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Abstract 

Morphometry and Basic Ecological Characteristics of Dolines in Unlogged 
Temperate Rainforest Karst Landscapes of Northern Vancouver Island, British 
Columbia, Canada 

 

Dolines are common in the temperate rainforest karst of coastal British 

Columbia (BC), but they have never been systematically studied or described. The 

objective of this research was to answer three broad questions: 1) what do dolines in 

BC’s unlogged coastal temperate rainforest karst look like?; 2) how much do they 

vary?; and 3) do the research results suggest any revisions or recommendations for 

improving BC’s existing karst management framework for dolines?  

More than 80 dolines at three different study sites in the Coastal Western 

Hemlock biogeoclimatic zone on Northern Vancouver Island were surveyed in the 

field. The data were used to create digital 3-dimensional models of the dolines. 

Morphometric parameters derived from these models were then analysed to 

determine how the dolines might vary in size and shape. In addition to morphometric 

data, standing trees, downed wood, soil depths, and surface cover materials were 

documented at each doline. Temperature, light and snow cover measurements were 

collected. The presence/absence of subsurface openings and evidence of surface 

hydrological activity in the dolines were also recorded. The results provide a 

preliminary characterization of the size, shape and ecological attributes of dolines in 

unlogged coastal temperate rainforest karst.  

This research is first systematic study of dolines in coastal BC. The findings 

have implications for the Province’s current management framework for dolines as 

well as for future doline research in the region.  

 

Key words: dolines, morphometry, temperate rainforest karst, Vancouver 

Island, Canada 
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Izvleček 

Morfometrija in osnovne ekološke značilnosti vrtač v prvinskem zmernem 
deževnem gozdu kraških področij severnega dela otoka Vancouver, Britanska 
Kolumbija, Kanada  

 
Vrtače so pogoste na krasu prvinskega zmernega deževnega gozda obalnega 

dela Britanske Kolumbije (BK), vendar niso bile nikoli sistematično raziskane ali 

opisane. Cilj te raziskave je bil odgovoriti na tri splošna vprašanja: 1) kakšne so 

vrtače v prvinskem zmernem deževnem gozdu obalnega dela BK?; 2) koliko se 

razlikujejo ?; in 3) ali raziskovalni rezultati nakazujejo kakršne koli popravke ali 

priporočila za izboljšanje obstoječih okvirnih smernic za upravljanje s krasom in 

vrtačami v BK? 

Več kot 80 vrtač je bilo preučenih na treh različnih raziskovalnih mestih v 

biogeoklimatskem območju obalnega Western Hemlock-a na severnem delu otoka 

Vancouver. Podatki so bili uporabljeni za oblikovanje digitalnih 3-dimenzionalnih 

modelov vrtač. Morfometrski parametri, ki izhajajo iz teh modelov so bili nato 

analizirali z namenom, da bi ugotoviti, kako se vrtače razlikujejo po velikosti in 

obliki. Poleg morfometričnih podatkov, je bilo za vsako vrtačo dokumentirano tudi 

število stoječih dreves, količina podrtega lesa, globina tal in sestava površinskega 

pokrova. Zbrani so bili podatki o temperaturi, svetlobi in o meritvah snežne odeje. V 

vrtačah je bila zabeležena tudi prisotnost/odsotnost podzemnih odprtin in posamezni 

dokazi površinske hidrološke dejavnosti v njih. Rezultati predstavljajo predhodno 

opredelitev velikosti, oblike in ekoloških lastnosti vrtač v prvinskem obalnem 

zmernem deževnem gozdu na krasu.  

Ta raziskava je prva sistematična študija vrtač v obalnem delu Britanske 

Kolumbije. Ugotovitve bodo imele vpliv na sedanji okvir upravljanja pokrajine z 

vrtačami v Provinci, kot tudi na prihodnje raziskave vrtač v regiji.  

 

Ključne besede: vrtače, morfometrija, prvinski zmerni deževni gozd, otok 

Britanska Kolumbija, Kanada 

 

!



 i 

Table of Contents 

Chapter 1: Introduction ......................................................................... 1!
1.1! INTRODUCTION AND STATEMENT OF THE PROBLEM ..................... 1!
1.2! OBJECTIVES ................................................................................................. 2!
1.3! OVERVIEW OF THE RESEARCH APPROACH ........................................ 4!
1.4! HYPOTHESIS ................................................................................................ 4!
1.5! SOCIAL CONTEXT: THE STATE OF KNOWLEDGE ABOUT KARST 

AND DOLINES IN BC ................................................................................. 6!
1.6! VANCOUVER’S “GIANT SINKHOLE” ...................................................... 7!

1.6.1! “Sinkhole” vs. “Doline”? .......................................................................... 8!
1.6.2!Sinkholes as products of collapse ............................................................. 8!
1.6.3!Doline dimensions and relative concepts of “size” ................................. 11!

1.7! THE NEED FOR DOLINE RESEARCH IN COASTAL BC ..................... 12!
1.8! WHY NOT SIMPLY LOOK AT THE BODY OF INTERNATIONAL 

RESEARCH FOR GUIDANCE ON HOW TO MANAGE DOLINES IN 

BC? .............................................................................................................. 13!
1.8.1!A lack of technologies at appropriate resolutions and/or scales ............. 13!
1.8.2!Dissimilar environmental conditions ...................................................... 15!
1.8.3!Dissimilar sizes of dolines ...................................................................... 18!
1.8.4!A different research focus ....................................................................... 18!

1.9! THE LACK OF DOLINE RESEARCH IN BC: IMPLICATIONS ............. 19!
1.10! SIGNIFICANCE OF THIS RESEARCH .................................................... 21!

 

Chapter 2: Regional Overview of Northern Vancouver Island ....... 23!
2.1! GEOGRAPHY AND PHYSIOGRAPHY .................................................... 23!

2.1.1!Geography ............................................................................................... 23!
2.1.2!Physiography .......................................................................................... 24!

2.2! CLIMATE ..................................................................................................... 26!
2.3! VEGETATION ............................................................................................. 27!
2.4! GEOLOGY ................................................................................................... 29!

2.4.1!Tectonics ................................................................................................. 29!
2.4.2!Bedrock stratigraphy ............................................................................... 31!



 ii 

2.4.3!Glaciation ................................................................................................. 35!
2.4.4!Surficial geology and soils ....................................................................... 36!

2.5! KARST ON VANCOUVER ISLAND ......................................................... 36!
2.5.1!Distribution of karst and karst morphology ............................................. 36!
2.5.2!Caves and karst recreation sites on Vancouver Island ............................. 39!
2.5.3!Land use activities on karst on Northern Vancouver Island .................... 40!
2.5.4!Economic importance of forestry on Northern Vancouver Island ........... 41!

 

Chapter 3: Literature Review .............................................................. 44!
3.1! TERMINOLOGY – DOLINE VS. SINKHOLE ........................................... 44!

3.1.1! “Sinkhole” vs. “Doline” - what’s in a name? .......................................... 44!
3.1.2!Sinkholes: definitions .............................................................................. 44!
3.1.3!Dolines: definitions .................................................................................. 45!

3.2! WHAT ARE DOLINES? .............................................................................. 46!
3.3! DOLINES: BASIC FUNCTION ................................................................... 47!

3.3.1!The function of dolines in the context of karst systems .......................... 48!
3.4! HOW DO DOLINES FORM? ....................................................................... 48!

3.4.1!Early ideas ............................................................................................... 48!
3.4.2!Solution .................................................................................................... 49!
3.4.3!Collapse ................................................................................................... 51!
3.4.4!Suffosion .................................................................................................. 51!
3.4.5!Subsidence ............................................................................................... 52!
3.4.6!Elucidating doline genesis – a complex problem .................................... 52!

3.5! MORPHOMETRIC STUDIES AND DOLINES .......................................... 54!
3.5.1!Morphometric studies – a logical place to start ....................................... 54!
3.5.2!What are the limitations of morphometric studies? ................................. 55!
3.5.3!How have other researchers acquired and used morphometric data for 

dolines? .................................................................................................... 55!
3.5.4!Why not use remote (or “office-based”) methods to study doline 

morphometry and spatial distribution in BC? .......................................... 62!
3.5.5!Ground-based morphometric doline research: methodological 

considerations .......................................................................................... 64!
3.6! ECOLOGICAL CHARACTERISTICS ........................................................ 65!



 iii 

3.6.1!Selected examples of ecological studies in dolines ................................ 65!
3.6.2! Importance of the soil/bacteria/karst interface ........................................ 65!

3.7! HOW SHOULD A CHARACTERIZATION OF THE ECOLOGICAL 

CHARACTERISTICS OF DOLINES IN BC’S TEMPERATE 

RAINFOREST BE APPROACHED? ......................................................... 66!
3.7.1!Linkages between forests and karst ........................................................ 66!
3.7.2!What functional or ecological characteristics of forest karst dolines 

require special management consideration? ........................................... 69!
3.8! KEY ECOLOGICAL CHARACTERISTICS OF DOLINES IN COASTAL 

BC ................................................................................................................ 70!
3.8.1!Standing trees .......................................................................................... 70!
3.8.2!Downed trees (coarse woody debris) ...................................................... 71!
3.8.3!Soil cover ................................................................................................ 72!
3.8.4!Surface cover materials ........................................................................... 73!
3.8.5!Light and temperature ............................................................................. 75!

3.9! WHAT RESEARCH HAS BEEN CONDUCTED ON COASTAL 

TEMPERATE FOREST KARST IN BC AND SOUTHEAST ALASKA? 78!
3.9.1!Karst research on Vancouver Island/Coastal BC .................................... 78!
3.9.2!Karst Research in Southeast Alaska ....................................................... 82!

 

Chapter 4: Methods .............................................................................. 84!
4.1! OVERVIEW OF METHODS USED ........................................................... 84!
4.2! SITE SELECTION METHODS ................................................................... 84!

4.2.1!Considerations and constraints for site selection .................................... 84!
4.2.2!Site selection method .............................................................................. 86!

4.3! PRELIMINARY FIELD WORK AT STUDY SITES ................................. 87!
4.3.1!Morphometry field methods ................................................................... 89!
4.3.1!Standing trees field methods ................................................................... 91!
4.3.2!Downed wood field methods .................................................................. 92!
4.3.3!Soil depth field methods ......................................................................... 95!
4.3.4!Surface cover field methods ................................................................... 96!
4.3.5!Light, temperature and snow cover: equipment and field methods ........ 96!

4.4! RAW DATA PROCESSING METHODS ................................................... 98!



 iv 

4.4.1!Morphometry ........................................................................................... 98!
4.4.1!Standing trees ......................................................................................... 103!
4.4.1!Downed wood ........................................................................................ 104!
4.4.2!Light, temperature and snow cover: defining sampling periods ............ 104!
4.4.3!Snow cover lab methods ........................................................................ 107!

