)
SB9N - STPBK NORTH WASTE DUMP (2000)

SB9S - STPBK NORTH WASTE DUMP (2000)

30 - DYKE 2 PLUG (1983)

38 - DYKE 2 EAST (1985)

98 - DYKE 5 MID BERM (2004)

82 - DYKE 6 (1997)

97N - BOUNDARY EXCLUSION DYKE (2003)

97S - BOUNDARY EXCLUSION DYKE (2003)

HIGH SULPHATE WETLAND (1988)

40 - WASTE AREA #19 (1985)

CRANE LAKE WETLAND (1991)

DYKE 4 WETLAND (1983)

CONTROL RESERVOIR WETLAND (1990)

51 - WASTE AREA #16 (1990)

80 - DYKE 2 EAST/WEST (1997)

LOON LAKE WETLAND (1983) 6 - T.I.D. (1978)
17 - T.I.D. (1981)
29 - T.I.D. (1974)
66 - T.I.D. (1991)
69 - T.I.D. (1975)

RA #8 WETLAND (1984)
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LOCATION OF SUNCOR PLOTS - 
EAST SIDE OF ATHABASCA RIVER
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PROJECT No. 09-1329-0010 SCALE AS SHOWN
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Appendix B-1. Carex Species Documented in the Natural Ecosystems, Natural Ecosystems adjacent to Suncor and Suncor’s Reclaimed 
Landscapes 

   

  Suncor Thesis Database 
 

    
Triple Transects 

 
Distance from Undisturbed Forest1  

 

Species name Authority 

ACIMS 
rare 
plant 
rank2 

Golder 
natural 

ecosystems 
dataset 

Forest 
plots      

 (-5 m) 

Edge 
plots         

(+5 m) 

Interior 
plots    

(100 m) 
Wetland 

plots 

Plots 
located at 
distances 

between 0- 
100 m from 
forest edge3 

Plots 
located at 
distances 
between 

150-350 m 
from forest 

edge 

Plots 
located at 
distances 
400+ m 

from forest 
edge 

Species found 
in reclamation 

plots & not 
found in forest 
or edge plots 

Species 
found only 
in plots at 
distances 
400+ m 

from forest 
edge 

Carex 
species 
found on 
Suncor's 

reclamation 
(all plots) 

Additional 
Carex 

species 
reported in 

the oil sands 
region 

Carex adusta Boott S1 
       

1 x x x a, d 

Carex aenea Fern. 
 

14 3 20 28 2 6 2 44 
  

x 
 Carex aquatilis Wahlenb. 

 
312 5 12 38 78 12 48 55 

  
x 

 Carex atherodes Spreng. 
 

17 2 6 4 21 1 11 12 
  

x 
 Carex atrosquama Mackenzie                 5   x x   

Carex athrostachya Olney 
            

b 

Carex aurea Nutt. 
 

2 1 3 8 4 2 1 19 
  

x 
 Carex backii Boott 

 
1 

  
1 

   
6 x 

 
x 

 Carex bebbii Olney ex Fern. 
 

10 
 

11 5 9 
 

7 6 
  

x 
 Carex brunnescens (Pers.) Poir. 

 
8 

 
3 2 1 2 

    
x 

 Carex brevoir (Dewey) Mack. 
            

g 

Carex canescens
4
 L.   44 4 2   6 3 2 10     x   

Carex capillaris L. 
 

11 
 

4 
    

1 
  

x 
 Carex capitata L. S2 

           
a, d 

Carex chordorrhiza Ehrh. ex L. f. 
 

59 
           Carex concinna R. Br. 

 
16 10 22 7 

 
1 

 
4 

  
x 

 Carex crawfordii Fern.   1    3               x   

Carex deflexa Hornem. 
 

4 
  

2 3 2 1 8 
  

x 
 Carex deweyana Schwein. 

 
5 16 24 8 

 
3 

 
6 

  
x 

 Carex diandra Schrank 
 

105 2 1 
 

43 4 25 17 
  

x 
 Carex disperma Dewey 

 
136 12 13 7 10 10 4 16 

  
x 

 Carex duriuscula C.A. Mey.   3                       
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Appendix B-1 (continued). Carex Species Documented in the Natural Ecosystems, Natural Ecosystems Adjacent to Suncor and 
Suncor’s Reclaimed Landscapes 

   

  Suncor Thesis Database 
 

    
Triple Transects 

 
Distance from Undisturbed Forest1  

 

Species name Authority 

ACIMS 
rare plant 

rank2 

Golder 
natural 

ecosystem 
dataset 

Forest 
plots      
(-5 m) 

Edge 
plots         

(+5 m) 

Interior 
plots    

(100 m) 
Wetland 

plots 

Plots 
located at 
distances 

between 0- 
100 m from 
forest edge3 

Plots 
located at 
distances 
between 

150-350 m 
from forest 

edge 

Plots 
located at 
distances 
400+ m 

from forest 
edge 

Species 
found in 

reclamation 
plots & not 

found in 
forest or edge 

plots 

Species 
found only 
in plots at 
distances 
400+ m 

from forest 
edge 

Carex 
species 
found on 
Suncor's 

reclamation 
(all plots) 

Additional 
Carex 

species 
reported 
in the oil 
sands 
region 

Carex gynocrates Wormsk. ex Drej. 
 

46 
   

1 
 

1 
 

x 
 

x 
 Carex heleonastes L. f. S2 

           
a, d 

Carex houghtoniana Torr. ex Dewey 
 

2 
  

4 
   

5 
  

x 
 Carex inops

5
 (Mackenzie) Crins,  

 
5 

           Carex interior Bailey 
 

26 
           Carex lacustris Willd. S2 1 
           

Carex lasiocarpa Muhl. ex Willd. 
 

26 
           Carex  lenticularis

6
 (Holm) L.A. Standley 

 
1 

           Carex leptalea Wahlenb. 
 

27 2 2 
 

4 3 1 2 
  

x 
 Carex limosa L. 

 
99 

           Carex livida (Wahlenb.) Willd. 
 

6 
           

Carex loliacea L. 
 

2 1 
          

Carex media
7
 

R. Brown ex 
Richardson 

 
1 4 9 11 7 3 4 13 

  
x 

 Carex obtusata Lilj. 
 

6 
           Carex oligosperma Michx. S3 6 
           Carex pachystachya Cham. ex Steud. 

 
2 

           
Carex parryana Dewey 

 
1 

          
b, d 

Carex pauciflora Lightf. 
 

11 
           Carex paupercula Michx. 

 
78 

   
1 1 

  
x 

 
x 

 Carex peckii Howe 
 

2 4 5 1 1 1 
 

1 
  

x 
 Carex pellita Willdenow 

            
d 
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Appendix B-1 (continued). Carex Species Documented in the Natural Ecosystems, Natural Ecosystems Adjacent to Suncor and 
Suncor’s Reclaimed Landscapes 

   

  Suncor Thesis Database 
 

    
Triple Transects 

 
Distance from Undisturbed Forest1  

 

Species name Authority 

ACIMS 
rare 
plant 
rank2 

Golder 
natural 

ecosystem 
dataset 

Forest 
plots      
(-5 m) 

Edge 
plots         

(+5 m) 

Interior 
plots    

(100 m) 
Wetland 

plots 

Plots 
located at 
distances 

between 0- 
100 m from 
forest edge3 

Plots 
located at 
distances 
between 

150-350 m 
from forest 

edge 

Plots 
located at 
distances 
400+ m 

from forest 
edge 

Species 
found in 

reclamation 
plots & not 

found in 
forest or 

edge plots 

Species found 
only in plots at 

distances 
400+ m from 
forest edge 

Carex 
species 
found on 
Suncor's 

reclamation 
(all plots) 

Additional 
Carex 

species 
reported in 

the oil sands 
region 

Carex praegracilis W. Boott 
            

c, e, g 

Carex prairea Dewey ex Wood 
 

5 
   

3 
 

3 
 

x 
 

x 
 Carex praticola Rydb. 

 
1 

   
1 1 1 1 x 

 
x 

 Carex pseudocyperus L. 
 

3 1 
  

15 4 9 2 
  

x 
 Carex raymondii Calder         7       5 

 
  x   

Carex retrorsa Schwein. 
 

1 2 
        

x 
 Carex richardsonii R. Br. 

 
4 

 
1 

       
x 

 Carex rossii Boott 
 

3 8 10 3 
      

x 
 Carex rostrata Stokes 

 
8 

           Carex sartwellii Dewey   16 
   

2 
  

2 x 
 

x   

Carex scirpoidea  Michx. 
            

c, d 

Carex siccata Dewey 
 

29 23 41 44 1 
 

10 13 
  

x 
 Carex sprengelii Dewey ex Spreng. 

            
d, f 

Carex stipata Muhl. ex Willd. 
            

d 

Carex sychnocephala Carey   
    

1 
 

1 
 

x 
 

x   

Carex tenuiflora Wahlenb. 
 

51 
   

1 1 
 

1 x 
 

x 
 Carex tonsa (Fern.) Bickn. 

   
2 

       
x 

 Carex trisperma Dewey 
 

8 
           Carex umbellata Schkuhr ex Willd. S2 

       
17 x x x a 

Carex utriculata Boott   44 7 8 4 48 8 28 12 
  

x   
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Appendix B-1 (continued). Carex Species Documented in the Natural Ecosystems, Natural Ecosystems Adjacent to Suncor and 
Suncor’s Reclaimed Landscapes 

   

  Suncor Thesis Database 
 

    
Triple Transects 

 
Distance from Undisturbed Forest1  

 

Species name Authority 

ACIMS 
rare 
plant 
rank2 

Golder 
natural 

ecosystem 
dataset 

Forest 
plots       
(-5 m) 

Edge 
plots         

(+5 m) 

Interior 
plots    

(100 m) 
Wetland 

plots 

Plots 
located at 
distances 

between 0- 
100 m from 
forest edge3 

Plots 
located at 
distances 
between 

150-350 m 
from forest 

edge 

Plots 
located at 
distances 
400+ m 

from forest 
edge 

Species 
found in 

reclamation 
plots & not 

found in 
forest or edge 

plots 

Species 
found only 
in plots at 
distances 
400+ m 

from forest 
edge 

Carex 
species 
found on 
Suncor's 

reclamation 
(all plots) 

Additional 
Carex 

species 
reported in 

the oil 
sands 
region 

Carex vaginata Tausch 
 

42 6 6 1 1 1 1 2 
  

x 
 Carex viridula Michx. 

 
6 

           Carex vulpinoidea Michx. S2 
           

a, d 
Carex spp.     123 1 6 8 1 1 1 3     x   

Total Plots 1461 130 130 130 86 48 57 199 n/a n/a 694 n/a 
Total species                67 51 19 22 19 24 20 19 28 12 3 38 n/a 

Note. Values represent the number of plots in which the species of interest was observed. An X indicates the presence of a species.  
1 Distances were calculated to the nearest 50 metres. 
2 Rare plant rankings from (ACIMS, 2010b) Alberta Conservation Information Management System, rare plant element occurrence database. 
3 excludes triple transect plots 
4 Carex canescens ssp. canescens 
5 Carex inops subsp. heliophila 
6 Carex lenticularis var. lipocarpa 
7 synonym Carex norvegica, Retz. 
a Species reported in (ACIMS, 2010b) Alberta Conservation Information Management System, rare plant element occurrence database 
b Suncor Energy Inc. (2005). Voyageur Project: Vol. II, Terrestrial vegetation, wetlands and forest resources environmental settings report. March 2005, p. 98.  
c G. Donald, Cumulative Effects Monitoring Association, Reclamation Working Group, Technical Program Manager, personal communication, February 15, 2010. 

Reference to species based on data from Terrestrial Subgroup’s long term monitoring plot network (LTPN), 2008. 
d author's personal observation  
e Downing, D.J., Bayer, R.J. & Vitt, D. H. (1991). Rare and disjunct Plants from Whitemud Falls Ecological Reserve, northeastern Alberta. Canadian Field-

Naturalists 105 (3): 376-381. 
f True North Energy (2001). Application for approval of the Fort Hills Oil Sands Project, Volume II Environmental Baseline Study, p. 9, B-6. 
g Petro-Canada. (2005). Amendment application: MacKay River Expansion. Volume IIC-Appendix I, November 2005, p. iii.  
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Appendix B-2. Potential Outliers Identified in the Natural Ecosystems Dataset  

Species name Plot Number Slope % Aspect Moisture regime Ecosite Percent Cover 

Carex deflexa XAV050 0 n/a Hydric* FONS 0.5 

Carex diandra MZV013 2 north Subxeric* Burn_upland* 0.5 

Carex obtusata XBV023E 0 n/a Hydric* FTNN 1.0 

Carex parryana XGV022 6 west Xeric* a1 1.0 
Carex 
paupercula CAV009 10* north Subhygric f3 0.5 

Carex vaginata ECV003 2 north Xeric* a1 0.5 
Note. Starred (*) entries indicate parameters that are not within the typical range for that species. 
 

 
The above table represent potential outliers in the Natural Ecosystems Dataset (Golder, 

2009). Outliers likely represent misidentified species or species at the very edge of their habitat 

preference. Six potential outliers and two miscoded species were identified out of 1,446 Carex 

observations. The rational for describing these entries as outliers is defined below. 

Carex deflexa has a wide habitat range “Moist to dry, open or shaded, mixed and 

coniferous woodlands, talus slopes, ridges, rock outcrops, burns, clearings, fields, banks, 

snowbeds” (Crinns & Rettig, 2002, p. 535). Flora of Saskatchewan notes that herbarium labels 

for this species are “often associated with the words, dry and sand” (Looman & Best, 1979, 

p.207). Similarly, in Flora of Alberta (Packer, 1994, p.136), states this species is of “dry open 

woodland”. Therefore, Carex deflexa found in plot XAV050 with a hydric moisture regime (i.e., 

water at or above the soil surface for most of the year), is not consistent with the published 

floras. The author`s personal observations have noted Carex deflexa in moisture regimes within 

the boreal forests as wet as hygric. Note: hydric is two categories wetter than hygric.  

Carex deflexa 

Carex diandra is described in Flora of Alberta as of “boggy and peaty marshes” Packer 

(1994, p.137). Consistent with Carex of Saskatchewan, “open swamps and fens in the boreal 

Carex diandra 
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forest” (Hudson, 1977, p. 70) and “swamps, wet meadows and Lakeshores” (Looman & Best, 

1979, p. 207). Suggesting the subxeric moisture regime at MZV013 is unusually dry for this 

species. 

Carex obtusata is consistently described in several floras as being found in dry habitats. 

Flora of Alberta notes this species is of “prairie grassland, dry ridges and hills” (Packer (1994, p. 

145), and of “Dry grasslands, dry bluffs and dry sandy flood plains” (Murray, 2002, p. 555). 

Looman & Best qualify this with the addition of moist areas (1979, p. 220). However, plot 

XBV023E with a hydric moisture regime (i.e., with water at or above the surface for most of the 

years), is far outside the typical dry habitat range and for this reason is treated as an outlier. 

Carex obtusata 

Carex parryana is describes in Flora of Alberta as a species of “moist habitats” (Packer, 

1994, p. 146). Flora of Saskatchewan notes this species inhabits “Calcareous and sub saline bogs 

and meadows, ground water discharge and seeps around salt lakes” (Hudson, 1977, p. 116). 

Therefore, the dry xeric conditions of plot XGV022 where moisture is rapidly drained and soil is 

moist only after precipitation (Archibald & Beckingham, 1996), is not consistent with moist to 

wet habitats described for this species. 

Carex parryana 

Carex paupercula was identified in 77 level plots and only one observation on a 10% 

slope. This single occurrence of the wetland species Carex paupercula in the low slope class of 

plot CAV009 appears to be not typical of the species. Plot CAV009 was recorded as an F3 

ecosite. Associated species in the plot included Betula papyrifera, Abies balsamea, Aralia 

nudicaulis and Rosa acicularis, species not usually associated with Carex paupercula as well as 

Carex paupercula 
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some wetlands species. This implies the species was either misidentified or the species was at the 

interface of two ecosites. For this reason the Carex paupercula in the low class is identified as an 

outlier.  

“Carex vaginata is a species of the boreal forest, wet woods, bogs and muskeg” 

(Looman & Best, 1979, p. 233) and “bogs and wet woods” (Packer, 1994, p. 155). Again, the dry 

conditions associated with the xeric moisture regime of plot ECV003 do not appear consistent 

with literature and this occurrence is treated as an outlier. 

Carex vaginata 

Two natural ecosystems records were miscoded as Carex paleacea. Carex paleacea is a 

costal shoreline species and not found in Alberta. References to this species were removed.  

Carex paleacea 

 

Crins, W.J. & Rettig J.H. (2002). Carex section Acrocystis. In Flora of North America Editorial 
Committee, (Eds.). Flora of North America North of Mexico: Vol. 23, Magnolia: 
Commelinidae (in part): Cyperaceae (pp. 532-545). New York, NY: Oxford University 
Press. 

 
Looman, J., & Best, K. F. (1979). Budd’s flora of the Canadian Prairie Provinces. Hull, Quebec: 

Canadian Government Publishing Centre, Agriculture Canada, Research Branch. 
 
Murray, D. F. (2002). Carex section Obtusatae. In Flora of North America Editorial Committee, 

(Eds.). Flora of North America North of Mexico: Vol. 23, Magnolia: Commelinidae (in 
part): Cyperaceae (pp. 532-545). New York, NY: Oxford University Press. 

 
Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 
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NATURAL ECOSYSTEMS DATA 
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Appendix C-1. Results of One-way Permutation Tests for the Habitat Variables Moisture, Slope and Aspect for Natural Ecosystems of 
the Oil Sands Region 

Category   Species richness   Percent cover 

  
Mean 

Upper 
Confidence 

Interval 

Lower 
Confidence 

Interval p-value 
 

Mean 

Upper 
Confidence 

Interval 

Lower 
Confidence 

Interval p-value 
Moisture 

          dry 
 

0.263 0.360 0.165   0.932 1.832 0.031  

mesic 
 

0.386 0.451 0.322 < 0.0005  1.772 2.398 1.147 < 0.0005 

wet 
 

1.934 2.067 1.800   18.503 20.539 16.467  

           Slope 
          level 

 
1.003 1.079 0.927 

  
8.443 9.432 7.454 

 low 
 

0.143 0.312 -0.027 0.00128  0.257 0.607 -0.092 0.02522 

steep 
 

1.050 1.770 0.330 
  

10.175 19.489 0.861 
 

           Aspect 
          North 

 
0.357 0.491 0.222 

  
2.463 4.621 0.304 

 East 
 

0.178 0.270 0.086 
  

0.122 0.218 0.026 
 South 

 
0.465 0.711 0.219 < 0.0005  3.042 5.722 0.362 < 0.0005 

West 
 

0.306 0.440 0.173 
  

0.546 0.994 0.099 
 No aspect 

 
1.216 1.309 1.124 

  
10.674 11.911 9.437 
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Appendix C-2. Natural Ecosystems - Distribution of Carex by Moisture Category 

  

  

 

Species Name aquatic hydric subhydric hygric subhygric mesic submesic subxeric xeric 
very 
xeric 

Carex aenea 
   

2 
 

3 2 5 2 
 

Carex aquatilis 13 105 106 50 33 3 
 

1 
  

Carex atherodes 1 8 2 3 1 2 
    

Carex aurea 
    

1* 1* 
    

Carex backii 
     

1 
    

Carex bebbii 
 

3 2 1 1 2 1 
   

Carex brunnescens 1 1 
 

1 1 3 1 
   

Carex canescens 
 

16 8 5 10 4 1 
   

Carex capillaris 1 2 2 3 1 1 1 
   

Carex chordorrhiza 2 36 11 7 3 
     

Carex concinna 
  

2 2 2 2 2 6 
  

Carex crawfordii 
  

1 
       

Carex deflexa 
 

1(a) 
   

1 1 1 
  

Carex deweyana 
   

2* 1 2* 
    

Carex diandra 7 57 24 12 4 
  

1(b) 
  

Carex disperma 
 

27 46 19 34 8 1 
   

Carex duriuscula  
        

3 
 

Carex gynocrates 
 

12 11 9 11 1 
 

1 
  

Carex houghtoniana 
     

1* 1* 
   

Carex inops*  
     

1 
 

1 3 
 

Carex interior 
 

15 5 1 4 1 
    

Carex lacustris 
 

1 
        

Carex lasiocarpa 1 17 6 2 
      

Carex leptalea 
 

8 13 3 3 
     

Carex limosa 
 

48 32 12 5 1 
    

Carex lenticularis  
   

1 
      

Carex livida 
 

2 1 1 1 1 
    

Carex loliacea 
  

2 
       

Carex media 
     

1 
    

Carex obtusata 
 

1(c) 
   

1 
  

4 
 

Carex oligosperma 
  

6 
       

Carex pachystachya 
 

2 
        

Carex pauciflora 
 

4 6 
 

1 
     

Carex paupercula 2 27 34 6 8 1 
    

Carex parryana 
        

1(d) 
 

Carex peckii 
    

1* 1* 
    

Carex prairea 
 

1 3 1 
      

Carex praticola 
    

1 
     

Carex pseudocyperus 1 2 
        

Carex retrorsa 
   

1 
      

Note. Gray boxes represent edaphic moisture ranges for Carex species. Values represent the number of plots in which 
the species of interest was observed; modes for each species are highlighted. Starred (*) values indicate an even number 
of occurrences in two or more aspect categories, no mode could be concluded and these species are omitted from the total 
percent calculation. * Carex inops subsp. heliophila  

          Intermediate              Drier                       Wetter 
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Appendix C-2 (continued). Natural Ecosystems - Distribution of Carex by Moisture Category 
Species Name aquatic hydric subhydric hygric subhygric mesic submesic subxeric xeric 

very 
xeric 

Carex richardsonii 
    

1 
 

1 
 

2 
 Carex rossii 

        
3 

 Carex rostrata 2 5 1 
      

 Carex sartwellii 
 

12 2 
 

1 
  

1 
 

 Carex siccata 
     

9 8 5 6 1 
Carex tenuiflora 1 15 22 5 7 1 

   
 Carex trisperma 

 
4 2 1 

 
1 

   
 Carex utriculata 10 16 4 5 6 2 

   
 Carex vaginata 

 
5 6 14* 14* 2 

  
1(e) 

 Carex viridula 
 

1 2* 1 2* 
    

 Carex spp. 2 36 29 17 19 13 3 3 1 
 No. of in modes in 

each moisture class 
Wet habitats =31 Intermediate habitats = 6 Dry habits =7 

Percentage of 
modes in each 
moisture class 

63% 22% 14% 

Total species per 
moisture class 

37 37 13 

Note. Gray boxes represent edaphic moisture ranges for Carex species. Values represent the number of plots in 
which the species of interest was observed; modes for each species are highlighted. Starred (*) values indicate an 
even number of occurrences in two or more aspect categories, no mode could be concluded and these species are 
omitted from the total percent calculation. 
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Appendix C-3. Natural Ecosystems - Distribution of Carex by Slope Category 

Species Level Low Steep Species Total 

Carex aenea 14 
  

14 
Carex aquatilis 311 1 

 
312 

Carex atherodes 17 
  

17 
Carex aurea 2 

  
2 

Carex backii 1 
  

1 
Carex bebbii 10 

  
10 

Carex brunnescens 8 
  

8 
Carex canescens 44 

  
44 

Carex capillaris 11 
  

11 
Carex chordorrhiza 59 

  
59 

Carex concinna 16 
  

16 
Carex crawfordii 1 

  
1 

Carex deflexa 4a 
  

4 
Carex deweyana 5 

  
5 

Carex diandra 105 
  

105 
Carex disperma 136 

  
136 

Carex duriuscula  
  

3 3 
Carex gynocrates 46 

  
46 

Carex houghtoniana 2 
  

2 
Carex inops1 1 

 
4 5 

Carex interior 26 
  

26 
Carex lacustris 1 

  
1 

Carex lasiocarpa 26 
  

26 
Carex lenticularis  1 

  
1 

Carex leptalea 27 
  

27 
Carex limosa 99 

  
99 

Carex livida 6 
  

6 
Carex loliacea 2 

  
2 

Carex media 1 
  

1 
Carex obtusata 1a 

 
5 6 

Carex oligosperma 6 
  

6 
Carex pachystachya 2 

  
2 

Carex parryana 1a 
  

1 
Carex pauciflora 11 

  
11 

Carex paupercula 77 1a 
 

78 
Carex peckii 2 

  
2 

Carex prairea 5 
  

5 
Carex praticola 1 

  
1 

Carex pseudocyperus 3 
  

3 
Carex retrorsa 1 

  
1 

Carex richardsonii 4 
  

4 
Carex rossii 

  
3 3 

Carex rostrata 8 
  

8 
Carex sartwellii 16 

  
16 

Carex siccata 22 1 6 29 
Carex tenuiflora 51 

  
51 

Carex trisperma 8 
  

8 
Carex utriculata 43 1 

 
44 

Appendix C-3 (continued). Natural Ecosystems - Distribution of Carex by Slope Category 
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Species Level Low Steep Species Total 
Carex vaginata 41 1 a 

 
42 

Carex viridula 6 
  

6 
Carex spp.  123 

  
123 

No. of in modes in each slope class 47 0 4 n/a 

Percent modes in each slope class 92% 0% 8% n/a 

Total species per slope classb 49 5 5 51 

Note. Values represent the number of plots the species was observed in; modes for each species are highlighted. 
a potential outlier see Appendix C-2. 
b Total species excludes Carex spp.  
1Carex inops subsp. heliophila  
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Appendix C-4. Natural Ecosystems - Distribution of Carex by Aspect Category 

Species name level east north south west Species Total 
Carex aenea 11 

 
1 

 
2 14 

Carex aquatilis 300 1 8 
 

3 312 
Carex atherodes 17 

    
17 

Carex aurea 2 
    

2 
Carex backii 1 

    
1 

Carex bebbii 8 
   

2 10 
Carex brunnescens 7 

   
1 8 

Carex canescens 38 1 2 
 

3 44 
Carex capillaris 10 

  
1 

 
11 

Carex chordorrhiza 58 
 

1 
  

59 
Carex concinna 11 

 
1 2 2 16 

Carex crawfordii 1 
    

1 
Carex deflexa 1(a) 

 
1 

 
2 4 

Carex deweyana 5 
    

5 
Carex diandra 104 

 
1(a) 

  
105 

Carex disperma 128 4 2 1 1 136 
Carex duriuscula 

   
3 

 
3 

Carex gynocrates 41 
 

2 1 2 46 
Carex houghtoniana 1* 

   
1* 2 

Carex inops1  1 
  

4 
 

5 
Carex interior 25 

 
1 

  
26 

Carex lacustris 1 
    

1 
Carex lasiocarpa 26 

    
26 

Carex leptalea 25 
 

2 
  

27 
Carex limosa 98 

 
1 

  
99 

Carex lenticularis  1 
    

1 
Carex livida 6 

    
6 

Carex loliacea 2 
    

2 
Carex media 1 

    
1 

Carex obtusata 1(a) 
  

5 
 

6 
Carex oligosperma 6 

    
6 

Carex pachystachya 2 
    

2 
Carex pauciflora 11 

    
11 

Carex paupercula 75 1 1 +1(a) 
  

78 
Carex parryana 

    
1(a) 1 

Carex peckii 2 
    

2 
Carex prairea 5 

    
5 

Carex praticola 1 
    

1 
Carex pseudocyperus 3 

    
3 

Carex retrorsa 1 
    

1 
Carex richardsonii 1 

 
1 

 
2 4 

Carex rossii 
   

3 
 

3 
Carex rostrata 8 

    
8 

Carex sartwellii 16 
    

16 
Carex siccata 14 4 2 6 3 29 
Carex tenuiflora 50 

  
1 

 
51 

Carex trisperma 7 
  

1 
 

8 
Carex utriculata 40 

 
1 

 
3 44 

Appendix C-4 (continued). Natural Ecosystems - Distribution of Carex by Aspect Category 
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Species name level east north south west Species Total 
Carex vaginata 33 1 5 +1(a) 

 
2 42 

Carex viridula 6 
    

6 
Carex spp. 103 4 6 6 4 123 
No. of in modes in each aspect 
class 

44 0 0 4 2 n/a 

Percent modes in each aspect class 86% 0% 0% 8% 4% n/a 
Total species per aspect class b  48 6 17 11 15 51 

Note. Values represent the number of plots in which the species of interest was observed; modes for each species 
are highlighted. 
a potential outlier (see Appendix C-2)  
b Total species excludes Carex spp.  
1 Carex inops subsp. heliophilla
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Appendix C-5. Natural Ecosystems - Distribution of Carex by Subregion and Ecosite 
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Appendix C-5a. Central Mixedwood Subregion 

Species Name 

Upland Ecosites 

Wetland Ecosites 

Ca
re

x 
G

ra
ss

la
nd

 

Disturbance 
Bog Fen 

M
ar

sh
 

Swamp 

a1 b1 b2 b3 b4 c1 d1 d2 d3 e2 e3 f1 f2 f3 g1 h1  B
FN

N
 

 B
O

N
N

 
 B

O
N

S 
 B

TN
I 

 B
TN

N
 

 B
TN

R 
 B

TX
C 

 B
TX

N
 

 F
FN

N
 

 F
O

N
G

 
 F

O
N

S 
 F

O
PN

 
 F

TN
I 

 F
TN

N
 

 F
TN

R 
 F

TP
N

 
 M

O
N

G
 

 S
O

N
S 

 S
TN

N
 

 b
ur

n-
up

la
nd

 

 b
ur

n-
w

et
la

nd
 

 c
le

ar
cu

t 

 m
ea

do
w

 

 s
hr

ub
la

nd
 

 w
el

l s
ite

 

Carex aenea         1                                           1                   3 7 1       
Carex aquatilis                   1       1 1     8 2 2 24 1 2 1   35 66 8 6 75   6 17 23 9     10 1   3 1 
Carex atherodes                                                   4 1           5 1           2 3   
Carex backii                                                                             1       
Carex bebbii               1                                   1             3           2 2 1   
Carex brunnescens       1         1             1   1                             2           1 1     
Carex canescens                 1 1     1 2   1   1   1 1   1     6 6     7       7 2   1     1 1   
Carex capillaris               1 1                 1               2   1   1       1       2         
Carex chordorrhiza                                         2         9 18 7 1 15 1 3 1   1     1         
Carex concinna           1     2                       1                 2   1         8           
Carex crawfordii                                                   1                                 
Carex deflexa     1                                               1(a)                   2           
Carex deweyana             1     1       1                               2                         
Carex diandra                                   2     1         18 32 5 5 22   7 9       1(a)           
Carex disperma               1 3 2 1   2 5 3 8   3     7       2   15 1   41     1 10 18     5     1   
Carex duriuscula                                                                       3             
Carex gynocrates                                   3     6         1 1     23   3     1   1 4         
Carex houghtoniana                                                                         1   1       
Carex inops      1                                                                 4             
Carex interior                                                     9 3 1 9   1     2     1         
Carex lacustris                                                               1                     
Carex lasiocarpa                                                   5 6 7   3   2 2                   
Carex leptalea                       1                             4 1 1 10   1   1 6     1         
Carex limosa                                         3   1     16 27 11 5 26 1 5     2     1         
Carex lenticularis                                                    1                                 

Note. (a) = Potential outliers. Values represent the number of plots in which the species of interest was observed, modes are highlighted. 
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Appendix C-5a (continued). Central Mixedwood Subregion  

Species Name 

Upland Ecosites 
Wetland Ecosites 

Ca
re

x 
G

ra
ss

la
nd

 

Disturbance 
Bog Fen 

M
ar

sh
 

Swamp 

a1 b1 b2 b3 b4 c1 d1 d2 d3 e2 e3 f1 f2 f3 g1 h1  B
FN

N
 

 B
O

N
N

 
 B

O
N

S 
 B

TN
I 

 B
TN

N
 

 B
TN

R 
 B

TX
C 

 B
TX

N
 

 F
FN

N
 

 F
O

N
G

 
 F

O
N

S 
 F

O
PN

 
 F

TN
I 

 F
TN

N
 

 F
TN

R 
 F

TP
N
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O
N

G
 

 S
O

N
S 

 S
TN

N
 

 b
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n 
-u

pl
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d 
 b

ur
n-

w
et
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nd

 
 c

le
ar

cu
t 

 m
ea

do
w

 
 s

hr
ub

la
nd

 
 w

el
l s

ite
 

Carex livida                                                   2 1 2                         1   
Carex loliacea                                                     1     1                         
Carex media                 1                                                                   
Carex obtusata                                                           1(a)           5             
Carex oligosperma                                                     6                               
Carex pachystachya                                                   1     1                           
Carex pauciflora                                         1         1 4     4   1                     
Carex paupercula                           1(a)       4   1 2         2 19 1   31 1 1 2 1 5               
Carex parryana 1(a)                                                                                   
Carex peckii                 1         1                                                         
Carex prairea                                                           3                         
Carex pseudocyperus                                                                 3                   
Carex retrorsa                                                                               1     
Carex richardsonii                                                                           1         
Carex rossii                                                                       3             
Carex rostrata                                                   4   1         2 1                 
Carex sartwellii                             1                     3 4     5     2                   
Carex siccata 1 1 1   1 4 2 1                                                       5 1 3 2       
Carex tenuiflora                         1     1   2     2   1       14 2   17   2 1   6               
Carex trisperma                                                     1     3       1 1   1 1         
Carex utriculata               1                   1               4 7     1     10 7 1       1 3 4   
Carex vaginata 1(a)                       1 2 3 5         6       1 1 1 2   6   1     5     6         
Carex viridula                                                   1 1     2         1         1     
Carex spp. 1 2 1       1 6 3 1 1       6 4 1 1     9         9 10 4   31   7 3 4 2   4 4         
Total species/ecosite 3 1 3 1 2 2 2 5 7 4 1 1 4 7 4 5 0 10 1 3 12 1 4 1 2 21 25 14 7 24 3 14 14 10 14 5 9 13 8 7 7 1 

Note. (a) = Potential outliers. Values represent the number of plots in which the species of interest was observed, modes are highlighted. 
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Appendix C-5b. Athabasca Plains Subregion 

Species Name 
Upland Ecosites 

Wetland Ecosites 

Bog Fen Marsh Swamp 
Open 
water 

a1 b1 b2 b3 d1 Misc BTNN FONG FTNN MONG SONS STNN WONN 
Carex aenea 

    
  

   
1 

   
Carex aquatilis 

    
  

 
2 1 2 

 
1 

 
Carex atherodes 

    
  

   
1 

   
Carex aurea 

    
1  1 

      
Carex canescens 

    
  

     
1 1 

Carex capillaris 
    

  
 

1 
     

Carex concinna 
    

  1 
      

Carex diandra 
    

  
   

1 
  

1 
Carex disperma 

    
  2 

 
1 

    
Carex lasiocarpa 

    
  

      
1 

Carex limosa 
    

  
      

1 
Carex paupercula 

    
  

 
1 2 

    
Carex prairea 

    
  

 
1 1 

    
Carex praticola 

    
  

   
1 

   
Carex richardsonii 3 

   
  

       
Carex sartwellii 

    
  

 
1 

     
Carex siccata 1 2 1 1  1 

       
Carex utriculata 

    
  

   
2 

  
1 

Carex spp. 
  

