
Contents

1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.1 The Setting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.2 The Bitumen Resource, Modes of Extraction, Concerns, and

Levels of Production . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
1.3 Habitat Loss Present and Future . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
1.4 Attributes of Wetland Integrity and Impairment . . . . . . . . . . . . . . . . 7
1.5 Study Scope and Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

2 Reclamation Policy and Scientific Context . . . . . . . . . . . . . . . . . . . . . . . 11
2.1 Reclamation Guidelines and Definitions . . . . . . . . . . . . . . . . . . . . . . 11
2.2 A Primer on Mineral Wetlands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
2.3 A Survey of Recent Studies Relevant to Mineral Wetlands . . . . . . 16

3 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
3.1 Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

3.1.1 Environmental Matrix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
3.1.2 Dataset Shared Sites and Taxa . . . . . . . . . . . . . . . . . . . . . . 25

3.2 Analytical Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

4 The Vegetation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
4.1 Do the Vegetation Matrices Differ by Treatment? . . . . . . . . . . . . . . 27
4.2 Indicator Species Analysis of Treatments . . . . . . . . . . . . . . . . . . . . . 27
4.3 Identifying the Vegetation Associations . . . . . . . . . . . . . . . . . . . . . . 30

4.3.1 Main Data: Vegetation Types . . . . . . . . . . . . . . . . . . . . . . . 30
4.3.2 Distribution of Vegetation Types Among the Treatments . 51
4.3.3 Additional Biodiversity in Natural Mineral Wetlands . . . . 52
4.3.4 The Big Picture: Visualizing Differences in Composition

and Vegetation Diversity . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
4.3.5 Replicate Data: Indicator Species and Vegetation

Associations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58
4.3.6 Other Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

ix



x Contents

5 Chemical and Physical Properties of the Wetlands . . . . . . . . . . . . . . . . 67
5.1 Sediment Quality in Relation to Treatment . . . . . . . . . . . . . . . . . . . 67
5.2 Water Quality in Relation to Treatment . . . . . . . . . . . . . . . . . . . . . . 67
5.3 Chemical and Physical Properties of the Wetlands in Relation to

Vegetation Types . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
5.4 Principal Components Analysis (PCA) of Chemical and Physical

Characteristics of the Wetlands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83

6 Plant Species Richness and Diversity . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
6.1 Do the Treatments and Vegetation Classes Differ in Plot-Level

Species Richness and Diversity? . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
6.2 Are There Differences in the Occurrences of Weedy Plant Taxa

Among the Treatments? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
6.3 Gamma Diversity: How Well Do the Treatments Represent the

Flora? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92

7 Are Industrial Wetlands Changing Over Time? . . . . . . . . . . . . . . . . . . . 95
7.1 Species Richness and Diversity Over Time . . . . . . . . . . . . . . . . . . . 95
7.2 Frequency of Vegetation Types Over Time . . . . . . . . . . . . . . . . . . . . 97
7.3 NMS Ordination and Time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98
7.4 Cover or Abundance Over Time . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98
7.5 Replicate Data: Bill’s Lake . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
7.6 Persistent Impairment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101

8 Differentiating Industrial from Natural Wetlands via Structural and
Geographic Attributes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
8.1 Plot-Level Vegetation Structural Attributes . . . . . . . . . . . . . . . . . . . 109
8.2 Landscape-Level Composition and Structural Attributes . . . . . . . . 109
8.3 The Influence of Geographic Range upon Species Composition . . 116

9 The Role of Regulations and Policy in Wetland Loss and Attempts at
Reclamation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119
9.1 Syncrude Mildred Lake Regulatory Approval . . . . . . . . . . . . . . . . . 119
9.2 Guideline for Wetland Establishment on Reclaimed Oil Sands

Leases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120
9.3 The Alberta Government Overview of Reclamation . . . . . . . . . . . . 121
9.4 The Alberta Wetland Policy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 122
9.5 Joint Review Panel Findings in Regard to the Shell Jackpine Mine

Expansion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124
9.6 Government Policy Ensures Continued Impairment . . . . . . . . . . . . 124

10 Impaired Wetlands: Further Considerations . . . . . . . . . . . . . . . . . . . . . 127
10.1 Impairment Extends Beyond the Vegetation and Flora of Mineral

Wetlands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127
10.2 Fire as a Stressor Contributing to Impairment . . . . . . . . . . . . . . . . . 133



Contents xi

10.3 Problems in Reclaiming Wetlands: Suggested Solutions and
Constraints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137

10.4 Successful Wetland Reclamation Would Present Risks
to the Biota . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139

10.5 Inadequate Monitoring of Plant Species and Vegetation . . . . . . . . . 143
10.6 Extirpation of Rare Species Is Occurring . . . . . . . . . . . . . . . . . . . . . 146
10.7 Impairment Will Persist . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147

11 The Future: Is Regional Environmental Degradation Inevitable? . . . 155

12 Summary and Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 161
12.1 Vegetation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 161
12.2 Sediment, Water Quality, and Landscape-Level Differences . . . . . 163
12.3 Long-Term Impairment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 164

12.3.1 Summary of the Wetland Impairment . . . . . . . . . . . . . . . . . 164
12.3.2 The Failure of Wetland Reclamation . . . . . . . . . . . . . . . . . 164

12.4 The Future . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 164
12.4.1 Loss and Impairment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 164
12.4.2 Intractable Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165
12.4.3 National Sacrifice Zone . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166

Appendices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169
Appendix 1: Study site locations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169
Appendix 1a: Replicate dataset study site locations and number of plots

at each site . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 174
Appendix 2: Notes on nomenclature and conservation ranks . . . . . . . . . . 174
Appendix 3: Preparation of PAD plot data . . . . . . . . . . . . . . . . . . . . . . . . . . 175
Appendix 4: Plant taxa used in the analyses . . . . . . . . . . . . . . . . . . . . . . . . . 176
Appendix 5: Summary of chemical profiles of 17 of the 22 vegetation

types identified in the main dataset . . . . . . . . . . . . . . . . . . . . . . . . . . 182
Appendix 6: Plant taxa characteristic of natural and disturbed mineral

wetlands in northeastern Alberta . . . . . . . . . . . . . . . . . . . . . . . . . . . . 185
Appendix 7: Test of the reliability of Alberta Biodiversity Monitoring

Institute vegetation data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 194

Glossary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 205

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215



http://www.springer.com/978-3-319-10234-4


	Contents