4.5! STATISTICAL METHODS ....................................................................... 107!
4.5.1!Morphometry statistical methods .......................................................... 107!
4.5.2!Standing trees statistical methods .......................................................... 108!
4.5.3!Downed wood statistical methods ......................................................... 108!
4.5.4!Soil depths statistical methods ............................................................... 108!
4.5.5!Surface cover statistical methods ........................................................... 109!
4.5.6!Light intensity (illuminance) statistical methods ................................... 110!
4.5.7!Temperature statistical methods ............................................................ 110!

4.6! CONSTRUCTING THE HYPOTHETICAL “AVERAGE DOLINE” – 

METHODS ................................................................................................. 111!
 

Chapter 5: Selected Study Sites ......................................................... 112!
5.1! GENERAL LOCATIONS OF SELECTED STUDY SITES ON 

NORTHERN VANCOUVER ISLAND .................................................... 112!
5.2! STUDY SITE DESCRIPTIONS ................................................................. 112!

5.2.1!Site A ..................................................................................................... 112!
5.2.2!Site B ..................................................................................................... 119!
5.2.3!Site C ..................................................................................................... 125!

5.3! SUMMARY OF STUDY SITE ATTRIBUTES ......................................... 133!
5.4! SUMMARY OF DOLINES AND CONTROL POINTS BY SITE AND 

SETTING ................................................................................................... 134!
 

Chapter 6: Study Site Morphometry ................................................ 136!
6.1! CONSIDERATIONS FOR SELECTING MORPHOMETRIC 

PARAMETERS FOR DOLINES IN COASTAL BC ................................ 136!
6.2! REVIEW OF EXISTING MORPHOMETRIC CRITERIA AND 

MEASURING STANDARDS FOR DOLINES IN BC ............................. 137!
6.2.1!Morphometric criteria for defining/classifying dolines ......................... 137!



 v 

6.2.2!Defining doline rims ............................................................................. 139!
6.2.3!Measuring standards and guidelines for dolines in BC ........................ 140!
6.2.4!Why better measuring standards and guidelines are needed in BC ...... 142!

6.3! MORPHOMETRIC PARAMETERS USED IN THIS THESIS ................ 143!
6.3.1!Criteria for selecting parameters ........................................................... 143!
6.3.2!Selected parameters for this thesis ........................................................ 144!
6.3.3!Karst inventory equivalents .................................................................. 145!

6.4! MORPHOMETRY RESULTS FOR STUDY SITE DOLINES ................ 147!
6.4.1!Doline maximum diameter (DMAX) ................................................... 147!
6.4.2!Doline minor diameter (DMNR) .......................................................... 148!
6.4.3!Doline average diameter (DAVE) ........................................................ 149!
6.4.4!Planimetric area (ADOL) ...................................................................... 150!
6.4.5!Doline maximum depth (HMAX) ......................................................... 151!
6.4.6!Closed depression depth (HDOL) ......................................................... 152!
6.4.7!Average depression depth (HAVE) ...................................................... 153!
6.4.8!Diameter/height (D/H) ratio .................................................................. 154!
6.4.9!Doline maximum diameter direction (DDIR) ....................................... 155!
6.4.10! Cave entrances and atmospheric openings ........................................ 156!
6.4.11! Surface hydrological activity ............................................................. 156!

6.5! A GENERAL COMPARISON OF THE MORPHOMETRY RESULTS 

FROM DOLINES AT SITES A, B AND C .............................................. 156!
6.6! SUMMARY OF STUDY SITE MORPHOMETRY RESULTS ............... 159!

 

Chapter 7: Doline Morphometry Data from Three Northern 

Vancouver Island Karst Inventories 161 

7.1 KARST INVENTORIES AS SOURCES OF MORPHOMETRIC DATA – 

CONSIDERATIONS AND LIMITATIONS .............................................. 161 

7.1.1 Equivalent parameters assigned to karst inventory data ......................... 163 

7.2 UPPER TAHSISH RIVER DRAINAGE - TAHSISH CAVE/KARST 

INVENTORY (CAVE MANAGEMENT SERVICES, 1982) .................... 163 

7.2.1 Historical context for the 1982 Tahsish inventory .................................. 164 

7.2.2 Strengths and limitations of the Tahsish inventory data ......................... 165 



 vi 

7.2.3 Constraints and limitations on using the Tahsish inventory data for 

comparison purposes .............................................................................. 165 

7.2.4 Summary of limitations on the Tahsish inventory data set ..................... 166 

7.3 TAHSISH INVENTORY RESULTS .......................................................... 167 

7.3.1 Tahsish – average diameter (DAVE) ...................................................... 167 

7.3.2 Tahsish – average depression depth (HAVE) ......................................... 168 

7.3.3 Tahsish – diameter/height (D/H) ............................................................ 168 

7.4 HOLBERG AREA – INVENTORY OF CAVES AND SIGNIFICANT 

SURFACE KARST FEATURES IN AND ABOUT BLOCK 146 (F.L. 

A19240) (1993) ........................................................................................... 169 

7.4.1 Historical context for the Holberg inventory .......................................... 170 

7.4.2 Strengths of the Holberg inventory data ................................................. 171 

7.4.3 Constraints and limitations on using the Holberg inventory data for 

comparison purposes .............................................................................. 172 

7.4.4 Summary of limitations of the Holberg inventory data set ..................... 173 

7.5 HOLBERG INVENTORY RESULTS ........................................................ 173 

7.5.1 Holberg – average diameter (DAVE) ..................................................... 173 

7.5.2 Holberg – average depression depth (HAVE) ........................................ 174 

7.5.3 Holberg - Diameter/height (D/H) ........................................................... 175 

7.6 RUMBLE RIDGE – PRELIMINARY EVALUATION OF KARST 

RESOURCES, RUMBLE RIDGE WIND DEMONSTRATION PROJECT, 

VANCOUVER ISLAND BRITISH COLUMBIA: FINAL REPORT 

(CAVE MANAGEMENT SERVICES/KARSTCARE, 2002) ................... 176 

7.6.1 Historical context for the Rumble Ridge inventory ................................ 177 

7.6.2 Strengths of the Rumble Ridge inventory data ....................................... 178 

7.6.3 Constraints and limitations on using the Rumble Ridge inventory data for 

comparison purposes .............................................................................. 178 

7.6.4 Summary of limitations on the Rumble Ridge inventory data set .......... 179 

7.7 RUMBLE RIDGE INVENTORY RESULTS ............................................. 179 

7.7.1 Rumble Ridge – average diameter (DAVE) ........................................... 179 

7.7.2 Rumble Ridge – average depression depth (HAVE) .............................. 180 

7.7.3 Rumble Ridge - diameter/height (D/H) .................................................. 181 

7.8 COMPARISON OF THE THREE INVENTORY DATA SETS TO EACH 

OTHER ........................................................................................................ 181 



 vii 

7.9 COMPARISON OF THE STUDY SITE AND INVENTORY DATA ....... 184 

 

Chapter 8: Standing Trees, Downed Wood, Soil Depths, and Surface 

Cover Materials .............................................................. 193!
8.1! OVERVIEW ............................................................................................... 193!
8.2! STANDING TREES RESULTS ................................................................ 193!

8.2.1!Standing trees results - number of stems .............................................. 193!
8.3! DOWNED WOOD RESULTS ................................................................... 196!

8.3.1!Downed wood - percent area coverage results ..................................... 196!
8.3.2!Downed wood – decay classes results .................................................. 200!
8.3.3!Downed wood – orientation results ...................................................... 206!
8.3.4!Downed wood – “presumed cause” results ........................................... 210!

8.4! SOIL DEPTHS RESULTS ......................................................................... 215!
8.5! SURFACE COVER MATERIALS RESULTS .......................................... 217!

8.5.1!Surface cover results – forest dolines ................................................... 218!
8.5.2!Surface cover results – forest controls .................................................. 221!
8.5.3!Surface cover results – edge dolines ..................................................... 221!
8.5.4!Surface cover results – edge controls ................................................... 224!
8.5.5!Surface cover results – cutblock dolines ............................................... 224!
8.5.6!Surface cover results – cutblock controls ............................................. 226!
8.5.7!Summary of surface cover results ......................................................... 226!

 

Chapter 9: Light Intensity (Illuminance), Snow Cover, and 

Temperature ................................................................... 227!
9.1! SITE STRATIFICATION AND METHODS ............................................ 227!

9.1.1!Site stratification ................................................................................... 227!
9.1.2!Sampling periods .................................................................................. 228!

9.2! LIGHT INTENSITY (ILLUMINANCE) RESULTS ................................. 228!
9.2.1!Light Intensity (illuminance) – discussion ............................................ 231!

9.3! SNOW COVER RESULTS ........................................................................ 236!
9.3.1!Continuous snow cover – dolines vs. controls ...................................... 239!
9.3.2!Snow cover in forest dolines vs. cutblock dolines ................................ 240!

9.4! TEMPERATURE RESULTS ..................................................................... 240!



 viii 

9.4.1!Average temperatures (TAve) – results ................................................... 242!
9.4.2!Temperature range (TRange) – results ...................................................... 246!

 

Chapter 10: Synthesis - an “Average Doline”? ................................ 249!
10.1! AN “AVERAGE DOLINE” BASED ON DATA FROM SITES A, B AND 

C ................................................................................................................. 249!
10.1.1! Size and shape of the “average doline” .............................................. 250!
10.1.2! Standing tree, downed wood, canopy closure, soil depth, and surface 

cover material characteristics of the “average doline” .......................... 250!
10.1.3! Temperature, light and snow cover characteristics of the “average” 

doline” .................................................................................................... 252!
10.2! A DIGITAL MODEL OF AN “AVERAGE DOLINE” ............................ 253!

10.2.1! Limitations .......................................................................................... 257!
 

Chapter 11: Discussion ....................................................................... 258!
11.1! MORPHOMETRY OF THE STUDY SITE DOLINES ............................ 258!

11.1.1! Testing the thesis hypothesis – differences in the sizes and shapes of 

study site dolines .................................................................................... 258!
11.1.2! Similarities among study site and inventory dolines .......................... 258!
11.1.3! The study site doline dimensions in regional contexts ....................... 259!
11.1.4! The effects of glaciation on doline morphometry results ................... 261!
11.1.5! Dominant processes or controls on doline formation at Sites A, B and C263!

11.2! BASIC ECOLOGICAL CHARACTERSISTICS OF STUDY SITE 

DOLINES ................................................................................................... 265!
11.2.1! Standing trees ..................................................................................... 265!
11.2.2! Downed wood ..................................................................................... 265!
11.2.3! Soil depths .......................................................................................... 269!
11.2.4! Surface cover materials ....................................................................... 269!
11.2.5! Light .................................................................................................... 271!
11.2.6! Snow cover ......................................................................................... 271!
11.2.7! Temperature ........................................................................................ 272!
11.2.8! The question of doline microclimates ................................................ 273!



 ix 

11.3! IMPLICATIONS FOR BC’S CURRENT DOLINE MANAGEMENT 

FRAMEWORK ......................................................................................... 274!
11.3.1! The “Un-dolines” ............................................................................... 275!
11.3.2! “Two-sizes-fit-all” standing timber reserves? ................................... 281!
11.3.3! What is a dimensionally significant doline on Northern Vancouver 

Island? ................................................................................................... 285!
 