1 1   
 

1 
  

1 
  

Ecosite Total 4 2 2 2 1 1 4 7 5 8 1 2 5 
Note. Values represent the number of plots in which the species of interest was observed. Misc (Miscellaneous) in 
these two cases, refers to plots on cutbanks with sparse vegetation. 
 

Appendix C-5c. Boreal Highlands Subregion 

Species Name 
Upland Ecosites 

Wetland Ecosites 

Bog fen 

b3 e2 f2 BTNN FONS FTNN 

Carex aquatilis  
  

 1 2 
Carex canescens 

 
1 

 
 

  
Carex diandra 

   
 1 

 
Carex disperma 

  
1  2 1 

Carex gynocrates 1 
  

 1 1 
Carex leptalea 

   
 

 
1 

Carex paupercula 
   

 3 1 
Carex siccata 1 

  
 

  
Carex tenuiflora 

   
 2 

 
Carex utriculata 

   
 

 
1 

Carex vaginata 
  

1  
  

Carex spp. 1 
  

1 1 1 
Ecosite Total 3 1 2 1 11 8 

Note. Values represent the number of plots in which the species of interest was observed. 
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Appendix D-1. Rare Carex Species Observed on Suncor’s Reclaimed Landscapes 

The rare species (Carex adusta) and one potentially rare species (Carex umbellata) were 

observed within Suncor’s reclamation plots. Both species are ranked S1 in Alberta (i.e., the rarest 

ranking). Due to the rare status, all observations of these two species were recorded; observations 

outside of plots were recorded as miscellaneous observations (Table D-1). 

Table D-1. Location of rare species observed on Suncor’s reclamation 
     Species UTM coordinate Reclamation Area 
Carex adusta 12V 476996E, 6315729N SB17 
Carex adusta 12V 472674E, 6318123N SB9 
Carex adusta 12V 474296E, 6309026N ML3 
Carex adusta 12V 474299E, 6309037N ML3 
Carex adusta 12V 474283E, 6309065N ML3 
Carex adusta 12V 474280E, 6309064N ML3 
Carex adusta 12V 474274E, 6309082N ML3 
Carex adusta 12V 474310E, 6309023N ML3 
Carex umbellata 12V 477048E, 6315383N SB17 
Carex umbellata 12V 477026E, 6315400N SB17 
Carex umbellata 12V 477008E, 6315417N SB17 
Carex umbellata 12V 476944E, 6315463N SB17 
Carex umbellata 12V 476923E, 6315480N SB17 
Carex umbellata 12V 476867E, 6315529N SB17 
Carex umbellata 12V 477181E, 6315597N SB17 
Carex umbellata 12V 477160E, 6315612N SB17 
Carex umbellata 12V 477102E, 6315654N SB17 
Carex umbellata 12V 477082E, 6315672N SB17 
Carex umbellata 12V 477060E, 6315687N SB17 
Carex umbellata 12V 477039E, 6315701N SB17 
Carex umbellata 12V 476996E, 6315729N SB17 
Carex umbellata 12V 476975E, 6315744N SB17 
Carex umbellata 12V 476951E, 6315759N SB17 
Carex umbellata 12V 476825E, 6315562N SB17 

Note. The identification of Carex umbellata was not confirmed (see below). 

 

Carex adusta has previously been observed at Suncor. A Carex adusta specimen was 

photographed by the author from the area near Suncor’s Millennium Lodge July 16, 2005 and 

sent to Bruce Ford, Professor and Curator, University of Manitoba Herbarium. The Carex was 

Carex adusta 
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confirmed to be Carex adusta in an e-mail dated August 12, 2005. This location has since been 

developed as part of the camp facility; it is unknown if the population is still extent (Appendix 

D-2). 

Authors Collection No: 120 
Date collected: July 16, 2005 (photographs only) 
Collector(s): Patricia Marlowe 
Location: Suncor camp, disturbed clearing, site located across the road from 
Millennium Lodge and before turnoff into entrance, right (east) side of road. 
GPS location: 470272E, 6314675N (NAD 27) 
Ecosite: Disturbed, exposed, dry sandy area. Carex houghtoniana (plentiful) and 
narrow-leaf hawkweed (sparse), area is mainly sand with a low percentage of vegetation 
ground cover. 
 

Voucher photographs from a single specimen located on reclamation area SB9 (North 

waste dump), were reviewed by Dr. Peter Ball, University of Toronto (Professor Emeritus) and 

editor of Flora of North America, Volume 23: Cyperaceae and the specimen confirmed by e-mail 

to be Carex adusta.  

Authors Collection No: 474 
Date collected: Sep-03-2008 
Observers: Patricia Marlowe & Rachel So 
Location: Suncor Steepbank overburden dump reclamation area, Suncor SB 15 (lower 
side of road at far North end) approximately 50 meters south of transformer station, Fort 
McMurray, Alberta, CANADA 
GPS location: 12V 472040E, 6319419N (NAD 83) 
Habitat: Reclaimed overburden 
 
 

Carex adusta observed as part of this research, match the two previously confirmed 

specimens as well as a literature review for the identification of this species.  In brief the two 

most characteristic features are a bristle-like bract subtending the inflorescence, the base of this 

bract is cuspidate with wide hyaline margins (Figure 37) and the second feature is a ligule that 

extends 1.5 mm above the collar of the ventral leaf sheath (Crins, W.J. & Rettig J.H., 2002; 

Packer, 2000). 
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Figure 38. Carex adusta inflorescence at plot Q020 at SB17 (Southeast dump) 

Note. The wide hyaline edged proximal bracts are characteristic of this species. 

 

Literature is sparse on the identification of Carex umbellata. A small clump was collected 

on July 6, 2009 from reclamation area SB17 (Plot Q001) and assigned the collection number 

C082. This plant strongly resembles Carex tonsa and Carex umbellata, in that both species have 

densely packed perigynia at the base of the plant near ground level. Carex tonsa differs in that it 

has sparse hairs along the perigynia beak and short tough scabrous leaves. However, Carex 

identified on Suncor’s reclamation as C082 had perigynia that were puberlent and leaves that 

were long, soft, blue-green and herbaceous in nature. This is consistent with descriptions of 

Carex umbellata 
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Carex umbellata in published floras. The potential Carex umbellata (C082) at Suncor closely 

match the description in Rare vascular plants of Alberta (Kershaw, 2001) which states, “Carex 

umbellata (Carex umbellata Schkukr ex Willd.) is identified by its softer, narrower (1-3 mm 

wide) leaves and distinctly hairy, smaller perigynia, and shorter (0.5-1.0 mm long) beaks”. 

Hudson (1977) in his work Carex of Saskatchewan, gives one of the best descriptions for 

separating Carex umbellata from similar species including Carex deflexa, C. peckii, C. inops 

subsp. heliophilla (formerly C. pensylvanica), C. rossii and C. tonsa. Using this key, the 

presence of basal spikes rules out C. peckii, the lack of a well developed proximal bract rules out 

C. rossii and C. inops and the presence of tight clusters of basal perigynia suggests that it is not 

C. rossii or C. deflexa. The former has sparse basal perigynia and the latter has no basal 

perigynia (in the oil sands region). Further, the shorter perigynia and beak length suggests it is 

Carex umbellata and not C. tonsa (Crins, W.J. & Rettig J.H., 2002). Photographs of C082 were 

sent to Dr. Peter Ball, but confirmation was not conclusive (Figures 38 to 41).  

 The conditions at SB17 could account for the difficulty in identification. SB17 is a flat 

relatively moist habitat of comparably rich soil, unlike the dry, sandy jack pine habitats typical 

associated with Carex umbellata, C. rossii and C. tonsa. The better growing conditions could 

have resulted in expression of a different phenotype of C. tonsa. Carex umbellata has been 

previously reported in the Fort Hills area (True North Energy, 2001) and at Sand River, 40 km 

east of Conklin, Alberta (personal correspondence, Beth Cornish, Royal Alberta Museum, Jan 

16, 2006). With populations of Carex umbellata in the oil sands region, it is therefore reasonable 

to expect it to occur near Suncor. The species tentatively called Carex umbellata found at Suncor 

is distinct enough from Carex tonsa and other similar species to warrant further investigation.  
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Figure 39. Potential Carex umbellata plant at plot Q001 located at 12V 477048E, 6315383N  
 

 
Figure 40. Basal portion of potential Carex umbellata at plot Q001 
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Figure 41. Close-up of basal inflorescence of potential Carex umbellata (C082) at plot Q001 

 
Figure 42. Pubescent perigynia (~2.8 mm long) removed from above plant (scale in mm) 
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Appendix D-3. Results of One-way Permutation Tests for the Habitat Variables Moisture, Slope and Aspect on Suncor’s Reclaimed 
Landscapes 

Category 
 

Species richness 
 

Percent cover 

 

 

Mean 

Upper 
Confidence 

Interval 

Lower 
Confidence 

Interval p-value 
 

Mean 

Upper 
Confidence 

Interval 

Lower 
Confidence 

Interval p-value 
Moisture  

         dry  0.728 0.998 0.459   1.778 3.019 0.537  

mesic  1.510 1.701 1.320 < 0.0005  3.802 4.764 2.840 < 0.0005 

wet  3.071 3.416 2.727   40.964 48.111 33.817  

 
 

         Slope  
         level  2.455 2.694 2.216 

  
15.609 18.592 12.625 

 low  1.190 1.473 0.906 < 0.0005  2.719 4.110 1.327 < 0.0005 

steep  0.413 0.527 0.298 
  

1.681 2.796 0.567 
 

 
 

         Aspect  
         North  0.710 0.967 0.452 

  
2.558 4.838 0.278 

 East  0.736 1.040 0.431 
  

1.512 2.621 0.402 
 South  0.615 0.873 0.357 < 0.0005  0.902 1.573 0.231 < 0.0005 

West  1.636 1.931 1.340 
  

3.916 5.742 2.091 
 No aspect  2.563 2.839 2.286 

  
19.121 22.792 15.450 
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Appendix D-4. Suncor’s Reclaimed Landscapes - Distribution of Carex by Moisture Category 
 

 
 

 
 

Species Name 
 

hydric subhydric hygric subhygric mesic submesic subxeric xeric 
very 
xeric 

Carex adusta 
   

1(a) 
   

[2](a) 
 

Carex aenea 
  

4 17 46 16 11 6 
 

Carex aquatilis     22 36 14 19 54 20 1 
  

Carex atherodes     7 13 2 4 8 
    

Carex atrosquama 
  

1 
  

1 
   

Carex aurea     1 1 2 13 15 1 
   

Carex backii 
   

3 2 1 
 

1 
 

Carex bebbii     6 1 2 1 13 1 4 1 
 

Carex brunnescens 
  

3 5* 5* 
    

Carex canescens     2 5* 1 5* 3 1 
   

Carex capillaris 
   

1 4 
    

Carex concinna 
  

2 7 19 1 3 2 
 

Carex crawfordii 
    

2 1 
   

Carex deflexa 
 

1 
 

8 3 1 
   

Carex deweyana 
  

2 11 27 
 

1 
  

Carex diandra     13 17 8 9 
     

Carex disperma 
 

4 4 24 15 2 1 
  

Carex gynocrates 
 

1 
       

Carex houghtoniana 
   

1 6 2 
   

Carex leptalea 
 

2 
 

5 
 

1 
   

Carex media 
 

2 3 17 14 2 2 
  

Carex paupercula 
   

1 
     

Carex peckii 
   

2 6 
    

Carex prairea 
 

2 1 
      

Carex praticola 
 

1 
  

2 
    

Carex pseudocyperus    6 8 
 

1 
     

Carex raymondii 
   

3 7 1 
 

1 
 

Carex richardsonii 
    

1 
    

Carex rossii 
    

4 2 3 4 
 

Carex sartwellii     2 
        

Carex siccata 
  

3 4 72 6 18 5 
 

Carex sychnocephala 
  

1 
      

Carex tenuiflora 
   

2 
     

Carex tonsa 
      

1* 1* 
 

Carex umbellata 
   

8 7 2 
   

Carex utriculata     13 24 8 9 4 1 1 
  

Carex vaginata 
 

1 1 3 5 1 
   

Carex spp. 
 

1 
 

1 12 5 
   

No. of in modes in 
each moisture class  

Wet habitats =9 Intermediate habitats = 26 Dry habits =2* 

 

 

                   Intermediate              Drier                  Wetter 
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Appendix D-4 (continued). Suncor’s Reclaimed Landscapes - Distribution of Carex by Moisture Category 

 
Wet habitats  Intermediate habitats  Dry habits 

Percent age of 
modes per class 

24% 70% 5% 

 
Total species per 
moisture class 

25 32 14 

Note. Gray boxes represent the edaphic moisture ranges for each Carex species. Values represent the number of 
plots in which the species of interest was observed; modes for each species are highlighted in dark gray. Starred (*) 
values indicate an even number of occurrences in two or more aspect categories, no mode could be concluded and 
these species are omitted from the total percent calculation. 
 
a Carex adusta was found in one reclamation plot with a subhygric moisture class at SB17 (Southeast overburden 
dump). This occurrence appeared outside the normal range for this species. Due to the rare status of this species, 
all observations were recorded regardless of whether they were in a plot or not. Two additional occurrences of 
Carex adusta were observed one occurrence at Suncor at SB9 (n=1 plant) and another at ML 3 (n=7). The ML3 
location was a 30 m2 area on a 60% slope composed of sand and lean tar sand (see Appendix D-1 for UTM 
coordinates for these observations). The SB9 and ML3 observations were added to the above table as two 
separate occurrences in square brackets [ ]. These locations had a xeric moisture regime. There was no 
competition from other species, likely due to the dry conditions. Carex adusta at SB9 and ML3 appeared robust 
and in good vigour, suggesting the plants were doing well. The xeric conditions recorded for these additional 
observations, was consistent with published floras. Looman and Best (1979, p. 201) state, “not common, [found 
on] dry, usually sandy, soil”). Flora of Saskatchewan records “this species is confined in Saskatchewan to sandy 
disturbed areas in the boreal forest zone (Hudson, 1977, p. 37). This preference for dry/xeric conditions suggests 
the one observation in a hygric moisture regime was likely outside its normal moisture range, not because it 
cannot thrive in the moist condition, but likely at this moisture level it is outcompeted by other species. 
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Appendix D-5. Suncor’s Reclaimed Landscapes - Distribution of Carex by Slope Category 

Species name level low steep Species Total 

Carex adusta 1 
  

1 
Carex aenea 55 37 8 100 
Carex aquatilis 115 17 34 166 
Carex atherodes 28 3 3 34 
Carex atrosquama 5 

  
5 

Carex aurea 31 2 
 

33 
Carex backii 6 

 
1 7 

Carex bebbii 27 2 
 

29 
Carex brunnescens 11 2 

 
13 

Carex canescens 14 3 
 

17 
Carex capillaris 5 

  
5 

Carex concinna 28 4 2 34 
Carex crawfordii 2 1 

 
3 

Carex deflexa 9 4 
 

13 
Carex deweyana 38 1 2 41 
Carex diandra 47 

  
47 

Carex disperma 45 4 1 50 
Carex gynocrates 1 

  
1 

Carex houghtoniana 4 5 
 

9 
Carex leptalea 7 1 

 
8 

Carex media 35 5 
 

40 
Carex paupercula 1 

  
1 

Carex peckii 6 
 

2 8 
Carex prairea 3 

  
3 

Carex praticola 2 1 
 

3 
Carex pseudocyperus 15 

  
15 

Carex raymondii 10 1 1 12 
Carex richardsonii 1 

  
1 

Carex rossii 5 6 2 13 
Carex sartwellii 2 

  
2 

Carex siccata 67 31 10 108 
Carex sychnocephala 1 

  
1 

Carex tenuiflora 2 
  

2 
Carex tonsa 1 1 

 
2 

Carex umbellata 16 1 
 

17 
Carex utriculata 57 3 

 
60 

Carex vaginata 8 3 
 

11 
Carex spp. 10 3 6 19 
No. of in modes in each slope 
class 

37 0 0 n/a 

Percent modes in each slope class 100% 0% 0% 0% 
Total Species per slope class 37 23 11 37 

Note. Values represent the number of plots in which the species of interest was observed. Modes for each Carex 
species are highlighted. 
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Appendix D-6. Suncor’s Reclaimed Landscapes - Distribution of Carex by Aspect Category 

 
Level North West East South Sample 

 
Cardinal degrees 

Species Name  n/a 315o-45o 46 o-135 o 136 o-225 o 225 o-315 o Size  
Carex adusta 

   
1 

 
1 

Carex aenea 35 6 45 12 2 100 
Carex aquatilis 103 14 21 17 11 166 
Carex atherodes 28 

 
1 5 

 
34 

Carex atrosquama 5 
    

5 
Carex aurea 25 

  
5 3 33 

Carex backii 4 
 

1 2 
 

7 
Carex bebbii 21 4 2 2 

 
29 

Carex brunnescens 10 
 

3 
  

13 
Carex canescens 13 

 
3 1 

 
17 

Carex capillaris 2* 
 

2* 
 

1 5 
Carex concinna 17 2 9 3 3 34 
Carex crawfordii 1* 1* 1* 

  
3 

Carex deflexa 9 
 

4 
  

13 
Carex deweyana 29 

 
7 4 1 41 

Carex diandra 46 
  

1 
 

47 
Carex disperma 40 1 4 5 

 
50 

Carex gynocrates 1 
    

1 
Carex houghtoniana 4 

 
5 

  
9 

Carex leptalea 7 
 

1 
  

8 
Carex media 28 3 6 3 

 
40 

Carex paupercula 1 
    

1 
Carex peckii 2 1 5 

  
8 

Carex prairea 3 
    

3 
Carex praticola 1* 

 
1* 1* 

 
3 

Carex pseudocyperus 15 
    

15 
Carex raymondii 8 

 
2 1 1 12 

Carex richardsonii 
    

1 1 
Carex rossii 1 

 
7 2 3 13 

Carex sartwellii 2 
    

2 
Carex siccata 42 9 39 6 12 108 
Carex sychnocephala 1 

    
1 

Carex tenuiflora 2 
    

2 
Carex tonsa 

    
2 2 

Carex umbellata 11 
 

1 5 
 

17 
Carex utriculata 55 

 
5 

  
60 

Carex vaginata 6 3 
 

2 
 

11 
Carex spp. 7 4 6 2 

 
19 

No. of in modes in 
each aspect class 

25 0 5 2 2 n/a 

Percent modes in each 
aspect class 

68% 0% 14% 5% 5% n/a 

Total species 34 10 23 19 11 37 
Note. Values represent the number of plots in which the species of interest was observed. Modes for each Carex 
species are highlighted. Starred (*) values for Carex capillaris, C. crawfordii and C. praticola indicate even number 
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of occurrences in two or more aspect categories, no mode could be concluded and these species are omitted from 
the total percent calculation.  
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Appendix D-7. Suncor’s Reclaimed Landscapes - Distribution of Carex Species by Age Category  

Species Early Young Mature Old Species Total 

Age class 1-5 6-10 11-20 >21 n/a 

Carex adusta 1 
   

1 
Carex aenea 55 38 7 

 
100 

Carex aquatilis 18 58 30 59 165 
Carex atherodes 2 10 10 12 34 
Carex atrosquama 5 

   
5 

Carex aurea 17 15 
 

1 33 
Carex backii 6 1 

  
7 

Carex bebbii 4 17 
 

8 29 
Carex brunnescens 7 5 1 

 
13 

Carex canescens 8 4 1 4 17 
Carex capillaris 1 4 

  
5 

Carex concinna 4 26 
 

4 34 
Carex crawfordii 

 
3 

  
3 

Carex deflexa 8 5 
  

13 
Carex deweyana 6 24 10 1 41 
Carex diandra 3 20 9 15 47 
Carex disperma 18 28 1 3 50 
Carex gynocrates 

 
1 

  
1 

Carex houghtoniana 5 4 
  

9 
Carex leptalea 2 6 

  
8 

Carex media 16 24 
  

40 
Carex paupercula 

 
1 

  
1 

Carex peckii 1 3* 3* 1 8 
Carex prairea 

   
3 3 

Carex praticola 2 
  

1 3 
Carex pseudocyperus 

   
15 15 

Carex raymondii 5 7 
  

12 
Carex richardsonii 

 
1 

  
1 

Carex rossii 1 6 5 1 13 
Carex sartwellii 

  
2 

 
2 

Carex siccata 10 79 15 4 108 
Carex sychnocephala 

 
1 

  
1 

Carex tenuiflora 1* 1* 
  

2 
Carex tonsa 

 
2 

  
2 

Carex umbellata 17 
   

17 
Carex utriculata 2 31 11 16 60 
Carex vaginata 

 
6 2 3 11 

Carex spp. 7 7 
 

5 19 
No. of in modes in each age class 10 17 1 4 35 
Percent modes in each age class 27% 46% 3% 11% n/a 
Total species 27 30 14 17 37 

Note. Values represent the number of plots in which the species of interest was observed. Modes for each Carex 
species are highlighted. Starred (*) values for Carex peckii and C. tenuiflora indicate an even number of 
occurrences in two aspect category, no mode could be concluded and these species are omitted from the mode 
totals. 
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Appendix E-1. Percent of Carex Species with Modes in Each Moisture Category-Comparison 
between Natural Ecosystems and Suncor Reclaimed Landscapes 

Moisture Class Natural Ecosystems Suncor’s Reclaimed Landscapes 

wet 63% 24% 

intermediate 22% 70% 

dry 14% 5% 

Total Distribution 99% 99% 
Note. Values based on count of modes from Appendix C-1 and D-3. Discrepancy in distribution 
totals are a result of rounding. 
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Appendix E-2. Results of Fisher Rank Sum Test and Wilcox Test Comparison of Proportion (Proportion of Plots Containing the Species 
of Interest), Median Percent Cover and Mean Percent Cover between Natural Ecosystems Adjacent to Suncor (Natural Suncor) and 
Natural Ecosystems of the Oil Sands Region (Natural region) 

 Species Name 
Natural 
Suncor 
present 

Natural 
Suncor 
absent 

Natural  
region 

present 

Natural  
region 
absent 

Fisher     
p-value 

(proportion) 

Proportion 
natural 
Suncor 

Proportion 
natural  
region 

Wilcox    
p-value 

(median) 

Median  
natural 
Suncor 

Median  
natural 
region 

Mean  
natural 
Suncor 

Mean 
natural 
region 

1 Carex adusta 0.00 130.00 0.00 1461.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
2 Carex aenea 3.00 127.00 13.00 1448.00 0.14 0.02 0.01 0.50 1.00 0.50 1.07 3.50 
3 Carex aquatilis* 5.00 125.00 312.00 1149.00 0.00* 0.04 0.21 0.02* 50.00 10.00 41.00 17.78 
4 Carex atherodes 2.00 128.00 17.00 1444.00 0.66 0.02 0.01 0.43 25.00 15.00 25.00 18.94 
5 Carex atrosquama 0.00 130.00 0.00 1461.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
6 Carex aurea 1.00 129.00 2.00 1459.00 0.23 0.01 0.00 1.00 0.50 0.75 0.50 0.75 
7 Carex backii 0.00 130.00 1.00 1460.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
8 Carex bebbii 0.00 130.00 10.00 1451.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
9 Carex brunnescens 0.00 130.00 8.00 1453.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 

10 Carex canescens 4.00 126.00 44.00 1417.00 1.00 0.03 0.03 0.48 0.50 0.50 1.55 2.02 
11 Carex capillaris 0.00 130.00 11.00 1450.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
12 Carex chordorrhiza 0.00 130.00 59.00 1402.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
13 Carex concinna* 10.00 120.00 16.00 1445.00 0.00* 0.08 0.01 0.03* 0.50 0.50 0.47 2.06 
14 Carex crawfordii 0.00 130.00 1.00 1460.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
15 Carex deflexa 0.00 130.00 4.00 1457.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
16 Carex deweyana* 16.00 114.00 5.00 1456.00 0.00* 0.12 0.00 0.91 0.50 0.50 0.81 1.82 
17 Carex diandra* 2.00 128.00 105.00 1356.00 0.01* 0.02 0.07 0.17 1.25 5.00 1.25 12.53 
18 Carex disperma 12.00 118.00 136.00 1325.00 1.00 0.09 0.09 0.13 0.50 0.50 0.66 2.18 
19 Carex duriuscula 0.00 130.00 3.00 1458.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
20 Carex gynocrates 0.00 130.00 45.00 1416.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
21 Carex houghtoniana 0.00 130.00 2.00 1459.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
22 Carex inops1 0.00 130.00 5.00 1456.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
23 Carex interior 0.00 130.00 26.00 1435.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
24 Carex lacustris 0.00 130.00 1.00 1460.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
25 Carex lasiocarpa 0.00 130.00 26.00 1435.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
26 Carex leptalea 2.00 128.00 27.00 1434.00 1.00 0.02 0.02 0.05 0.20 0.50 0.20 0.79 
27 Carex limosa 0.00 130.00 99.00 1362.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
28 Carex lipocarpa 0.00 130.00 1.00 1460.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
29 Carex livida 0.00 130.00 6.00 1455.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
30 Carex loliacea 1.00 129.00 2.00 1459.00 0.23 0.01 0.00 1.00 0.50 0.50 0.50 0.50 
31 Carex media* 4.00 126.00 1.00 1460.00 0.00* 0.03 0.00 1.00 0.50 0.50 0.43 0.50 
32 Carex obtusata 0.00 130.00 6.00 1455.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
33 Carex oligosperma 0.00 130.00 6.00 1455.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
34 Carex pachystachya 0.00 130.00 2.00 1459.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
35 Carex pauciflora 0.00 130.00 11.00 1450.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
36 Carex paupercula 0.00 130.00 78.00 1383.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
37 Carex parryana 0.00 130.00 1.00 1460.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
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Appendix E-2 (continued). Results of Fisher Rank Sum Test and Wilcox Test Comparison of Proportion (Proportion of Plots Containing 
the Species of Interest), Median Percent Cover and Mean Percent Cover between Natural Ecosystems Adjacent to Suncor (Natural 
Suncor) and Natural Ecosystems of the Oil Sands Region (Natural region) 

 

Species Name 
Natural 
Suncor 
present 

Natural 
Suncor 
absent 

Natural  
region 

present 

Natural  
region 
absent 

Fisher     
p-value 

(proportion) 

Proportion 
natural 
Suncor 

Proportion 
natural  
region 

Wilcox    
p-value 

(median) 

Median  
natural 
Suncor 

Median  
natural 
region 

Mean  
natural 
Suncor 

Mean 
natural 
region 

38 Carex peckii* 4.00 126.00 2.00 1459.00 0.00* 0.03 0.00 1.00 0.50 0.50 0.50 0.50 
39 Carex prairea 0.00 130.00 5.00 1456.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
40 Carex praticola 0.00 130.00 1.00 1460.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
41 Carex pseudocyperus 1.00 129.00 3.00 1458.00 0.29 0.01 0.00 1.00 1.00 1.00 1.00 1.17 
42 Carex raymondii 0.00 130.00 0.00 1461.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
43 Carex retrorsa* 2.00 128.00 1.00 1460.00 0.02* 0.02 0.00 1.00 0.50 0.50 0.50 0.50 
44 Carex richardsonii 0.00 130.00 4.00 1457.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
45 Carex rossii 8.00 122.00 0.00 1461.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
46 Carex rostrata 0.00 130.00 11.00 1450.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
47 Carex sartwellii 0.00 130.00 16.00 1445.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
48 Carex siccata* 23.00 107.00 29.00 1432.00 0.00* 0.18 0.02 0.00* 0.50 0.50 0.41 1.74 
49 Carex spp. 0.00 130.00 113.00 1348.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
50 Carex sychnocephala 0.00 130.00 0.00 1461.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
51 Carex tenuiflora 0.00 130.00 51.00 1410.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
52 Carex tonsa 0.00 130.00 0.00 1461.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
53 Carex trisperma 0.00 130.00 8.00 1453.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
54 Carex umbellata 0.00 130.00 0.00 1461.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
55 Carex utriculata 7.00 123.00 43.00 1418.00 0.18 0.05 0.03 0.80 2.00 5.00 18.43 14.98 
56 Carex vaginata 6.00 124.00 42.00 1419.00 0.28 0.05 0.03 0.82 0.75 0.50 1.42 3.55 
57 Carex viridula 0.00 130.00 6.00 1455.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 

 
Total analyzed 58 

  
Total analyzed 

 
58 

 

Significant differences of proportion 
of plots 8 

  
Significant differences of the median 

 
3 

 
Not significant 10 

  
Not significant 

 
15 

 
Insufficient data 40 

  
Insufficient data 

 
40 

 
Total species 58 

  
Total species 

 
58 

Note. *starred species and values, are significantly different. 
1 Carex inops subsp. heliophila 
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Appendix E-3. Results of Fisher Rank Sum Test and Wilcox Test Comparison of Proportion (Proportion of Plots Containing the Species 
of Interest), Median Percent Cover and Mean Percent Cover between Suncor Reclaimed landscapes (Suncor Reclaimed) and Natural 
Ecosystems of the Oil Sands Region (Natural Oil Sands) 

 Species Name 
Suncor 

reclaimed 
present 

Suncor 
reclaimed  

absent 

Natural 
region 

present 

Natural 
region 
absent 

Fisher   
p-value 

Proportion 
Suncor 

reclaimed 

Proportion 
natural  
region 

Wilcox      
p-value 

(median) 

Median  
Suncor 

reclaimed 

Median  
natural   
region 

Mean 
Suncor 

reclaimed 

Mean 
natural 
region 

1 Carex adusta 1.00 564.00 0.00 1461.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
2 Carex aenea* 98.00 467.00 13.00 1448.00 0.00* 0.17 0.01 0.25 0.50 0.50 1.58 3.50 
3 Carex aquatilis* 166.00 399.00 312.00 1149.00 0.00* 0.29 0.21 0.00* 4.00 10.00 16.58 17.78 
4 Carex atherodes* 34.00 531.00 17.00 1444.00 0.00* 0.06 0.01 0.06 3.50 15.00 11.76 18.94 
5 Carex atrosquama 5.00 560.00 0.00 1461.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
6 Carex aurea* 33.00 532.00 2.00 1459.00 0.00* 0.06 0.00 0.61 0.50 0.75 0.56 0.75 
7 Carex backii* 7.00 558.00 1.00 1460.00 0.00* 0.01 0.00 0.25 0.20 0.50 0.24 0.50 
8 Carex bebbii* 29.00 536.00 10.00 1451.00 0.00* 0.05 0.01 0.03* 0.50 0.50 0.68 5.30 
9 Carex brunnescens* 13.00 552.00 8.00 1453.00 0.00* 0.02 0.01 0.04 0.20 0.75 1.30 1.75 