Chapter 12: Conclusions and Directions for Future Research ...... 287!
12.1! TESTING THE THESIS HYPOTHESIS .................................................. 287!
12.2! BASIC ECOLOGICAL CHARACTERISTICS ....................................... 288!
12.3! THE MORPHOMETRY AND ECOLOGICAL CHARACTERISTICS OF 

AN “AVERAGE DOLINE” IN AN UNLOGGED SETTING ON 

NORTHERN VANCOUVER ISLAND .................................................... 289!
12.4! SPECIFIC RECOMMENDATIONS FOR FUTURE DOLINE 

MANAGEMENT IN BC ........................................................................... 290!
12.4.1! Recommendation #1: Adopt the term “doline” in lieu of “sinkhole” 291!
12.4.2! Recommendation #2: Revise the Karst Inventory Standard and 

Vulnerability Assessment Procedures for British Columbia (KISVAP) 

and the Karst Management Handbook for British Columbia (KMH) 

definitions for sinkholes (i.e., dolines) ................................................. 291!
12.4.3! Recommendation #3: Establish default minimum reserve sizes for all 

dolines. .................................................................................................. 292!
12.4.4! Recommendation #4: Develop explicit guidelines/inventory standards 

for measuring/describing dolines .......................................................... 292!
12.4.5! Recommendation #5: Develop a BC-based doline manual and training 

materials ................................................................................................ 293!
12.4.6! Recommendation #6: Conduct BC-based karst research in general and 

doline research in particular .................................................................. 293!
12.5! WHAT IS THE SIGNIFICANCE OF THIS RESEARCH? ..................... 294!
12.6! FUTURE RESEARCH .............................................................................. 294!

 

Works Cited 296!
 



 x 

Appendix A:! Overview of Karst Management in BC ........................................... A-1!

Appendix B:! BC’s Recommended Best Practice Guidelines For Dolines ............. B-1!

Appendix C:! Karst Inventories in BC .................................................................... C-1!

Appendix D:! Field Cards  ..................................................................................... D-1!

Appendix E:! Sites A, B, and C: Morphometry Data .............................................. E-1!

Appendix F:! Tahsish, Holberg and Rumble Ridge: Morphometry Data ............... F-1!

Appendix G:! Sites A, B and C: Standing Trees – Number of Stems .................... G-1!

Appendix H:! Sites A, B, and C: Downed Wood - Percent Coverage .................... H-1!

Appendix I:! Sites A, B, and C: Downed Wood – Decay Classes and Orientations 

    ........................................................................................ I-1!

Appendix J:! Sites A, B, and C: Downed Wood – Orientation Results Summary 

Tables  ........................................................................................ J-1!

Appendix K:! Sites A, B and C: Downed Wood – Presumed Causes .................... K-1!

Appendix L:! Soil Depths – Raw Data .................................................................... L-1!

Appendix M:! Sites A, B, and C: Surface Cover Materials by Quadrant ................ M-1!

Appendix N:! Sites A, B, and C: Surface Cover Materials by Setting ................... N-1!

Appendix O:! Site A: Light (Illuminance) Data For Selected Sampling Periods ... O-1!

Appendix P:! Site A: Snow Cover Data .................................................................. P-1!

Appendix Q:! Site A: Temperature Data For Selected Sampling Periods .............. Q-1!

Appendix R:! Managing the “Average Doline” ...................................................... R-1!

Appendix S:! Doline Management in BC – A Critique .......................................... S-1!

 



 xi 

List of Figures 

Chapter 1: Introduction 
Figure 1-1! !Map of BC showing the location of Vancouver Island in relation to Canada’s west coast. The general 

study area, Northern Vancouver Island, is delineated in red. ................................................................................... 1!
Figure 1-2! !This study aimed to document basic ecological characteristics of dolines as represented by standing trees, 

downed trees, soil depths and surface cover materials. Light, temperature and snow cover data were also 
documented. ............................................................................................................................................................. 3!

Figure 1-3! ! “Giant Sinkhole closes SE Marine Drive for at least one week.” Courtesy The Vancouver Sun. ........................... 7!
Figure 1-4! !This public interpretive panel sign, located at the Eternal Fountain Recreation Site on Northern 

Vancouver Island, tells visitors that, “Sinkholes, a depression [sic] or hole in the ground formed by the 
collapse of ceiling rock above a cave or cavity. (there [sic] are several along the path).” The sign does 
not mention the other ways in which dolines can form, and does not state whether collapse was the 
primary sinkhole-forming mechanism at this particular site. Reproduced with permission of Discovery 
Coast Recreation District, Recreation Sites and Trails BC, BC Ministry of Forests, Lands and Natural 
Resource Operations ............................................................................................................................................... 10!

Figure 1-5! !LiDAR coverage map of Northern Vancouver Island, 2012, is shown in grey. Pink and red areas on map 
denote locations of Parson Bay Formation and Quatsino Formation limestones, respectively. Note that 
LiDAR coverage on the carbonate bedrock units is scant. Source: adapted from Northern Vancouver 
Island LiDAR coverage area data 1:400,000 map (provided by Mike Davis, Planning Forester at Western 
Forest Products, Inc.) and BC Timber Sales LiDAR Sites, Northern Vancouver Island map (no scale) 
provided by Xiaoping Yuan, Team Lead Remote Sensing & Geospatial Applications, Forest Inventory, 
BC Ministry of Forests, Lands and Natural Resource Operations. ........................................................................ 14!

Figure 1-6! !Topographic map of a study area (Site A). Original map scale was 1: 5 000 with 25 ft (7.62 m) contour 
intervals. Dolines are indicated in red. Most of the dolines in the three thesis study sites were not 
detectable on topographic maps at the scales available. ......................................................................................... 15!

Figure 1-7! !Dolines elsewhere may not be good analogues for those in BC’s temperate rainforest karst due to 
differences in factors such as geology, glacial history, climate, soils, vegetation, and land use history. The 
examples of dolines in different settings pictured above include: A) a doline in temperate rainforest karst 
near sea level in coastal BC, Canada; B) small doline near Spital am Pyhrn, Austria; C) a small doline in 
the French Pyrenees near La Pierre Saint Martin; D) alpine doline on Mt. Sinwa Eddy, northern BC, 
Canada; E) small mid-elevation doline, Haida Gwaii, (coastal BC), Canada; F) doline in pasture, near the 
Vezere valley, southwestern France; G) sub-alpine doline, French Pyrenees; H) mid-elevation dolines, 
Haida Gwaii, (BC), Canada; I) forest doline near Mašun, Slovenia. ..................................................................... 16!

Figure 1-8! !Two aerial photos of thesis study Site A. Figure 1-8a shows a basic aerial photograph of the site. Figure 
1-8b is identical except that the surveyed dolines, shown in red, are superimposed. The approximate 
location of a geological contact between Quatsino Formation limestone and the Island Plutonic Suite are 
shown by a dashed blue line. Most, if not all, of the dolines are not detectable in Figure 1-8a due to the 
dense forest canopy. ............................................................................................................................................... 17!

Chapter 2: Regional Overview of Northern Vancouver Island 
Figure 2-1 ! !Map showing Vancouver Island with major towns marked. The populations of the towns on Northern 

Vancouver Island are also provided. ...................................................................................................................... 24!
Figure 2-2 ! !Map showing the physiographic regions of Vancouver Island. Adapted from Yorath & Nasmith (1995, p. 

9) ............................................................................................................................................................................. 25!
Figure 2-3 ! Vancouver Island Ranges, as seen looking west from a vantage point near Site A (described in Chapter 5). ....... 25!
Figure 2-4 ! !Map showing inferred precipitation zones on Northern Vancouver Island. Adapted from Howes (1981b, 

p. 15). ...................................................................................................................................................................... 26!
Figure 2-5 ! Diagram showing cross-section of Vancouver Island and mainland with precipitation regimes. Adapted 

from Moore et al. (2010, p. 50). ............................................................................................................................. 27!
Figure 2-6! !Diagram showing a cross-section of the proposed study area with elevation profiles and biogeoclimatic 

zones. Adapted from Green & Klinka (1994, p. 35). ............................................................................................. 28!
Figure 2-7! !Simplified map/diagram of major tectonic plates/subduction zone off Vancouver Island. Adapted from 

Howes (1981b, p. 25). ............................................................................................................................................ 30!
Figure 2-8! !Map showing major faults on Northern Vancouver Island. The locations of the three study sites where the 

thesis fieldwork was conducted are labeled in red. Adapted from Howes (1981b, p. 97). .................................... 31!
Figure 2-9! ! Plan view map of the island showing distribution of bedrock types. Source: Muller et al. (1974, p. 88). ............ 32!
Figure 2-10! Stratigraphic column of the Northern Vancouver Island bedrocks discussed in this chapter. Source: 

Muller et al. (1974, p. 90). ...................................................................................................................................... 34!
Figure 2-11! Map showing ice flow directions on Vancouver Island during the Fraser Glaciation. The three thesis 

study sites are labeled in red. Adapted from Howes (1981b, p. 23). ..................................................................... 35!
Figure 2-12! Map showing regional distribution of basal till types. Adapted from Howes (1981b, p. 37). ............................... 36!



 xii 

Figure 2-13! Map showing the parts of Vancouver Island underlain by carbonate bedrock with the potential to form 
karst. The carbonate bedrock mapping shown in this map is based on Massey et al. (2005). ............................... 37!

Figure 2-14! Map showing the distribution of Quatsino Formation limestone and major carbonate units on Northern 
Vancouver Island. (uTrp = Parson Bay Formation; uTrq =Quatsino Formation) .................................................. 38!

Figure 2-15! Karst on Northern Vancouver Island. Photos: A) a rundkarren exposure in the Upper Tahsish Valley; B) 
Little Hustan Cave; C) a karst canyon in the Upper Tahsish River Valley; D) the Eternal Fountain – a 
karst spring in the Benson River Valley; E) the Vanishing River Recreation Site (a sinkpoint of the Upper 
Benson River). ........................................................................................................................................................ 40!

Figure 2-16! The pie chart on the left shows the distribution of karst in coastal BC in various biogeoclimatic zones. 
The pie chart on the right shows the percentage of karst in the Coastal Western Hemlock biogeoclimatic 
zone for the entire BC coast that had been modified by forestry activities as of 1996 (i.e., 67% had been 
modified as of 1996). The percentage of modified karst on Northern Vancouver Island is likely higher 
today. Source: Griffiths & Ramsey (2006) ............................................................................................................. 41!

Figure 2-17! Graph showing total timber volumes harvested in BC from 1912 to 2005/2006. Note that BC’s voluntary 
best practice guidelines for karst were only published in 2003. Prior to that date, karst did not receive any 
special management consideration in relation to primary forestry activities. Adapted from Vyse et. al, 
(2010, p. 115). ......................................................................................................................................................... 42!

Figure 2-18! Map showing areas of Vancouver Island where the economy is heavily dependent on forest industry 
income, and hence sensitive to fluctuations relating to the forest sector.  Northern Vancouver Island, the 
general study area for this thesis, is outlined in red.  The different shades of grey represent different 
degrees of economic dependence on the forest sector; as the British Columbia Ministry of Forests, Mines 
and Lands (2010, p. 189) notes, “Vulnerability is high where a large share of local income derives from 
the forest sector and the local economy is not highly diversified.” (Image adapted from Figure 18-3 in 
British Columbia Ministry of Forests, Mines and Lands, 2010, p. 189). ............................................................... 43!

Chapter 3: Literature Review 
Figure 3-1! !Diagram showing the four main mechanisms by which dolines are formed. Source: Sauro (2003, p. 44). .......... 52!
Figure 3-2! !Mihevc’s “Potato Analogy” (Mihevc, 2011): A) Dolines are like potatoes in that individual specimens of 

the same variety of potatoes, all planted at the same time in the same field, may nevertheless grow to have 
different sizes and shapes. B) Though these potatoes vary in size and shape, all are recognizable as 
potatoes, and therefore go into the same pot. Similarly, while dolines may vary in size and shape, they are 
still recognizable as, and categorizable as, dolines. C) Expanding on Mihevc’s analogy, potatoes come in 
different species, and different varieties. Likewise, though most karst depressions are termed “dolines”, 
there are different varieties of dolines. As Sauro (2003) and others have noted, there are many different 
bases for classification of dolines. .......................................................................................................................... 54!

Figure 3-3! !An example of the intimate connection between karst and forest cover in coastal BC. The photo shows 
the root mass of a wind-thrown tree on Northern Vancouver Island. The red lines indicate a solution 
runnel and a corresponding root that occupied it. Tree roots can act as biogeomorphic agents in karst 
formation, but here the karst has also helped shape the tree. ................................................................................. 68!

Figure 3-4! !Edge effect: “Habitat conditions (such as degree of humidity and exposure to light or wind) created at or 
near the more-or-less well-defined boundary between ecosystems (e.g., between open areas and adjacent 
forest)” British Columbia Ministry of Forests, Lands, and Natural Resource Operations (2008, p. 29). 
Source: adapted from British Columbia Ministry of Forests Research Branch, 1989, p. 3). ................................. 77!

Figure 3-5! !Harding (1987) found that soil loss on limestone slopes was particularly severe when timber harvesting 
was followed by burning. Though prescribed broadcast burning is no longer practiced on Vancouver 
Island, post-harvest fires related to either natural causes or human activities do occur on karst. Some 
recent examples are shown above. All of the examples shown above occurred more recently than 2005. ........... 80!

Chapter 4: Methods 
Figure 4-1! !Delineation of polygons for potential study sites. .................................................................................................. 87!
Figure 4-2! !Plan view of a hypothetical doline rim survey. Beginning with a fixed point on the doline rim that has 

been previously tied in to a site survey (usually the true “north rim” point), a series of survey shots are 
taken around the rim. For each shot, distance, slope and azimuth are recorded. “DF” indicates the lowest 
point, or “drainage focus” of the doline. ................................................................................................................ 90!

Figure 4-3! !Side and oblique views of a profile survey. A series of survey shots are taken from the drainage focus to 
some point beyond the surveyed rim of the feature for each cardinal and sub-cardinal direction profile. 
Slope and distance are recorded for each shot. ....................................................................................................... 91!

Figure 4-4! !Oblique view diagram showing the method for surveying locations of standing trees, snags and stumps in 
dolines. From a tied-in point in the doline or on its rim, a survey shot is taken to the base of the tree. 
Slope, distance and azimuth are recorded, as is the position from where the shot was taken. The breast 
height diameter (DBH) of the tree was recorded, along with its wildlife tree classification. ................................ 92!

Figure 4-5! !Method for mapping positions of downed wood. From a tied-in point in the doline or on its rim, a survey 
shot is taken to one end of the downed wood. Slope, distance and azimuth for this shot are recorded, as is 
the position from where the shot was taken. The length, average diameter, orientation, and decay class of 
each piece of downed wood were recorded. Where it was possible to confidently assign a “presumed 
cause” (i.e. such as bole-snap, windthrow or saw cuts), this was also recorded; otherwise the “presumed 
cause” was recorded as “indeterminate.” ............................................................................................................... 93!



 xiii 

Figure 4-6! !Photomontage of “presumed cause” indicators of downed wood. Photo “A” shows a picture of a bole-
snapped tree. Photo “B” shows the up-turned root mass of a tree downed by rotational windthrow. Photo 
“C” shows saw-cut stumps and saw-cut downed wood. If a piece of downed wood could be traced with 
any of these phenomena with a high degree of confidence, it was so noted; otherwise the “presumed 
cause” was recorded as  “indeterminate” (an example of this is shown in photo “D”). ........................................ 94!

Figure 4-7! !Reference table used for classifying downed wood. Source: British Columbia Ministry of Environment 
Lands and Parks & British Columbia Ministry of Forests Research Branch, (1998). ........................................... 95!

Figure 4-8! !Field survey data were corrected for Leica Disto 8 laser distance meter/clinometer height above ground, 
and then imported into the TOPOROBOT surveying program as text files. The software produced 4 
scalable 2-D line plots of the doline cross-sections. Blue dots above indicate survey shots. Blue lines 
indicate doline profiles as “best fit” curves between survey shots. ........................................................................ 99!

Figure 4-9! !The doline profile line plots (shown in Figure 4-8, above) were imported into AutoDesys Inc.'s Form-Z 3-
D modeling program. The line plots were converted to spline curves through the survey points and split at 
the survey points representing the drainage focus (= graph origin, above – point 0, 0, 0). ................................. 100!

Figure 4-10! Within the modeling program, transformation macros rotated the cross-sectional profiles into position 
around the XYZ axis (= doline drainage focus). A skinning tool within the AutoDesys Inc,’s Form-Z 3-D 
modeling program software was then used to derive the doline shape by following the spline curves from 
the drainage outward. The software smoothed the surface shape by mathematical interpolation. ...................... 101!

Figure 4-11! Contour lines of 0.25 m intervals were applied to the surface shape relative to the XY plane, producing a 
densely-meshed model of each doline. The model was extended outward by extrapolating beyond the 
doline rims for distances proportional to the size of each doline to produce a rectangular 3-D terrain 
model. ................................................................................................................................................................... 102!

Figure 4-12! A finished terrain model of a doline with human figure for scale. Accuracy of modeled profiles is thought 
to be within 10% of actual profiles, but may vary based on profile lengths, the number of survey shots per 
profile, and the irregularity of the actual doline surfaces. .................................................................................... 103!

Figure 4-13! Photo of data logger 9819885 in doline A10 at Site A on 22 June 2011. The data logger is just resting on 
the snow in the doline. This data logger’s records show that the logger was covered until 20 June 2011. ......... 105!

Figure 4-14! Photo of data logger 9819917 in doline A5 at Site A on 22 June 2011. Note how the data logger is 
partially covered by snow. This data logger’s records show that the logger was completely covered until 
20 June 2011. ........................................................................................................................................................ 105!

Figure 4-15! Photo of data logger 9819889 in doline A11 at Site A on 22 June 2011. The data logger is completely 
covered by snow. This data logger’s records suggest that the logger was covered until 02 July 2011. .............. 106!

Chapter 5: Selected Study Sites 
 Figure 5-1! Map showing the locations of the three selected study sites on Northern Vancouver Island. Quatsino 

Formation limestone (uTrq) is shown in darker blue. The Parson Bay Formation (uTrp) is shown in 
lighter blue. .......................................................................................................................................................... 112!

Figure 5-2! Site A (darker forest in the centre of photo) viewed from the east. Nimpkish Lake and the Vancouver 
Island Ranges are visible in the background. ...................................................................................................... 113!

Figure 5-3! Map of Site A. Mapped dolines are shown in red. The geological contact with the Island Plutonic Suite 
bedrock is shown by the light blue dotted line. Solid black lines are roads. The black dotted line indicates 
an 80 m distance from roads or clearcut areas, a distance used for the purpose of sight stratification to 
identify dolines associated with interior forest conditions. The mapped extent of caves is shown in beige. 
Cave outlines adapted from British Columbia Cave Survey Collection (British Columbia Speleological 
Federation, 2010). ................................................................................................................................................ 114!

Figure 5-4! Road cut at Site A showing bedding of Quatsino Formation limestone. ............................................................ 115!
Figure 5-5! Bedding at Site A is also discernable away from the road cuts. ......................................................................... 116!
Figure 5-6! Three-dimensional terrain model of Site A with inferred structural geology. Mapped dolines are shown in 

red. The blue dotted line on the surface of the model indicates the approximate inferred location of the 
geological contact between the Quatsino Formation limestone and the Island Intrusions. The limestone is 
shown dipping gently to the northeast. Its approximate thickness in this area is about 300 m (Brown, 
2001). ................................................................................................................................................................... 116!

Figure 5-7! Road cut at western boundary between cutblocks and forest at Site A. Note depth of surficial cover at this 
location. ............................................................................................................................................................... 117!

Figure 5-8! Road cut near western boundary between cutblocks and forest at Site A, looking southeast. Note the 
depth of surficial cover in the left-hand foreground, compared to that further along the road. Surficial 
cover at Site A is of variable depth. .................................................................................................................... 117!

Figure 5-9! Road cut near eastern boundary between cutblocks and forest at Site A, looking southeast. At this 
location, soil cover is virtually absent. ................................................................................................................ 118!

Figure 5-10! Map showing Site B. Surveyed dolines are indicated in red. The geological contact with Parson Bay 
Formation is indicated by a dashed blue line in the upper left hand portion of the map. Solid grey lines are 
roads. Known mapped caves are indicated in pink. The forested study area is indicated in green. Dashed 
black line inside the forested study area indicates the two-tree length (i.e., 80-m) distance from forest 
edges. Dolines inside the polygon delineated by the black dashed line were considered to be “forest 
dolines.” Dolines outside the polygon delineated by the black dashed line were considered to be “edge 
dolines.” No cutblock setting dolines were documented at Site B. Base Map Source: Imap BC, Version 



 xiv 

2.0, Licenses and Permits: RESULTS Opening Polygons layer [Online: last accessed 06 May 2014]. Cave 
outlines adapted from British Columbia Cave Survey Collection (British Columbia Speleological 
Federation, 2010). ................................................................................................................................................ 120!

Figure 5-11! Masked by overlying sediments and forest vegetation, surface karst development at Site B appears 
subdued, yet glimpses of the underlying well-developed epikarst are sometimes revealed under the root 
masses of wind thrown trees, as shown in the photo above. ............................................................................... 121!