10 Carex canescens 17.00 548.00 44.00 1417.00 1.00 0.03 0.03 0.00* 0.20 0.50 0.35 2.02 
11 Carex capillaris 5.00 560.00 11.00 1450.00 0.78 0.01 0.01 0.35 0.50 0.50 0.44 2.15 
12 Carex chordorrhiza 0.00 565.00 59.00 1402.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
13 Carex concinna* 34.00 531.00 16.00 1445.00 0.00* 0.06 0.01 0.02* 0.50 0.50 0.98 2.06 
14 Carex crawfordii 3.00 562.00 1.00 1460.00 0.07 0.01 0.00 0.25 0.20 0.50 0.20 0.50 
15 Carex deflexa* 13.00 552.00 4.00 1457.00 0.00* 0.02 0.00 0.04 0.50 0.75 0.48 0.75 
16 Carex deweyana* 41.00 524.00 5.00 1456.00 0.00* 0.07 0.00 0.95 0.50 0.50 0.85 1.82 
17 Carex diandra 47.00 518.00 105.00 1356.00 0.40 0.08 0.07 0.00* 2.00 5.00 5.06 12.53 
18 Carex disperma 50.00 515.00 136.00 1325.00 0.80 0.09 0.09 0.00* 0.50 0.50 0.60 2.18 
19 Carex duriuscula 0.00 565.00 3.00 1458.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
20 Carex gynocrates* 1.00 564.00 45.00 1416.00 0.00* 0.00 0.03 0.20 0.20 0.50 0.20 2.28 
21 Carex houghtoniana* 9.00 556.00 2.00 1459.00 0.00* 0.02 0.00 0.31 0.50 1.00 2.21 1.00 
22 Carex inops1 0.00 565.00 5.00 1456.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
23 Carex interior 0.00 565.00 26.00 1435.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
24 Carex lacustris 0.00 565.00 1.00 1460.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
25 Carex lasiocarpa 0.00 565.00 26.00 1435.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
26 Carex leptalea 8.00 557.00 27.00 1434.00 0.57 0.01 0.02 0.04* 0.20 0.50 0.38 0.79 
27 Carex limosa 0.00 565.00 99.00 1362.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
28 Carex lipocarpa 0.00 565.00 1.00 1460.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
29 Carex livida 0.00 565.00 6.00 1455.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
30 Carex loliacea 0.00 565.00 2.00 1459.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
31 Carex media* 40.00 525.00 1.00 1460.00 0.00* 0.07 0.00 1.00 0.50 0.50 0.51 0.50 
32 Carex obtusata 0.00 565.00 6.00 1455.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
33 Carex oligosperma 0.00 565.00 6.00 1455.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
34 Carex pachystachya 0.00 565.00 2.00 1459.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
35 Carex pauciflora 0.00 565.00 11.00 1450.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
36 Carex paupercula* 1.00 564.00 78.00 1383.00 0.00* 0.00 0.05 0.08 0.20 1.00 0.20 3.88 
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Appendix E-3 (continued). Results of Fisher Rank Sum Test and Wilcox Test Comparison of Proportion (Proportion of Plots Containing 
the Species of Interest), Median Percent Cover and Mean Percent Cover between Suncor Reclaimed landscapes (Suncor Reclaimed) 
and Natural Ecosystems of the Oil Sands Region (Natural region) 

 Species Name 
Suncor 

reclaimed 
present 

Suncor 
reclaimed  

absent 

Natural  
region 

present 

Natural 
region 
absent 

Fisher   
p-value 

Proportion 
Suncor 

reclaimed 

Proportion 
natural  
region 

Wilcox      
p-value 

(median) 

Median  
Suncor 

reclaimed 

Median  
natural   
region 

Mean 
Suncor 

reclaimed 

Mean 
natural 
region 

37 Carex parryana 0.00 565.00 1.00 1460.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
38 Carex peckii* 8.00 557.00 2.00 1459.00 0.00* 0.01 0.00 0.47 0.35 0.50 0.35 0.50 
39 Carex prairea 3.00 562.00 5.00 1456.00 0.69 0.01 0.00 0.13 0.50 2.00 0.40 10.60 
40 Carex praticola 3.00 562.00 1.00 1460.00 0.07 0.01 0.00 1.00 0.20 3.00 1.80 3.00 
41 Carex pseudocyperus* 15.00 550.00 3.00 1458.00 0.00* 0.03 0.00 1.00 1.00 1.00 1.47 1.17 
42 Carex raymondii 12.00 553.00 0.00 1461.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
43 Carex retrorsa 0.00 565.00 1.00 1460.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
44 Carex richardsonii 1.00 564.00 4.00 1457.00 1.00 0.00 0.00 0.40 0.20 0.50 0.20 0.63 
45 Carex rossii 13.00 552.00 0.00 1461.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
46 Carex rostrata 0.00 565.00 11.00 1450.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
47 Carex sartwellii 2.00 563.00 16.00 1445.00 0.18 0.00 0.01 0.46 0.50 1.25 0.50 2.25 
48 Carex siccata* 107.00 458.00 29.00 1432.00 0.00* 0.19 0.02 0.31 1.00 0.50 4.45 1.74 
49 Carex spp. 0.00 565.00 113.00 1348.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
50 Carex sychnocephala 1.00 564.00 0.00 1461.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
51 Carex tenuiflora* 2.00 563.00 51.00 1410.00 0.00* 0.00 0.03 0.01* 0.20 0.50 0.20 1.69 
52 Carex tonsa 2.00 563.00 0.00 1461.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
53 Carex trisperma 0.00 565.00 8.00 1453.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
54 Carex umbellata 17.00 548.00 0.00 1461.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
55 Carex utriculata* 60.00 505.00 43.00 1418.00 0.00* 0.11 0.03 0.86 7.50 5.00 13.35 14.98 
56 Carex vaginata 11.00 554.00 42.00 1419.00 0.28 0.02 0.03 0.53 0.50 0.50 0.85 3.55 
57 Carex viridula 0.00 565.00 6.00 1455.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 

 
Total analyzed 30 

  
Total analyzed 30 

 
Significant differences of proportion of plots 19 

  
Significant differences of the median 8 

 
Not significant 11 

  
Not significant 22 

 
Insufficient data 28 

  
Insufficient data 28 

 
Total species 58 

  
Total species 58 

Note. (*) starred species and values, are significantly different 
1 Carex inops subsp. heliophila 
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F. APPENDIX F- DATA TO SUPPORT OBJECTIVE 3 

CAREX ESTABLISHMENT (SOIL SEED BANK VS INGRESS) 
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Appendix F-1. Carex Species Observed in the Triple Transects by Location and Additional Species Not Observed in the Triple 
Transects 

No. of 
species Species Name Forest  Edge Interior  

Exclusive to  
reclamation 

plots  

Exclusive 
to forest 

plots   
100 m minimum 

distance from a forest1 
>400 m distance 

from a forest1 

  
Triplets 

 
Additional species other reclamation areas 

1 Carex adusta* 
       

x 

2 Carex aenea x x x 
     3 Carex aquatilis x x x 
     4 Carex atherodes x x x 
     5 Carex atrosquama * 

       
x 

6 Carex aurea* x x x 
     7 Carex backii* 

  
x x 

    8 Carex bebbii* 
 

x x x 
    9 Carex brunnescens 

 
x x x 

    10 Carex canescens x x 
      11 Carex capillaris* 

 
x 

 
x 

    12 Carex concinna x x x 
     13 Carex crawfordii* 

 
x 

 
x 

    14 Carex deflexa* 
  

x x 
    15 Carex deweyana x x x 

     16 Carex diandra x x 
      17 Carex disperma x x x 

     18 Carex gynocrates* 
      

x 
 19 Carex houghtoniana* 

  
x x 

    20 Carex leptalea x x 
      21 Carex loliacea x 

   
x 

   22 Carex media x x x 
     23 Carex paupercula* 

      
x 

 24 Carex peckii x x x 
     25 Carex prairea* 

      
x 
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Appendix F-1 (continued). Carex Species Observed in the Triple Transects by Location and Additional Species Not Observed in the 
Triple Transects 

No. of 
species Species Name Forest Edge Interior  

Exclusive to  
reclamation 

plots1  

Exclusive 
to forest 

plots   
100 m minimum 

distance from a forest2 
>400 m distance 

from a forest2 

  
Triplets 

 
Additional species other reclamation areas 

26 Carex praticola* 
      

x 
 27 Carex pseudocyperus x 

   
x 

   28 Carex raymondii* 
  

x x 
    29 Carex retrorsa x 

   
x 

   30 Carex richardsonii* 
 

x 
 

x 
    31 Carex rossii x x x 

     32 Carex sartwellii* 
      

x 
 33 Carex siccata x x x 

     34 Carex sychnocephala* 
      

x 
 35 Carex tenuiflora* 

      
x 

 36 Carex tonsa* 
 

x 
 

x 
    37 Carex umbellata* 

       
x 

38 Carex utriculata x x x 
     39 Carex vaginata x x x 
     

 
Total species 19 22 19 10 3   7 3 

*Starred species are found on Suncor reclamation and not found in forest adjacent to Suncor. Species marked ^were found in interior plots and not in edge or 
forest plots. 
1 Edge and interior plots combined 

2 Column records additional species not found in the forest, edge or Interior plots, refer to Appendix C1 for a complete listing of Carex observed on reclamation 
at distances =>100m, 150-350m and >400m. 
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Appendix F-2. Results of Fisher Exact Test between Forest and Edge Plots: Ratio Estimates, Risk Ratios and Confidence Intervals 

Species 
p-value 

AB 

Ratio-estimate 
for the 

probability that 
a species is 

present in the 
edge when it is 
also present in 

the forest  

Ratio-estimate 
for the 

probability that 
a species is 

present in the 
edge when it is 
NOT present in 

the forest 
Risk 
Ratio 

Lower 
Confidence 

Interval 

Upper 
Confidence 

interval 

Ratio-estimate 
for the 

probability that 
a species is 

present in the 
forest when it is 
also present in 

the edge  

Ratio-estimate 
for the 

probability that 
a species is 

present in the 
forest when it is 
NOT present in 

the edge  
Risk 
Ratio 

Lower 
Confidence 

Interval 

Upper 
Confidence 

interval 
Carex aenea 0.060714 - - - - - - - - - - 

Carex aquatilis 0.005391 0.60 0.07 8.40 3.24 21.79 0.25 0.02 14.88 2.75 80.44 

Carex atherodes 0.001762 1.00 0.03 32.25 12.29 84.62 0.33 0.00 n/a n/a n/a 

Carex aurea 1.00000 - - - - - - - - - - 

Carex backii 1.00000 - - - - - - - - - - 

Carex bebbii 1.00000 - - - - - - - - - - 

Carex brunnescens 1.00000 - - - - - - - - - - 

Carex canescens 0.000705 0.50 0.00 n/a n/a n/a 1.00 0.02 64.50 16.31 255.14 

Carex capillaris 1.00000 - - - - - - - - - - 

Carex concinna 0.015064 0.50 0.15 3.36 1.58 7.13 0.22 0.05 4.70 1.48 14.90 

Carex crawfordii 1.00000 - - - - - - - - - - 

Carex deflexa 1.00000 - - - - - - - - - - 

Carex deweyana 0.002006 0.50 0.14 3.59 1.84 7.01 0.33 0.07 4.46 1.86 10.69 

Carex diandra 0.015267 0.50 0.00 n/a n/a n/a 1.00 0.01 130.00 18.45 915.97 

Carex disperma 0.099412 - - - - - - - - - - 

Carex houghtoniana 1.00000 - - - - - - - - - - 

Carex leptalea 0.030417 0.50 0.01 64.50 5.88 706.95 0.50 0.01 64.50 5.88 706.95 

Carex loliacea 1.00000 - - - - - - - - - - 

Carex media 0.000885 0.75 0.05 15.88 6.05 41.65 0.33 0.01 40.67 4.69 352.48 

Carex peckii 0.006829 0.50 0.02 21.17 4.79 93.62 0.40 0.02 25.20 4.40 144.20 
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Appendix F-2 (continued). Results of Fisher Exact Test between Forest and Edge Plots: Ratio Estimates, Risk Ratios and Confidence 
Intervals 

Species 
p-value 

AB 

Ratio-estimate 
for the 

probability that 
a species is 

present in the 
edge when it is 
also present in 

the forest  

Ratio-estimate 
for the 

probability that 
a species is 

present in the 
edge when it is 
NOT present in 

the forest 
Risk 
Ratio 

Lower 
Confidence 

Interval 

Upper 
Confidence 

interval 

Ratio-estimate 
for the 

probability that 
a species is 

present in the 
forest when it is 
also present in 

the edge  

Ratio-estimate 
for the 

probability that 
a species is 

present in the 
forest when it is 
NOT present in 

the edge  
Risk 
Ratio 

Lower 
Confidence 

Interval 

Upper 
Confidence 

interval 
Carex 
pseudocyperus 1.00000 - - - - - - - - - - 

Carex raymondii 1.00000 - - - - - - - - - - 

Carex retrorsa 1.00000 - - - - - - - - - - 

Carex richardsonii 1.00000 - - - - - - - - - - 

Carex rossii 4.28E-05 0.63 0.04 15.38 5.59 42.32 0.50 0.02 20.17 5.62 72.38 

Carex siccata 3.86E-07 0.78 0.21 3.67 2.41 5.60 0.44 0.06 7.90 3.15 19.82 

Carex tonsa 1.00000 - - - - - - - - - - 

Carex utriculata 3.80E-06 0.71 0.02 29.52 8.79 99.21 0.63 0.02 38.44 8.79 168.13 

Carex vaginata 0.001036 0.50 0.02 20.83 5.27 82.38 0.50 0.02 20.83 5.27 82.38 
Note. All species with one or more observations are reported.  However, ratio estimates, risk ratios and confidence intervals (C.I.) are reported for species with 
significant results only, species with non-significant results are marked with a dash (-); highlighted values refer to species with significant p-values.
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Appendix F-3. Results of Fisher Exact Test between Forest and Interior Plots: Ratio Estimates, Risk ratios and Confidence Intervals 

Species 
p-value 

AC 

Ratio-estimate 
for the 

probability that 
a species is 

present in the 
interior when it 
is also present 

in the forest  

Ratio-estimate 
for the 

probability that 
a species is 

present in the 
interior when it 
is NOT present 

in the forest  
Risk  
Ratio  

Lower  
C.I. 

Upper  
C.I. 

Ratio-estimate 
for the 

probability that 
a species is 

present in the 
forest when it is 
also present in 

the interior  

Ratio-estimate 
for the 

probability that 
a species is 

present in the 
forest when it is 
NOT present in 

the interior  
Risk 
Ratio 

Lower  
C.I. 

Upper  
C.I. 

Carex aenea 0.115282 - - - - - - - - - - 

Carex aquatilis 0.027361 0.80 0.28 2.88 1.71 4.85 0.10 0.01 9.44 1.09 81.75 

Carex atherodes 1.000000 - - - - - - - - - - 

Carex aurea 1.000000 - - - - - - - - - - 

Carex backii 1.000000 - - - - - - - - - - 

Carex bebbii 1.000000 - - - - - - - - - - 

Carex brunnescens 0.000011 1.00 0.01 128.00 18.17 901.77 0.75 0.00 n/a n/a n/a 

Carex canescens 1.000000 - - - - - - - - - - 

Carex capillaris 1.000000 - - - - - - - - - - 

Carex concinna 0.089851 - - - - - - - - - - 

Carex crawfordii 1.000000 - - - - - - - - - - 

Carex deflexa 1.000000 - - - - - - - - - - 

Carex deweyana 0.594743 - - - - - - - - - - 

Carex diandra 1.000000 - - - - - - - - - - 

Carex disperma 0.498056 - - - - - - - - - - 

Carex houghtoniana 1.000000 - - - - - - - - - - 

Carex leptalea 1.000000 - - - - - - - - - - 

Carex loliacea 1.000000 - - - - - - - - - - 

Carex media 0.035235 0.50 0.07 7.06 2.20 22.62 0.18 0.02 10.91 1.70 70.09 

Carex peckii 1.000000 - - - - - - - - - - 
  



APPENDICIES 221 
 

 

Appendix F-3 (continued). Results of Fisher Exact Test between Forest and Interior Plots: Ratio Estimates, Risk ratios and Confidence 
Intervals 

Species 
p-value 

AC 

Ratio-estimate 
for the 

probability that 
a species is 

present in the 
interior when it 
is also present 

in the forest  

Ratio-estimate 
for the 

probability that 
a species is 

present in the 
interior when it 
is NOT present 

in the forest  
Risk  
Ratio  

Lower  
C.I. 

Upper  
C.I. 

Ratio-estimate 
for the 

probability that 
a species is 

present in the 
forest when it is 
also present in 

the interior  

Ratio-estimate 
for the 

probability that 
a species is 

present in the 
forest when it is 
NOT present in 

the interior  
Risk 
Ratio 

Lower  
C.I. 

Upper  
C.I. 

Carex pseudocyperus 1.000000 - - - - - - - - - - 

Carex raymondii 1.000000 - - - - - - - - - - 

Carex retrorsa 1.000000 - - - - - - - - - - 

Carex richardsonii 1.000000 - - - - - - - - - - 

Carex rossii 1.000000 - - - - - - - - - - 

Carex siccata 0.013152 0.57 0.28 2.03 1.27 3.26 0.30 0.11 2.66 1.27 5.57 

Carex tonsa 1.000000 - - - - - - - - - - 

Carex utriculata 1.000000 - - - - - - - - - - 

Carex vaginata 1.000000 - - - - - - - - - - 
Note. All species with one or more observations are reported.  However, ratio estimates, risk ratios and confidence intervals (C.I.) are reported for species with 
significant results only, species with non-significant results are marked with a dash (-); highlighted values refer to species with significant p-values.
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Appendix F-4. Results of Fisher Exact Test between Edge and Interior Plots: Ratio Estimates, Risk ratios and Confidence Intervals 

Species 
p-value  

BC 

Ratio-estimate 
for the 

probability that 
a species is 

present in the 
interior when it 
is also present 

in the edge  

Ratio-estimate 
for the 

probability that 
a species is 

present in the 
interior when it 
is NOT present 

in the edge  
Risk 
Ratio 

Lower  
C.I. 

Upper  
C.I. 

Ratio-estimate 
for the 

probability that 
a species is 

present in the 
edge when it is 
also present in 

the interior  

Ratio-estimate 
for the 

probability that 
a species is 

present in the 
edge when it is 
NOT present in 

the interior  
Risk 
Ratio 

Lower  
C.I. 

Upper  
C.I. 

Carex aenea 0.137130 - - - - - - - - - - 

Carex aquatilis 0.340015 - - - - - - - - - - 

Carex atherodes 1.000000 - - - - - - - - - - 

Carex aurea 1.000000 - - - - - - - - - - 

Carex backii 1.000000 - - - - - - - - - - 

Carex bebbii 0.004093 0.27 0.02 16.36 3.05 87.74 0.60 0.06 9.45 3.54 25.20 

Carex brunnescens 0.060364 - - - - - - - - - - 

Carex canescens 1.000000 - - - - - - - - - - 

Carex capillaris 1.000000 - - - - - - - - - - 

Carex concinna 0.103084 - - - - - - - - - - 

Carex crawfordii 1.000000 - - - - - - - - - - 

Carex deflexa 1.000000 - - - - - - - - - - 

Carex deweyana 0.161429 - - - - - - - - - - 

Carex diandra 1.000000 - - - - - - - - - - 

Carex disperma 0.143742 - - - - - - - - - - 

Carex houghtoniana 1.000000 - - - - - - - - - - 

Carex leptalea 1.000000 - - - - - - - - - - 

Carex loliacea 1.000000 - - - - - - - - - - 

Carex media 0.166718 - - - - - - - - - - 

Carex peckii 1.000000 - - - - - - - - - - 
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Appendix F-4 (continued). Results of Fisher Exact Test between Edge and Interior Plots: Ratio Estimates, Risk ratios and Confidence 
Intervals 

Species 
p-value  

BC 

Ratio-estimate 
for the 

probability that 
a species is 

present in the 
interior when it 
is also present 

in the edge  

Ratio-estimate 
for the 

probability that 
a species is 

present in the 
interior when it 
is NOT present 

in the edge  
Risk 
Ratio 

Lower  
C.I. 

Upper  
C.I. 

Ratio-estimate 
for the 

probability that 
a species is 

present in the 
edge when it is 
also present in 

the interior  

Ratio-estimate 
for the 

probability that 
a species is 

present in the 
edge when it is 
NOT present in 

the interior  
Risk 
Ratio 

Lower  
C.I. 

Upper  
C.I. 

Carex pseudocyperus 1.000000 - - - - - - - - - - 

Carex raymondii 1.000000 - - - - - - - - - - 

Carex retrorsa 1.000000 - - - - - - - - - - 

Carex richardsonii 1.000000 - - - - - - - - - - 

Carex rossii 1.000000 - - - - - - - - - - 

Carex siccata 0.015297 0.49 0.26 1.91 1.19 3.06 0.47 0.24 1.95 1.19 3.19 

Carex tonsa 1.000000 - - - - - - - - - - 

Carex utriculata 0.225151 - - - - - - - - - - 

Carex vaginata 1.000000 - - - - - - - - - - 
Note. All species with one or more observations are reported.  However, ratio estimates, risk ratios and confidence intervals (C.I.) are reported for species with 
significant results only, species with non-significant results are marked with a dash (-); highlighted values refer to species with significant p-values. 
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Appendix F-5. Triplet Transect Comparison by Reclamation Area  

 

Note. Values refer to the number of plots in each reclamation area in which the species of interest was observed. 
Cells shaded dark gray refer to species found only in interior plots and not found in forest or edge plots, suggesting 
these species established from the soil seed bank and not from forest ingress.   

Species 

Millennium 
Pipe Corridor 

Steepbank 
North Waste 

Dump 

Lease 86/17 
Reclamation 

Area 8 

Millennium 
Sandpit Area 

Steepbank 
Access Road 

Lease 86/17 
Tar Island 

Dyke South 
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Carex aenea     5   14 13           1 3 6 9       

Carex aquatilis 4 5 7   4 9 1 1 17         2 5       

Carex atherodes 2 6 1           3                   

Carex aurea         2 8       1 1               

Carex backii     1                               

Carex bebbii         11 5                         

Carex brunnescens   1                 1 2   1         

Carex canescens 3 2         1                       

Carex capillaris         4                           

Carex concinna     2 7 17 3       3 2 2         3   

Carex crawfordii         3                           

Carex deflexa                       2             

Carex deweyana 3 5   1 3 1 4 1   1 5 7 6 10   1     

Carex diandra 2 1                                 

Carex disperma 4 5   2 3 1       2 4 5 3 1 1 1     

Carex houghtoniana     3     1                         

Carex leptalea 2 2                                 

Carex loliacea 1                                   

Carex media 3 2 1   4 4       1 3 3     3       

Carex peckii 1   1   1   2 1         1 3         

Carex pseudocyperus             1                       

Carex raymondii     1     6                         

Carex retrorsa                         2           

Carex richardsonii         1                           

Carex rossii     1 4 4 1   1         4 5 1       

Carex siccata     12 20 30 26 1 4   1 1 6   6   1     

Carex tonsa         2                           

Carex utriculata 6 7 2       1             1 2       

Carex vaginata 4 3       1   3   1           1     

Carex spp.     1   3   1 3 2     1     4       
Summary: 

Total plots 15 15 15 40 40 40 18 18 18 17 17 17 24 24 24 16 16 16 

Present in Forest 12     5     7     7     6     4     

Present in edge & not Forest   1     11     2     1     4     1   

Present only in interior     7     3     1     3     2     0 
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Appendix F-6. Distribution of Carex Species in the Triplet Transects 

Location of Triplet Age of 
reclamation1 

Total 
species 

Common to both 
forest/edge and 

interior plots1 

 Present only          
in               

interior  
plots 

Present only in 
forest/edge 

plots1 

      
Potential ingress Soil seed bank No ingress 

Millennium Pipe Corridor 8 20 5 7 8 

North Waste Dump 9 18 10 2 5 

Reclamation Area 8 25 10 1 1 8 

Sandpit Area 6 10 6 2 2 

Steepbank Access Road 5-11(a) 11 5 1 5 

Tar Island Dyke South 18-35(a) 5 0 0 5 

1 Forest and edge plots combined into a single category labelled forest/edge. 
(a) Initial reclamation and subsequent fill-in planting account for the variation in reclamation age.  
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G. APPENDIX G- DOCUMENTATION TO SUPPORT OBJECTIVE 4 

LITERATURE REVIEW TO SUPPORT RECOMMENDATIONS OF CAREX SPECIES  

POTENTIALLY BENEFICIAL TO RECLAMTION 
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Appendix G-1. Percent Cover of Species Observed in Boreal Grassland Plots within the Oil Sands Region (Golder, 2009).  

Species name 
 

R001 R002   R003A   R004 R005   R008 R009 R010   R011   R012   
Average 
species 
Cover  Athabasca River  Conn Creek  MacKay River  Isadore Lake  Steepbank River  MacLean Creek 

 
Achillea millefolium  

            
0.5 

   
0.5 

Amelanchier alnifolia   10 
 

2 
 

2 25 
 

30 0.5 2 
 

55 
 

25 
 

17.2 
Androsace septentrionalis  0.5 

       
0.5 

 
0.5 

   
0.5 

 
0.5 

Anemone cylindrica  
     

5 
          

5.0 
Anemone parviflora  

      
1 

         
1.0 

Anemone patens  
        

0.5 
 

2 
     

1.3 
Antennaria neglecta  

     
0.3 

          
0.3 

Antennaria sp.  
          

0.5 
     

0.5 
Apocynum androsaemifolium  1 

       
1 

 
0.5 

   
2 

 
1.1 

Arabis divaricarpa  
   

0.5 
 

0.5 1 
 

0.5 0.5 0.5 
 

0.5 
   

0.6 
Arabis hirsuta  

         
0.5 

      
0.5 

Arabis lyrata  
            

0.5 
   

0.5 
Arabis sp.  0.3 

               
0.3 

Arctostaphylos uva-ursi  
      

7 
 

8 
 

4 
     

6.3 
Artemisia frigida  15 15 

 
5 

 
4 1 

 
10 15 2 

 
1 

 
10 

 
7.8 

Astragalus sp.  1 1 
    

0.5 
         

0.8 
Carex duriuscula (C. stenophylla)  

   
67 

 
15 

  
5 0.5 

      
21.9 

Carex inops subsp. heliophila  
 

8 
 

1 
 

2 
  

10 8 10 
   

15 
 

7.7 
Carex obtusata  39 

  
0.5 

 
5 

  
1 

 
25 

 
1 

 
25 

 
13.8 

Carex richardsonii  
      

5 
         

5.0 
Carex rossii  1 0.5 

   
0.5 1 

     
1 

   
0.8 

Carex siccata  2 44 
   

15 
  

1 
 

5 
 

2 
 

0.5 
 

9.9 
Cerastium arvense  

         
0.5 7 

     
3.8 

Cladina mitis  
          

1 
     

1.0 
Cladonia sp.  

        
0.5 

       
0.5 

Comandra umbellata  
        

2 0.5 2 
     

1.5 
Disporum trachycarpum  0.5 0.5 

              
0.5 

Elymus trachycaulus  
 

2 
              

2.0 
Elymus trachycaulus ssp subsecundus  2 

               
2.0 

Galium boreale  
 

0.5 
    

0.5 
     

5 
 

1 
 

1.8 
Juniperus communis  0.5 

     
6 

       
0.5 

 
2.3 

Juniperus horizontalis  
      

0.5 
         

0.5 
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Appendix G-1 (continued). Percent Cover of Species Observed in Boreal Grassland Plots within the Oil Sands Region (Golder, 2009). 

Species name 
 R001 R002   R003A   R004 R005   R008 R009 R010   R011   R012   Average 

species 
Cover 

 Athabasca River  Conn Creek  MacKay River  Isadore Lake  Steepbank River  MacLean Creek 
 

Lathyrus ochroleucus  
        

0.5 
     

0.5 
 

0.5 
Mertensia paniculata  0.5 0.5 

       
0.5 

  
0.5 

 
1 

 
0.6 

Monarda fistulosa  
     

5 10 
   

4.5 
   

4 
 

5.9 
Oxytropis sp.  

      
0.5 

         
0.5 

Panicum wilcoxianum  
        

3 
       

3.0 
Poa interior  

          
1 

 
0.5 

 
0.5 

 
0.7 

Populus tremuloides  
      

2 
 

7 
 

3 
     

4.0 
Potentilla anserina  0.5 

    
0.5 2 

         
1.0 

Potentilla argentea  
 

1 
              

1.0 
Prunus virginiana  

            
1 

 
3 

 
2.0 

Rosa acicularis  
 

0.3 
 

0.5 
    

1 
   

1 
 

5 
 

1.6 
Senecio sp.  

            
0.5 

   
0.5 

Shepherdia argentea  2 
               

2.0 
Shepherdia canadensis  

            
1 

   
1.0 

Smilacina stellata  
        

1 
       

1.0 
Solidago simplex ssp simplex (also S. 
spathulata) 

 
     

0.5 
    

0.5 
     

0.5 

Solidago sp.  
     

0.5 1 
         

0.8 
Stipa curtiseta  

   
4 

          
2 

 
3.0 

Stipa viridula  
   

6 
        

1 
 

4 
 

3.7 
Symphoricarpos albus  1 5 

 
1 

 
40 15 

 
10 45 3 

 
2 

 
15 

 
13.7 

Trifolium pratense  0.5 
               

0.5 
Vicia americana  0.5 

  
0.5 

      
0.5 

 
0.5 

 
10 

 
2.4 

Viola adunca  
     

0.5 1 
     

0.5 
   

0.7 
Moss  species & unknowns  2.7 8 

 
0.5 

 
2.5 11 

 
5.5 1.5 0.5 

 
31 (a) 

   
7.0 

Total cover/plot (inc. overlapping 
layers) 

 
90.5 96.3 

 
88.5 

 
98.8 91 

 
98 73 75 

 
106 

 
124.5 

  
Slope (%)  74 

  
84 

 
58 75 

 
40 65 45 

 
50 

 
75 

  
Aspect  179 

  
202 

 
216 216 

 
198 216 207 

 
178 

 
194 

  
Moisture regime  Xeric Xeric 

 
Xeric 

 
Xeric Xeric 

 
Xeric Xeric Xeric 

 
Xeric 

 
Submesic 

  
UTM northing  4744058 473985 

 
474627 

 
457861 457918 

 
463607 463354 463279 

 
474783 

 
474675 

  
UTM easting  62866584 6286589 

 
6289528 

 
6341583 6341562 

 
6344556 6344759 6344815 

 
6318356 

 
6306262 

  
Note. Values represent percent cover per species. (a) An unidentified grass species accounted for 25% of this value.  
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Appendices G-2 to G-63 Carex Establishment Findings 

To assist Suncor in selecting and establishing species that will enhance reclamation, 
summaries were compiled for each species including general description and associated habitat. 
This is followed by a summary outlining: relative abundance, rare plant status, germination and 
propagation information, potential collection areas, characteristics beneficial to reclamation, 
implications to wildlife and mycorrhizal dependence. Summaries were compiled from the results 
of this research and supplemented with a literature review. 

Notes for tables.  

Description refers to the species morphological characteristics including height of plant, whether the plant is 
rhizomatous (long trailing rhizomes), cespitose (clump forming) or mat forming (lawn–like).  

Habitat describes the general landscape characteristics associated with this species (i.e., nutrient, moisture regime, 
slope, aspect, forest cover and soil type). This serves as a summary of Figures 9, 10, 12 and 14.  

Abundance at Suncor DB refers to the relative abundance within Suncor’s reclaimed landscapes (564 plots) 
surveyed as part of this thesis.  

Abundance Nat Forest DB refers to the relative abundance within Golder’s database (1,461 plots) surveyed in 
natural ecosystems of the oil sands region.  

CEMA LPTN is based on data from Cumulative Effects Monitoring Association, Terrestrial Subgroup’s long term 
monitoring plots network (LTPN), 2008 (G. Donald, RWG Technical Program Manager, personal 
communication, February 15, 2010). LTPN included plots on Sycrude reclaimed landscapes, Suncor’s 
reclaimed landscapes and in natural ecosystems. 

ACIMS Ranking refers to the rare (S1) to common (S5) ranking as designated by the Alberta Conservation 
Information Management System in List of all Elements in Alberta, (2010b).  

Germination refers to a literature search noting any reference to germination studies, in the hopes that this might 
be valuable in establishing these species from seed and understanding seed behaviour in both stockpiled 
soil and within the soil seedbank.  

Propagation refers to information that will aid establish of new plants and includes (where known): methods for 
propagation, dispersal mechanisms and persistence in the soil seedbank.  

Potential collection sites refer to areas within the oil sands region where seeds or plants can be harvested, 
emphasis is on collection sites near Suncor.  

Weight/1000 seeds (unless otherwise stated) was extracted from Kew Gardens Seed Information Database 
(Version 7.1, May 2008), retrieved from: http://data.kew.org/sid/sidsearch.html. This database 
compiled the average weight per 1000 seeds from reported studies. Knowing seed weight is helpful 
when calculating the amount of seed required for large restoration projects. As the database notes, it is 
not always clear whether ‘weight’ refers to the weight of perigynia tissue and achene or just the naked 
achene. The database also includes additional germination and seed storage information not noted in 
the following summaries.  

Implications for wildlife refers to wildlife usage (e.g., forage value, nesting material and wildlife cover).  

Implications for reclamation refer to functions that may enhance reclamation (e.g., erosion control, salinity 
tolerant, pH tolerance range and any limitations to establishment).  

Mycorrhiza associations

Note. All UTM locations are in NAD 83 for the zone 12V, unless otherwise stated.

 are taken from literature review.  

http://data.kew.org/sid/sidsearch.html�
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Appendix G-2. Carex adusta  

Characteristic Description 

Description  A medium sized (<80 cm in height), cespitose upland sedge (Packer, 2000), with clump diameters of 10 to 15 cm (author’s 
observation). 

Habitat Typical of dry sandy uplands associated with Jack pine locations (Kershaw, Gould, Johnson & Lancaster, 2001; TERA 
Environmental Consultants, 2005).  

Abundance Suncor DB Carex adusta was found in one reclamation plot with 0.15 percent cover. Due to the rare status of this species all observations 
were recorded. Carex adusta was observed at Suncor at SB9 (n=1 plant) UTM coordinates NAD 83, Zone 12V, 472674E, 6318123N 
and at ML 3 (n=7) in 30 m2 area on a west facing slope of exposed sand and lean oil sand (474296, 6309026; 474299E, 6309037N; 
474283E, 6309065N; 474280E, 6309064N; 474274E, 6309082N and 474310E, 6309023N. Carex adusta clumps at this location 
appeared robust and in good vigour. There was no competition from other species. Observations at SB9 indicate that Carex 
adusta may be hybridizing with Carex aenea as some plants exhibit features of both species. Where a plant could not be 
differentiated (n= 5) a conservative approach was taken and the plant recorded as Carex aenea with a comment that it may be a 
hybrid. Flora of Saskatchewan states “Sheets of apparent hybrids with Carex aenea have been seen from Prince Albert National 
Park, Candle Lake, Amisk Lake, and Pelican Narrows” (Hudson, 197, p. 37). This suggests that hybridization in this species can 
occur in areas where both species are present and this may be occurring on reclamation. 