Figure 5-12! The Memekay River, which forms the lower boundary of Site B, flows partly on the surface. ......................... 121!
Figure 5-13! In other places, the Memekay River sinks below its bed, except during periods of flooding. ............................ 122!
Figure 5-14! Cave entrance in the riverbed at Site B. This entrance acts as a swallet during flooding conditions, but for 

much of the year the riverbed in front of this cave is dry. The subdued appearance of much of the surface 
of Site B belies the fact that the karst is well developed at depth. ...................................................................... 122!

Figure 5-15! View from inside the cave looking back toward the entrance depicted in Figure 5-14, above. .......................... 123!
Figure 5-16! Dry section of the Memekay River bed, looking toward the south - southeast ................................................... 123!
Figure 5-17! Site B geology in cross-section, looking north. The beds are dipping at a shallow angle toward the 

northwest. ............................................................................................................................................................ 124!
Figure 5-18! Three-dimensional terrain model of Site B with inferred structural geology. Mapped dolines are shown in 

red. The blue dotted line on the surface of the model indicates the approximate inferred location of the 
geological contact between the Quatsino Formation limestone and the Harbledown Formation. The 
limestone is shown dipping to the northwest. Its approximate thickness in this area is about 35 to 50 m. ........ 124!

Figure 5-19! View from Site C cutblock dolines C6 and C7 (at about 600 m a.s.l.) looking northeast. Site C is situated 
on a northeast-facing valley slope. ...................................................................................................................... 126!

Figure 5-20! Map showing Site C and the dolines selected for study. Thicker solid grey lines are roads. Surveyed 
dolines are indicated in red. Forested parts of the study area are shown in green. Presumed geological 
contacts with Karmutsen Formation volcanics are indicated by dashed heavy blue lines. A mapped fault is 
shown in red in the upper right-hand corner. A feature presumed to be an unroofed cave is shown in the 
upper left-hand corner. This feature was surveyed by the author and P. A. Griffiths in 2013. ........................... 126!

Figure 5-21! Aerial photo of Site C taken in 2007. Studied dolines are shown in red. Estimated extents of limestone 
units are delineated by dashed blue lines. Fault line is indicated by a thin red line. ........................................... 128!

Figure 5-22! Aerial photo of Site C taken in 2013. Studied dolines are shown in red. Estimated extents of limestone 
units are delineated by dashed blue lines. Fault line is indicated by a thin red line. Note new roads and 
cutblocks. Timber harvesting around dolines C6 and C7 had been completed when the thesis fieldwork 
commenced. This factor aided in their discovery since they appear to be located in a small, isolated bleb 
of Quatsino Formation limestone that is not connected (at least on the surface) either to the unit hosting 
dolines C1 – C5, or the unit hosting dolines C9 – C11. Road debris from the road built to the new 
cutblock in the upper left-hand corner of the image completely covered doline C8. .......................................... 128!

Figure 5-23! Quatsino Formation limestone exposure in a canyon adjacent to the higher elevation forest dolines at Site 
C. ............ ............................................................................................................................................................. 129!

Figure 5-24! Three-dimensional terrain model of Site C with inferred structural geology. Mapped dolines are shown in 
red. The blue dotted line on the surface of the model indicates the approximate inferred location of the 
geological contact between the Quatsino Formation limestone and the underlying Karmutsen Formation 
volcanics. The limestone is shown dipping to the northeast. .............................................................................. 131!

Figure 5-25! Upturned root mass near the lower elevation dolines at Site C. Boulders and cobbles in the surficial cover 
are clearly visible. ................................................................................................................................................ 132!

Figure 5-26! Recent road cut near the higher elevation dolines at Site C. The thick surficial cover can be clearly seen 
here. The road was constructed after fieldwork at the site was completed, and now completely covers 
doline C8. .............................................................................................................................................................. 132!

Chapter 6: Study Site Morphometry 
Figure 6-1! The Karst Inventory Standards and Vulnerability Assessment Procedures for British Columbia (KISVAP) 

stipulates that a sinkhole (doline) must be “wider at the rim than it is deep” (Resources Information 
Standards Committee, 2003, p. 86). What this means in terms of actual numbers is that if a feature is to be 
classified as a sinkhole it must have a diameter/height (D/H) ratio >1.  Example “A”, above, shows a 
simplified cross-section of a funnel-shaped feature with a D/H ratio of 1 (being a ratio, the actual 
dimensions of the feature are irrelevant). Using the KISVAP definition above, a depression feature with 
these dimensional proportions could not be classified as a sinkhole, even if the other criteria (i.e., the 
feature was a topographically-closed karstic depression with a flat or funnel-shaped bottom and no 
angular contours) are met. By contrast, Example “B” has a D/H ratio of 2; a depression with these 
dimensional proportions could be classified as a sinkhole, provided the other specified criteria are met as 
well. Example “C” (with a D/H ratio of 8) could also be classified as a doline so long as the other 
specified criteria are met. ...................................................................................................................................... 139!

Figure 6-2! !Reproduction of Figure D4 – “Geometry and Volume of Depression Features” from Karst Inventory 
Standards and Vulnerability Assessment Procedures for British Columbia (KISVAP) (Resources 
Information Standards Committee, 2003). In real life, few dolines actually resemble these idealized 
geometric shapes, so using these formulae to derive doline volumes can only offer a rough 
approximation. Volume may not be a particularly useful or practical morphometric parameter for 
inventory purposes. Source: Resources Information Standards Committee (2003, p. 94). .................................. 141!



 xv 

Figure 6-3! !Figure illustrating the difference between the closed depression depth (HDOL) and doline maximum 
depth (HMAX). These are only two of five “altimetric parameters” described by Bondesan et al. (1992). 
While the morphometric parameters needed to describe dolines for the purposes of karst inventories are 
simpler and much less detailed than those needed for morphometric research purposes, this figure 
illustrates in part why such simple and seemingly self-evident parameters such as “depth” need to be 
carefully defined in order to be a consistent and replicable means of describing features such as dolines. ........ 143!

Figure 6-4! !Diagram illustrating equivalencies of karst inventory morphometric parameters to those selected for use 
in this thesis: A) doline maximum diameter (DMAX) is roughly equivalent to estimated “length”; doline 
minor diameter (DMNR) roughly corresponds to estimated “width” in karst inventory terms; B) average 
depression depth (HAVE - the arithmetic average of closed depression depth (HDOL) and maximum 
depression depth (HMAX)) corresponds approximately to estimated “depth” in the karst inventories 
discussed in Chapter 7. ......................................................................................................................................... 146!

Figure 6-5! !Frequency distribution graphs showing doline maximum diameter (DMAX) (left-hand column) and 
doline minor diameter (DMNR) (right-hand column) values from dolines at Sites A, B and C. DMAX and 
DMNR value classes are expressed in meters (m). The number of dolines at each site for which values 
were obtained (n) is provided in the upper right corner of each graph. ............................................................... 148!

Figure 6-6! !Frequency distribution graphs showing average diameter (DAVE) (left-hand column) and planimetric 
area (ADOL) (right-hand column) values from dolines at Sites A, B and C. DAVE and value classes are 
expressed in meters (m). ADOL value classes are expressed in square meters (m2). The number of dolines 
at each site for which values were obtained (n) is provided in the upper right corner of each graph. ................. 150!

Figure 6-7! !Frequency distribution graphs showing doline maximum depth (HMAX) (left-hand column) and closed 
depression depth (HDOL) (right-hand column) values from dolines at Sites A, B and C. HMAX and 
HDOL value classes are expressed in meters (m). The number of dolines at each site for which values 
were obtained (n) is provided in the upper right corner of each graph. ............................................................... 152!

Figure 6-8! !Frequency distribution graphs showing average depression depth (HAVE) (left-hand column) and 
diameter/height (D/H) ratio (right-hand column) values from dolines at Sites A, B and C. HAVE value 
classes are expressed in meters (m). D/H values, being ratios, are expressed only as numeric values for 
the purposes of this graph. The number of dolines at each site for which values were obtained (n) is 
provided in the upper right corner of each graph. ................................................................................................ 154!

Figure 6-9! !Rose diagrams showing doline maximum diameter direction (DDIR) azimuth angle class results from 
dolines at Sites A, B and C. The number of dolines at each site for which values were obtained (n) is 
provided in the upper right corner of each graph. ................................................................................................ 155!

Figure 6-10! Frequency distribution graphs (left) and pie charts (right) of average diameter (DAVE) values from 
dolines at Sites A, B and C. Frequency distribution graphs show distribution of size classes at 1-m size 
intervals. Pie charts show 10-m size classes at each site expressed as percentages. ............................................ 157!

Figure 6-11! Frequency distribution graphs (left) and pie charts (right) of the diameter/height (D/H) ratio values from 
dolines at Sites A, B and C. Frequency distribution graphs show distribution of D/H values at numeric 
value intervals of 0.1. Pie charts show the different doline shape classes - “pits”, “funnels”, “bowls”, and 
“plates” - at each site expressed as percentages. .................................................................................................. 159!

Chapter 7:  Doline Morphometry Data from Three Northern Vancouver Island 
Karst Inventories 

Figure 7-1 Map of Northern Vancouver Island showing the locations of thesis study sites A, B, and C, as well as the 
locations of the Tahsish, Holberg, and Rumble Ridge karst inventories discussed in this chapter. Areas 
underlain by Quatsino Formation limestone (uTrq) are shown in light blue. Note that owing to the coarse 
scale of this map, Rumble Ridge (also known as the Gibson Plateau) does not appear to be, but actually 
is, situated on Quatsino Formation limestone. ..................................................................................................... 162 

Figure 7-2 Frequency distribution graph of Tahsish River Cave/Karst Inventory reported average diameter (DAVE) 
values for features presumed to be dolines (i.e., all recorded depression features with a diameter/depth 
ratio > 1). .............................................................................................................................................................. 167 

Figure 7-3 Frequency distribution graph of Tahsish River Cave/Karst Inventory reported average depression depth 
(HAVE) values for features presumed to be dolines (i.e., all recorded depression features with a 
diameter/depth ratio > 1). ..................................................................................................................................... 168 

Figure 7-4 Frequency distribution graph of Tahsish River Cave/Karst Inventory diameter/height (D/H) ratio values 
calculated from reported dimensions of features presumed to be dolines (i.e., all recorded depression 
features with a diameter/depth ratio > 1). ............................................................................................................. 169 

Figure 7-5 Frequency distribution graph for different size classes of reported average diameter (DAVE) values from 
the Holberg Area inventory from features presumed to be dolines. .................................................................... 174 

Figure 7-6 Frequency distribution graph for different size classes of reported average depression depth (HAVE) 
values from the Holberg Area inventory from features presumed to be dolines. ................................................ 174 

Figure 7-7 Frequency distribution graph of Holberg Area Inventory diameter/height (D/H) ratio values calculated 
from reported dimensions of features presumed to be dolines (i.e., all recorded depression features with a 
diameter/depth ratio > 1). ..................................................................................................................................... 175 

Figure 7-8 Frequency distribution graph for different size classes of reported average diameter (DAVE) values from 
the Rumble Ridge inventory from features presumed to be dolines. ................................................................... 180 

Figure 7-9 Frequency distribution graph for different size classes of reported average depression depth (HAVE) 
values from the Rumble Ridge Inventory from features presumed to be dolines. ............................................... 180 



 xvi 

Figure 7-10 Frequency distribution graph of Rumble Ridge Inventory diameter/height (D/H) ratio values calculated 
from reported dimensions of features presumed to be dolines (i.e., all recorded depression features with a 
diameter/depth ratio > 1). ..................................................................................................................................... 181 

Figure 7-11 Frequency distribution graphs (left) and pie charts (right) of reported average diameter (DAVE) values 
from presumed dolines from the Tahsish, Holberg Area, and Rumble Ridge inventories. Frequency 
distribution graphs show distribution of size classes at 1-m size intervals. Pie charts show 10-m size 
classes at each site expressed as percentages. ...................................................................................................... 182 

Figure 7-12 Frequency distribution graphs (left) and pie charts (right) of diameter/height (D/H) values from presumed 
dolines from the Tahsish, Holberg Area, and Rumble Ridge inventories. Frequency distribution graphs 
show distribution of D/H values at numeric value intervals of 0.1. Pie charts show the different doline 
shape classes – “pits”, “funnels”, “bowls” and “plates” – at each site expressed as percentages. ....................... 184 

Figure 7-13 Frequency distribution graphs of average diameter (DAVE) values from Sites A, B, and C and the 
Tahsish, Holberg and Rumble Ridge inventories. ................................................................................................ 186 

Figure 7-14 Pie charts of percent distribution of average diameter (DAVE) values in 10 m increments for dolines at 
Sites A, B and C, as well as values calculated from reported dimensions for dolines in the Tahsish, 
Holberg and Rumble Ridge inventories. None of the dolines in these six data sets had an average 
diameter greater than 50 m. .................................................................................................................................. 187 

Figure 7-15 Frequency distribution graphs of average depression depth (HAVE) values for dolines at study Sites A B, 
and C, as well as estimated HAVE values from the Tahsish, Holberg and Rumble Ridge inventories ............... 188 

Figure 7-16 Frequency distribution graphs of diameter/height (D/H) ratio values for dolines at Sites A, B and C, as 
well as values calculated from reported dimensions for dolines in the Tahsish, Holberg and Rumble Ridge 
inventories. ........................................................................................................................................................... 189 

Figure 7-17 Frequency distribution graphs (left) and pie charts showing percent distribution of diameter/height (D/H) 
ratio values from the combined data from all study sites and inventories (top row), the combined data 
from Sites A, B and C (middle row), and the combined data from the Tahsish, Holberg and Rumble Ridge 
Inventories (bottom row). ..................................................................................................................................... 190 

Chapter 8:  Standing Trees, Downed Wood, Soil Depths, and Surface Cover 
Materials 

Figure 8-1! !Graph of doline planimetric areas (ADOL) in m2 versus number of stems with diameters > 10 cm counted 
within ADOL (as delineated by the surveyed doline rims). Outliers B13 and A9 are discussed briefly in 
the text, below. ...................................................................................................................................................... 194!

Figure 8-2! !Graph of the 300 m2 control plots from all study sites versus number of stems with diameters > 10 cm 
counted within the plots. ....................................................................................................................................... 195!

Figure 8-3! !Graph of control plot area values (m2) vs. percent area covered by downed wood (DW) in forest and edge 
control plots at Sites A, B and C. All plot sizes are circular and 300 m2 in area. The graph shows that 
percent coverage of downed wood on the plot areas ranges between 4 - 16%. When the data for all three 
sites were combined, the average percent coverage by downed wood for the three sites was 8.43 %. ............... 197!

Figure 8-4! !Graph of forest and edge doline planimetric areas (ADOL) in m2 vs. percent area covered by downed 
wood in forest and edge control plots at Sites A, B and C. ADOL values vary between 11 m2 and 1077 
m2.  The graph shows that percent coverage of downed wood among the dolines ranges between 0 and 
37.1%. ................................................................................................................................................................... 198!

Figure 8-5! !Pie charts showing percentages of different decay classes of downed wood at forest doline settings, edge 
doline settings, and forest control settings at Site A. ............................................................................................ 201!

Figure 8-6.! Pie charts showing percentages of different decay classes of downed wood at forest doline settings, edge 
doline settings, and forest control settings at Site B. ............................................................................................ 203!

Figure 8-7! !Pie charts showing percentages of different decay classes of downed wood at forest doline settings, edge 
doline settings, and forest control settings at Site C. ............................................................................................ 205!

Figure 8-8! ! Pie charts showing orientations of downed wood in forest dolines at Sites A, B and C. ..................................... 207!
Figure 8-9! ! Pie charts showing orientations of downed wood in edge dolines at Sites A, B and C. ...................................... 208!
Figure 8-10! Pie charts showing orientations of downed wood in forest control plots at Sites A, B and C. ............................ 209!
Figure 8-11! Pie charts showing percent distribution of presumed causes for downed wood in forest dolines at Sites A, 

B and C. ................................................................................................................................................................ 211!
Figure 8-12! Pie charts showing percent distribution of presumed causes for downed wood in edge dolines at Sites A, 

B and C. ................................................................................................................................................................ 212!
Figure 8-13! Pie charts showing percent distribution of presumed causes for downed wood in forest control plots at 

Sites A, B and C. .................................................................................................................................................. 213!
 Figure 8-14! Diagram showing typical soil depths across transects of an “average” doline. Soli depths shown are based 

on composite average values for dolines at all sites. Diagram A shows the N-S transect. The E-W transect 
is shown in Diagram B. ........................................................................................................................................ 217!

Figure 8-15! Pie charts comparing composite percent distributions of surface cover materials ranked “most prevalent” 
for forest doline settings at study sites A, B and C. .............................................................................................. 219!

Figure 8-16! Photo of Site A forest doline A22. This image shows the surface cover materials – “moss”, organic 
matter, and downed wood – typical of forest dolines at Site A. ........................................................................... 220!



 xvii 

Figure 8-17! Pie charts comparing composite percent distributions of surface cover materials ranked “most prevalent” 
for edge doline settings at study sites A, B and C. ............................................................................................... 222!

Figure 8-18! Photo showing surface cover materials in the southwest quadrant of Site B edge setting doline B20. The 
forest edge (next to an adjacent cutblock) is discernable in the background of this photo. ................................. 223!

Figure 8-19! Photo showing surface cover materials in the southeast quadrant of Site B edge setting doline B20. The 
surface cover is predominately organic matter. Some ferns are visible on the left-hand side of the image. ....... 223!

Figure 8-20! Pie charts comparing composite percent distributions of surface cover materials ranked “most prevalent” 
for edge doline settings at study sites A and C. .................................................................................................... 224!

Figure 8-21! Photo of a portion of the west-northwest rim of cutblock doline A34, taken in late autumn. Visible in the 
photo are juvenile conifers, organic matter comprised mostly of the previous season’s fireweed 
(Epilobium angustifolium) foliage, cut and scorched stumps with mechanical saw cuts, and crushed 
limestone bedrock. These surface cover materials were seldom if ever observed in forest or edge settings 
at either controls or dolines. ................................................................................................................................. 225!

Figure 8-22! Logging slash filling Site C cutblock doline C7. ................................................................................................. 225!
Figure 8-23! Photo showing the dense foliage and characteristic purple flowers of fireweed (Epilobium angustifolium) 

growing in a recently logged setting on Quatsino Formation limestone on Northern Vancouver Island. 
Fireweed was not observed in unlogged settings or edge settings at the three study sites, though it was the 
most abundant surface cover material in some of the Site A cutblock control quadrants. ................................... 226!

Chapter 9: Light Intensity (Illuminance), Snow Cover, and Temperature 
Figure 9-1! !Graph showing illuminance values for data loggers at different sites at 12:00 hours (noon) on 10 August 

2011 (i.e., during Period G – a sunny day). Cutblock dolines and control points are underlined by a light 
brown colour, while forest dolines and controls are underlined by dark green. Edge dolines and controls 
are underlined in light green. Note the higher values for the data loggers in cutblock settings. The one 
exception is A12, a forested doline. This apparent anomaly may be due to A12’s data logger being in a 
sunfleck (which will be discussed in more detail below). .................................................................................... 232!

Figure 9-2! !Graph showing illuminance values recorded by the data logger at forest doline A12 for a 24-hour period 
over August 10, 2011 (i.e., Period G – a sunny day). Note the spike in illuminance at noon (indicated by 
the red arrow), which corresponds in both time of occurrence and lux value to the A12 value in the graph 
for the same time in Figure 9-1, above. The likely explanation for this result is that the data logger at A12 
was in the path of a sunfleck at that time. ............................................................................................................ 234!

Figure 9-3! !Two graphs of illuminance (light regimes) representative of different settings during a 24-hour sampling 
period G (10 Aug 2011), where sunny conditions prevailed during the daylight hours. The top graph 
shows illuminance values at 15-minute intervals recorded by the data logger in doline A27, which is 
situated in a forest setting. The lower graph shows illuminance values at 15-minute intervals recorded by 
the data logger in doline A37, which is situated in a cutblock setting. Note the “spikiness” of the forest 
setting graph. These spikes represent sunflecks. .................................................................................................. 235!

Figure 9-4! !Sunflecks in a Site A forested setting near doline A27. Sunflecks are defined as “brief, intermittent 
periods of high photon flux (PFD) that can significantly improve carbon gain in shaded forest 
understories and lower canopies of trees” (Way & Pearcy, 2012, p. 1066). ........................................................ 236!

Figure 9-5! !Sunflecks inside doline A27. Sunflecks account for the typically “spiky” appearance of light intensity 
graphs from otherwise shaded forest dolines. ...................................................................................................... 236!

Figure 9-6! !Graph showing days of continuous snow cover greater than 1 m for all Site A data loggers for Winter 
2010/11. ................................................................................................................................................................ 237!

Figure 9-7! !Graph showing days of continuous snow cover greater than 1 m for all Site A data loggers for Winter 
2011/12. ................................................................................................................................................................ 237!

Figure 9-8! !Combined graph showing days of continuous snow cover greater than 1 m for all Site A data loggers for 
Winter 2010/11 and Winter 2011/2012. ............................................................................................................... 238!

Figure 9-9! !Average monthly daytime temperatures from Period C (28 July - 27 August of 2011). For this graph, 
sampling periods were from 10:00 to 16:00 hours. The average monthly daytime temperatures in the 
cutblock settings are about 5 - 7 °C higher than those in the forested settings during the daytime. .................... 245!