Abundance Nat Forest DB Species not observed 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots, Natural ecosystems-0 plots 

ACIMS ranking S1, rarest ranking 

Germination No reference to germination studies found. 

Propagation Clump division is the recommend propagation method (Native Plant Information Network, 2010). However, due to the low 
number of plants present at Suncor and the rare ranking of this species, clump division is not advised. It may be possible to 
procure a low number of seeds for green house germination without jeopardizing the original population. 

Potential collection sites  On Suncor’s reclamation area ML3 (see above) or a small population off of AOSTRA road at 468131E, 6309903N. The population 
at this latter location has declined from 2005 to 2010 (author’s observations). 
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Appendix G-2 (continued). Carex adusta  

Characteristic Description 

Weight /1000 seeds Unknown 

Implications for wildlife Unknown 

Implications for reclamation Carex adusta would be particularly valuable for dry sandy areas. On Suncor’s reclamation this species was found at ML3, growing 
in sand, on an exposed oil sand slope in areas with little or no competition. Carex adusta is a first successional species of 
disturbed lands with a short lifespan, of three to five years (Ball & Reznicek, 2002, p.254). This species does not tolerate 
competition from woody species (Haines, 2003). Carex adusta requires ongoing light disturbance for populations to remain 
robust (Kershaw, 2001; Hudson, 1977). Hudson writes that Carex adusta responds vigorously to human disturbance and in the 
absence of anthropogenic disturbances, likely requires forest fire for survival. A Minnesota study on forest fire recovery illustrates 
Carex adusta’s response to disturbances; percent cover was recorded for two locations, the results were 53% and 47% cover 
three year after fire, decreased to 10% cover five years after fire and was no longer observed when resurveyed at 14 years 
(Krefting, Ahlgren, 1974).  

Mycorrhizal association Unknown 

 
Cayouette, J. & Catling, P. M. (1992). Hybridization in the genus Carex with special reference to North America. Botanical Review, 58(4), 351-438. 
 
Haines, A. (2003). New England Plant Conservation Program Juncus vaseyi Engelm. Vasey’s Rush Conservation and Research Plan for New England. Retrieved 

July 24, 2010 from: http://www.newenglandwild.org/docs/pdf/Juncusvaseyi.PDF 
 
Hudson, J. H. (1977). Carex of Saskatchewan. Saskatoon, Saskatchewan: Bison Publishing House. 
 
Kershaw, L. Gould, J., Johnson, D. & Lancaster, J. (2001). Rare vascular plants of Alberta. Edmonton, AB: University of Alberta Press. 
 
Krefting, L.W. & Ahlgren, C.E. (1974). Small mammals and vegetation changes after fire in a mixed conifer-hardwood forest. Ecology, 55(6), 1391-1398. 

Retrieved from JSTOR database. 
 
Mastrogiuseppe, J., Rothrock, P. E., Dibble, A.C., & Reznicek, A.A. (2002). Carex section Ovales. In Flora of North America Editorial Committee, (Eds.). Flora of 

North America North of Mexico: Vol. 23, Magnolia: Commelinidae (in part): Cyperaceae (pp. 332-378). New York, NY: Oxford University Press. 

http://www.newenglandwild.org/docs/pdf/Juncusvaseyi.PDF�
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Native Plant Information Network. (2010). Ladybird Johnson Wildflower Center, The University of Texas at Austin. Accessed Jan 10, 2010 from: 
http://www.wildflower.org/plants/result.php?id_plant=CAAD2 

 
Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 
 
TERA Environmental Consultants. (2005). Vegetation technical report: for the Terasen pipelines (Trans Mountain) Inc. TMX-Anchor Loop Project. Prepared for 

Terasen Pipelines (Trans Mountain) Inc., Calgary, Alberta. Prepared by TERA Environmental Consultants, Calgary, Alberta and Westland Resources 
Group Inc., Victoria, BC., November 2005. Accessed March 22, 2010 from: https://www.one-neb.gc.ca/ll-
fre/livelink.exe/fetch/2000/72399/72487/197500/301444/307724/300661/A0T3F2_-_ESA-EA_Vegetation_Report.pdf?nodeid=300662&vernum=0 

  

http://www.wildflower.org/plants/result.php?id_plant=CAAD2�
https://www.one-neb.gc.ca/ll-fre/livelink.exe/fetch/2000/72399/72487/197500/301444/307724/300661/A0T3F2_-_ESA-EA_Vegetation_Report.pdf?nodeid=300662&vernum=0�
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Appendix G-3. Carex aenea  

Characteristic Description 

Description  Medium sized (<90 cm in height), cespitose upland sedge (Packer, 2000). 

Habitat This species is primarily associated with uplands habitats with dry to mesic moisture regimes and coarse to fine grained soil. On 
Suncor’s reclamation tolerates southern aspects and slopes from level to greater than 30%. 

Abundance Suncor DB Carex aenea was found in 17.7% of Suncor’s reclamation plots, with an average percent cover of 1.5% (range 0.15 to 40.0%). 

Abundance Nat Forest DB Carex aenea was found in 1% of Natural ecosystems plots, with an average percent cover of 3.2% (range 0.05 to 35.0%). 

CEMA LTPN Syncrude reclamation-11 plots, Suncor reclamation-2 plots and Natural ecosystems-1 plots 

ACIMS ranking S4, not rare or tracked 

Germination Germination was highest (63% to 88%) in warmer soils with a day and nightime temperature of 30o/20oC , depending on 
stratification (Burton & Burton, 2003). 

Propagation Burton & Burton (2003) recommended propagation from greenhouse plugs as seeds are not persistent in the soil seedbank 
(Shekhar & Mallik, 2010). 

Potential collection sites  Suncor reclamation area SB9 (north dump) at 12V 472581E, 6318290N, with approximately 40% cover. A second location is found 
on the east side of Steepbank complex access road at 12V 473666E, 6316383N, where small population s are scattered along the 
length of the berm. 

Weight/1000 seeds 1.344 grams 

Implications for wildlife Unknown 

Implications for reclamation Carex aenea is particularly valuable for dry, sandy and disturbed areas. Populations can be prolific on disturbed sites (MacKinnon 
et al., 1992), although slow to establish (Burton & Burton, 2003). Hudson (1977) wrote that Carex aenea responds vigorously to 
human disturbance and in the absence of anthropogenic disturbances, will likely require forest fires for survival in natural 
habitats. A restoration study in northern British Columbia found less than 1% seed emergence from a seeding mix of 20% Carex 
aenea (Burton, Burton, Hebda & Turner, 2006). 
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Mycorrhizal association Unknown 

Note. Renamed Carex foena Willdenow (Ball, Reznicek & Murray, 2002), the former usage was retained for this research to conform with common 
nomenclature used in Alberta. 

Ball, P. W., Reznicek, A.A. & Murray, D.F. (2002). Carex. In Flora of North America Editorial Committee, (Eds.). Flora of North America North of Mexico: Vol. 23, 
Magnolia: Commelinidae (in part): Cyperaceae (pp. 254-273). New York, NY: Oxford University Press. 

Burton, C. M. & Burton, P.J. (2003). A manual for growing and using seed from herbaceous plants native to the interior of northern British Columbia. Smithers, 
B.C.: Symbios Research and Restoration, Accessed March 22, 2010 from: (Part 1) 
http://www.env.gov.bc.ca/wld/documents/fia_docs/native_seed_manual/natplant_manual1.pdf and (part 2) 
http://www.env.gov.bc.ca/wld/documents/fia_docs/native_seed_manual/natplant_manual2.pdf  

 
Burton, C.M., Burton, P. J., Hebda, R. & Turner, N. J. (2006). Determining the optimal sowing density for a mixture of native plants used to revegetate degraded 

ecosystems. Restoration Ecology, 14(3), 379-390. doi: 10.1111/j.1526-100X.2006.00146.x 

Hudson, J. H. (1977). Carex of Saskatchewan. Saskatoon, Saskatchewan: Bison Publishing House. 

MacKinnon, A., Pojar, J. & Coupé, R. (1992). Plants of Northern British Columbia. Vancouver, B.C.: Lone Pine Publishing. 
 
Mastrogiuseppe, J., Rothrock, P. E., Dibble, A.C., & Reznicek, A.A. (2002). Carex section Ovales. In Flora of North America Editorial Committee, (Eds.). Flora of 

North America North of Mexico: Vol. 23, Magnolia: Commelinidae (in part): Cyperaceae (pp. 332-378). New York, NY: Oxford University Press. 

Shekhar R. B. & Mallik, A. U. (2010). Disturbance effects on species diversity and functional diversity in riparian and upland plant communities. Ecology, 91(1). 
28-35. doi: 10.1890/08-0887.1 

  

http://www.env.gov.bc.ca/wld/documents/fia_docs/native_seed_manual/natplant_manual1.pdf�
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Appendix G-4. Carex aquatilis  

Characteristic Description 

Description  A medium to tall (<80 cm in height), rhizomatous wetland sedge (Packer, 2000). Two varieties of Carex were found on 
reclamation plots Carex aquatilis var. aquatilis and a peduncled variety assumed to be Carex aquatilis var. dives (T. Holm) 
Kükenthal (Ball & Reznicek, 2002). 

Habitat Carex aquatilis prefers habitats with a mean pH of 5.9 (range 3.6 to 8.5) and a height above the water table of 25 + 21 cm (Gignac, 
Gauthier, Rochefort & Bubier, 2004). Traditionally known as an obligate wetland species, however, at Suncor this species was 
found in a wide range of habitats including many dry upland locations. On Suncor’s boundary exclusion dyke it was found growing 
on dry sand ridges, on overburden substrates. It appears that lack of competition is more of an influence than a need for water.  

Abundance Suncor DB Carex aquatilis was found in 29.3% of Suncor’s reclamation plots, with an average percent cover of 16.7% (range 0.15 to 90.0%). 

Abundance Nat Forest DB Carex aquatilis was found in 21.4% of Natural ecosystems plots, with an average percent cover of 17.8% (range 0.05 to 90.0%). 

CEMA LTPN Syncrude reclamation-11 plots, Suncor reclamation-5 plots and Natural ecosystems-0 plots 

ACIMS ranking S5, not rare or tracked 

Germination Of eight storage treatments, seed germination was highest when stored wet at +4°C or stored dry at -4°C; germination increased 
under these treatments from an initial 33% to 58% and 78% respectively (Van der Valk, Bremholm & Gordon, 1999). 

Propagation Carex aenea seeds are dispersed by wind and water. A Colorado technical guide recommended collecting seed in August and 
September; seed is collected by clipping the seed heads from the stem (Hurd and Shaw, 1999). Seed collection dates in the oil 
sands region are likely similar.  

Potential collection sites  Seed can be collected within Suncor’s reclaimed landscapes at the 1-m CT wetland ( Suncor’s CT Wetland Demo Site) where it is 
found in up to 90% cover) and also easy accessible from ditch along the access road through ML21 at 474367E, 6307451N (NAD 
83) and farther down the road to the west. In the wild, it is widespread throughout the oil sands region. 

Weight/1000 seeds 0.53 grams, (range 0.34 to 0.76 grams). 

Implications for wildlife A forage species for lesser snow geese (Anser caerulescens), geese feed on the leaf tips of C. aquatilis in the summer and on shoot 
bases and rhizomes in the spring and fall (Gadallah & Jefferies, 1995). This species also provides moderate energy and protein 
values for livestock; moderate food value for mule and white tail deer; and moderate cover and food value for waterfowl, birds 

http://www.efloras.org/florataxon.aspx?flora_id=1&taxon_id=242357043�
http://www.efloras.org/florataxon.aspx?flora_id=1&taxon_id=242357044�
http://www.efloras.org/florataxon.aspx?flora_id=1&taxon_id=242357044�
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and small mammals (Kovalchik & Clausnitzer, 2004). 
 

Implications for reclamation Carex aquatilis seeds are not persistent in the soil seedbank (Shekhar & Mallik, 2010). Carex aquatilis has high erosion control and 
moderate long term revegetation potential (Kovalchik & Clausnitzer, 2004). Alberta Environment (2008) recommended Carex 
aquatilis as a species for wetland reclamation in the oil sands. A peat restoration study in Evansburg, Alberta found that Carex 
aquatilis was not found five years after peat excavation was abandonment, but after nine years this species quickly colonized and 
had the second highest cover of all vegetation at 3.36% (Graf, Strack, Critchley and Rocheford, 2009). Carex aquatilis was 
observed as an early colonizer of oil spills in Alaska (Kershaw &Kershaw, 1986). This species may accumulate calcium (Gadallah & 
Jefferies, 1995). 

This species was a very vigorous colonizer throughout Suncor’s reclamation and appeared persistent on upland slopes. One 
drawback is Carex aquatilis may be such a strong colonizer that it may out compete other vegetation if allowed to establish in 
new wetland areas. Consistent with other floras, Hudson (1977) writes Carex aquatilis is never found far from water. Surprisingly, 
it was found on Suncor reclamation in some very dry areas. Presumably the lack of competition for moisture allowed this species 
to survive in atypical habitats. 

Mycorrhizal association Non-mycorrhizal (Muthukumar, Udaiyan & Shanmughavel, 2004). 

Alberta Environment. (2008). Guidelines for wetland establishment on reclaimed oil sands leases (2nd edition). Accessed April 4, 2010 from: 
http://www.assembly.ab.ca/lao/library/egovdocs/2008/alen/171465.pdf 

Ball, P. W., Reznicek, A.A. & Murray, D.F. (2002). Carex. In Flora of North America Editorial Committee, (Eds.). Flora of North America North of Mexico: Vol. 23, 
Magnolia: Commelinidae (in part): Cyperaceae (pp. 254-273). New York, NY: Oxford University Press. 

Gadallah, F. L. & Jefferies, R. L. (1995). Comparison of the nutrient contents of the principal forage plants utilized by lesser snow geese on summer breeding 
grounds. Journal of Applied Ecology, 32(2), 263-275. Retrieved from JSTOR database. 

Gignac, L. D., R. Gauthier, L. Rochefort, and J. Bubier. (2004). Distribution and habitat niches of 37 peatland Cyperaceae species across a broad geographic 
range in Canada. Canadian Journal of Botany, 82(9), 1292-1313. doi:10.1139/B04-081 

 
Graf, M., Strack, M., Critchley, D. and Rocheford, L. (2009). Restoring peatlands in Alberta: a case study of Evansburg North. Prepared for Sun Gro Horticulture, 

December 2009. Accessed April 7, 2010 from: http://www.gret-perg.ulaval.ca/uploads/tx_centrerecherche/Sungro-
Restoring_peatlands_in_Alberta.pdf 

 
Hudson, J. H. (1977). Carex of Saskatchewan. Saskatoon, Saskatchewan: Bison Publishing House. 
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Hurd, E.G. & Shaw, N.L. (1999). Seed technology for Carex and Juncus species of the Intermountain Region. Proceedings, Intermountain Forest Nursery 
Association; 1991 August 12-16; Park City, UT. General Technical Report RM-211. Fort Collins, CO: U.S. Department of Agriculture, Forest Service, 
Rocky Mountain Forest and Range Experiment Station: 74-83. Retrieved from: http://www.fcnanet.org/proceedings/1991/hurd.pdf 

Kershaw, J.P. & Kershaw L.J. (1986). Ecological characteristics of 35-year-old crude-oil spills in tundra plant communities of the Mackenzie Mountains, 
Northwest Territories, Canada. Canadian Journal of Botany, 64(12), 2935–2947. 

Kovalchik, B.L. & Clausnitzer, R.R. (2004). Classification and Management of Aquatic, Riparian, and Wetland Sites on the National Forests of Eastern 
Washington. U.S. Department of Agriculture, Forest Service, Pacific Northwest Research Station. General Technical Report PNW-GTR-593. Retrieved 
July 28, 2010 from: http://sullivancreek.ecr.gov/pdf/gtr593_part_3.pdf [Note: refer to Appendix B.] 

Muthukumar, T., Udaiyan, K. & Shanmughavel, P. (2004). Mycorrhiza in sedges-An overview. Mycorrhiza, 14(2), 65-77. doi: 10.1007/s00572-004-0296-3  

Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 
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Appendix G-5. Carex atherodes  

Characteristic Description 

Description  A tall (<120 cm in height), rhizomatous wetland sedge (Packer, 2000). 

Habitat Generally associated with marsh edges, but is capable of inhabiting drier locations (Timoney, 2008). In both natural ecosystems 
and at Suncor this species was found in moisture regimes of mesic to aquatic. In natural ecosystems it was found on level 
topography but on Suncor’s reclaimed landscapes it had slope tolerances from level to >30% slopes.  

Abundance at Suncor Carex atherodes was found in 6% of Suncor’s reclamation plots, with an average percent cover of 11.7% (range 0.15 to 70%). 

Abundance Nat Forest DB Carex atherodes was found in 1.2% of Natural ecosystems plots, with an average percent cover of 18.9% (range 0.05 to 75.0%). 

CEMA LTPN Syncrude reclamation-6 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S5, not rare or tracked 

Germination In a greenhouse study seeds older than 6 months had low germination. Tetrazolium tests suggested that six month old seeds had 
a seed viability of 35%, by 18 months seed viability dropped to 12%; highest seed viability was preserved by wet storage at 4/-4°C 
day and nightime temperatures (Van Der Valk, Bremholm & Gordon, 1999). 

Propagation Seeds of Carex atherodes should be collected prior to mid August; an examination of Carex atherodes spikes on Aug 19, 2010 
noted that approximately 50% of the perigynia had dispersed (author’s observation at Suncor’s High Sulphate Wetland). This 
suggests that the beginning of July might be a better time to start seed collection. Kettenring & Galatowitsch (2007) determined 
that Carex atherodes had a low seed regenerative Index (SRI) and the author’s suggested starting this species from rhizomes 
instead of seed. 

Potential collection sites  Suncor reclamation area High Sulphate Wetland at 12V 466434E, 6317184N (NAD 83), 45% cover. 

Weight/1000 seeds Unknown 

Implications for wildlife Excellent forage value for wildlife, with a crude protein levels of about 10%, acid-pepsin digestibility of approximately 27%, and 
acid detergent fibre less than 34%, making this Carex nearly equivalent to good quality grass hay (Catling, McElroy, Spicer, 1994). 
This species makes up approximately 40% to 75% of the diet of the Slave River (NWT) Bison, (Reynolds, Hansen & Peden, 1978). 
Carex atherodes contributes moderate food value to the diet of mule deer, white tail deer, waterfowl, birds and small mammals 
(Kovalchik & Clausnitzer, 2004). 

http://www.jstor.org.ezproxy.royalroads.ca/action/doBasicSearch?Query=au%3A%22P.+M.+Catling%22&wc=on�
http://www.jstor.org.ezproxy.royalroads.ca/action/doBasicSearch?Query=au%3A%22A.+R.+McElroy%22&wc=on�
http://www.jstor.org.ezproxy.royalroads.ca/action/doBasicSearch?Query=au%3A%22K.+W.+Spicer%22&wc=on�
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Implications for reclamation Recommended species for wetland reclamation in the oil sands (Alberta Environment, 2008). This species is saline tolerant 

(Purdy, Macdonald & Lieffers, 2005). In a study of wetlands located within 10 to 60 km north of Fort McMurray, Carex atherodes 
had an electrical conductivity (EC) tolerance up to 8.2 dS/m and a pH tolerance up to 9.7 (Lieffers, 1984). Carex atherodes is 
alkaline, flood and drought tolerant (Wilson, Newhouse, Lytjen, Otting & Brainerd, 2008; Catling, McElroy, Spicer, 1994). Hudson 
(1977, p. 45) notes Carex atherodes appears to tolerate the drying up of sloughs better than C. aquatilis or C. rostrata (in this case 
Carex rostrata likely refers to C. utriculata). Carex atherodes from an upland area within the city of Fort McMurray was 
transplanted in 2007 into Suncor’s CT Wetland demo site (in an area with elevated salinity and prone to drying); Carex atherodes 
was still present and in good vigour in 2009 (Golder, 2010). This species has high erosion control and moderate long term 
revegetation potential (Kovalchik & Clausnitzer, 2004). 

Mycorrhizal association Facultatively mycorrhizal (Muthukumar, Udaiyan, & Shanmughavel, 2004). 

 
Alberta Environment. (2008). Guidelines for wetland establishment on reclaimed oil sands leases (2nd edition). Accessed April 4, 2010 from: 

http://www.assembly.ab.ca/lao/library/egovdocs/2008/alen/171465.pdf 

Wilson, B., Newhouse, B., Lytjen, D., Otting, N. & Brainerd, R. E. (2008). Field guide to the sedges of the Pacific Northwest. Corvallis, OR: Oregon State University 
Press.  

 
Catling, P. M., McElroy, A. R. & Spicer, K. W. (1994). Potential forage value of some eastern Canadian sedges (Cyperaceae: Carex). Journal of Range 

Management, 47(3), 226-230. Retrieved from JSTOR database.  

Golder Associates Ltd. (2010). Consolidated Tailings (CT) Integrated Reclamation Landscape Demonstration Project: Technical Report #10 - Year 2009. Prepared 
for Suncor Energy Inc., Oil Sands. March 2010.  

Hudson, J. H. (1977). Carex of Saskatchewan. Saskatoon, Saskatchewan: Bison Publishing House. 

Kettenring, K.M. & Galatowitsch, S.M. (2007). Temperature requirements for dormancy break and seed germination vary greatly among 14 wetland Carex 
species. Aquatic Botany, 87(3), 209-220. 

 
Lieffers, V.J. (1984). Emergent plant communities of oxbow lakes in northeastern Alberta: salinity, water-level fluctuation and succession. Canadian Journal of 

Botany 62, 310-316. As reported in Howat, D.R. (2000). Acceptable salinity and pH values for boreal forest reclamation [Report # ESD/LM/00-2]. 
Edmonton: Alberta Environment.  

 

http://www.jstor.org.ezproxy.royalroads.ca/action/doBasicSearch?Query=au%3A%22P.+M.+Catling%22&wc=on�
http://www.jstor.org.ezproxy.royalroads.ca/action/doBasicSearch?Query=au%3A%22A.+R.+McElroy%22&wc=on�
http://www.jstor.org.ezproxy.royalroads.ca/action/doBasicSearch?Query=au%3A%22K.+W.+Spicer%22&wc=on�
http://www.assembly.ab.ca/lao/library/egovdocs/2008/alen/171465.pdf�
http://www.jstor.org.ezproxy.royalroads.ca/action/doBasicSearch?Query=au%3A%22P.+M.+Catling%22&wc=on�
http://www.jstor.org.ezproxy.royalroads.ca/action/doBasicSearch?Query=au%3A%22A.+R.+McElroy%22&wc=on�
http://www.jstor.org.ezproxy.royalroads.ca/action/doBasicSearch?Query=au%3A%22K.+W.+Spicer%22&wc=on�
http://www.jstor.org.ezproxy.royalroads.ca/stable/4003021?&Search=yes&term=forage&term=value&term=eastern&term=Potential&list=hide&searchUri=%2Faction%2FdoAdvancedSearch%3Fq0%3DPotential%2Bforage%2Bvalue%2Bof%2Bsome%2Beastern%26f0%3Dti%26c0%3DAND%26q1%3D%26f1%3Dall%26c1%3DAND%26q2%3D%26f2%3Dall%26c2%3DAND%26q3%3D%26f3%3Dall%26wc%3Don%26Search%3DSearch%26sd%3D%26ed%3D%26la%3D%26jo%3D&item=1&ttl=1&returnArticleService=showArticle�
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Timoney, K. (2008). Factors influencing wetland plant communities during a flood-drawdown cycle in the Peace-Athabasca Delta, Northern Alberta, Canada. 

Wetlands, 28(2), 450-463. doi: 10.1672/07-45 

Van der Valk, A. G., Bremholm, T. L. & Gordon, E. (1999). The restoration of sedge meadows: Seed viability, seed germination requirements and seedling 
growth of Carex species. Wetlands, 19(4), 756-764. doi: 10.1007/BF03161782 

  
 
  

http://sullivancreek.ecr.gov/pdf/gtr593_part_3.pdf�


APPENDICIES 241 
 

 

Appendix G-6. Carex aurea  

Characteristic Description 

Description  Carex aurea is a small sized, moist site sedge with mature plants having distinct orange coloured perigynia (fruit). Packer (2000) 
notes this species is generally under 10 cm. However, plants in the oil sands region tend to be taller and more closely match the 
description in Looman & Best (1979) that plants are between 10 and 30 cm in height. 

Habitat Often found on moist cutlines, disturbances and road side ditches (author’s observations). In natural ecosystems it had a narrow 
moisture tolerance range of mesic to subhygric, and was found on slopes <10%. On Suncor’s reclamation it had wider moisture 
tolerance of submesic to hydric and was found on steeper slopes up to 29%. 

Abundance Suncor DB Carex aurea was found in 5.9% of Suncor’s reclamation plots, with an average percent cover of 0.5% (range 0.15 to 1.0%). 

Abundance Nat Forest DB Carex aurea was found in 0.1% of Natural ecosystems plots, with an average percent cover of 0.8% (range 0.5 to 1%). 

CEMA LTPN Syncrude reclamation-2 plots, Suncor reclamation-1 plots and Natural ecosystems-0 plots 

ACIMS ranking S5, not rare or tracked 

Germination A Canadian study found stratifying seed for four months in moist condition with 14 hours of light, obtained 56% germination and 
germination decreased in trials stratified for only 2 months in both moist and submerged conditions (Bond, 1999). 

Propagation No studies found 

Potential collection sites  No large collection areas were observed on Suncor’s reclaimed landscapes, but small populations are common in the wild. 
Potential collections sites with small populations include: a fen off of Aostra Road at 12 V 467678E, 6312091N, west of Susan Lake 
Gravel Pit at 12V 462909E, 6348240N and a small pond near Kearl Lake at 12V484039E, 6347366N. 

Weight/1000 seeds 2.31 grams (range 1.0 to 4.6 grams) 

Implications for wildlife The mature perigynia (fruit) is distinctly orange in colour, suggesting a mechanism for attracting birds and rodents. Tande & Lipkin 
(2003) notes that the perigynia are eaten by waterfowl. 

Implications for reclamation Recommended species for wetland reclamation in the oil sands (Alberta Environment, 2008). Hudson (1977, p. 49) found that this 
species is typically found in open, moist, well drained locations. Therefore, it likely does not tolerate standing water. This is 
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consistent with the thesis findings where Carex aurea was found in the intermediate (mesic) moisture class on reclamation. An 
early successional species that will decrease as woody species increase and is suspected to have good recovery potential in 
disturbed sites (Cusick, 1981).  

Mycorrhizal association Unknown 

Alberta Environment. (2008). Guidelines for wetland establishment on reclaimed oil sands leases (2nd edition). Edmonton, AB. Retrieved April 4, 2010 from: 
http://www.assembly.ab.ca/lao/library/egovdocs/2008/alen/171465.pdfBond, A. (1999). Germination ecology of Carex Cyperaceae): Effects of light, 
stratification, and soil moisture. Unpublished master’s thesis, McGill University, Montreal. Retrieved from: 
http://www.collectionscanada.gc.ca/obj/s4/f2/dsk2/ftp03/MQ50722.pdf 

Cusick, A.W. (1981). Carex aurea (Nutt.) Golden-fruited Sedge. Ohio Department of Natural Resources. Retrieved July 24, 2010 from: 
http://www.ohiodnr.com/Portals/3/Abstracts/Abstract_pdf/C/Carex_aurea.pdf 

 
Hudson, J. H. (1977). Carex of Saskatchewan. Saskatoon, Saskatchewan: Bison Publishing House. 

Looman, J. & Best, K.F. (1979). Budd’s Flora of the Canadian Prairie Provinces. Hull, Quebec: Agriculture Canada, Canadian Government Publishing Centre. 

  

http://www.assembly.ab.ca/lao/library/egovdocs/2008/alen/171465.pdf�
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Appendix G-7. Carex backii  

Characteristic Description 

Description  A small to medium sized (<25 cm in height), moist to dry site, cespitose, upland sedge (Packer, 2000). Flowers and perigynia are 
hidden within the leaves. The most distinct characteristic is the exceedingly long pistillate scales (that appear as bracts).  

Habitat Hudson (1977) notes Carex backii is typically “found on dry shady ground in woods and among brush; little-used trails, old 
clearings”. On Suncor reclamation this species was found in more open, moist to dry locations. 

Abundance Suncor DB Carex backii was found in 1.2% of Suncor’s reclamation plots, with an average percent cover of 0.2% (range 0.15 to 0.45%). 

Abundance Nat Forest DB Carex backii was found in 0.1% of Natural ecosystems plots, with an average percent cover of 0.5% (range 0.5 to 0.5%). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S3, not rare or tracked 

Germination No studies found 

Propagation Carex backii lacks rhizomes and reproduces only by seed (USDA, 2006). Carex backii may require forest fire for successful 
regeneration (Vellend, Lechowicz and Waterway, 2000a). The same authors suggest that seeds from this species are gravity 
dispersed (2000b). 

Potential collection sites  Suncor reclamation area ML3 at 12V 474180E, 6309569N (NAD 83), and 50 m to the south with approximately 2% cover. Also, 
scattered periodically throughout SB17 (southeast dump). In the oil sands region it is found near Fort Hills in an old burrow pit at 
12V 462182E, 6360705 and a small well pad west of Susan Lake Gravel pit at 12V 462290, 6347817. 

Weight/1000 seeds Unknown 

Implications for wildlife Unknown 

Implications for reclamation Unknown 

Mycorrhizal association Unknown 

Hudson, J. H. (1977). Carex of Saskatchewan. Saskatoon, Saskatchewan: Bison Publishing House. 
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Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 

USDA, 2006. Forest Service Ant Project: Preliminary Environmental Assessment [draft]. February, 2006.Forest Service. 
http://www.fs.fed.us/r6/malheur/projects/ant/botany-existing-conditions.pdf) 

Vellend, M., Lechowicz, M.J. and Waterway, M.J. (2000a). Germination and establishment of Forest Sedges (Carex Cyperaceae): Test for home-site advantage 
and effects of leaf litter. American Journal of Botany. 87(10), 1517-1525. 

Vellend, M., Lechowicz, M.J. and Waterway, M.J. (2000b). Environmental distribution of four Carex species (Cyperaceae) in an old-growth forest. American 
Journal of Botany, 87(10), 1507-1516. Retrieved from JSTOR database. 
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Appendix G-8. Carex bebbii  

Characteristic Description 

Description  Carex bebbii is a medium to tall, cespitose upland sedge with clump diameters of 10-20 cm (author’s observation). Packer (2000) 
notes this plant can be up to 80 cm in height. However, in the oil sands region it is generally less than 50 cm (author’s 
observation).  

Habitat In natural ecosystems this species had a wide moisture tolerance range from submesic to hydric and was generally found on 
slopes <10%. At Suncor the moisture tolerance range extended into the driest moisture regimes and tolerated slopes up to 29%. 

Abundance at Suncor Carex bebbii was found in 5.1% of Suncor’s reclamation plots, with an average percent cover of 0.6% (range 0.15 to 4.0%).  

Abundance Nat Forest DB Carex bebbii was found in 0.7% of Natural ecosystems plots, with an average percent cover of 5.3% (range 0.5 to 30.0%). 

CEMA LTPN Syncrude reclamation-5 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S4, not rare or tracked 

Germination A Canadian study found stratifying seed for four months in moist conditions, with 14 hours of light obtained 52% germination and 
obtained 43% germination with no stratification (Bond, 1999). 

Propagation Unknown 

Potential collection sites  At Suncor`s Reclamation area SB9N (Steepbank north dump), was a shallow linear depression about 35 m long x 0.75 m wide with 
a continuous occurrence of Carex bebbii. This occurrence was located along the east side of an old access road at UTM location 
12V 472088E, 6319001N.  

Weight/1000 seeds Unknown 

Implications for wildlife Low protein and digestibility, but still utilized by Cattle (Catling, McElroy & Spicer, 1994). 

Implications for reclamation Carex bebbii and other sedges have been used successfully in the control of invasive Phalaris arundinacea (reed canary grass ) 
(Wisconsin Reed Canary Grass Management Working Group, 2009). 

Mycorrhizal association Unknown 
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Bond, A. (1999). Germination ecology of Carex Cyperaceae): Effects of light, stratification, and soil moisture. Unpublished master’s thesis, McGill University, 
Montreal. Retrieved from: http://www.collectionscanada.gc.ca/obj/s4/f2/dsk2/ftp03/MQ50722.pdf 

 
Catling, P. M., McElroy, A. R. & Spicer, K. W. (1994). Potential forage value of some eastern Canadian sedges (Cyperaceae: Carex). Journal of Range 

Management, 47(3), 226-230. Retrieved from JSTOR database.  
 
Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 

Wisconsin Reed Canary Grass Management Working Group. (2009). Reed Canary Grass (Phalaris arundinacea) Management Guide: Recommendations for 
Landowners and Restoration Professionals. Retrieved July 28, 2010 from: http://www.ipaw.org/invaders/reed_canary_grass/RCG-management.pdf 
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Appendix G-9. Carex brunnescens  

Characteristic Description 

Description  Carex brunnescens is a medium sized (<40cm in height), upland sedge of moist to dry habitats (Packer, 2000).  