Figure 9-10! Average monthly nighttime temperatures from 22:00 to 04:00 during Period C (28 July - 27 August of 
2011). The average monthly nighttime temperatures are lower than those in the forested settings, but the 
difference between forest and cutblock settings is only about 1 - 2 °C. .............................................................. 245!

Chapter 10: Synthesis - an “Average Doline”? 
Figure 10-1! An interpretation of how the “average doline” might appear if it were stripped of its vegetation and soil. It 

is presumed to be a solution doline, though this cannot be known with certainty due to the presence of 
surficial cover. A human figure is provided for scale. ......................................................................................... 254!

Figure 10-2! Image showing the synthetic “average doline” covered with soil/regolith. A standard-sized human is 
provided for scale. The feature is mostly covered with soil. Its average diameter (DAVE) is 14.5 m and its 
average depth (HAVE) is 4.2 m. The average doline is generally “bowl-shaped” with a diameter/height 
(D/H) ratio value of 3.7. The feature is not associated with an atmospheric opening, cave entrance, or 
surface hydrological activity. ............................................................................................................................... 254!



 xviii 

Figure 10-3! The “average doline” with surface cover materials added. “Moss” was the overall most prevalent surface 
cover material category for dolines in unlogged forest settings. A human figure is added for scale. .................. 255!

Figure 10-4! The picture of the “average doline” in unlogged forest settings is completed with the addition of standing 
trees and downed wood. This model differs from the study site dolines in unlogged settings in one 
important respect: the light regime. Data from the Site A forest dolines showed a regime characterized 
mostly by shade punctuated by sunflecks. The light regime shown in the model above more closely 
resembles an edge-type setting or a doline that was clearcut up to its rim. This discrepancy is due to the 
need to show the doline as a cutaway model so that the forest canopy does not impede viewing. The 
actual forest dolines at the study sites were typically much shadier (some good examples of actual 
conditions are shown in Figure 9-4 and Figure 9-5 in the previous chapter). ...................................................... 256!

Figure 10-5! Vegetated cutaway model of the “average doline” in an unlogged setting in BC’s temperate rainforest 
karst, based on the results of this study. A human figure is provided for scale. .................................................. 256!

Chapter 11: Discussion 
Figure 11-1! Haida Gwaii’s “Great Depression” is perhaps the largest known doline on Canada’s west coast. ...................... 260!
Figure 11-2! Soil profile at Site B doline B4 caused by seepage and slumping of surficial cover. This type of slumping 

or side slope failure was observed in several dolines at Site B and may indicate sediments are being 
evacuated to the subsurface. ................................................................................................................................. 264!

Figure 11-3! Downed wood at a karst feature on Northern Vancouver Island. The old growth forest around a small 
karst window was logged ca. 2010. A 20 – 30 -m standing timber reserve with 100% retention was left 
around the feature as a management measure. The map above, based on a survey conducted on 06 
October 2011, shows that many of the trees in the reserve had begun to blow down. Two of the barriers to 
documenting such features (or collecting data for future study) are that such work is: 1) time-consuming; 
and 2) unsafe. Moving about this site to survey the downed wood was difficult and hazardous. Surveying 
and mapping the downed wood and road edge using the same methods used for documenting dolines in 
this thesis took 2 person-days in the field. Source: Ramsey et al. (in review). .................................................... 267!

Figure 11-4! Aerial photo of the same feature depicted in Figure 11-3, above, taken with a high-resolution camera 
mounted on an unmanned aerial vehicle (UAV). Obtaining this high-resolution UAV-assisted photograph 
took 3 - 5 minutes. The surveyed and mapped downed wood is superimposed in the image in yellow. The 
downed wood represents the remains of a standing timber reserve around a karst feature where post-
harvest windthrow has occurred. Most of downed wood is Decay Class 1, and most of it aligned roughly 
northwest to southeast. As well, most of the downed wood was clearly attributable to rotational 
windthrow, as evidenced by upturned root masses that exposed the underlying epikarst. The decay class 
composition, orientations, and “presumed causes” of downed wood in this example differ from those 
observed in unlogged dolines at Site A, B or C. Source: Ramsey et al. (in review). ........................................... 268!

Figure 11-5! Bare earth models of dolines B13 (diameter/height (D/H) ratio = 7.78) (A) and C10 (D/H ratio = 6.94) 
(B) with a human figure shown for scale. Both of these depressions meet the Karst Inventory Standards 
and Vulnerability Assessment Procedures for British Columbia (KISVAP) D/H ratio value criterion since 
both have D/H values >1 (Resources Information Standards Committee, 2003, p. 86). Depressions with 
diameters less than 2 m are not considered dolines for inventory purposes, even if their D/H values fall 
within the pit-, funnel-, or bowl-shape range. Of the two dolines above, only B13 also meets KISVAP’s 
“depth” criterion, assuming “depth” means average depth (HAVE) rather than closed depression depth 
(HDOL). If “depth” in the KISVAP definition is interpreted to mean HDOL, then neither B13 nor C10 fit 
the KISVAP definition for dolines. ...................................................................................................................... 276!

Figure 11-6! Bare earth renderings of study site dolines with average depth (HAVE) values < 2 m. The dolines are A7 
(A), A30 (B), A31 (C), B8 (D), B9 (E), C5 (F), and C10 (G). Human figures are included for scale. 
Because their HAVE values are less than 2 m, these features do not meet the Karst Inventory Standards 
and Vulnerability Assessment Procedures for British Columbia (KISVAP) dimensional criteria for 
sinkholes because they have “depths” of less than 2 m (see Resources Information Standards Committee, 
2003, p. 86). The key dimensions of these dolines (average diameter (DAVE), average depth (HAVE), 
and diameter/height (D/H) ratio values are summarized in Table 11-3, below. .................................................. 277!

Figure 11-7! A selection of bare earth renderings of study site dolines that do not meet the existing Karst Inventory 
Standards and Vulnerability Assessment Procedures for British Columbia (KISVAP) criteria for features 
classified as dolines for inventory purposes if the stated “depth” criterion is interpreted to mean features 
with a closed depression depth (HDOL) value > 2 m (see Resources Information Standards Committee, 
2003, p. 86). The dolines depicted above are A1 (A), A3 (B), A4 (C), A7 (D), A12 (E), A14 (F), A15 (G), 
A20 (H), A21 (I), A23 (J), A24 (K), A25 (L), A30 (M), A31 (N). ...................................................................... 280!

Figure 11-8! Bare earth rendering of doline A5 with a one-tree-length standing timber reserve boundary extending 
outward for ~ 40 m from the doline rim. A black line indicates the reserve boundary, and a single 40-m 
high tree is included for scale. Doline A5 has dimensions similar to those of the “average doline” 
discussed in a previous chapter. Like the “average doline”, A5 lacks a cave entrance and does not receive 
flowing water on the surface. If an assessor ranks A5 as a significant surface karst feature based on its 
hydrological and connectivity attributes as a doline, then the reserve size shown, plus an adjacent 
management zone large enough to protect the reserve from windthrow, would be in accordance with the 
best practices recommended in the Karst Management Handbook for British Columbia (KMH) (British 
Columbia Ministry of Forests, 2003). In this case, the reserve might be more than adequate to the task, 
though it should be assumed that the zone of influence of the doline’s subsurface hydrology and sediment 
transfer capacity likely extends for some distance beyond the surface expression of the doline’s rim (see, 
for example, Schwartz & Schreiber, 2009). ......................................................................................................... 282!



 xix 

Figure 11-9! Bare earth rendering of the Devil’s Bath, with a two-tree-length standing timber reserve boundary 
extending ~ 80 m outward from the feature’s rim. A black line delineates the feature’s rim. A red line 
delineates the perimeter of the standing timber reserve boundary. A single 40-m high standing tree is 
included for scale. As noted in the previous chapter, the Devil’s Bath is a significant surface karst feature. 
A standing timber reserve of the width shown here, plus an adjacent wind firm management zone to 
protect the reserve from windthrow, would conform to the recommended best practices for such features 
in the Karst Management Handbook for British Columbia (KMH) (British Columbia Ministry of Forests, 
2003). .................................................................................................................................................................... 283!

Figure 11-10! Bare earth rendering of the Great Depression, the largest known doline in coastal BC. Based on its rarity 
and dimensional characteristics alone (and likely other significance criteria as well), the Great Depression 
is classified as a significant surface karst feature and is large enough to generate its own microclimate. 
For features of this classification the Karst Management Handbook for British Columbia (KMH) (British 
Columbia Ministry of Forests, 2003) recommends a two tree-length standing timber reserve plus an 
adjacent management zone large enough to protect the reserve from windthrow. A red line extending 
about 80 m outward from the doline rim indicates a reserve boundary of this width. A single 40-m high 
tree is shown for scale on the lower left-hand side of the reserve’s outer perimeter. In the case of the 
Great Depression, this size of reserve seems barely adequate, given the feature’s size and importance. ............ 284!

Figure 11-11! “High-stumping” or “stump-henging”, shown in the image above, is an example of doline management 
under BC’s results-based system. Trees are high-stumped around the doline in a clearcut setting. The 
effectiveness of this management strategy in terms of protecting the integrity and function of dolines has 
not yet been demonstrated. ................................................................................................................................... 285!

!
List of Tables 

Chapter 3: Literature Review 
 Table 3-1! ! Table showing selected examples of doline research involving morphometric studies. Morphometric 

studies are sometimes combined with spatial distribution studies (e.g., Day, 1983; Mihevc, 1998; 
Denizman, 2003; Gutiérrez-Santolalla et al., 2005; Taborosi, 2006). Mills & Starnes’ (1983, pp. 40-41) 
summary of the ways that morphometry and/or spatial distribution studies have been utilized by other 
researchers includes: 1) inferring the origins and development of karst depressions; inferring how 
sinkholes may influence one another’s evolution; 3) differentiating solution and collapse dolines; 4) 
demonstrating sinkhole elongation trends parallel to regional joint sets. Other researchers have attempted 
to link the spatial distribution of dolines to structural geology and/or tectonics (e.g., Khorsandi & Miyata, 
2007; Faivre & Reiffsteck, 1999) or multiple other factors such as morphometry, lithology and structural 
controls like faults (Plan & Decker, 2006). Williams (1972, p. 761) notes that these types of studies are 
useful in identifying “any fundamental organization or interrelations within karst landscapes.” .......................... 57!