Habitat Although generally described as a wetland sedge (Packer, 2000; Looman & Best, 1979), this species was observed in drier areas 
on Suncor`s reclaimed landscapes. This is consistent with the habitat description in Toivonen (2002) that notes this species can 
tolerate dry conditions. A Canadian peatland study found that Carex brunnescens preferred peatland locations with a mean pH of 
5.2 (range 4.7 to 6.5) in areas 21+13 cm above the water table (Gignac, Gauthier, Rochefort & Bubier, 2004). In natural 
ecosystems it had a wide moisture tolerance range from submesic to aquatic and was observed on slopes <10%. In contrast, on 
Suncor’s reclaimed landscapes it appeared to have a narrower tolerance range of mesic to hygric, but found on slopes up to 29%. 

Abundance Suncor DB Carex brunnescens was found in 2.3% of Suncor’s reclamation plots, with an average percent cover of 1.3% (range 0.5 to 10.0%). 

Abundance Nat Forest DB Carex brunnescens was found in 0.5% of Natural ecosystems plots, with an average percent cover of 1.8% (range 0.5 to 5.0%). 

CEMA LTPN Syncrude reclamation-3 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S4, not rare or tracked 

Germination Unknown 

Propagation Unknown 

Potential collection sites  This species is prolific in a cleared area beneath the cellular towers at the east end of Stoney Mountain Road, located at 12V 
486704E, 6247986N.  

Weight/1000 seeds Unknown 

Implications for wildlife Unknown 

Implications for reclamation A peat restoration study in Evansburg, AB found that Carex brunnescens was slow to colonize; not found five years after peat 
excavation was abandoned and nine years later was found once with a cover of 0.05% (Graf, Strack, Critchley and Rocheford, 
2009). 
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Mycorrhizal association Unknown in Alberta, reported to be arbuscular mycorrhiza (AM) dependent in Norwegian grasslands (Eriksen, Bjureke & Dhillion, 
2002). 

Eriksen, M., Bjureke, K. E. & Dhillion, S. S. (2002). Mycorrhizal plants of traditionally managed boreal grasslands in Norway. Mycorrhiza, 12(3), 117-123. doi: 
10.1007/s00572-002-0165-x 

 
Gignac, L.D., Gauthier, R., Rochefort L. & Bubier, J. (2004). Distribution and habitat niches of 37 peatland Cyperaceae species across a broad geographical range 

in Canada. Canadian Journal of Botany, 82, 1292-1313. doi: 10.1139/B04-081 
 
Graf, M., Strack, M., Critchley, D. & Rocheford, L. (2009). Restoring peatlands in Alberta: a case study of Evansburg North. Prepared for Sun Gro Horticulture, 

December 2009. Accessed April 7, 2010 from: http://www.gret-perg.ulaval.ca/uploads/tx_centrerecherche/Sungro-
Restoring_peatlands_in_Alberta.pdf 

 
Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 

Toivonen, H. (2002). Carex section Glareosae. In Flora of North America Editorial Committee, (Eds.). Flora of North America North of Mexico: Vol. 23, Magnolia: 
Commelinidae (in part): Cyperaceae (pp. 311-321). New York, NY: Oxford University Press. 
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Appendix G-10. Carex canescens  

Characteristic Description 

Description  A medium sized (<60 cm in height), cespitose, wetland sedge (Packer, 2000). This species is often confused with the similar Carex 
brunnescens, but the latter species is smaller in all morphological features, has bright green leaves and stems, as opposed to C. 
Canescens that has glaucous (bluish waxy) covering on the leaves and stems (Packer, 2000). 

Habitat Hudson (1977) writes, this species prefers open habitats but can tolerate some shade and “requires, wet or even water-logged 
locations”. This is in contrast to Gignac, Gauthier, Rochefort & Bubier (2004) who found that Carex canescens prefers locations 
16+13 cm above the water table. The authors also noted that Carex canescens has a wide pH tolerance range of 3.8 to 7.2, with a 
mean pH value of 5.1. Both in natural ecosystems and on Suncor’s reclaimed landscapes this species had a wide moisture 
tolerance range of submesic to subhydric. On reclamation it was found on steeper slopes up to 29% than the <10% slope it was 
found on in natural ecosystems. 

Abundance Suncor DB Carex canescens was found in 3.0% of Suncor’s reclamation plots, with an average percent cover of 0.3% (range 0.15 to 1.0%). 

Abundance Nat Forest DB Carex canescens was found in 3.0% of Natural ecosystems plots, with an average percent cover of 2.0% (range 0.5 to 30.0%). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S5, not rare or tracked 

Germination One European study found no significant loss in seed germination after burial for two years (Bekker, Knevel, Tallowin, Trosst, & 
Bakker, 1998). Suggesting that in Europe, it has at least short term persistence in the soil seedbank. A Canadian study found that 
the highest germination (77%) was achieved after 2 months of moist stratification with 14 hours of light; other treatments ranged 
from 0.7% to 65% (Bond, 1999). Another laboratory study was able to achieve 81% germination, when grown in light after cold 
stratification (Schutz & Milberg, 1997; Schutz & Rave, 1999). 

Propagation Unknown 

Potential collection sites  Stoney Mountain Road at 12V 484098E, 6248339N 

Weight/1000 seeds 0.3 grams 

Implications for wildlife Unknown 
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Implications for reclamation Carex canescens is not drought tolerant (Shekhar & Mallik, 2010). 

Mycorrhizal association Non-mycorrhizal (Muthukumar, Udaiyan & Shanmughavel, 2004). 

Note. This species is often referred to as Carex curta, but this name applies to the eastern variety Carex canescens subsp. disjuncta (Ball & Reznicek, 2002). 
 
Ball, P. W., Reznicek, A.A. & Murray, D.F. (2002). Carex. In Flora of North America Editorial Committee, (Eds.). Flora of North America North of Mexico: Vol. 23, 

Magnolia: Commelinidae (in part): Cyperaceae (pp. 254-273). New York, NY: Oxford University Press. 

Bekker, R. M., Knevel, I. C. Tallowin, J. B. R. Trosst, E. M. L. & Bakker, J.P. (1998). Soil nutrient input effects on seed longevity: a burial experiment with fen- 
meadow species. Functional Ecology, 12(4), 673-682. doi: 10.1046/j.1365-2435.1998.00238.x 

 
Bond, A. (1999). Germination ecology of Carex Cyperaceae): Effects of light, stratification, and soil moisture. Unpublished master’s thesis, McGill University, 

Montreal. Retrieved from: http://www.collectionscanada.gc.ca/obj/s4/f2/dsk2/ftp03/MQ50722.pdf  
 
Gignac, L.D., Gauthier, R., Rochefort L. & Bubier, J. (2004). Distribution and habitat niches of 37 peatland Cyperaceae species across a broad geographical range 

in Canada. Canadian Journal of Botany, 82, 1292-1313. doi: 10.1139/B04-081 
 
Hudson, J. H. (1977). Carex of Saskatchewan. Saskatoon, Saskatchewan: Bison Publishing House. 

Muthukumar, T., Udaiyan, K. & Shanmughavel, P. (2004). Mycorrhiza in sedges-An overview. Mycorrhiza, 14(2), 65-77. doi: 10.1007/s00572-004-0296-3.  

Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 

Schutz, W. & Milberg, P. (1997). Seed dormancy in Carex canescens: regional differences and ecological consequences. Oikos, 78(3), 420-428. Retrieved from 
Environment Complete database. 

Schutz, W., & Rave, G. (1999). The effects of cold stratification and light on the seed germination of temperate sedges (Carex) from various habitats and 
implications for regenerative strategies. Plant Ecology, 144, 215-230. Retrieved from the SpringerLink database. 

Shekhar R. B. & Mallik, A. U. (2010). Disturbance effects on species diversity and functional diversity in riparian and upland plant communities. Ecology, 91(1). 
28-35. doi: 10.1890/08-0887.1 
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Appendix G-11. Carex capillaris  

Characteristic Description 

Description  A small to medium sized (<60 cm in height), cespitose sedge of moist locations (Packer, 2000). 

Habitat In natural ecosystems this species had a wide moisture tolerance of submesic to hydric and a narrower moisture regime on 
Suncor`s reclaimed landscapes of mesic to subhygric. In both natural ecosystems and reclamation this species was found on 
slopes <10%. 

Abundance Suncor DB Carex capillaris was found in 0.9% of Suncor’s reclamation plots, with an average percent cover of 0.4% (range 0.15 to 0.45%). 

Abundance Nat Forest DB Carex capillaris was found in 0.7% of Natural ecosystems plots, with an average percent cover of 2.3% (range 0.05 to 10.0%). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S5, not rare or tracked 

Germination One laboratory study was able to achieve 77% germination, when grown in light after cold stratification (Schutz & Rave, 1999). 

Propagation Unknown 

Potential collection sites  Carex capillaris is found on higher elevation soil near at a fen off of Aostra Road at 12 V 467678E, 6312091N. This species is found 
on the relatively drier south side of the road, but not the north side.  

Weight/1000 seeds 0.59 grams (range 0.47 to 0.79 grams) 

Implications for wildlife Unknown 

Implications for reclamation Unknown 

Mycorrhizal association Unknown 

Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 

Schutz, W., & Rave, G. (1999). The effects of cold stratification and light on the seed germination of temperate sedges (Carex) from various habitats and 

implications for regenerative strategies. Plant Ecology, 144, 215-230. Retrieved from the SpringerLink database. 
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Appendix G-12. Carex capitata  

Characteristic Description 

Description  A medium sized (<30 cm in height), cespitose sedge of moist to wet areas (Packer, 2000). In the oil sands region the plants tend to 
be taller and more closely match the description of Looman & Best (1979) that plant can reach heights of 40 cm. In August of 
2008, this author photographed Carex near Conterra Road that reached heights up to 63 cm. 

Habitat The few occurrences this author has observed Carex capitata in the oil sands region, have been located at the interface between 
slightly raised sandy uplands and fens. It appears to be associated with sandy habitats, with a water table close to the surface 
(author`s observation). A peatland study of 498 locations across Canada found Carex capitata prefers rich fens with a pH greater 
than 6 (mean 6.9, range 6.2 to 7.5) and where the water table is slightly greater than 30 cm below the surface (Gignac, Gauthier, 
Rochefort & Bubier, 2004). 

Abundance at Suncor Carex capitata was found in 0% of Suncor’s reclamation plots.  

Abundance Nat Forest DB Carex capitata was found in 0.1% of Natural ecosystems plots, with an average percent cover of 0.5% (range 0.5 to 0.5%). 

Within oil sands region ACIMS records observations of this species in the oil sands region on cutlines and powerline easements near Conterra road, west 
of Kearl Lake (John Rintoul, personal communication, September 13, 2008). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S3, watch list 

Germination In a Canadian study, germination was poor; less than one percent in both trials with no stratification and four months duration 
using moist stratification in both darkness and light treatments (Bond, 1999). 

Propagation Unknown 

Potential collection sites  No collection site identified 

Weight/1000 seeds 1.975 grams  

Implications for wildlife Unknown 
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Implications for reclamation Known calciphile (Gignac, Gauthier, Rochefort & Bubier, 2004). 

Mycorrhizal association Unknown 

Bond, A. (1999). Germination ecology of Carex Cyperaceae): Effects of light, stratification, and soil moisture. Unpublished master’s thesis, McGill University, 
Montreal. Retrieved from: http://www.collectionscanada.gc.ca/obj/s4/f2/dsk2/ftp03/MQ50722.pdf  

 
Gignac, L.D., Gauthier, R., Rochefort L. & Bubier, J. (2004). Distribution and habitat niches of 37 peatland Cyperaceae species across a broad geographical range 

in Canada. Canadian Journal of Botany, 82, 1292-1313. doi: 10.1139/B04-081 

Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 

  

http://www.collectionscanada.gc.ca/obj/s4/f2/dsk2/ftp03/MQ50722.pdf�


APPENDICIES 255 
 

 

Appendix G-13. Carex chordorrhiza  

Characteristic Description 

Description  A medium sized (<30 cm in height), rhizomatous wetland sedge (Packer, 2000). This species is one of the few Carex that develop 
stolon-like stems (Reznicek & Catling, 2002). The stolons develop when stems from the proceeding summer are weight down by 
snow to lay upon the substrate, producing new plants at the end of the stolons in the following spring. These stems are often 
overgrown by moss and can be confused with rhizomes.  

Habitat A Canadian Peatland study found that this species prefers habitats with a pH of 6 (range 4.3 to 7.5) and locations 10 +11 cm 
above the water table. In natural ecosystems this species had a moisture tolerance range of subhygric to aquatic and preferred 
level topography. 

Abundance Suncor DB Carex chordorrhiza was found in 0% of Suncor’s reclamation plots.  

Abundance Nat Forest DB Carex chordorrhiza was found in 4% of Natural ecosystems plots, with an average percent cover of 6.9% (range 0.05 to 45%). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S5, not rare or tracked 

Germination Unknown 

Propagation Easily established from stolon segments (Tande & Lipkin, 2003). 

Potential collection sites  One potential collection is a fen off of Aostra Road at 12 V 467678E, 6312091N.  

Weight/1000 seeds 1.25 grams 

Implications for wildlife Unknown 

Implications for reclamation Recommended species for wetland reclamation in the oil sands (Alberta Environment, 2008), good wetland soil binder (Tande & 
Lipkin, 2003). 

Mycorrhizal association Unknown 
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Alberta Environment. (2008). Guideline for wetland establishment on reclaimed oil sands leases (2nd ed.). Retrieved from 
http://www.assembly.ab.ca/lao/library/egovdocs/2008/alen/171465.pdf 

Gignac, L.D., Gauthier, R., Rochefort L. & Bubier, J. (2004). Distribution and habitat niches of 37 peatland Cyperaceae species across a broad geographical range 
in Canada. Canadian Journal of Botany, 82, 1292-1313. doi: 10.1139/B04-081 

Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 

Reznicek, A. A. & Catling, P. M. (2002). Carex section chordorrhizae. In Flora of North America Editorial Committee, (Eds.). Flora of North America North of 
Mexico: Vol. 23, Magnolia: Commelinidae (in part): Cyperaceae (pp. 298-299). New York, NY: Oxford University Press. 

Tande, G., & Lipkin, R. (2003). Wetland sedges of Alaska. Anchorage, AK: University of Alaska, Environment and Natural Resources Institute, Alaska Natural 
Heritage Program. 
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Appendix G-14. Carex concinna  

Characteristic Description 

Description  Carex concinna is a cespitose sedge, with a low growth form profile (stems <20 cm in height), forming tight clumps in moist to 
dry, generally upland locations (Packer, 2000).  

Habitat Often found in highest cover after disturbance, Carex concinna prefers open canopy locations. In both natural ecosystems and on 
Suncor’s reclaimed landscapes this species had a wide moisture range from dry to wet. In natural ecosystems this species was 
found only on level topography. However, on reclamation it was found on slopes >30%.  

Abundance Suncor DB Carex concinna was found in 6.0% of Suncor’s reclamation plots, with an average percent cover of 0.9% (range 0.15 to 10.0%). 

Abundance Nat Forest DB Carex concinna was found in 1.1% of Natural ecosystems plots, with an average percent cover of 2.1% (range 0.5 to 10.0%). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-1 plot and Natural ecosystems-0 plots 

ACIMS ranking S5, not rare or tracked 

Germination Unknown 

Propagation Unknown 

Potential collection sites  Suncor reclamation area ML20 at 12V 474992E, 6306673N (NAD 83) and a reclaimed area near Fort Hills located at: 12V 461145 
E, 6360077N. 

Weight/1000 seeds Unknown 

Implications for wildlife Unknown 

Implications for reclamation Carex concinna may benefit from a light fire; the cespitose morphology and low thick leaf growth protect the meristem buds from 
damage (USDA Forest Service, 1994). 

Mycorrhizal association Unknown 

Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 
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USDA Forest Service. (1994). Carex concinna in Fire Effects [database]. Retrieved January, 3, 2010 from: 
http://www.fs.fed.us/database/feis/plants/graminoid/carcoc/all.html   
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Appendix G-15. Carex crawfordii  

Characteristic Description 

Description  Packer (2000) describes Carex crawfordii as growing to a height of 10-60 cm and generally found in wet locations. Plants in the oil 
sands region appear to tolerate drier moisture regime (author’s observation). This species is somewhat similar in appearance to 
Carex. bebbii, except the head-like inflorescence is more elongated than oval and somewhat scruffier in appearance, perhaps due 
to the longer perigynia (author’s observations). 

Habitat Carex crawfordii is generally an upland species of moist locations. In natural ecosystems this species was found on subhydric 
moisture regimes on level topography. On Suncor’s reclaimed landscape, it was observed on drier sites from submesic to mesic 
and on slopes to 29%. 

Abundance Suncor DB Carex crawfordii was found in 0.5% of Suncor’s reclamation plots, with an average percent cover of 0.15% (range 0.15 to 0.15%). 

Abundance Nat Forest DB Carex crawfordii was found in 0.1% of Natural ecosystems plots, with an average percent cover of 0.5% (range 0.5 to 0.5%). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S5, not rare or tracked 

Germination Unknown 

Propagation Unknown 

Potential collection sites  No collection site identified 

Weight/1000 seeds Unknown 

Implications for wildlife Unknown 

Implications for reclamation Unknown 

Mycorrhizal association Unknown 

Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 
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Appendix G-16. Carex deflexa  

Characteristic Description 

Description  Packer (2000) describes this species as low growing (<20 cm), cespitose sedge of upland locations. In the oil sands region it 
appears to tolerate wetter conditions consistent with the description in Ball & Reznicek (2002). In the oil sands region it often 
appears similar to Carex rossii, but Carex deflexa has red tinged pistillate scales, red -purple basal portions and no basal spikes 
(author’s observations). 

Habitat This species has a wide tolerance range from moist to dry locations and is generally found on level to moderately steep slopes 
with open tree canopy. In natural ecosystems this species was found in hydric moisture regimes on level topography. On 
reclamation this species had a wider moisture tolerance of submesic to subhydric, and was found on slopes to 29%. 

Abundance Suncor DB Carex deflexa was found in 2.3% of Suncor’s reclamation plots, with an average percent cover of 0.4% (range 0.15 to 0.2%). 

Abundance Nat Forest DB Carex deflexa was found in 0.3% of Natural ecosystems plots, with an average percent cover of 0.8% (range 0.5 to 1.0%). 

CEMA LTPN Syncrude reclamation-1 plot, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S3, not rare or tracked 

Germination Unknown 

Propagation Seeds of Carex deflexa are dispersed by both wind and water, and seeds are persistent in the soil seed bank (Shekhar & Mallik, 
2010). 

Potential collection sites  Clearing on east side of Highway 63 across from the municipal landfill at 12V 479400 E, 6277000 N, also along east side of the 
highway at same location in 2006. 

Weight/1000 seeds Unknown 

Implications for wildlife Unknown 

Implications for reclamation Unknown 
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Mycorrhizal association Unknown 

Ball, P. W., Reznicek, A.A. & Murray, D.F. (2002). Carex. In Flora of North America Editorial Committee, (Eds.). Flora of North America North of Mexico: Vol. 23, 
Magnolia: Commelinidae (in part): Cyperaceae (pp. 254-273). New York, NY: Oxford University Press. 

Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 

Shekhar R. B. & Mallik, A. U. (2010). Disturbance effects on species diversity and functional diversity in riparian and upland plant communities. Ecology, 91(1). 
28-35. doi: 10.1890/08-0887.1 
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Appendix G-17. Carex deweyana  

Characteristic Description 

Description  A medium to tall (<80 cm in height), cespitose upland sedge, with long inflorescence stems. These long stems are decumbent 
(Packer, 2000) and are found lying on ground by fall (author’s note). 

Habitat Found in forest openings and trails, does not tolerate full sun (Packer, 2000). In both natural ecosystems and on Suncor’s 
reclaimed landscapes this species had a narrower moisture range of mesic to hygric. In natural ecosystems this species was found 
on slopes <10%. However, on Suncor’s reclaimed landscapes it was associated with slopes from level to greater than 30%.  

Abundance Suncor DB Carex deweyana was found in 7.3% of Suncor’s reclamation plots, with an average percent cover of 0.8% (range 0.15 to 3.0%). 

Abundance Nat Forest DB Carex deweyana was found in 0.3% of Natural ecosystems plots, with an average percent cover of 1.8% (range 0.05 to 7.0%). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S4, not rare or tracked 

Germination A Canadian study found the highest germination (65%) was achieved after four months of moist stratification with 14 hours of 
light; other treatments ranged from 21% to 58% (Bond, 1999). 

Propagation Unknown 

Potential collection sites  One potential location site located on Suncor’s reclaimed landscapes (Original Sand Pit Area) has3% cover, located at 12 V 
474934E, 6306631N. A second site is located in the same area, but inside the forest, this area has 4% cover, located at 12V 
474925E, 6306622N.  

Weight/1000 seeds Unknown 

Implications for wildlife Although not stated in literature, the fact that stems are decumbent (Section 2.4.3.6), suggests this species may rely on 
granivores (i.e., small rodents and mammals) for seed dispersal and thus provide some food value to these animals. 

Implications for reclamation Unknown 

Mycorrhizal association Unknown 
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Bond, A. (1999). Germination ecology of Carex Cyperaceae): Effects of light, stratification, and soil moisture. Unpublished master’s thesis, McGill University, 
Montreal. Retrieved from: http://www.collectionscanada.gc.ca/obj/s4/f2/dsk2/ftp03/MQ50722.pdf 

 
Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press.
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Appendix G-18. Carex diandra  

Characteristic Description 

Description  A tall (<70 cm in height), cespitose sedge of wetland habitats (Packer, 2000). 

Habitat Carex diandra is associated with bogs and peaty wetlands (Packer 2000). This species prefers habitats with a mean pH of 6.3 
(range 4.8 to 7.4) and a height above water table of 13 + 11 cm (Gignac, Gauthier, Rochefort & Bubier, 2004). Carex diandra 
occurs in moderate to rich fens (Wheeler et al, 1983). In both natural ecosystems and reclamation this species had a wide 
moisture tolerance range from subhygric to hydric on level topography. 

Abundance Suncor DB Carex diandra was found in 8.3% of Suncor’s reclamation plots, with an average percent cover of 5% (range 0.15 to 40.0%). 

Abundance Nat Forest DB Carex diandra was found in 7.2% of Natural ecosystems plots, with an average percent cover of 12.5% (range 0.05 to 75.0%). 

CEMA LTPN Syncrude reclamation-2 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S5, not rare or tracked 

Germination Unknown 

Propagation Unknown 

Potential collection sites  Suncor’s Sandpit wetland at 12V 475296E, 6306371N (40% cover); 475258E, 6306393N (30% cover); or 475305E, 6306347N (25% 
cover). 

Weight/1000 seeds 0.465 grams 

Implications for wildlife Unknown 

Implications for reclamation Unknown 

Mycorrhizal association Unknown 

Gignac, L. D., R. Gauthier, L. Rochefort, and J. Bubier. (2004). Distribution and habitat niches of 37 peatland Cyperaceae species across a broad geographic 
range in Canada. Canadian Journal of Botany, 82(9), 1292-1313. doi:10.1139/B04-081 

Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 
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Appendix G-19. Carex disperma  

Characteristic Description 

Description  A small to medium sized (<60 cm in height), cespitose sedge of moist locations and marshes (Packer, 2000). 

Habitat This species is often found growing on rotten logs in wetlands or moist forest locations and can tolerate shade. Carex disperma is 
associated with habitats having a mean pH of 6.1 (range 4.7 to 7.4) and a height above water table of 24 + 12 cm (Gignac, 
Gauthier, Rochefort & Bubier, 2004). In both natural ecosystems and on Suncor’s reclaimed landscapes this species had a wide 
moisture tolerance range. However on reclamation it was found in drier areas up to subxeric and slopes >30%, where in natural 
ecosystems it was found only on slopes <10%.  

Abundance at Suncor Carex disperma was found in 9% of Suncor’s reclamation plots, with an average percent cover of 0.6% (range 0.15 to 3%). 

Abundance Nat Forest DB Carex disperma was found in 9.3% of Natural ecosystems plots, with an average percent cover of 2.2% (range 0.05 to 25%). 

CEMA LTPN Syncrude reclamation-1 plot, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S5, not rare or tracked 

Germination Unknown 

Propagation Unknown 

Potential collection sites  One small area with high cover of Carex disperma is just inside the forest, near Tar Island Dyke, 75 m east of Suncor’s east gate at 
12V 472024E, 6314867N (NAD 83). 

Weight/1000 seeds Unknown 

Implications for wildlife Unknown 

Implications for reclamation Cover increases after disturbance, especially on exposed mineral soil, shade tolerant (Beaudry, Coupe, DeLong & Pojar, 1999). 

Mycorrhizal association Unknown 
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Beaudry, L.J., Coupe, R.A., DeLong, C. & Pojar, J. (1999). Plant Indicator Guide for Northern British Columbia: Boreal, Sub-Boreal, and Subalpine Biogeoclimatic 
Zones: BWBS, SBS, SBPS, and northern ESSF. Land Management Handbook 46. Victoria: B.C. Ministry of Forests, Forest Division Services Branch. 

Gignac, L. D., R. Gauthier, L. Rochefort, and J. Bubier. (2004). Distribution and habitat niches of 37 peatland Cyperaceae species across a broad geographic 
range in Canada. Canadian Journal of Botany, 82(9), 1292-1313. doi:10.1139/B04-081 

Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 
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Appendix G-20. Carex duriuscula 

Characteristic Description 

Description  Carex duriuscula is a low mat forming upland species. 

Habitat This species is typically found in dry grasslands and prairies (Looman & Best, 1979). In the oil sands region this species is obligate 
to the dry, steep south facing boreal grasslands. In natural ecosystems, this species was found in a very narrow moisture and 
slope tolerance range of xeric on slopes >30%. This species was in highest cover on slopes >80% (Appendix G-1). 

Abundance Suncor DB Carex duriuscula was found in 0% of Suncor’s reclamation plots.  

Abundance Nat Forest DB Carex duriuscula was found in 0.2% of Natural ecosystems plots, with an average percent cover of 27.5% (range 0.5 to 67.0%). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S5, not rare or tracked 

Germination Unknown 

Propagation Unknown 

Potential collection sites  See Appendix G-1 

Weight/1000 seeds 1.4 grams 

Implications for wildlife Unknown 

Implications for reclamation Carex duriuscula is alkali tolerant (Wilson, Newhouse, Lytjen, Otting & Brainerd, 2008, p. 21). Due to its mat forming morphology 
and high cover on steep (>80%), dry south facing slopes, this species would likely bind soil and provide erosion control on 
problem areas such as the dry, steep slopes of Suncor’s reclamation areas on Tar Island dyke.  

Mycorrhizal association Non-mycorrhizal (Muthukumar, Udaiyan & Shanmughavel, 2004). 

Note. Formerly known as Carex eleocharis L. H. Bailey; C. stenophylla Wahlberg subsp. eleocharis (L. H. Bailey) Hultén; C. stenophylla var. eleocharis (L. H. 
Bailey) Breitung (Ball, Reznicek & Murray, 2002). 
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Looman, J. & Best, K.F. (1979). Budd’s Flora of the Canadian Prairie Provinces. Hull, Quebec: Agriculture Canada, Canadian Government Publishing Centre.  

Muthukumar, T., Udaiyan, K. & Shanmughavel, P. (2004). Mycorrhiza in sedges-An overview. Mycorrhiza, 14(2), 65-77. doi: 10.1007/s00572-004-0296-3.  

Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 

Wilson, B., Newhouse, B., Lytjen, D., Otting, N. & Brainerd, R. E. (2008). Field guide to the sedges of the Pacific Northwest. Corvallis, OR: Oregon State 
University Press.  
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Appendix G-21. Carex gynocrates  

Characteristic Description 

Description  Carex gynocrates is a small sized (<30 cm in height), rhizomatous sedge with filiform leaves (Cochrane, 2002). Cochrane (2005) 
notes, this species can be monecious (male and female flowers on the same plant) or dioecious (male and female flowers on 
separate plants).  

Habitat This species is an obligate of fens and bogs. Carex gynocrates prefers habitats with a mean pH of 6.3 (range 4.4 to 8.2) and a 
height above water table of 16 + 9 cm (Gignac, Gauthier, Rochefort & Bubier, 2004). This species has a wide tolerance range of 
mesic to hydric, and found on slopes <10%. 

Abundance Suncor DB Carex gynocrates was found in 0.2% of Suncor’s reclamation plots, with an average percent cover of 0.2% (range 0.15 to 0.15%). 

Abundance Nat Forest DB Carex gynocrates was found in 3.1% of Natural ecosystems plots, with an average percent cover of 2.2% (range 0.05 to 30.0%). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S5, not rare or tracked 

Germination Unknown 

Propagation Unknown 

Potential collection sites  One potential collection site is a fen off of Aostra Road at 12 V 467678E, 6312091N. 

Weight/1000 seeds 0.76 grams 

Implications for wildlife Unknown 

Implications for reclamation Unknown 

Mycorrhizal association Unknown 

Note. Formerly known as Carex dioica subsp. gynocrates (Ball, Reznicek & Murray, 2002). 
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Appendix G-22. Carex houghtoniana  

Characteristic Description 

Description  Carex houghtoniana is a medium sized (>60 cm in height), rhizomatous upland sedge (Packer, 2000). 

Habitat This species is often at its highest cover after a disturbance. This species prefers sandy ground where competition is low and the 
canopy open. The percent cover appears to drop off as disturbances become forested (author’s observations). In natural 
ecosystems this species has a narrow moisture range of mesic to submesic and is found on slopes <10%. On reclamation the 
moisture range is slightly wider (mesic to subhygric) and found on slopes to 29%.  

Abundance Suncor DB Carex houghtoniana was found in 1.6% of Suncor’s reclamation plots, with an average percent cover of 2.2% (range 0.15 to 
15.0%). 

Abundance Nat Forest DB Carex houghtoniana was found in 0.1% of Natural ecosystems plots, with an average percent cover of 1.0% (range 1.0 to 1.0%). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S3/4, not rare or tracked 

Germination Unknown 

Propagation Unknown 

Potential collection sites  Carex houghtoniana is found in high cover at Suncor reclamation area ML3 directly beneath the powerline, periodic large patches 
are found where equipment has cut down shrubs and created ground disturbance 12 V 474105E, 6309592N. A smaller population 
is located on Suncor’s reclamation area SB7 at 12V 473780E, 6315855N and another larger occurrence 15 metres to the east.  

Weight/1000 seeds Unknown 

Implications for wildlife Unknown 

Implications for reclamation Hudson (1977) noted that Carex houghtoniana responds vigorously to human disturbance and in the absence of anthropogenic 
disturbances, likely requires forest fires for survival. 

Mycorrhizal association Unknown 
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Appendix G-23. Carex inops subsp. heliophila  

Characteristic Description 

Description  A small sized (<30 cm in height), rhizomatous upland sedge of dry habitats (Packer, 2000).  

Habitat Carex inops observed in alpine meadows, had a percent ground cover inversely related to canopy cover, greater shading 
decreased Carex inops cover (Lang and Halpern, 2007). In the oil sands region Carex inops is found almost exclusively in open, dry, 
steep slopes of the boreal grasslands (Appendix G-1). In natural ecosystems it had a moisture regime of xeric to mesic and could 
tolerate slopes to 30%. This is consistent with observations in Colorado where Carex inops subsp. heliophila (referred to as Carex 
heliophila) can be locally abundant on drier foothills (Ramaley, 1919). 

Abundance Suncor DB Carex inops was found in 0% of Suncor’s reclamation plots.  

Abundance Nat Forest DB Carex inops was found in 0.3% of Natural ecosystems plots, with an average percent cover of 5.3% (range 0.5 to 15.0%). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S4, not rare or tracked 

Germination In an Oregon study, soil samples collected after snowmelt, from an alpine meadow containing 18% cover of Carex inops, had 
successfully germination such that 80% of the germinates where of this species (Lang and Halpern, 2007).  

Propagation Unknown 

Potential collection sites  See Appendix G-1 

Weight/1000 seeds Unknown 

Implications for wildlife Unknown 

Implications for reclamation Known to inhabit slopes as steep as 80% in southern Alberta (Geowest Environmental Consultants Ltd., 2003, p. 33). As part of 
this study Carex inops was found binding slopes as steep as 84% in the oil sands region (Appendix G-2).  

Mycorrhizal association Unknown, the closely related species Carex pensylvanica is mycorrhizal dependent, but Carex duriuscula (formerly Carex 
stenophylla) which is often found in association with Carex inops is not (Muthukumar, Udaiyan, & Shanmughavel, 2004). 
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Note. Formerly known as C. pensylvanica subsp. heliophila (Mackenzie) W. A. Weber (Ball, Reznicek & Murray, 2002). 
 
Ball, P. W., Reznicek, A.A. & Murray, D.F. (2002). Carex. In Flora of North America Editorial Committee, (Eds.). Flora of North America North of Mexico: Vol. 23, 

Magnolia: Commelinidae (in part): Cyperaceae (pp. 254-273). New York, NY: Oxford University Press. 

Geowest Environmental Consultants Ltd. (2003). Classification of the Sandhill and Sand Plain Plant Communities of the Wainwright Dunes Ecological Reserve. 
Prepared For: Resource Data Branch, Alberta Sustainable Resource Development, Edmonton, Alberta, December 2003. Accessed April 10, 2010 from: 
http://tpr.alberta.ca/parks/heritageinfocentre/docs/Wainwright.pdf 

 
Lang, N. L. & Halpern, C. B. (2007). The soil seed bank of a montane meadow: consequences of conifer encroachment and implications for restoration [Report]. 
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Muthukumar, T., Udaiyan, K. & Shanmughavel, P. (2004). Mycorrhiza in sedges-An overview. Mycorrhiza, 14(2), 65-77. doi: 10.1007/s00572-004-0296-3.  

Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 
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Appendix G-24. Carex interior  

Characteristic Description 

Description  A small to medium sized (<50 cm in height) densely cespitose wetland sedge of bogs and swamps (Packer, 2000). 

Habitat  Carex interior is associated with habits that have a mean pH of 6.4 (range 4.4 to 7.5) and a height above the water table of 15 + 
11 cm (Gignac, Gauthier, Rochefort & Bubier, 2004). In natural ecosystems this species had a wide moisture tolerance of mesic to 
hydric on level topography.  

Abundance Suncor DB Carex interior was found in 0% of Suncor’s reclamation plots.  

Abundance Nat Forest DB Carex interior was found in 1.8% of Natural ecosystems plots, with an average percent cover of 2.4% (range 0.05 to 20.0%). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S3, not rare or tracked 

Germination Unknown 

Propagation Unknown 

Potential collection sites  One potential collection site is a fen off of Aostra Road at 12 V 467678E, 6312091N. 

Weight/1000 seeds 0.5 grams 

Implications for wildlife Unknown 

Implications for reclamation Unknown 

Mycorrhizal association Non-mycorrhizal (Muthukumar, Udaiyan & Shanmughavel, 2004). 

Gignac, L. D., R. Gauthier, L. Rochefort, and J. Bubier. (2004). Distribution and habitat niches of 37 peatland Cyperaceae species across a broad geographic 
range in Canada. Canadian Journal of Botany, 82(9), 1292-1313. doi:10.1139/B04-081 

Muthukumar, T., Udaiyan, K. & Shanmughavel, P. (2004). Mycorrhiza in sedges-An overview. Mycorrhiza, 14(2), 65-77. doi: 10.1007/s00572-004-0296-3.  

Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 
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Appendix G-25. Carex lacustris  

Characteristic Description 

Description  Medium to large (<120 cm), cespitose sedge, of non-peaty wetlands (Packer, 2000). 

Habitat Wetland obligate of water bodies with a constant water level (Kershaw, Gould, Johnson & Lancaster, 2001). In natural ecosystems 
found in hydric moisture conditions. 

Abundance Suncor Carex lacustris was found in 0% of Suncor’s reclamation plots. Scattered populations of a few individuals were reported on four 
floating cattail islands in Shipyard Lake, near Suncor: 12V 473234E, 6313225N; 473115E, 6312983N; 473163E, 6312795N and 
473304E, 6312721N (Golder, 2007). 

Abundance Nat Forest DB Carex lacustris was found in 0.1% of Natural ecosystems plots, with an average percent cover of 1.0% (range 1.0 to 1.0%). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots, Natural ecosystems-0 plots 

ACIMS ranking S2, rare 

Germination In a greenhouse study, seeds older than 6 months had low germination; tetrazolium tests suggested that one month old Carex 
lacustris seeds had a germination rate of 44%, six month old seeds had a seed viability of 40% and by 18 months seed viability 
dropped to 20%; the highest seed viability was preserved by wet storage at room temperature (Van Der Valk, Bremholm & 
Gordon, 1999). In a similar study Budelsky & Galatowitsch (1999) found that Carex lacustris had the highest germination rate 
(74%) when stored wet at 4oC for 31 months. A more recent study, found that cold temperature stratification period of less than 
one month and incubation at high temperature (27/15oC) was required to achieve greater than 80% germination (Kettenring & 
Galatowitsch, 2007a). Kettenring & Galatowitsch (2007b) determined that Carex lacustris had a low seed regenerative Index (SRI) 
and the author’s suggested starting this species from rhizomes instead of seed. 

Propagation When rhizomes containing 5 to 6 nodes were planted at depths of 2 to 4 cm; the results were 53% survival when planted in the 
spring and 0.7% survival for fall planting; further, survival and growth was highest at the shoreline and decreased in areas where 
the water level dropped below the surface (Yetka & Galatowitsch, 1999). 

Weight/1000 seeds 1.615 grams 

Potential collection sites  Unknown 
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Implications for wildlife Unknown 

Implications for reclamation A Minnesota sedge fen restoration project had 90% survival of Carex lasiocarpa and Carex lacustris planted as core plugs 
(Johnson & Valppu, 2003).  

Mycorrhizal association Unknown 

 
Budelsky, R.A. & Galatowitsch, S.M. (1999). Effects of Moisture, Temperature, and Time on Seed Germination of Five Wetland Carices: Implications for 

Restoration. Restoration Ecology, 7(1), 86-97. doi: 10.1046/j.1526-100X.1999.07110.x 

Golder Associates Ltd. (2007). Ratroot Survey of Shipyard Lake [Report No. 07-1329-0013]. Prepared for Suncor Energy Inc. Unpublished. 

Johnson, K.W. & Valppu, S.H. (2003). Fen restoration: final project report. NRRI/TR-2003/32, Project No. 187-6466. Submitted to the Minnesota Department of 
Natural Resources, September 2003 by the University of Minnesota Duluth, Natural Resources Research Institute, Duluth, Minnesota. Accessed April 9, 
2010 from: Accessed April 9, 2010 from: http://www.nrri.umn.edu/cartd/peat/Reports/FEN%20FINAL%20REPORT.pdf.  
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temperature requirements. Plant Ecology, 193(2), 157-169. doi:10.1007/s11258-006-9255-8 

Kettenring, K.M. & Galatowitsch, S.M. (2007b). Temperature requirements for dormancy break and seed germination vary greatly among 14 wetland Carex 
species. Aquatic Botany, 87(3), 209-220. 

 
Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 
 
Van der Valk, A. G., Bremholm, T. L. & Gordon, Elizabeth. (1999). The restoration of sedge meadows: Seed viability, seed germination requirements and 

seedling growth of Carex species. Wetlands, 19(4), 756-764. doi: 10.1007/BF03161782 
 
Yetka, L. A. & Galatowitsch, S. M. (1999). Factors affecting revegetation of Carex lacustris and Carex stricta from rhizomes. Restoration Ecology, 7(2) 2, 162–

171. Doi: 10.1046/j.1526-100X.1999.72008.x 
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Appendix G-26. Carex lasiocarpa  

Characteristic Description 

Description  A medium to tall (<100 cm in height) rhizomatous wetland sedge (Packer, 2000). 

Habitat Carex lasiocarpa prefers habitats with a mean pH of 6.0 (range 3.6 to 7.5) and a height above water table of 12 + 13 cm (Gignac, 
Gauthier, Rochefort & Bubier, 2004). It can be associated with rich fens, but is generally thought of as an indicator of poor fens 
(Wheeler et al, 1983). This species has a wide moisture tolerance range of hygric to aquatic and is found on level topography. 

Abundance Suncor DB Carex lasiocarpa was found in 0% of Suncor’s reclamation plots.  

Abundance Nat Forest DB Carex lasiocarpa was found in 1.8% of Natural ecosystems plots, with an average percent cover of 27.3% (range 0.05 to 85.0%). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S4, not rare or tracked 

Germination Fluctuating daytime temperatures were required for germination of fresh seeds (Budelsky & Galatowitsch, 1999). Optimum 
storage conditions depend on the duration for which they are to be stored. Wet/cold stratification improved germination of 
stored seed. Seeds to be used within four to 10 months are best stored either moist or wet at 4oC. Long term storage of 2.5 years 
had optimum viability after being stored dry at 23oC resulted in 43% viability or wet at 4oC at 38% viability (Budelsky & 
Galatowitsch, 1999). 

Propagation Unknown 

Potential collection sites  Carex lasiocarpa is the dominant Carex species in a fen located off of Aostra Road at 12 V 467678E, 6312091N . The species is 
found on both the north and south sides of the road. 

Weight/1000 seeds 7.1 grams (range 0.975 to 13.2 grams) 

Implications for wildlife Carex lasiocarpa has moderate energy and protein value for livestock; but considered poor food value for mule and white tail 
deer; and moderate cover and food value for waterfowl, birds, small mammals (Kovalchik & Clausnitzer, 2004) and moose (Tande 
& Lipkin, 2003).  
 

Implications for reclamation Carex lasiocarpa is a primary peat builder of fens, but does not tolerate acidic bogs (Glaser, 1987, p. 408). This species prefers a 
pH >5.8 and calcium >10 mg/L and produces a peat with greater hydraulic conductivity than sphagnum moss, due to its larger leaf 



APPENDICIES 279 
 

 

and root structure (Glaser, 1987, p. 408). A Minnesota sedge fen restoration project resulted in 90% survival of Carex lasiocarpa 
planted as core plugs (Johnson & Valppu, 2003). This same study noted that Carex lasiocarpa generally reproduces by rhizomes 
and reproduction from seed is low in natural environments. (Authors note: this may not be true on reclaimed landscapes where 
open ground is readily available for recruitment.) A Chinese study that compared Carex lasiocarpa under different water levels, 
found that Carex lasiocarpa in both the recruitment and adult stage did best under drier treatments -10 cm of water, compared 
to 0 cm or +15 cm. However, they further noted that overall diversity dropped with increased Carex lasiocarpa cover and a 
compromise maybe needed so that C. lasiocarpa does not become so dominate that it chokes out other species (Wang, Song, Hu, 
& Yang, 2010). This species has high erosion control and moderate long term revegetation potential (Kovalchik & Clausnitzer, 
2004). 

Mycorrhizal association Facultative mycorrhizal (Muthukumar, Udaiyan, & Shanmughavel, 2004). 

Budelsky, R.A. & Galatowitsch, S.M. (1999). Effects of moisture, temperature, and time on seed germination of five wetland Carices: Implications for 
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Gignac, L. D., R. Gauthier, L. Rochefort, and J. Bubier. (2004). Distribution and habitat niches of 37 peatland Cyperaceae species across a broad geographic 
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413. Retrieved from JSTOR database. 
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Kovalchik, B.L. & Clausnitzer, R.R. (2004). Classification and Management of Aquatic, Riparian, and Wetland Sites on the National Forests of Eastern 
Washington. U.S. Department of Agriculture, Forest Service, Pacific Northwest Research Station. General Technical Report PNW-GTR-593. Retrieved 
July 28, 2010 from: http://sullivancreek.ecr.gov/pdf/gtr593_part_3.pdf 

Muthukumar, T., Udaiyan, K. & Shanmughavel, P. (2004). Mycorrhiza in sedges-An overview. Mycorrhiza, 14(2), 65-77. doi: 10.1007/s00572-004-0296-3.  

Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 

Tande, G., & Lipkin, R. (2003). Wetland sedges of Alaska. Anchorage, AK: University of Alaska, Environment and Natural Resources Institute, Alaska Natural 
Heritage Program. 
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Appendix G-27. Carex lenticularis var. lenticularis, var. dolia & var. lipocarpa 

Characteristic Description 

Description  A small to medium sized (<60 cm in height), cespitose wetland sedge (Packer, 2000). 

Habitat Wetland obligate, found on lake and river shores (Kershaw, Gould, Johnson & Lancaster, 2001).  

Abundance Suncor DB Carex lenticularis was found in 0% of Suncor’s reclamation plots.  

Abundance Nat Forest DB Carex lenticularis was found in 0.1% of Natural ecosystems plots, with an average percent cover of 5.0% (range 5 to 5%). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking Carex lenticularis var. lenticularis & Carex lenticularis var. dolia are ranked S1, rare. The more common Carex lenticularis var. 
lipocarpa (C. kelloggii) is ranked S3, not rare or tracked. 

Germination A Canadian study found the highest germination of Carex kelloggii (91%) was achieved after two months of moist stratification in 
14 hours of light, other treatments in both dark and light conditions ranged from 11% to 87% (Bond, 1999).  

Propagation A Colorado technical guide recommended collecting seed in July through September; seed is collected by cutting or stripping the 
perigynia from the inflorescence (Hurd and Shaw, 1999). Seed collection dates in the oil sands region are likely similar.  
 

Potential collection sites  Unknown 

Weight/1000 seeds Carex lenticularis var. lipocarpa 0.371 grams 

Implications for wildlife In Alaska this species is important forage for waterfowl. When other food sources are scare, Carex lenticularis provides forage for 
cattle and sheep (Tande & Lipkin, 2003). Moderate forage, energy and protein for mule deer and white tail deer; moderate cover 
and food value for waterfowl, birds and small mammals (Kovalchik & Clausnitzer, 2004). 

Implications for reclamation An early successional species, especially on recently exposed wet mineral substrates; recommended for stream bank restoration 
due to extensive root network (Tande & Lipkin, 2003). High erosion control and moderate long term revegetation potential 
(Kovalchik & Clausnitzer, 2004). 

Mycorrhizal association Unknown 
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Appendix G-28. Carex leptalea  

Characteristic Description 

Description  A small to medium sized (<60 cm in height), cespitose, wetland sedge (Packer, 2000). Mature plants form dense clumps with a 
spiky appearance (author’s observation). 

Habitat Carex leptalea is a wetland obligate, generally found in minerotrophic fens with a pH > 6 (Gage &Cooper, 2006). This species is an 
indicator of moderately rich to extremely rich fens (Wheeler et al., 1983). Tolerant of a wide range of habitats including ditches 
bogs, conifer swamps and calcareous fens (Gage & Cooper, 2006). This species prefers habitats with a mean pH of 6.3 (range 4.4 
to 7.4) and a height above water table of 17 + 12 cm (Gignac, Gauthier, Rochefort & Bubier, 2004). In natural ecosystems this 
species had a moisture of subhygric to hydric and was found on slopes <10%. On reclamation this species had a slightly drier 
range from submesic to subhydric and was found on slopes to 29%. 

Abundance Suncor DB Carex leptalea was found in 1.4% of Suncor’s reclamation plots, with an average percent cover of 0.3% (range 0.15 to 1.0%). 

Abundance Nat Forest DB Carex leptalea was found in 1.8% of Natural ecosystems plots, with an average percent cover of 0.8% (range 0.05 to 5%). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S5, not rare or tracked 

Germination Unknown 

Propagation Unknown 

Potential collection sites  Suncor North Steepbank mine at 12V 481151E, 6318964N 

Weight/1000 seeds 0.366 grams 

Implications for wildlife Seeds are eaten by waterfowl (Tande & Lipkin, 2003). 

Implications for reclamation Potentially tolerant of pH values as high as 8.4 (Gage &Cooper, 2006).  

Mycorrhizal association Unknown 

Note. Reports of Carex leptopoda in the oil sands region are miscoded Carex leptalea. 
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Appendix G-29. Carex limosa  

Characteristic Description 

Description  Carex limosa is a small (<40 cm in height), rhizomatous wetland sedge (Packer, 2000). 

Habitat A wetland obligate that prefers a mean pH of 5.4 (range 3.6 to 7.8) and a height above water table of 9 + 9 cm (Gignac, Gauthier, 
Rochefort & Bubier, 2004). In natural ecosystems this species had a moisture tolerance of mesic to hydric on level topography. 

Abundance at Suncor Carex limosa was found in 0% of Suncor’s reclamation plots.  

Abundance Nat Forest DB Carex limosa was found in 6.8% of Natural ecosystems plots, with an average percent cover of 5.4% (range 0.05 to 35.0%). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S4, not rare or tracked 

Germination Unknown 

Propagation Unknown 

Potential collection sites  One potential collection site is a fen off of Aostra Road at 12 V 467678E, 6312091N. 

Weight/1000 seeds 1.59 grams (range 1.42 to 1.75 grams) 

Implications for wildlife Moderate energy and protein value for domestic livestock (Kovalchik & Clausnitzer, 2004). 

Implications for reclamation Carex limosa is flood tolerant, preferring habitats with high redox potential, and is usually associated with low velocity flowing 
water (Visser, et al., 2000). Moderate erosion control and moderate long term revegetation potential (Kovalchik & Clausnitzer, 
2004). 

Mycorrhizal association Unknown 

Gignac, L. D., R. Gauthier, L. Rochefort, and J. Bubier. (2004). Distribution and habitat niches of 37 peatland Cyperaceae species across a broad geographic 
range in Canada. Canadian Journal of Botany, 82(9), 1292-1313. doi:10.1139/B04-081 
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Appendix G-30. Carex livida  

Characteristic Description 

Description  A small to medium sized (10-50 cm in height) rhizomatous, wetland sedge with glaucous (bluish waxy) leaves (Packer, 
2000). 

Habitat Prefers rich calcareous bogs (Ca2+ 10-30 mg/L) with pH values of 5.5 to 8.0 (Gage & Cooper, 2006). Similarly, a 
Canadian study of peatlands found this species prefers habitats with a mean pH of 5.5 (range 3.9 to 7.4) and a height 
above water table of 12 + 16 cm (Gignac, Gauthier, Rochefort & Bubier, 2004). This species is associated with poor 
and rich fens (Wheeler et al., 1983). In natural ecosystems this species had a moisture tolerance of mesic to hydric on 
level topography. 

Abundance Suncor DB Carex livida was found in 0% of Suncor’s reclamation plots.  

Abundance Nat Forest DB Carex livida was found in 0.4% of Natural ecosystems plots, with an average percent cover of 4.4% (range 0.05 to 
10%). 

CEMA LTPN Syncrude reclamation-1 plot, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S3, not rare or tracked 

Germination Unknown 

Propagation Unknown 

Potential collection sites  One potential collection site is a fen off of Aostra Road at 12 V 467678E, 6312091N. 

Weight/1000 seeds Carex livida var. lipocarpa 0.371 grams 

Implications for wildlife Unknown 

Implications for reclamation A known calciphile, tolerant of high pH and an indicator of nitrogen rich soils (Anderson, Davis, Rooney & Campbell, 
1996); Tande & Lipkin, 2003). 

Mycorrhizal association Unknown 
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Appendix G-31. Carex loliacea  

Characteristic Description 

Description  A small (<40 cm), loosely cespitose sedge of moist locations (Packer, 2000). 

Habitat Found in marshes, wet bogs and on sphagnum substrates (Kershaw, Gould, Johnson, Lancaster, 2001). In natural ecosystems this 
species was found in subhydric moisture regime on level topography. A single observation of this species was found in the forest 
adjacent to Suncor under mature spruce on a feathermoss substrate with no competition. 

Abundance Suncor DB Carex loliacea was found in 0% of Suncor’s reclamation plots. It was observed in one Suncor forest plot at Suncor near ML 3. 
Three small plants were found within a meter square area, on open moss covered forest floor, sheltered between rotten logs and 
beneath large mature spruce trees.  

Abundance Nat Forest DB Carex loliacea was found in 0.1% of Natural ecosystems plots, with an average percent cover of 0.5% (range 0.5 to 0.5%). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots, Natural ecosystems-0 plots 

ACIMS ranking S3, not rare or tracked 

Germination Unknown 

Propagation Unknown 

Potential collection sites  No collection site identified 

Weight/1000 seeds unknown 

Implications for wildlife Unknown 

Implications for reclamation Unknown 

Mycorrhizal association Unknown 

Kershaw, L. Gould, J., Johnson, D. & Lancaster, J. (2001). Rare vascular plants of Alberta. Edmonton, AB: University of Alberta Press. 

Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 
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Appendix G-32. Carex media  

Characteristic Description 

Description  A medium sized (<60 cm in height), cespitose, upland sedge of moist locations (Packer, 2000). 

Habitat Moist forest openings (Packer, 2000), suggesting it tolerates some shade. In natural ecosystems this species has a wide moisture 
tolerance range from xeric to hydric. Similarly, on reclamation this species was found in a wide, but less extreme range of 
subxeric to subhydric. In natural ecosystems it was found on slopes < 10%, in reclamation found on slopes to 29%. 

Abundance Suncor DB Carex media was found in 7.1% of Suncor’s reclamation plots, with an average percent cover of 0.5% (range 0.15 to 3%). 

Abundance Nat Forest DB Carex media was found in 0.1% of Natural ecosystems plots, with an average percent cover of 0.5% (range 0.5 to 0.5%). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-1 plot and Natural ecosystems-0 plots 

ACIMS ranking S5, not rare or tracked 

Germination Unknown 

Propagation Unknown 

Potential collection sites  Suncor reclamation area SB17 at 12V 476726E, 6315639N 

Weight/1000 seeds 2.88 grams (range 2.8 to 2.95 grams) 

Implications for wildlife Unknown 

Implications for reclamation Recommended species for wetland reclamation in the oil sands (Alberta Environment, 2008). 

Mycorrhizal association Unknown 

Note: Formerly known as Carex norvegica Retzius subsp. inferalpina (Wahlenberg) Hultén (Ball, Reznicek & Murray, 2002). 
 
Ball, P. W., Reznicek, A.A. & Murray, D.F. (2002). Carex. In Flora of North America Editorial Committee, (Eds.). Flora of North America North of Mexico: Vol. 23, 

Magnolia: Commelinidae (in part): Cyperaceae (pp. 254-273). New York, NY: Oxford University Press. 
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Alberta Environment. (2008). Guidelines for wetland establishment on reclaimed oil sands leases (2nd edition). Accessed April 4, 2010 from: 
http://www.assembly.ab.ca/lao/library/egovdocs/2008/alen/171465.pdf 
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Appendix G-33. Carex obtusata  

Characteristic Description 

Description  A small (<15 cm in height), strongly rhizomatous sedge (Packer, 2000). This species often forms conspicuous linear lines of small 
plants, with strongly purplish-brown scales at or below the ground surface (author’s observations).  

Habitat Carex obtusata is common on dry, sandy, open prairies (Looman & Best, 1979). In the oil sands region, it is an obligate to the 
open, dry, steep, south facing slopes of the boreal grasslands and had the highest cover on slopes >70% (Appendix G-1). It is likely 
not shade tolerant. In natural ecosystems this species tolerated mesic to xeric moisture regimes on slopes >30%.  

Abundance Suncor DB Carex obtusata was found in 0% of Suncor’s reclamation plots.  

Abundance Nat Forest DB Carex obtusata was found in 0.4% of Natural ecosystems plots, with an average percent cover of 11.9% (range 0.5 to 39.0%). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S4, not rare or tracked 

Germination Unknown 

Propagation Unknown 

Potential collection sites  See Appendix G-1 

Weight/1000 seeds 1.84 grams 

Implications for wildlife Unknown 

Implications for reclamation Due to its rhizomatic nature and high cover on dry south facing slopes greater than 70% (Appendix G-1), this species would likely 
be a good soil binder on reclaimed landscapes prone to erosion. 

Mycorrhizal association Unknown 

Looman, J. & Best, K.F. (1979). Budd’s Flora of the Canadian Prairie Provinces. Hull, Quebec: Agriculture Canada, Canadian Government Publishing Centre.  

Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 
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Appendix G-34. Carex oligosperma  

Characteristic Description 

Description  A medium to tall (<100 cm in height) rhizomatous sedge of open bogs and meadows (Packer, 2000). 

Habitat This species prefers habitats with a mean pH of 4.4 (range 3.7 to 6.0) and a height above water table of 21 + 16 cm (Gignac, 
Gauthier, Rochefort & Bubier, 2004). In natural ecosystems this species was found in subhydric moisture regimes on level 
topography. 

Abundance Suncor DB Carex oligosperma was found in 0% of Suncor’s reclamation plots.  

Abundance Nat Forest DB Carex oligosperma was found in 0.4% of Natural ecosystems plots, with an average percent cover of 12.2% (range 1 to 25%). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots, Natural ecosystems-0 plots 

ACIMS ranking S3, rare 

Germination Unknown 

Propagation Unknown 

Potential collection sites  Suncor Firebag lease on open cutlines and fens 12 V 507435E, 6341956N and 12V 508750E, 6345300N.  

Weight/1000 seeds 4.62 grams (range 3.768 to 5.47 grams) 

Implications for wildlife Unknown 

Implications for reclamation Carex oligosperma is indicator of bogs (pH below 4.5) and is obligate to ombrotrophic conditions (Wheeler et al., 1983). 
Ombrotrophic refers to peatlands where nutrients are low and as nutrients are obtained only from precipitation and windblown 
dust).  

Mycorrhizal association Unknown 

Gignac, L. D., R. Gauthier, L. Rochefort, and J. Bubier. (2004). Distribution and habitat niches of 37 peatland Cyperaceae species across a broad geographic 
range in Canada. Canadian Journal of Botany, 82(9), 1292-1313. doi:10.1139/B04-081 

Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 
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Minnesota, with Special Attention to Carex. American Midland Naturalist, 110(1), 62-96. Retrieved from JSTOR database. 
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Appendix G-35. Carex pachystachya  

Characteristic Description 

Description  A medium to tall (<100 cm in height) strongly cespitose sedge of moist woods and wetlands (Packer, 2000).  

Habitat Found in moist woods (Packer, 2000). In natural ecosystems this species was found in hydric moisture regimes on level 
topography.  

Abundance Suncor DB Carex pachystachya was found in 0% of Suncor’s reclamation plots.  

Abundance Nat Forest DB Carex pachystachya was found in 0.1% of Natural ecosystems plots, with an average percent cover of 5% (range 5 to 5%). 

Within oil sands region Small scattered populations on Stoney Mountain, east of the Maqua Provincial Recreation Area (author’s observations). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S3, not rare or tracked 

Germination Unknown 

Propagation A Colorado technical guide recommended collecting seed in June through August; seed is collected by stripping the perigynia 
from the inflorescence (Hurd and Shaw, 1999). Seed collection dates in the oil sands region is likely July through August.  
 

Potential collection sites  No collection site identified 

Weight/1000 seeds unknown 

Implications for wildlife Unknown 

Implications for reclamation Unknown 

Mycorrhizal association Unknown 

Note. It is difficult to distinguish this species from Carex microptera. Looman and Best (1979) provides a good key for distinguishing these two species from 
each other and from similar sister species. 
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Hurd, E.G. & Shaw, N.L. (1999). Seed technology for Carex and Juncus species of the Intermountain Region. Proceedings, Intermountain Forest Nursery 
Association; 1991 August 12-16; Park City, UT. General Technical Report RM-211. Fort Collins, CO: U.S. Department of Agriculture, Forest Service, 
Rocky Mountain Forest and Range Experiment Station: 74-83. Retrieved from: http://www.fcnanet.org/proceedings/1991/hurd.pdf 

 
Looman, J. & Best, K.F. (1979). Budd’s Flora of the Canadian Prairie Provinces. Hull, Quebec: Agriculture Canada, Canadian Government Publishing Centre.  
 
Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 
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Appendix G-36. Carex parryana var. parryana  

Characteristic Description 

Description  A medium sized (<40 cm in height), loosely cespitose sedge of moist locations (Packer, 2000). 

Habitat This species is found in alkaline or marl soils (Kershaw, Gould, Johnson & Lancaster, 2001). 

Abundance Suncor DB Carex parryana was found in 0% of Suncor’s reclamation plots. This species was reported in 2005 on the road to Suncor’s East 
Gate (Suncor, 2005). 

Abundance Nat Forest DB Carex parryana was found in 0.1% of Natural ecosystems plots, with an average percent cover of 1.0% (range 1.0 to 1.0%). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S3, on watch list 

Germination Unknown 

Propagation Unknown 

Potential collection sites  No collection site identified 

Weight/1000 seeds unknown 

Implications for wildlife Unknown 

Implications for reclamation Unknown 

Mycorrhizal association Unknown 

Kershaw, L. Gould, J., Johnson, D. & Lancaster, J. (2001). Rare vascular plants of Alberta. Edmonton, AB: University of Alberta Press. 
 
Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 

Suncor Energy Inc. (2005). Voyageur Project: Vol. II, Terrestrial vegetation, wetlands and forest resources environmental settings report. March 2005, p. 98.  
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Appendix G-37. Carex pauciflora  

Characteristic Description 

Description  A small (8-25 cm in height) rhizomatous wetland sedge (Packer, 2000).  

Habitat This species prefers habitats with a mean pH of 4.7 (range 3.3 to 6.5) and a height above water table of 25 + 15 cm (Gignac, 
Gauthier, Rochefort & Bubier, 2004). In natural ecosystems this species had a moisture tolerance range of subhygric to hydric, on 
level topography.  

Abundance Suncor DB Carex pauciflora was found in 0% of Suncor’s reclamation plots 

Abundance Nat Forest DB Carex pauciflora was found in 0.8% of Natural ecosystems plots, with an average percent cover of 3.0% (range 0.5 to 10%). 

Within oil sands region Small scattered populations within poor fen habitat on Stoney Mountain, east of the Maqua Lake Provincial Recreation Area. 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots, Natural ecosystems-0 plots 

ACIMS ranking S3, not rare or tracked 

Germination A Canadian study found the highest germination of Carex pauciflora (3%) was achieved after four months of moist stratification in 
darkness; other treatments in both dark and light conditions ranged from 0% to 2.7% (Bond, 1999). Suggesting there is still some 
unknown trigger for germination. 

Propagation Unknown 

Potential collection sites  One potential collection site is a poor fen on Stoney Mountain Road at 12 V 485398E, 6248052N. At this location Carex pauciflora 
is found in low cover on the top of sphagnum hummocks. 

Weight/1000 seeds 0.78 grams 

Implications for wildlife Unknown 

Implications for reclamation This species has low seed production, one to six perigynia per plant (Packer, 2000). This suggests that even when seeds are viable 
population increases are likely to be slow.  
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Mycorrhizal association Unknown 

Bond, A. (1999). Germination ecology of Carex Cyperaceae): Effects of light, stratification, and soil moisture. Unpublished master’s thesis, McGill University, 
Montreal. Retrieved from: http://www.collectionscanada.gc.ca/obj/s4/f2/dsk2/ftp03/MQ50722.pdf 

 
Gignac, L. D., R. Gauthier, L. Rochefort, and J. Bubier. (2004). Distribution and habitat niches of 37 peatland Cyperaceae species across a broad geographic 

range in Canada. Canadian Journal of Botany, 82(9), 1292-1313. doi:10.1139/B04-081 

Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 
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Appendix G-38. Carex paupercula (Carex magellanica) 

Characteristic Description 

Description  Carex paupercula is a medium sized (30-60 cm in height) wetland sedge (Looman & Best, 1979). In shady habitats, vegetative 
plants can have long leaves, with an appearance similar to that of Carex aquatilis (author’s observation). A check of the roots will 
separate the two species; Carex paupercula has roots with an orange to gray felt-like covering (Looman & Best, 1979). 

Habitat This species prefers habitats with a mean pH of 5.1 (range 3.8 to 7.8) and a height above water table of 19 + 12 cm (Gignac, 
Gauthier, Rochefort & Bubier, 2004). Carex paupercula occurs in both ombrotrophic and minerotrphic peatlands (Wheeler et al., 
1983). In natural ecosystems this species had a wide moisture regime of mesic to aquatic, on level topography. A single 
occurrence on reclamation was found with subhygric moisture regime on level topography. 

Abundance Suncor DB Carex paupercula was found in 0.15% of Suncor’s reclamation plots, with an average percent cover of 0.15% (range 0.15 to 
0.15%). 

Abundance Nat Forest DB Carex paupercula was found in 5.3% of Natural ecosystems plots, with an average percent cover of 3.9% (range 0.5 to 30.0%). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S4, not rare or tracked 

Germination A Canadian study found the highest germination (57%) was achieved after four months of moist stratification with 14 hours of 
light; other treatments ranged from 2% to 54% (Bond, 1999). 

Propagation Unknown 

Potential collection sites  Stoney Mountain Road at 12V 484098E, 6248339N 

Weight/1000 seeds 1.22 grams (range 1.117 to 2.63 grams) 

Implications for wildlife Unknown 

Implications for reclamation Unknown 

Mycorrhizal association Unknown 
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Note. Carex paupercula Michaux has undergone a name change and is now known as C. magellanica subsp. irrigua (Wahlenburg) Hiitonen (Ball, Reznicek & 
Murray, 2002). However, Flora of Alberta (Packer, 2000) refers to the species as Carex paupercula. For the purposes of this research the older name has been 
retained. 
 
Ball, P. W., Reznicek, A.A. & Murray, D.F. (2002). Carex. In Flora of North America Editorial Committee, (Eds.). Flora of North America North of Mexico: Vol. 23, 

Magnolia: Commelinidae (in part): Cyperaceae (pp. 254-273). New York, NY: Oxford University Press. 

Bond, A. (1999). Germination ecology of Carex Cyperaceae): Effects of light, stratification, and soil moisture. Unpublished master’s thesis, McGill University, 
Montreal. Retrieved from: http://www.collectionscanada.gc.ca/obj/s4/f2/dsk2/ftp03/MQ50722.pdf  

 
Gignac, L. D., R. Gauthier, L. Rochefort, and J. Bubier. (2004). Distribution and habitat niches of 37 peatland Cyperaceae species across a broad geographic 

range in Canada. Canadian Journal of Botany, 82(9), 1292-1313. doi:10.1139/B04-081 

Looman, J. & Best, K.F. (1979). Budd’s Flora of the Canadian Prairie Provinces. Hull, Quebec: Agriculture Canada, Canadian Government Publishing Centre.  
 
Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 

Wheeler, G. A., Glaser, P.H., Gorham, E., Wetmore, C. M., Bowers, F.D. & Janssens, J.A. (1983). Contributions to the Flora of the Red Lake Peatland, Northern 
Minnesota, with Special Attention to Carex. American Midland Naturalist, 110(1), 62-96. Retrieved from JSTOR database. 
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Appendix G-39. Carex peckii  

Characteristic Description 

Description  A small to medium sized(<50 cm in height) loosely cespitose upland sedge of open forest (Packer 2000).  

Habitat In the oil sands region, Carex peckii is primarily found in mesic mixed wood forest and is associated with disturbance (author’s 
observation).In natural ecosystems and on reclamation this species had a narrow moisture tolerance range of mesic to subhygric. 
In the natural ecosystems it was found on slopes <10%. On reclamation it was observed on slopes >30%. 

Abundance Suncor DB Carex peckii was found in 1.4% of Suncor’s reclamation plots, with an average percent cover of 0.3% (range 0.15 to 0.45%). 

Abundance Nat Forest DB Carex peckii was found in 0.1% of Natural ecosystems plots, with an average percent cover of 0.5% (range 0.5 to 0.5%). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S4, not rare or tracked 

Germination Unknown 

Propagation Unknown 

Potential collection sites  Within the city of Fort McMurray on powerline easement at 12V 474704E, 6287840 N and also a small clearing south of 
Thickwood subdivision at 12V 473928E, 6286845N. 

Weight/1000 seeds unknown 

Implications for wildlife Unknown 

Implications for reclamation Unknown 

Mycorrhizal association Unknown 

Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 
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Appendix G-40. Carex pellita  

Characteristic Description 

Description  A medium sized (<70 cm in height) rhizomatous wetland sedge (Packer, 2000). Carex pellita is similar in appearance to Carex 
lasiocarpa. Where the more common Carex lasiocarpa has involute (rolled) leaves, narrower inflorescence bracts width (1.4 + 0.4 
mm) and shorter perigynia beak (0.6 + 0.1 mm); Carex pellita has flat leaves, bract width of 2.2 + 0.3 mm and a perigynia beak 
width of 1.0 +0.3 mm (Reznicek & Catling, 2002; McClintock & Waterway, 1994).  

Habitat Found on wet shorelines, marshes and sloughs (Looman & Best, 1979). In south Dakota this species prefers habitats with elevated 
conductivity; mean 1245 uS/cm [units converted by author], range 92 to 32637 uS /cm (Sletten & Larson, 1984). This species was 
observed in low cover along the Athabasca River at the mouth of Clarke Creek (3 km north of Fort McMurray), growing in 
limestone and sand (author’s observation, 2008 and 2010). 

Abundance Suncor DB Carex pellita was found in 0% of Suncor’s reclamation plots. 

Abundance Nat Forest DB Carex pellita was found in 0% of Natural ecosystems plots. 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S5, not rare or tracked 

Germination Unknown 

Propagation  A Colorado technical guide recommended collecting seed in July through September; seed is collected by clipping the seed heads 
or stripping the perigynia from the inflorescence (Hurd and Shaw, 1999). Seed collection dates in the oil sands region is likely July 
through August. 
 

Potential collection sites  No collection site identified 

Weight/1000 seeds 1.8 grams 

Implications for wildlife Rated moderate energy and protein value for livestock; and moderate food value for mule and white tail deer; moderate cover 
and food value for waterfowl, birds and small mammals (Kovalchik & Clausnitzer, 2004). 
 

Implications for reclamation High erosion control and moderate long term revegetation potential (Kovalchik & Clausnitzer, 2004). 
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Mycorrhizal association Unknown 

Note. Earlier works often refer to this species as Carex lanuginosa (Ball, Reznicek & Murray, 2002). 
 
Hurd, E.G. & Shaw, N.L. (1999). Seed technology for Carex and Juncus species of the Intermountain Region. Proceedings, Intermountain Forest Nursery 

Association; 1991 August 12-16; Park City, UT. General Technical Report RM-211. Fort Collins, CO: U.S. Department of Agriculture, Forest Service, 
Rocky Mountain Forest and Range Experiment Station: 74-83. Retrieved from: http://www.fcnanet.org/proceedings/1991/hurd.pdf 

Looman, J. & Best, K.F. (1979). Budd’s Flora of the Canadian Prairie Provinces. Hull, Quebec: Agriculture Canada, Canadian Government Publishing Centre.  
 
McClintock, K. A. and Waterway, M. J. (1994). Genetic differentiation between Carex lasiocarpa and C. pellita (Cyperaceae) in North America. American Journal 

of Botany, 81(2), 224–231. Retrieved from JSTOR database.  
 
Kovalchik, B.L. & Clausnitzer, R.R. (2004). Classification and Management of Aquatic, Riparian, and Wetland Sites on the National Forests of Eastern 

Washington. U.S. Department of Agriculture, Forest Service, Pacific Northwest Research Station. General Technical Report PNW-GTR-593. Retrieved 
July 28, 2010 from: http://sullivancreek.ecr.gov/pdf/gtr593_part_3.pdf 

 
Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 

Reznicek, A. A. & Catling, P. M. (2002). Carex section Paludosae. In Flora of North America Editorial Committee, (Eds.). Flora of North America North of Mexico: 
Vol. 23, Magnolia: Commelinidae (in part): Cyperaceae (pp. 491-498). New York, NY: Oxford University Press. 

Sletten, K. K. & Larson, G. E. (1984). Possible relationships between surface water chemistry and aquatic plants in the Northern Great Plains. Proceedings of 
South Dakota Academy of Science, 63, 70-76. 
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Appendix G-41. Carex praegracilis  

Characteristic Description 

Description  A small to tall (20-70 cm in height) rhizomatous sedge of moist places (Packer, 2000). 

Habitat Found in marshes and wet meadows (Looman & Best, 1979). 

Abundance at Suncor Carex praegracilis was found in 0% of Suncor’s reclamation plots. 

Abundance Nat Forest DB Carex praegracilis was found in 0% of Natural ecosystems plots.  

Within oil sands region This species has been reported at Whitemud Falls Ecological Reserve on the Clearwater River, near the Saskatchewan border and 
this occurrence was considered a northerly range extension for this species (Downing, Bayer & Vitt, 1991). 

CEMA LTPN Syncrude reclamation-6 plots, Suncor reclamation-1 plot and Natural ecosystems-0 plots 

ACIMS ranking S3, not rare or tracked 

Germination Unknown 

Propagation From rhizomes or seed (Reznicek & Catling, 1987). A Colorado technical guide recommended collecting seed in June through 
September; seed is collected by clipping of the seed heads or stripping the perigynia from the inflorescence (Hurd and Shaw, 
1999). Seed collection dates in the oil sands region is likely July through August. 

Potential collection sites  No collection site identified 

Weight/1000 seeds 0.56 grams (range 0.39 to 0.82 grams) 

Implications for wildlife Excellent wildlife forage value with crude protein levels of about 11%, acid-pepsin digestibility of 27%, and acid detergent fibre 
less than 33% and is similar in food value to a good quality grass hay (Catling, McElroy, Spicer, 1994). 

Implications for reclamation Erosion control and rapid colonizer of saline substrates (Reznicek & Catling, 1987). 

Mycorrhizal association Unknown 

Note. Carex sartwellii is common in the area and is often misidentified as Carex praegracilis; both species have dark brown to black plant bases and rhizomes. 
This author suspects that most references to Carex praegracilis in the oil sands region are incorrectly identified, are probably Carex sartwellii. However, with 

http://www.jstor.org.ezproxy.royalroads.ca/action/doBasicSearch?Query=au%3A%22P.+M.+Catling%22&wc=on�
http://www.jstor.org.ezproxy.royalroads.ca/action/doBasicSearch?Query=au%3A%22A.+R.+McElroy%22&wc=on�
http://www.jstor.org.ezproxy.royalroads.ca/action/doBasicSearch?Query=au%3A%22K.+W.+Spicer%22&wc=on�
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the creation of Saline wetlands as a result of reclaimed oil sand landscapes, it may be possible that this species is in the area. Researchers identifying plant 
communities on reclaimed landscapes should be aware that both species could be present.  
 
Catling, P. M., McElroy, A. R. & Spicer, K. W. (1994). Potential Forage Value of Some Eastern Canadian sedges (Cyperaceae: Carex). Journal of Range 

Management, 47(3) 226-230. Retrieved from JSTOR database.  
 
Downing, D.J., Bayer, R.J. & Vitt, D. H. (1991). Rare and disjunct plants from Whitemud Falls Ecological Reserve, Northeastern Alberta. Canadian Field-

Naturalists, 105(3), 376-381. 
 
Hurd, E.G. & Shaw, N.L. (1999). Seed technology for Carex and Juncus species of the Intermountain Region. Proceedings, Intermountain Forest Nursery 

Association; 1991 August 12-16; Park City, UT. General Technical Report RM-211. Fort Collins, CO: U.S. Department of Agriculture, Forest Service, 
Rocky Mountain Forest and Range Experiment Station: 74-83. Retrieved from: http://www.fcnanet.org/proceedings/1991/hurd.pdf 
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Appendix G-42. Carex prairea  

Characteristic Description 

Description  Medium to tall (<100 cm in height) rhizomatous wetland sedge (Packer, 2000).  

Habitat Carex prairea prefers habitats with a mean pH of 6.7 (range 5.8 to 7.2), a height above water table of 22 + 11 cm and generally 
not found in shade (Gignac, Gauthier, Rochefort & Bubier, 2004). In natural ecosystems this species had a narrow moisture 
tolerance range of hygric to hydric and found on level topography. This narrow moisture tolerance and preference for level 
topography was also observed on reclamation. 

Abundance Suncor DB Carex prairea was found in 0.5% of Suncor’s reclamation plots, with an average percent cover of 0.4% (range 0.15 to 0.45%). 

Abundance Nat Forest DB Carex prairea was found in 0.3% of Natural ecosystems plots, with an average percent cover of 10.6% (range 0.5 to 40%). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-1 plot and Natural ecosystems-0 plots 

ACIMS ranking S3, not rare or tracked 

Germination Unknown 

Propagation Unknown 

Potential collection sites  One potential collection site is a fen off of Aostra Road at 12 V 467678E, 6312091N and the same fen at 12V 467719E, 6311846N 
(NAD 27). 

Weight/1000 seeds unknown 

Implications for wildlife Unknown 

Implications for reclamation Known calciphile (Gignac, Gauthier, Rochefort & Bubier, 2004). 

Mycorrhizal association Unknown 

Note. This species can be confused with Carex diandra. In Carex prairea, the mouth of the ventral leaf sheath is strongly copper coloured or red tinged; C. 
diandra has hyaline ventral leaf sheaths with minute red brown dots (Packer, 2000). 
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Gignac, L. D., R. Gauthier, L. Rochefort, and J. Bubier. (2004). Distribution and habitat niches of 37 peatland Cyperaceae species across a broad geographic 
range in Canada. Canadian Journal of Botany, 82(9), 1292-1313. doi:10.1139/B04-081 

Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 
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Appendix G-43. Carex praticola  

Characteristic Description 

Description  Medium sized (20-60 cm in height) tall, cespitose upland sedge (Packer, 2000). Similar in appearance to Carex aenea except the 
perigynia of Carex praticola are narrower and longer. 

Habitat In natural ecosystems this species had a very narrow tolerance range of subhygric and found on slopes <10%. On reclamation this 
species had a wider and drier moisture tolerance range of mesic to subhydric and tolerated slopes to 29%. 

Abundance Suncor DB Carex praticola was found in 0.5% of Suncor’s reclamation plots, with an average percent cover of 1.8% (range 0.15 to 5%). 

Abundance Nat Forest DB Carex praticola was found in 0.1% of Natural ecosystems plots, with an average percent cover of 3% (range 3 to 3%). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots, Natural ecosystems-0 plots 

ACIMS ranking S5, not rare or tracked 

Germination Unknown 

Propagation Unknown 

Potential collection sites  Fort Hills Tower Road at 12 V 472114E, 6361667N 

Weight/1000 seeds unknown 

Implications for wildlife Unknown 

Implications for reclamation Saline tolerant (Purdy, Macdonald & Lieffers, 2005) 

Mycorrhizal association Unknown 

Purdy, B. G., Macdonald, E. & Lieffers, V. J. (2005). Naturally saline boreal communities as models for reclamation of saline oil sand tailings. Restoration 
Ecology, 13(4), 667–677. doi: 10.1111/j.1526-100X.2005.00085.x 

 
Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 
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Appendix G-44. Carex pseudocyperus  

Characteristic Description 

Description  A medium to large (30-100 cm in height) cespitose wetland sedge (Packer, 2000). 

Habitat In natural ecosystems this species had a narrow moisture tolerance range of hydric to aquatic on level topography. In reclamation 
this species had a wider and drier moisture tolerance range of subhygric to hydric. This species was found on Suncor’s reclaimed 
landscapes growing in sand on moderately steep slopes. At this location, it was found on both the upper and lower portion of 
Dyke 11 A, south slope (Reclamation area ML24). This habitat is extremely different from it typical moisture and slope range. 

Abundance Suncor DB Carex pseudocyperus was found in 2.7% of Suncor’s reclamation plots, with an average percent cover of 1.4% (range 0.45 to 6%). 

Abundance Nat Forest DB Carex pseudocyperus was found in 0.2% of Natural ecosystems plots, with an average percent cover of 1.2% (range 0.5 to 2%). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S3, not rare or tracked 

Germination One laboratory study was able to achieve 55% germination, when grown in light after cold stratification and had no germination 
when seeds were not cold stratified. (Schutz & Rave, 1999). 

Propagation Unknown 

Potential collection sites  Suncor’s Weir 1 wetland at 12V 471653 E, 6314861N (NAD 83). This species is also abundant along the outflow channel of 
Shipyard Lake and near Suncor’s Shipyard Lake dock. This species is also common along the upper reaches of Beaver Creek, where 
it is often found in growing on floating rotten logs within beaver impoundments (author’s observations). 

Weight/1000 seeds 0.73 grams (range 0.43 to 0.97 grams) 

Implications for wildlife Unknown 

Implications for reclamation Likely a good stabilizer of stream banks. Carex pseudocyperus is flood tolerant, due in part to intercellular airspaces that connect 
leaf surfaces (and thus the atmosphere) to the roots (Moog, 1998). The dangling inflorescence adds interesting aesthetics to 
restoration areas. 
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Mycorrhizal association Unknown 

Moog, P. R. (1998). Flooding tolerance of Carex species. I. Root structure. Planta, 207(2), 189-198. Retrieved November 24, 2010 from SpringerLink database. 
 
Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 
 
 (Schutz & Rave, 1999).Schutz, W., & Rave, G. (1999). The effects of cold stratification and light on the seed germination of temperate sedges (Carex) from 

various habitats and implications for regenerative strategies. Plant Ecology, 144, 215-230. Retrieved from the SpringerLink database. 
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Appendix G-45. Carex raymondii  

Characteristic Description 

Description  A medium to tall (30-70 cm in height) cespitose, upland sedge (Packer, 2000). This species is easily recognized with its dark 
coloured inflorescence on drooping peduncles (Packer, 2000).  

Habitat On Suncor’s reclamation, this species had a wide moisture tolerance of xeric to subhygric and was observed on slopes >30%.  

Abundance Suncor DB Carex raymondii was found in 2.1% of Suncor’s reclamation plots, with an average percent cover of 0.9% (range 0.15 to 4%). 

Abundance Nat Forest DB Carex raymondii was found in 0% of Natural ecosystems plots.  

Within the oil sands region Although not reported in natural ecosystems database, this species has been observed in the oil sands region on moist cutline in 
partially shaded forest openings near Fort Hills, the clearing around a trappers cabin off of Conterra Road, cutlines west of Suncor 
(east of Poplar Creek Reservoir) and on a cutline 2 km north east of Fort McMurray (author’s observations). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S4, not rare or tracked 

Germination Unknown 

Propagation Unknown 

Potential collection sites  Suncor reclamation area SB9 (Steepbank North dump) at 12V 472205E, 63188888N (NAD 83), east of Poplar Creek Reservoir at 
approximately 12V 469668 E, 6309475N and Northland’s river crossing near Fort Hills 12V 462843E, 6364010N , where plants are 
found along the logging road edge for 100+ metres. 

Weight/1000 seeds Unknown 

Implications for wildlife Unknown 

Implications for reclamation Recommended species for wetland reclamation in the oil sands (Alberta Environment, 2008). 

Mycorrhizal association Unknown 
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Note: Correct nomenclature for this species is Carex atratiformis. Formerly known as C. atratiformis subsp. raymondii (Calder) A. E. Porsild; C. raymondii Calder 
(Ball, Reznicek & Murray, 2002). The former usage was retained for this research to be consistent with local field guides. 

Alberta Environment. (2008). Guidelines for wetland establishment on reclaimed oil sands leases (2nd edition). Accessed April 4, 2010 from: 
http://www.assembly.ab.ca/lao/library/egovdocs/2008/alen/171465.pdf  

Ball, P. W., Reznicek, A.A. & Murray, D.F. (2002). Carex. In Flora of North America Editorial Committee, (Eds.). Flora of North America North of Mexico: Vol. 23, 
Magnolia: Commelinidae (in part): Cyperaceae (pp. 254-273). New York, NY: Oxford University Press. 

Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 
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Appendix G-46. Carex retrorsa  

Characteristic Description 

Description  A medium to large (30-100 cm in height) cespitose wetland sedge (Packer, 2000). 

Habitat Marshes and along the banks of flowing creeks in the oil sands region (author’s observation). In natural ecosystems this species is 
found in hygric moisture regimes on level topography. 

Abundance Suncor DB Carex retrorsa was found in 0% of Suncor’s reclamation plots. However, this species was observed in one reclamation location not 
associated with a plot, at UTM Coordinate 12V 473749E, 6315681N and found in two forest plots along Shipyard Lake outflow 
channel.  

Abundance Nat Forest DB Carex retrorsa was found in 0.1% of Natural ecosystems plots, with an average percent cover of 0.5% (range 0.5 to 0.5%). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S3, not rare or tracked 

Germination Unknown 

Propagation Unknown 

Potential collection sites  This species was found in high cover west of Reclamation area SB7 (along the Shipyard Lake outflow channel) 12V 473724E, 
6315681N (NAD 83). Also found in moderate cover along Conn Creek within the city of Fort McMurray 12V 473211E, 6288423 N. 

Weight/1000 seeds 1.46 grams (range 1.26 to 1.66 grams) 

Implications for wildlife Unknown 

Implications for reclamation Carex retrorsa is likely a good stabilizer of stream banks. The compact spiky inflorescence adds interesting aesthetics to 
restoration areas. 

Mycorrhizal association Unknown 

Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 
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Appendix G-47. Carex richardsonii  

Characteristic Description 

Description  A small sized (10-30 cm in height) loosely cespitose upland sedge of open dry ground (Packer, 2000). Often associated with 
Jackpine and sandy soils.  

Habitat In natural ecosystems this species has a wide moisture regime tolerance of subhygric to xeric on level to steep slope >30% and 
can tolerate slopes to 75% (Appendix G-1). On reclamation it was found in a single plot on mesic moisture regime. In Ontario, 
Stark, Lundholm & Larson (2003) reported that this species was primarily found in alvar plant communities (alvar is thin soils over 
limestone and dolomite bedrock). In the oil sands area, it is primarily associated with sandy jack pine habitats, however, it was 
found at one location along Highway 63 on limestone bedrock (author’s observations). See also potential collections site (below). 

Abundance at Suncor Carex richardsonii was found in 0.2% of Suncor’s reclamation plots, with an average percent cover of 0.2% (range 0.15 to 0.15%). 

Abundance Nat Forest DB Carex richardsonii was found in 0.3% of Natural ecosystems plots, with an average percent cover of 0.6% (range 0.5 to 1%). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S3, not rare or tracked 

Germination Unknown 

Propagation In the oil sands region it is an early flowering sedge and seeds have dispersed by the beginning of July (author’s observations). 
Therefore, seed collection must occur earlier than is typical for other Carex in the region. 

Potential collection sites  A large population of Carex richardsonii is found on the west side of Highway 63 (south of poplar creek bridge) along bush line at 
12 V 472366E, 6305860N on areas with low vegetation cover on exposed limestone bedrock. This species is found in high cover in 
the Fort Hills area associated with open jack pine stands. 

Weight/1000 seeds Unknown 

Implications for wildlife Unknown 

Implications for reclamation Due to its ability to survive in areas of low moisture and sandy habitats, but not tolerant of steep slopes, this species would be 
beneficial to dry, level landscapes, such as the top of tailing sands berms. 
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Mycorrhizal association Unknown 

Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 
 
Stark, K.E., Lundholm, J. T. & Larson, D.W. (2003). Relationships between seed banks and spatial heterogeneity of North American alvar vegetation. Journal of 

Vegetation Science, 14(2), 205–212, DOI: 10.1111/j.1654-1103.2003.tb02145.x 
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Appendix G-48. Carex rossii  

Characteristic Description 

Description  A small (<30 cm in height) cespitose sedge of dry uplands and open dry woods (Packer, 2000; author’s observations). 

Habitat In the oil sands region this species is typically found on dry slopes, crests and ridges and has been observed growing in sand and 
on oil sand exposures, bare of other vegetation. It is a first successional species often found after clear cutting or forest fires 
(Wilson, Newhouse, Lytjen, Otting & Brainerd, 2008). In natural ecosystems it was found in xeric moisture conditions on slopes 
>30%. On Suncor’s reclaimed landscape this species tolerated a wider moisture regime of mesic to xeric on slopes >30%. 

Abundance Suncor DB Carex rossii was found in 0.23% of Suncor’s reclamation plots, with an average percent cover of 0.6% (range 0.15 to 4%). 

Abundance Nat Forest DB Carex rossii was found in 0.2% of Natural ecosystems plots, with an average percent cover of 0.8% (range 0.5 to 1%). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S4, not rare or tracked 

Germination A greenhouse experiment found greater germination of Carex rossii when soil samples were heated (Strickler and Edgerton, 
1976). Carex rossii can establish from either transplants or seed. A restoration study of an Oregon campground found this Carex 
had 100% transplant survival and increased in percent cover over the 7 year study (Cole & Spildie, 2006). 

Propagation Unknown 

Potential collection sites  Suncor Reclamation Area SB7 at 473733E, 6315984N (NAD 83), 4% cover. 

Weight/1000 seeds Unknown 

Implications for wildlife In late summer and fall, Carex rossii exceeds the nutritional value of many grasses in protein, calcium, crude fat, and apparent 
digestibility. Oven dried crude protein value was measured at 4.4 kg/ha (Hickman, 1975; Anderson, 2008). 

Implications for reclamation Carex rossii is known to be hardy when used in reclamation; the combination of long rhizomes and its ability to persist on 
unstable slopes gives this species good erosion control capabilities and should allow it to withstand moderate to severe animal 
browse (Hardy BBT Limited, 1989). This species is both a rapid and early colonizer, but is also found in later successioal forests 
(Anderson, 2008). While erosion control capabilities may be true in prairie areas, Carex rossii in the boreal forest and on Suncor’s 
reclamation appeared cespitose in growth form and rarely formed extensive mats (author’s observation). Growth form was not 
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recorded in the Golder database, but was recorded as part of this thesis. Suncor data indicated that Carex rossii only occasionally 
formed mats (mats 1/21 plots, cespitose 18/21 plots and loosely cespitose 2/21 plots). Therefore, the erosion control capabilities 
of this species may not apply in the oil sands region.  

Mycorrhizal association Unknown 

Anderson, Michelle D. (2008). Carex rossii. In Fire effects information system [Online]. U.S. Department of Agriculture, Forest Service, Rocky Mountain 
Research Station, Fire Sciences Laboratory (Producer). Retrieved May 19, 2010 from http://www.fs.fed.us/database/feis/ 

 
Cole, D. N. & Spildie, D. R. (2006). Restoration of plant cover in subalpine forests disturbed by camping: success of transplanting. Natural Areas Journal, 26(2): 

168-178. doi: 10.3375/0885-8608(2006)26[168:ROPCIS]2.0.CO;2 
 
Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 
 
Strickler, G. S. & Edgerton, P. J. (1976). Emergent seedlings from coniferous litter and soil in eastern Oregon. Ecology, 57(4), 801-807. Retrieved from JSTOR 

database. 

Hardy BBT Limited. (1989). Manual of plant species suitability for reclamation in Alberta (2nd ed.) [Report #RRTAC 89-4]. Alberta Land Conservation and 
Reclamation Council, Reclamation Research Technical Advisory Committee. Edmonton, Alberta: Queen’s Printer. 

Hickman, O. E. (1975). Seasonal trends in the nutritive content of important range forage species near Silver Lake, Oregon. Research Paper PNW-187. Portland, 
OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Forest and Range Experiment Station.  

Wilson, B., Newhouse, B., Lytjen, D., Otting, N. & Brainerd, R. E. (2008). Field guide to the sedges of the Pacific Northwest. Corvallis, OR: Oregon State University 
Press.  
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Appendix G-49. Carex rostrata  

Characteristic Description 

Description  A medium to tall (<100 cm in height) rhizomatous wetland sedge (Kershaw, Gould, Johnson & Lancaster, 2001). It has narrow (>4 
mm wide) inrolled leaves strongly glaucous (bluish waxy) appearance (Griffiths, 1989).  

Habitat Found almost exclusively in Alberta on floating fens; this species is often associated with Carex lasiocarpa (Griffith, 1989). 
Kershaw, Gould, Johnson & Lancaster (2001) note that besides floating fens, this species can also be found on the shorelines of 
ponds and lakes. In natural ecosystems this species had a narrow tolerance range of subhydric to aquatic and was found on level 
topography. 

Abundance Suncor DB Carex rostrata was found in 0% of Suncor’s reclamation plots. 

Abundance Nat Forest DB Carex rostrata was found in 0.5% of Natural ecosystems plots, with an average percent cover of 12.3% (range 0.05 to 35%). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S3, not rare or tracked 

Germination Dry cold storage at 4oC had the greatest viability. In contrast, germination was highest in dry warm storage at 23oC or wet cold 
storage at 4oC; overall germination was low for this species in comparison to other species tested and may account for the 
conflicting optimum storage conditions depending on whether viability or germination potential is being sought (Budelsky & 
Galatowitsch, 1999). 

Propagation Unknown 

Potential collection sites  No collection site identified 

Weight/1000 seeds 1.2 grams (range 0.97 to 1.44 grams) 

Implications for wildlife Unknown 

Implications for reclamation Although recommended as a species suitable for wetland reclamation in the oil sands (Alberta Environment, 2008), the reference 
to it naturally colonizing oil sands reclamation (Golder, 2005) is incorrect. The Golder reference refers to the more common Carex 
utriculata (see note below).  
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Mycorrhizal association Unknown 

Note. Carex rostrata is an uncommon species of fens. Misnamed in earlier floras (e.g., Flora of Alberta), it is often confused with the more common marsh 
species Carex utriculata (Griffith, 1989; Johnson, Kershaw, McKinnon & Pojar, 1995).  

Alberta Environment. (2008). Guidelines for wetland establishment on reclaimed oil sands leases (2nd edition). Accessed April 4, 2010 from: 
http://www.assembly.ab.ca/lao/library/egovdocs/2008/alen/171465.pdf  

Budelsky, R.A. & Galatowitsch, S.M. (1999). Effects of Moisture, Temperature, and Time on Seed Germination of Five Wetland Carices: Implications for 
Restoration. Restoration Ecology, 7(1), 86-97). doi: 10.1046/j.1526-100X.1999.07110.x 

Golder (Golder Associates Ltd.) (2005). Consolidated Tailings (CT) Integrated Reclamation Landscape Demonstration Project: Technical Report #5 - Year 2004. 
(Phase 1 Final Report 2000 to 2004). Prepared for Suncor Energy Inc., Oil Sands. March 2005.  

Griffith, G. C. D. (1989). The True Carex rostrata (Cyperaceae) in Alberta. Alberta naturalist, 19(3). 105-108. 

Kershaw, L. Gould, J., Johnson, D. & Lancaster, J. (2001). Rare vascular plants of Alberta. Edmonton, AB: University of Alberta Press. 
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Appendix G-50. Carex sartwellii  

Characteristic Description 

Description  A medium to tall (40-80 cm in height) rhizomatous, wetland sedge (Packer, 2000). 

Habitat Found within the oil sands region in wetlands and roadside ditches (author’s observation). In natural ecosystems this species had 
a wide moisture tolerance range of subxeric to hydric on level topography. On reclamation, it was observed in hydric moisture 
regimes on level topography. A South Dakota water chemistry study found that Carex sartwellii was generally found where the 
mean total alkalinity was approximately 377 (Mg/1 Ca CO3), and ranged from 32 to 3753 (Sletten & Larson, 1984). 

Abundance Suncor DB Carex sartwellii was found in 0.4% of Suncor’s reclamation plots, with an average percent cover of 0.45% (range 0.45 to 0.45%). 

Abundance Nat Forest DB Carex sartwellii was found in 1.1% of Natural ecosystems plots, with an average percent cover of 2.3% (range 0.5 to 5%). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-1 plot and Natural ecosystems-0 plots 

ACIMS ranking S4, not rare or tracked 

Germination Unknown 

Propagation Unknown 

Potential collection sites  East of Highway 63 along Suncor’s pipeline at 12V 471690E, 6311137N and at the edge of AOSTRA Road at 12V 460415E, 
6311096N (where a culvert runs beneath the road). 

Weight/1000 seeds 0.48 grams (range 0.447 to 0.52) 

Implications for wildlife Unknown 

Implications for reclamation Unknown 

Mycorrhizal association Unknown 

Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 
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Sletten, K. K. &Larson, G. E. (1984). Possible relationships between surface water chemistry and aquatic plants in the northern great plains. Proceedings of 
South Dakota Academy of Science, 63, 70-76. Retrieved July 24, 2010 from: http://wfs.sdstate.edu/wfsdept/Publications/Other/148-
W%20Sletten%20and%20Larson%20Water%20Chemistry%20Plants.pdf 

  

http://wfs.sdstate.edu/wfsdept/Publications/Other/148-W%20Sletten%20and%20Larson%20Water%20Chemistry%20Plants.pdf�
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Appendix G-51. Carex scirpoidea 

Characteristic Description 

Description  A medium sized (10- 40 cm in height), rhizomatous wetland sedge (Packer, 2000). 

Habitat Found on limestone and in non-acidic wetlands (Wilson, Newhouse, Lytjen, Otting & Brainerd, 2008) and along flowing water in 
the oil sands region (author’s observations). 

Abundance Suncor DB Carex scirpoidea was found in 0% of Suncor’s reclamation plots. 

Abundance Nat Forest DB Carex scirpoidea was found in 0% of Natural ecosystems plots. 

Within oil sands region Found in low cover along the shoreline of Fort Creek and in low cover near Fort Hills at 12V 460871E, 6357949N. 

CEMA LTPN Syncrude reclamation-2 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S5, not rare or tracked 

Germination Unknown 

Propagation Unknown 

Potential collection sites  No collection site identified.  

Weight/1000 seeds Unknown 

Implications for wildlife Unknown 

Implications for reclamation An examination of oil spills in the Northwest Territories, found most vegetation was lower in cover, except Carex scirpoidea which 
increased in cover compared to undisturbed sites. The author’s concluded that this tolerance to oil would make it useful in 
reclamation of oil contaminated soils. This species does not tolerate competition; the lack of competition as a result of the oil spill 
probably accounts for the increase in cover (Kershaw & Kershaw, 1986). A second NWT study found this species to be a good 
colonizer of disturbed sites, being found in 31% of the sites examined (Kershaw & Kershaw, 1987). An arctic study found that the 
nutrient quality of this sedge improved after grazing (Aiken, Boles & Dallwitz, 1999).  
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Mycorrhizal association Unknown 

Kershaw, G. P. & Kershaw L. J. (1987). Successful plant colonizers on disturbances in tundra areas of northwestern Canada. Arctic and Alpine Research, 19(4), 
451-460. Retrieved from JSTOR database. 

 
Kershaw, G. P.; and Kershaw, L. J. (1986). Ecological characteristics of 35-year-old crude-oil spills in tundra plant communities of the Mackenzie Mountains, 

N.W. T., Canadian Journal of Botany, 64(12), 2935-2947. Retrieved from Refdoc database. 

Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 

Wilson, B., Newhouse, B., Lytjen, D., Otting, N. & Brainerd, R. E. (2008). Field guide to the sedges of the Pacific Northwest. Corvallis, OR: Oregon State University 
Press.  

 
 Ouellet, J-P, and Boutin, S. & Heard, D. C. (1994). Responses to simulated grazing and browsing of vegetation available to caribou in the Arctic. Canadian 

Journal of Zoology, 72(8). 1426–1435. doi:10.1139/z94-189 
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Appendix G-52. Carex siccata  

Characteristic Description 

Description  A small to tall (20-80 cm in height) rhizomatous sedge of dry uplands (Packer, 2000). 

Habitat Carex siccata is found in dry areas with an open tree canopy (Packer, 2000). It is often associated with sandy soils and jack pine 
habitats (Looman & Best, 1979). 

Abundance Suncor DB Carex siccata was found in 19% of Suncor’s reclamation plots, with an average percent cover of 4.4% (range 0.15 to 40%). 

Abundance Nat Forest DB Carex siccata was found in 2.0% of Natural ecosystems plots, with an average percent cover of 1.7% (range 0.5 to 15%). 

CEMA LTPN(a) Syncrude reclamation-9 plots, Suncor reclamation-4 plots and Natural ecosystems-5 plots 

ANHIC ranking S5, not rare or tracked 

Germination Germination trials on Carex siccata collected from sand dunes in north Alberta and Saskatchewan had 67% germination after 
being stratified for 4 weeks at 3-6oC and the non-stratified control had 59% germination (Smreciu, Yakimchuk, & Currah, 1997). 

Propagation Unknown 

Potential collection sites  Suncor reclamation area 80 on Dyke 2 East at 12V 468631E, 6315503N, 33% cover or 12 V 468657E, 6315503N (NAD 83), 30% 
cover. 

Weight/1000 seeds Unknown 

Implications for wildlife Unknown 

Implications for reclamation Potential species for stabilizing drifting sand (Smreciu, Yakimchuk, & Currah, 1997). 

Mycorrhizal association No mycorrhiza associations were observed on Carex siccata collected from sand dunes in north Alberta and Saskatchewan 
(Smreciu, Yakimchuk, & Currah, 1997). 

Looman, J. & Best, K.F. (1979). Budd’s Flora of the Canadian Prairie Provinces. Hull, Quebec: Agriculture Canada, Canadian Government Publishing Centre. 
 
Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 
 



APPENDICIES 326 
 

 

Smreciu, A., Yakimchuk, R. & Currah, R. S. (1997). A preliminary evaluation of native pasammophilous plants for revegetating oil sands tailings at Syncrude 
Canada. Proceedings of the 21st Annual British Columbia Mine Reclamation Symposium in Cranbrook, BC, 1997. The Technical and Research 
Committee on Reclamation. Accessed April 12, 2010 from: http://circle.ubc.ca/bitstream/handle/2429/10319/1997%20-
%20Smreciu,%20Yakimchuk,%20Currah%20-%20A%20Preliminary%20Evaluation.pdf?sequence=1 

 
  

http://circle.ubc.ca/bitstream/handle/2429/10319/1997%20-%20Smreciu,%20Yakimchuk,%20Currah%20-%20A%20Preliminary%20Evaluation.pdf?sequence=1�
http://circle.ubc.ca/bitstream/handle/2429/10319/1997%20-%20Smreciu,%20Yakimchuk,%20Currah%20-%20A%20Preliminary%20Evaluation.pdf?sequence=1�
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Appendix G-53. Carex sprengelii  

Characteristic Description 

Description  A small to medium (30-80 cm in height) cespitose, of moist areas (Packer, 2000). 

Habitat  This species is associated with moist forest openings (Looman & Best, 1979).  

Abundance Suncor DB Carex sprengelii was found in 0% of Suncor’s reclamation plots. 

Abundance Nat Forest DB Carex sprengelii was found in 0% of Natural ecosystems plots. 

Within oil sands region The author has observed this species at the northeast side of McDonald Island, at the edge of aspen woods, within the city of Fort 
McMurray, UTM coordinate 12V 476371E, 6288787N (NAD 27). Also reported at Fort Hills (True North Energy, 2001). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S4, not rare or tracked 

Germination A Canadian study found the highest germination (69%) was achieved after four months of moist stratification with 14 hours of 
light; other treatments ranged from 0.3% to 64% (Bond, 1999). 

Propagation Unknown 

Potential collection sites  MacDonald Island within the City of Fort McMurray at 476371E, 6288787N (present in 2006 to 2008). 

Weight/1000 seeds 1.89 grams 

Implications for wildlife Unknown 

Implications for reclamation Unknown 

Mycorrhizal association Unknown 

Bond, A. (1999). Germination ecology of Carex Cyperaceae): Effects of light, stratification, and soil moisture. Unpublished master’s thesis, McGill University, 
Montreal. Retrieved from: http://www.collectionscanada.gc.ca/obj/s4/f2/dsk2/ftp03/MQ50722.pdf  

 
Looman, J. & Best, K.F. (1979). Budd’s Flora of the Canadian Prairie Provinces. Hull, Quebec: Agriculture Canada, Canadian Government Publishing Centre. 

http://www.collectionscanada.gc.ca/obj/s4/f2/dsk2/ftp03/MQ50722.pdf�
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Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 

True North Energy (2001). Application for approval of the Fort Hills Oil Sands Project, Volume II Environmental Baseline Study, p. 9, B-6. 
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Appendix G-54. Carex stipata  

Characteristic Description 

Description  A medium to tall (40-100 cm in height) cespitose sedge (Packer, 2000).  

Habitat Moist woods, swamps and acidic peatlands (Looman & Best, 1979). This species can tolerate some shade (author’s observation). 

Abundance Suncor DB Carex stipata was found in 0% of Suncor’s reclamation plots. 

Abundance Nat Forest DB Carex stipata was found in 0% of Natural ecosystems plots. The author has observed this species on in marshes off of AOSTRA 
road and at Fort Hills. 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S3, not rare or tracked 

Germination Seed germination is influenced by soil moisture and this species prefers slightly flooded to saturated soils for best germination. 
Germination was highest in 1 cm of standing water and decreased by half when water level was below the soil surface (Van der 
Valk, Bremholm & Gordon, 1999). This is consistent with a Canadian study that found the highest germination (42%) was 
achieved after two months of stratification in moist conditions or two months in submerged conditions and exposure of 14 hours 
of light, other treatments ranged from 1.7% to 37% (Bond, 1999). A more recent study found that greater than 80% germination 
was achieved after one month of cold temperature stratification followed by four weeks at 22oC or five months of cold 
temperature stratification followed by 4 weeks at 35oC (Kettenring & Galatowitsch, 2007a). Kettenring & Galatowitsch (2007) 
determined that Carex stipata had a high seed regenerative Index (SRI) and the author’s suggested this species could be 
successfully started from seed.  

Propagation Wind pollinated sedge (Friedman, 2009). A Colorado technical guide recommended collecting seed in July through September; 
seed is collected by clipping of the seed heads or stripping the perigynia from the inflorescence (Hurd and Shaw, 1999). Seed 
collection dates in the oil sands region is likely similar. 

Potential collection sites  One potential collection site is a marsh off of Aostra Road at 12 V 464069E, 6304468N and in the Fort Hills area at 12V 470615E, 
6361259N.  

Weight/1000 seeds 0.74 grams (range 0.738 to 7.4 grams) 
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Implications for wildlife Unknown 

Implications for reclamation Carex stipata is associated with habitats where the water quality is moderately saline (upper salinity tolerance of 4 dS/cm) and a 
pH range between 5.0-7.9; this species is capable of withstanding long term flooding up to one year or greater (Warrance, Bauder 
& Pearson, 2003). 

Mycorrhizal association Mycorrhizal dependent (Muthukumar, Udaiyan, & Shanmughavel, 2004). 

Bond, A. (1999). Germination ecology of Carex Cyperaceae): Effects of light, stratification, and soil moisture. Unpublished master’s thesis, McGill University, 
Montreal. Retrieved from: http://www.collectionscanada.gc.ca/obj/s4/f2/dsk2/ftp03/MQ50722.pdf 

 
Friedman, J. & Spencer, B. C. H. (2009). Wind of change: new insights on the ecology and evolution of pollination and mating in wind-pollinated plants. Annals 

of Botany, 103(9), 1515–1527. doi:10.1093/aob/mcp035 
 
Hurd, E.G. & Shaw, N.L. (1999). Seed technology for Carex and Juncus species of the Intermountain Region. Proceedings, Intermountain Forest Nursery 

Association; 1991 August 12-16; Park City, UT. General Technical Report RM-211. Fort Collins, CO: U.S. Department of Agriculture, Forest Service, 
Rocky Mountain Forest and Range Experiment Station: 74-83. Retrieved from: http://www.fcnanet.org/proceedings/1991/hurd.pdf 

 
Kettenring, K.M. & Galatowitsch, S.M. (2007a). Tools for Carex revegetation in freshwater wetlands: Understanding dormancy loss and germination 

temperature requirements. Plant Ecology, 193(2), 157-169. doi:10.1007/s11258-006-9255-8 

Kettenring, K.M. & Galatowitsch, S.M. (2007b). Temperature requirements for dormancy break and seed germination vary greatly among 14 wetland Carex 
species. Aquatic Botany, 87(3), 209-220. 

 
Pearson, Krista E. (n.d.). Salinity, Sodicity and Flooding Tolerance of Selected Plant Species of the Northern Cheyenne Reservation. Montana State University: 

Bozeman (The department of Land Resources and Environmental Management). Adapted from a paper by Nikos J. Warrence, Dr. James W. Bauder, 
and Krista E. Pearson. Accessed March 26, 2010 from: http://waterquality.montana.edu/docs/methane/cheyenne_highlight.shtml  

Muthukumar, T., Udaiyan, K. & Shanmughavel, P. (2004). Mycorrhiza in sedges-An overview. Mycorrhiza, 14(2), 65-77. doi: 10.1007/s00572-004-0296-3  

Looman, J. & Best, K.F. (1979). Budd’s Flora of the Canadian Prairie Provinces. Hull, Quebec: Agriculture Canada, Canadian Government Publishing Centre. 

Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 

Van der Valk, A. G., Bremholm, T. L. & Gordon, E. (1999). The restoration of sedge meadows: Seed viability, seed germination requirements and seedling 
growth of Carex species. Wetlands, 19(4), 756-764. doi: 10.1007/BF03161782 

 

http://www.collectionscanada.gc.ca/obj/s4/f2/dsk2/ftp03/MQ50722.pdf�
http://www.fcnanet.org/proceedings/1991/hurd.pdf�
http://waterquality.montana.edu/docs/methane/cheyenne_highlight.shtml�
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Warrance, N. J. Bauder, J. W. & Pearson K. E. (2003). Salinity, Sodicity and Flooding Tolerance of Selected Plant Species of the Northern Cheyenne Reservation. 
Bozeman: Department of Land Resources and Environmental Sciences, Montana State University. Retrieved from 
http://waterquality.montana.edu/docs/methane/cheyenne_highlight.shtml 
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Appendix G-55. Carex sychnocephala  

Characteristic Description 

Description  A medium sized (<60 cm in height) cespitose sedge of moist areas (Packer, 2000). 

Habitat Wet open areas and shorelines (Packer, 2000), above the water table (Timoney, 2008). 

Abundance Suncor DB Carex sychnocephala was found in 0.2% of Suncor’s reclamation plots, with an average percent cover of 0.15% (range 0.15 to 
0.15%). 

Abundance Nat Forest DB Carex sychnocephala was found in 0% of Natural ecosystems plots. 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S3, not rare or tracked 

Germination Unknown 

Propagation Unknown 

Potential collection sites   Carex sychnocephala is found in low cover (<1%) with a few additional occurrences to the south, on Suncor’s reclaimed 
landscape west of the Sandpit Wetland at 475317E, 6306441 N (NAD 83). 

Weight/1000 seeds Unknown 

Implications for wildlife Unknown 

Implications for reclamation Unknown 

Mycorrhizal association Unknown 

Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 

Timoney, K. (2008). Factors influencing wetland plant communities during a flood-drawdown cycle in the Peace-Athabasca Delta, Northern Alberta, Canada. 
Wetlands, 28(2), 450-463. doi: 10.1672/07-45.1 
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Appendix G-56. Carex tenuiflora  

Characteristic Description 

Description  A medium sized (20-60 cm in height) cespitose wetland sedge (Packer, 2000). 

Habitat Found on sphagnum peat and wet woods (Packer, 2000; Looman & Best, 1979). Carex tenuiflora prefers habitats with a mean pH 
of 5.9 (range 4.4 to 7.4) and a height above water table of 19 + 10 cm (Gignac, Gauthier, Rochefort & Bubier, 2004). 

Abundance Suncor DB Carex tenuiflora was found in 0.4% of Suncor’s reclamation plots, with an average percent cover of 0.2% (range 0.15 to 0.15%). 

Abundance Nat Forest DB Carex tenuiflora was found in 3.5% of Natural ecosystems plots, with an average percent cover of 1.7% (range 0.05 to 15%). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S3/S4, not rare or tracked 

Germination Unknown 

Propagation Unknown 

Potential collection sites  No collection site identified. Present in open fens along Tower Road, west of the City of Fort McMurray. 

Weight/1000 seeds Unknown 

Implications for wildlife Unknown 

Implications for reclamation Described as a calciphile by Anderson, Davis, Rooney & Campbell (1996). Therefore, it is likely tolerant of high alkalinity. 

Mycorrhizal association Unknown 

Anderson, D. S., Davis, R. B., Rooney, S. C. & Campbell, S.C. (1996). The Ecology of Sedges (Cyperaceae) in Maine Peatlands. Bulletin of the Torrey Botanical 
Club, 123(2), 100-110. Retrieved from JSTOR database. 

Gignac, L. D., R. Gauthier, L. Rochefort, and J. Bubier. (2004). Distribution and habitat niches of 37 peatland Cyperaceae species across a broad geographic 
range in Canada. Canadian Journal of Botany, 82(9), 1292-1313. doi:10.1139/B04-081 

Looman, J. & Best, K.F. (1979). Budd’s Flora of the Canadian Prairie Provinces. Hull, Quebec: Agriculture Canada, Canadian Government Publishing Centre. 
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Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 
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Appendix G-57. Carex trisperma 

Characteristic Description 

Description  A medium sized (20-70 cm in height) rhizomatous sedge (Packer, 2000). 

Habitat This species is associated with Bogs and wet woods (Packer, 2000). Carex trisperma prefers habitats with a mean pH of 4.3 (range 
3.7 to 6.5) and a height above water table of 38 + 29 cm, is typically found on high hummocks and almost always in shade 
(Gignac, Gauthier, Rochefort & Bubier, 2004). 

Abundance Suncor DB Carex trisperma was found in 0% of Suncor’s reclamation plots. 

Abundance Nat Forest DB Carex trisperma was found in 0.5% of Natural ecosystems plots, with an average percent cover of 2.1% (range 0.05 to 8%). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S3/S4, not rare or tracked 

Germination A Canadian study found the highest germination (66%) was achieved after four months of moist stratification with 14 hours of 
light; other treatments ranged from 0.3% to 7% (Bond, 1999). 

Propagation  

Potential collection sites  No collection site identified.  

Weight/1000 seeds Unknown 

Implications for wildlife Unknown  

Implications for reclamation Unknown 

Mycorrhizal association Unknown 

Bond, A. (1999). Germination ecology of Carex Cyperaceae): Effects of light, stratification, and soil moisture. Unpublished master’s thesis, McGill University, 
Montreal. Retrieved from: http://www.collectionscanada.gc.ca/obj/s4/f2/dsk2/ftp03/MQ50722.pdf 

 
Gignac, L. D., R. Gauthier, L. Rochefort, and J. Bubier. (2004). Distribution and habitat niches of 37 peatland Cyperaceae species across a broad geographic 

range in Canada. Canadian Journal of Botany, 82(9), 1292-1313. doi:10.1139/B04-081 

http://www.collectionscanada.gc.ca/obj/s4/f2/dsk2/ftp03/MQ50722.pdf�
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Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 
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Appendix G-58. Carex tonsa var. tonsa 

Characteristic Description 

Description  A Short (<20 cm in height) cespitose sedge of dry uplands (Packer, 2000). The inflorescences of this species are hidden beneath 
the leaves and therefore to see the flowers and fruit it is necessary to spread the leave as apart and examine the base of the 
plant. Carex umbellata is a closely related species (Roalson & Friar, 2004) with a similar basal spike appearance, but with smaller 
more pubescent perigynia (Crins & Rettig, 2002). 

Habitat Associated with sandy soil and jack pine habitats, it is often found in forest openings created by cutlines (author’s observation). 

Abundance Suncor DB Carex tonsa was found in 0.4% of Suncor’s reclamation plots, with an average percent cover of 0.5% (range 0.45 to 0.45%). 

Abundance Nat Forest DB Carex tonsa was found in 0% of Natural ecosystems plots. 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S3, not rare or tracked 

Germination Unknown 

Propagation Unknown 

Potential collection sites  Fort Hills at 12V 466862E, 6366988N (NAD 27). However, this species is common in Fort Hills and along the sandy portions of the 
Highway 63 winter road to Fort Chipewyan on cutlines near open jack pine forests. North of Kearl Lake at 483770E, 6350410N. 

Weight/1000 seeds 1.4 grams 

Implications for wildlife Unknown 

Implications for reclamation Due to its ability to survive in areas of low moisture and sandy habitats, but not tolerant of steep slopes, this species would be 
beneficial to dry, level landscapes, such as the top of tailing sands berms. 

Mycorrhizal association Unknown 

Crins, W.J. & Rettig J.H. (2002). Carex section Acrocystis. In Flora of North America Editorial Committee, (Eds.). Flora of North America North of Mexico: Vol. 23, 
Magnolia: Commelinidae (in part): Cyperaceae (pp. 532-545). New York, NY: Oxford University Press. 
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Roalson, E. H. & Friar, E. A. (2004). Phylogenetic relationships and biogeographic patterns in North American members of Carex section Acrocystis (Cyperaceae) 
using nrDNA ITS and ETS sequence data. Plant Systematics and Evolution, 243(3-4), 175–187. doi: 10.1007/s00606-003-0089-8 

Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 
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Appendix G-59. Carex umbellata  

Characteristic Description 

Description  A small (<20 cm in height) cespitose, upland sedge (Packer, 2000).  

Habitat Open, dry to mesic, neutral to alkaline sandy, rocky grasslands, prairies, glades, escarpments, dunes, open deciduous and forests, 
and occasionally on ant hills (Ball & Reznicek, 2002). 

Abundance Suncor DB Carex umbellata was found in 3% of Suncor’s reclamation plots, with an average percent cover of 0.3% (range 0.15 to 1%). Carex 
umbellata may be present on Suncor reclamation at SB17; this species is potentially found in 17 plots. See Appendix D-1 for a 
complete discussion of this species on Suncor Reclamation. 

Abundance Nat Forest DB Carex umbellata was found in 0% of Natural ecosystems plots. 

Within oil sands region Carex umbellata reported at Fort Hills (True North Energy, 2001). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S2, rare 

Germination Unknown 

Propagation Unknown 

Potential collection sites  See Appendix D-1 

Weight/1000 seeds 1.028 grams 

Implications for wildlife Unknown 

Implications for reclamation Described as a calciphile (Hipp, 1998) and therefore likely tolerant of high alkalinity. 

Mycorrhizal association Unknown 

Ball, P. W., Reznicek, A.A. & Murray, D.F. (2002). Carex. In Flora of North America Editorial Committee, (Eds.). Flora of North America North of Mexico: Vol. 23, 
Magnolia: Commelinidae (in part): Cyperaceae (pp. 254-273). New York, NY: Oxford University Press. 
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Fernald, M. L. (1902). Variations of some boreal Carices. Proceedings of the American academy of arts and Sciences. 37(17), 495-514. Retrieved from JSTOR 
database. 

Hipp, A. (1998). A checklist of Caricies for prairies, savannahs and oak woodlands of southern Wisconsin. Transactions of the Wisconsin Academy of Sciences, 
Arts and Letters 86, 86-99. Retrieved from: 
http://redwood.mortonarb.org/lab_pages/hipp/publications/Hipp1998_TransWiAcad86_prairieWoodlandSedges.pdf 

Hudson, J. H. (1977). Carex of Saskatchewan. Saskatoon, Saskatchewan: Bison Publishing House. 
 
Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 

True North Energy (2001). Application for approval of the Fort Hills Oil Sands Project, Volume II Environmental Baseline Study, p. 9, B-6. 
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Appendix G-60. Carex utriculata  

Characteristic Description 

Description  A tall (50-100 cm in height) cespitose wetland sedge (Packer, 2000), with bright green, flat (>4.5 mm wide) leaves (Griffiths, 
1989). 

Habitat Carex utriculata prefers habitats with a mean pH of 5.4 (range 3.9 to 7.4) and a height above water table of 11 + 12 cm (Gignac, 
Gauthier, Rochefort & Bubier, 2004). 

Abundance Suncor DB Carex utriculata was found in 10.6% of Suncor’s reclamation plots, with an average percent cover of 13.3% (range 0.15 to 1%). 

Abundance Nat Forest DB Carex utriculata was found in 3% of Natural ecosystems plots, with an average percent cover of 14.6% (range 0.5 to 60%). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S5, not rare or tracked 

Germination Greater than 80% germination was achieved when seed was placed in bags, overwintered in riparian conditions and retrieved the 
following summer and incubated at 10 - 24oC in light. Seeds stored at room temperature for five and half years did not germinate 
(Jones,  Roundy, Shaw & Taylor, 2004). A more recent study found that greater than 80% germination was achieved after 
<6month of cold temperature stratification followed by eight weeks at 35/30oC; trials at lower temperatures failed to germinate 
(Kettenring & Galatowitsch, 2007a). However, in Kettenring & Galatowitsch (2007b) the seed regenerative Index (SRI) was low 
and the author’s suggested starting this species from rhizomes instead of seed. 

Propagation Good reclamation results in wetland restoration using plugs or cuttings instead of seed collection (Tande & Lipkin, 2003). Seed set 
can be low in some years (author’s observation). 

Potential collection sites  Carex utriculata is found in moderate cover (44%) at Suncor‘s reclaimed landscapes near Crane Lake at 12V 466607E, 6316992N, 
and Suncor’s reclaimed landscape (35%) near the High Sulphate Wetland at 12V 466396E, 6317194N .  

Weight/1000 seeds 0.99 grams (range 0.89 to 1.08 grams) 

Implications for wildlife Moderate energy and low protein value for livestock; considered moderate food value for mule deer and poor food value for 
white tail deer; and poor to moderate cover value and moderate food value for waterfowl, birds and small mammals (Kovalchik & 
Clausnitzer, 2004). The seeds and shoots are eaten by waterfowl and muskrats (Tande & Lipkin, 2003). 
 

http://www.springerlink.com.ezproxy.royalroads.ca/content/?Author=Kimberly+L.+Jones�
http://www.springerlink.com.ezproxy.royalroads.ca/content/?Author=Bruce+A.+Roundy�
http://www.springerlink.com.ezproxy.royalroads.ca/content/?Author=Nancy+L.+Shaw�
http://www.springerlink.com.ezproxy.royalroads.ca/content/?Author=Jeffrey+R.+Taylor�
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Implications for reclamation Recommended species for wetland reclamation in the oil sands (Alberta Environment, 2008). High erosion control and high long 
term revegetation potential (Kovalchik & Clausnitzer, 2004). “Tolerant to trampling and heavy metal contamination” (Tande & 
Lipkin, 2003, p. 121). 

Mycorrhizal association Unknown 

Note. Often confused with the less common Carex rostrata, see notes in Appendix G-49. 

Alberta Environment. (2008). Guidelines for wetland establishment on reclaimed oil sands leases (2nd edition). Accessed April 4, 2010 from: 
http://www.assembly.ab.ca/lao/library/egovdocs/2008/alen/171465.pdf 

Gignac, L. D., R. Gauthier, L. Rochefort, and J. Bubier. (2004). Distribution and habitat niches of 37 peatland Cyperaceae species across a broad geographic 
range in Canada. Canadian Journal of Botany, 82(9), 1292-1313. doi:10.1139/B04-081 

Griffith, G. C. D. (1989). The True Carex rostrata (Cyperaceae) in Alberta. Alberta naturalist, 19(3). 105-108 

Jones,  Roundy, Shaw & Taylor, 2004). Environmental effects on germination of Carex utriculata and Carex nebrascensis relative to riparian restoration. 
Wetlands, 24(2), 467-479. doi: 10.1672/0277-5212(2004)024[0467:EEOGOC]2.0.CO;2 

 
Kettenring, K.M. & Galatowitsch, S.M. (2007a). Tools for Carex revegetation in freshwater wetlands: Understanding dormancy loss and germination 

temperature requirements. Plant Ecology, 193(2), 157-169. doi:10.1007/s11258-006-9255-8 

Kettenring, K.M. & Galatowitsch, S.M. (2007b). Temperature requirements for dormancy break and seed germination vary greatly among 14 wetland Carex 
species. Aquatic Botany, 87(3), 209-220. 

 
Kovalchik, B.L. & Clausnitzer, R.R. (2004). Classification and Management of Aquatic, Riparian, and Wetland Sites on the National Forests of Eastern 

Washington. U.S. Department of Agriculture, Forest Service, Pacific Northwest Research Station. General Technical Report PNW-GTR-593. Retrieved 
July 28, 2010 from: http://sullivancreek.ecr.gov/pdf/gtr593_part_3.pdf 

 
Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 

Tande, G., & Lipkin, R. (2003). Wetland sedges of Alaska. Anchorage, AK: University of Alaska, Environment and Natural Resources Institute, Alaska Natural 
Heritage Program. 
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Appendix G-61. Carex vaginata  

Characteristic Description 

Description  A small to medium (10-60 cm in height) rhizomatous wetland sedge (Packer, 2000). 

Habitat In natural ecosystems this species has a wide moisture tolerance range from mesic to hydric. On reclamation it was observed in 
submesic to subhydric moisture regimes. An Alberta study found Carex vaginata tolerated nutrient poor to nutrient rich wet sites 
and in the boreal forest of Saskatchewan has been reported in drier habitats (Walsh, 1994). A Canadian peatland study found that 
this species prefers habitats with a mean pH of 5.9 (range 5.4 to 7.4) and a height above water table of 25 + 11 cm (Gignac, 
Gauthier, Rochefort & Bubier, 2004). 

Abundance Suncor DB Carex vaginata was found in 2.0% of Suncor’s reclamation plots, with an average percent cover of 0.8% (range 0.15 to 3%). 

Abundance Nat Forest DB Carex vaginata was found in 2.9% of Natural ecosystems plots, with an average percent cover of 3.5% (range 0.05 to 40%). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S5, not rare or tracked 

Germination Unknown 

Propagation Unknown 

Potential collection sites  Poplar Creek Reservoir 12V 4696628E, 6309760N and bogs along Tower Road, west of Fort McMurray. 

Weight/1000 seeds 1.18 grams (range 0.28 to 2.08 grams) 

Implications for wildlife Moderate winter forage value for wildlife; shoots are an important first food during spring waterfowl migration (Tande & Lipkin, 
2003). 

Implications for reclamation Identified as a late succession invading species in (Gold, 2000). In an alpine study, Carex vaginata increased vegetatively by 54% 
after removal of neighbouring plants, suggesting that competition from other plants may decrease its presence over time 
(Klanderud & Totland, 2005).  Carex vaginata colonized disturbed soils in the Northwest Territories from rhizomes in the soil 
(Hernandez, 1973). 
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Mycorrhizal association In the Finnish sub arctic this species was colonized by dark septate endophytic fungi, but not colonized arbuscular mycorrhiza 
(Ruotsalainen, Väre & Vestberg, 2002). 

Gignac, L. D., R. Gauthier, L. Rochefort, and J. Bubier. (2004). Distribution and habitat niches of 37 peatland Cyperaceae species across a broad geographic 
range in Canada. Canadian Journal of Botany, 82(9), 1292-1313. doi:10.1139/B04-081 

Gold, L. (2000). Phenotypic plasticity of wetland species of Carex. (Unpublished master’ thesis) McGill University: Montréal, Canada. Retrieved from 
http://www.collectionscanada.gc.ca/obj/s4/f2/dsk1/tape2/PQDD_0031/MQ64363.pdf  

Hernandez, H. (1973). Natural plant recolonization of surficial disturbances, Tuktoyaktuk Peninsula region, Northwest Territories. Canadian Journal of Botany, 
51(11), 2177-2196. doi:10.1139/b73-280  

Klanderud, K. & Totland, O. (2005). The relative importance of neighbours and abiotic environmental conditions for population dynamic parameters of two 
alpine plant species. Journal of Ecology, 93(3), 493-501. doi: 10.1111/j.1365-2745.2005.01000.x 

Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 

Ruotsalainen, A. L., Väre, H. & Vestberg, M. (2004). Seasonality of root fungal colonization in low-alpine herbs. Mycorrhiza (2002) 12:29–36. doi: 
10.1007/s00572-001-0145-6 

 
Tande, G., & Lipkin, R. (2003). Wetland sedges of Alaska. Anchorage, AK: University of Alaska, Environment and Natural Resources Institute, Alaska Natural 

Heritage Program. 
 
Walsh, R. A. (1994). Carex vaginata. In: Fire Effects Information System, [database]. U.S. Department of Agriculture, Forest Service. Retrieved May 22, 2010 

from: http://www.fs.fed.us/database/feis/  
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Appendix G-62. Carex viridula  

Characteristic Description 

Description  A small (<30 cm in height) cespitose sedge (Packer, 2000). 

Habitat  Found on moist shorelines and fens (Packer, 2000) and calcareous and slightly alkaline shorelines (Looman & Best, 1979. This 
species has a wide tolerance range from acidic to alkaline and from partly shaded to open canopies (Schmid, 1984). 

Abundance Suncor DB Carex viridula was found in 0% of Suncor’s reclamation plots. 

Abundance Nat Forest DB Carex viridula was found in 0.4% of Natural ecosystems plots, with an average percent cover of 0.9% (range 0.5 to 2%). 

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S3/S4 

Germination Seeds are dormant for approximately nine months and require vary temperatures for germination (Schmid, 1984a). One 
laboratory study was able to achieve 26% germination, when grown in light after cold stratification and had almost no 
germination when seeds were not cold stratified. 

Propagation Unknown 

Potential collection sites  Small marsh near Kearl Lake at 12V 484039E, 6347366N. 

Weight/1000 seeds 0.47 grams; var. viridula 0.6 grams (range 0.57 to 0.62); subsp viridula 0.57 grams 

Implications for wildlife Unknown 

Implications for reclamation This species has a short life span, but high rate of seed production (Schmid, 1984b). 

Mycorrhizal association Unknown 

Looman, J. & Best, K.F. (1979). Budd’s Flora of the Canadian Prairie Provinces. Hull, Quebec: Agriculture Canada, Canadian Government Publishing Centre. 
 
Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 

Schmid, B. (1984a). Life Histories in Clonal Plants of the Carex Flava Group. Journal of Ecology, 72(1), 93-114. Retrieved from JSTOR database. 
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Schmid, B. (1984b). Niche width and variation within and between populations in colonizing species (Carex flava group). Oecologia (Berlin), 63(1), 1-5. 

 (Schutz & Rave, 1999).Schutz, W., & Rave, G. (1999). The effects of cold stratification and light on the seed germination of temperate sedges (Carex) from 

various habitats and implications for regenerative strategies. Plant Ecology, 144, 215-230. Retrieved from the SpringerLink database. 
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Appendix G-63. Carex vulpinoidea  

Characteristic Description 

Description  A tall sedge (<90 cm) densely tufted, cespitose sedge (Packer 2000). 

Habitat Kershaw, Gould, Johnson and Lancaster (2001) describe the specific habitat requirements of this species as non-saline, non-acidic 
locations of stable moisture regimes with some drainage. In the oil sand region this species was found growing on the linear 
raised windrow created after the installation of a pipeline on a wet cutline (author’s observations). 

Abundance Suncor DB Carex vulpinoidea was found in 0% of Suncor’s reclamation plots.  

Abundance Nat Forest DB Carex vulpinoidea was found in 0% of Natural ecosystems plots.  

Within oil sands region Observed along the west side of Highway 63 south approximately south of Fort McMurray at UTM coordinate 12V 455468E, 
6229059 N.  

CEMA LTPN Syncrude reclamation-0 plots, Suncor reclamation-0 plots and Natural ecosystems-0 plots 

ACIMS ranking S2, rare 

Germination A Canadian study found the highest germination (64%) was achieved after four months of moist stratification with 14 hours of 
light; other treatments ranged from 0.0% to 62% (Bond, 1999). This could be increased to greater than 80% germination after 
cold stratification for 6 months followed by 14oC for 8 weeks or 15 days cold stratification followed by 22oC for 8 weeks. The same 
study found greater than 80% was also achieved in a shorter germination time of four weeks in two treatments, cold stratification 
for 15 days followed by 22oC or one month cold stratification followed by 35oC temperature (Kettenring & Galatowitsch 2007). 
 

Propagation A Colorado technical guide recommended collecting seed in July through September; seed is collected by clipping off the seed 
heads or stripping the perigynia from the inflorescence (Hurd and Shaw, 1999). Seed collection dates in the oil sands region is 
likely similar. No stratification was required when seeds were incubated at temperatures above 27oC; seeds could be incubated at 
lower temperatures with some stratification (Kettenring & Galatowitsch (2007a). Kettenring & Galatowitsch (2007b) determined 
that Carex vulpinoidea had a high seed regenerative Index (SRI) and the author’s suggested this species could be successfully 
started from seed. 

Potential collection sites  Approximately 65 km south of Fort McMurray on Highway 63 at 12V 455468E, 6229059 N.  
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Weight/1000 seeds 0.32 grams 

Implications for wildlife Low protein and digestibility, but still utilized by Cattle (Catling, McElroy & Spicer, 1994). 

Implications for reclamation Unknown 

Mycorrhizal association Facultative mycorrhizal (Muthukumar, Udaiyan, & Shanmughavel, 2004). 

Bond, A. (1999). Germination ecology of Carex Cyperaceae): Effects of light, stratification, and soil moisture. Unpublished master’s thesis, McGill University, 
Montreal, Canada. Retrieved from: http://www.collectionscanada.gc.ca/obj/s4/f2/dsk2/ftp03/MQ50722.pdf  

 
Catling, P. M., McElroy, A. R. & Spicer, K. W. (1994). Potential forage value of some eastern Canadian sedges (Cyperaceae: Carex). Journal of Range 

Management, 47(3), 226-230. Retrieved from JSTOR database.  
 
Hurd, E.G. & Shaw, N.L. (1999). Seed technology for Carex and Juncus species of the Intermountain Region. Proceedings, Intermountain Forest Nursery 

Association; 1991 August 12-16; Park City, UT. General Technical Report RM-211. Fort Collins, CO: U.S. Department of Agriculture, Forest Service, 
Rocky Mountain Forest and Range Experiment Station: 74-83. Retrieved from: http://www.fcnanet.org/proceedings/1991/hurd.pdf 

 
Kershaw, L. Gould, J., Johnson, D. & Lancaster, J. (2001). Rare vascular plants of Alberta. Edmonton, AB: University of Alberta Press. 

Kettenring, K.M. & Galatowitsch, S.M. (2007a). Tools for Carex revegetation in freshwater wetlands: Understanding dormancy loss and germination 
temperature requirements. Plant Ecology, 193(2), 157-169. doi:10.1007/s11258-006-9255-8 

Kettenring, K.M. & Galatowitsch, S.M. (2007b). Temperature requirements for dormancy break and seed germination vary greatly among 14 wetland Carex 
species. Aquatic Botany, 87(3), 209-220. 

Muthukumar, T., Udaiyan, K. & Shanmughavel, P. (2004). Mycorrhiza in sedges-An overview. Mycorrhiza, 14(2), 65-77. doi: 10.1007/s00572-004-0296-3.  

Packer, J.G. (2000). Flora of Alberta. Toronto, ON: University of Toronto Press. 
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