Chapter 4: Methods 
Table 4-1! ! Summary table showing selected surface cover categories, abbreviations, and description .................................. 96!
Table 4-2! ! Selected HOBO® Pendant Temperature/Light Data Logger Manufacturers Specifications (Source: Onset 

Computer Corporation Doc #9556-F, MAN-UA-002) .......................................................................................... 97!
Table 4-3! ! Summary table showing the sampling periods for light and temperature data. ................................................... 107!
Chapter 5: Selected Study Sites 
 Table 5-1! Site A soil pit data for Stop 1 .............................................................................................................................. 118!
Table 5-2! Site A soil pit data for Stop 2 .............................................................................................................................. 118!
Table 5-3! Site A soil pit data for Stop 3 .............................................................................................................................. 118!
Table 5-4! Site B soil pit data for Stop 1 .............................................................................................................................. 125!
Table 5-5! Site B soil pit data for Stop 2 .............................................................................................................................. 125!
Table 5-6! Site C soil pit data for Stop 1 .............................................................................................................................. 132!
Table 5-7! Site C soil pit data for Stop 2 .............................................................................................................................. 133!
Table 5-8! Site C soil pit data for Stop 3 .............................................................................................................................. 133!
Table 5-9! Site C soil pit data for Stop 4 .............................................................................................................................. 133!
Table 5-10! Site C soil pit data for Stop 5 .............................................................................................................................. 133!
Table 5-11! Site C soil pit data for Stop 6 .............................................................................................................................. 133!
Table 5-12! Study Site Summary Table .................................................................................................................................. 134!
Table 5-13! Table summarizing the individual designations and numbers of counted dolines in different settings at 

each of the three study sites. ................................................................................................................................ 134!
Table 5-14! Table summarizing the individual designations and numbers of control points in different settings at each 

of the three study sites. ......................................................................................................................................... 135!



 xx 

Chapter 6: Study Site Morphometry 
Table 6-1 ! Different diameter/height ratios likened to different objects and geometrical forms (where D = diameter; 

H = height). Source: Bondesan et al. (1992, p. 5). ............................................................................................... 138!
Table 6-2! ! Selected morphometric parameters ...................................................................................................................... 144!
Table 6-3! ! Karst inventory data equivalent parameters ......................................................................................................... 145!
Chapter 7:  Doline Morphometry Data from Three Northern Vancouver Island 

Karst Inventories 
Table 7-1 Karst inventory data equivalent parameters used or referred to in this chapter ................................................... 163 

Table 7-2 Table showing the numbers of dolines at each of the sites compared in Chapter 7. The table also indicates 
how the morphometric parameter values for dolines at each site were derived. .................................................. 185 

Table 7-3 Summary of the results of morphometry data from Sites A, B and C and the Tahsish, Holberg and 
Rumble Ridge karst inventories. .......................................................................................................................... 192 

Chapter 8:  Standing Trees, Downed Wood, Soil Depths, and Surface Cover 
Materials 

Table 8-1! ! Summary of results for number of stems greater than 10 cm in diameter in control plots. Results from 
controls in all settings are combined. Note: where cutblock controls are included, “stems” are actually 
saw-cut stumps. .................................................................................................................................................... 193!

Table 8-2! ! Summary of results for number of stems greater than 10 cm in diameter in dolines. Results for dolines in 
all settings at each site are combined. Note: where cutblock dolines are present, “stems” are actually saw-
cut stumps. ............................................................................................................................................................ 194!

Table 8-3! ! Composite percent area coverage by downed wood for study site dolines and for control plots. For 
dolines, “area” = planimetric area (ADOL). For all control plots, area = 300 m2. ............................................... 196!

Table 8-4! ! Summary of the planimetric area (ADOL) values, percent coverage by downed wood values, and settings 
of dolines with percent downed wood coverage values of greater than the maximum 16% value obtained 
from the forest/edge control plots. ........................................................................................................................ 199!

Table 8-5! ! Summary table of composite average soil depths from the drainage foci (DF), the north (N), east (E), 
south (S) and west (W) sides*, and the north (N), east (E), south (S) and west (W) rims** of dolines at 
Sites A, B and C. Control plot soil depths were taken at the centre of the plot, as well as at distances of 5 
m and 10 m away from the centre points in the cardinal directions. For the purposes of this table, the 
composite averages of the soil depths measured at centre points of the control plots are listed under the 
heading “DF”, while the composite averages of the soil depths measured at points 5 m from the plot 
centres are designated by a letter corresponding to the cardinal direction away from the centre point (i.e., 
north (N), east (E), south (S) and west (W)), and a single asterisk (*). Similarly, composite averages of 
the soil depths measured at points 10 m from the plot centres are designated by a letter corresponding to 
the cardinal direction away from the centre point (i.e., north (N), east (E), south (S) and west (W)), and a 
double asterisk (**). The abbreviation “ND” stands for “no data.” ..................................................................... 215!

Table 8-6! ! Summary tables of most abundant surface cover materials by quadrant for dolines and control points in 
different sites and settings. Abbreviations used to designate quadrants are: northeast (NE); southeast (SE); 
southwest (SW); northwest (NW). Abbreviations used for the different categories of surface cover 
materials are provided in the key following the tables. Ratios in brackets following the surface cover 
abbreviations indicate the number of quadrants where that surface cover material was the most abundant 
over the total number of those particular quadrants in that setting. For example, for the NE and NW 
quadrants in Site A forest dolines, moss (M) was the most abundant surface cover in 21 out of a possible 
28 NE quadrants. Similarly, moss (M) was the most abundant surface cover in 20 out of a possible 28 
NW quadrants. For Site A edge dolines, organic matter (OM) was the most abundant surface cover in 4 
out of a possible 5 NE and SE quadrants, and in 3 out of a possible 5 NW quadrants, but moss was the 
most abundant surface cover in 3 out of a possible five SW quadrants. Equal signs (=) denote instances 
where a given category of surface cover material was dominant in an equal number of quadrants in the 
same setting. For example, of the five possible SW quadrants for Site A cutblock dolines, slash (SL) was 
predominate in two out of the five, and juvenile conifers (JC) in two out of the five, hence SL=JC (2/5). ........ 218!

!
Chapter 9: Light Intensity (Illuminance), Snow Cover, and Temperature 
Table 9-1! ! Table summarizing the different settings and dolines where data loggers were deployed at Site A. .................. 227!
Table 9-2! ! Table summarizing the different settings and control points where data loggers were deployed at Site A. ........ 227!
Table 9-3! ! Summary table showing the different sampling periods for light intensity and temperature data. ...................... 228!
Table 9-4! !Comparison of Illuminance Values (lx) and Equivalent Examples (Source: 

http://en.wikipedia.org/wiki/lux, accessed 05 April 2013). .................................................................................. 228!
Table 9-5! ! Monthly composite average light (illuminance) for different settings and sampling periods. (N = number 

of data loggers; LAve = the average light intensity values (Lux) for all data loggers in the specified setting 



 xxi 

for the specified period of time; LMax= the average maximum light intensity (Lux) values for all data 
loggers in the specified setting for the specified period of time. All data loggers were positioned 1 m 
above ground level. .............................................................................................................................................. 229!

Table 9-6! ! Table comparing LAve values between dolines and controls in different settings during snow-free sampling 
periods. ................................................................................................................................................................. 231!

Table 9-7! ! Table comparing LAve values between dolines and controls in similar settings during snow-free sampling 
periods. ................................................................................................................................................................. 232!

Table 9-8! ! Continuous snow cover summary tables. N = number of data loggers; SnowAve = the average number of 
days data loggers set in the specified setting were covered with snow; SnowRange = the range in the 
number of days data loggers set at 1 meter above ground level in the specified setting were covered with 
snow in the specified setting; SnowMax= the maximum number of days data loggers in the specified 
setting were covered by snow; SnowMin = the minimum number of days data loggers in the specified 
setting were covered by snow. Data loggers are all 1 m above ground level. Alpha-numeric designations 
of individual dolines where SnowMax and SnowMin values were recorded are shown in brackets. ....................... 239!

Table 9-9! ! Composite average temperature summaries for different settings and sampling periods See caption on 
figure, plus accompanying “key”, where N = number of data loggers; TAve = the average temperatures (°C 
) for data loggers in the specified setting for the specified period of time; TRange = the average temperature 
range (°C) for data loggers in the specified setting for the specified period of time; TMax= the average 
maximum temperature (°C) for data loggers in the specified setting for the specified period of time; TMin 
= the average minimum temperature (°C) for data loggers in the specified setting for the specified period 
of time. Data loggers are all 1 m above ground level. .......................................................................................... 241!

Table 9-10! !Table comparing composite differences in TAve values between dolines and controls in different settings 
during the snow-free sampling periods. ............................................................................................................... 242!

Table 9-11! !Table comparing TAve values between dolines and controls in the same settings during the snow-free 
sampling periods. .................................................................................................................................................. 243!

Table 9-12! !Table comparing differences between second highest and second lowest TAve values for forest and 
cutblock settings for selected sampling periods. .................................................................................................. 244!

Table 9-13! !Table comparing differences in Trange values between dolines in different settings and controls in different 
settings during snow-free sampling periods. ........................................................................................................ 246!

Table 9-14! !Table comparing differences in Trange values between dolines and controls in the same settings during the 
snow-free sampling periods. ................................................................................................................................. 247!

Chapter 10: Synthesis - an “Average Doline”? 
Table 10-1! !Table summarizing composite average morphometric parameter values from measured dolines at Sites A, 

B and C. The parameters include: doline maximum diameter (DMAX), minor diameter (DMNR), average 
diameter (DAVE), maximum depression depth (HMAX), closed depression depth (HDOL), average 
depression depth (HAVE), planimetric area (ADOL), diameter/height (D/H) ratio and the associated D/H 
ratio value descriptor. ........................................................................................................................................... 250!

Table 10-2! !Table showing soil depths-to-refusal for the composite “average doline.” ......................................................... 251!
Table 10-3! !Composite average temperatures for Site A forest dolines over different sampling periods (°C). ...................... 252!
Table 10-4! !Table showing composite average number of days of snow cover greater than 1 m with data logger 

records from Site A. ............................................................................................................................................. 253!
Table 10-5! !Table showing composite average light intensity values (Lux) for Site A forest dolines over the different 

sampling periods (defined in Table 9-3). ............................................................................................................. 253!
Chapter 11: Discussion 
Table 11-1! !Average diameter (DAVE), average depth (HAVE), and diameter/height (D/H) values of the three largest 

dolines identified from study sites A, B and C and the Tahsish, Holberg and Rumble Ridge inventories 
compared to some of the largest known dolines on coastal BC. The largest of these, the “Great 
Depression”, is located on Haida Gwaii. One of the larger known dolines on Northern Vancouver Island 
is the Devil’s Bath. ............................................................................................................................................... 261!

Table 11-2! !Morphometric parameter values for dolines A18 and A22, where temperatures consistently cooler than 
those in the surrounding forest were detected. The values for the largest Site A doline (A9) and the 
composite average values for Site A dolines are included for comparison. Parameters include 
diameter/height (D/H), doline maximum diameter (DMAX), minor diameter (DMNR), average diameter 
(DAVE), maximum depression depth (HMAX), closed depression depth (HDOL), average depression 
depth (HAVE) and planimetric area (ADOL). Presence/absence of atmospheric openings, cave entrances, 
and visible hydrological activity are also included. ............................................................................................. 274!

Table 11-3! !Key dimensions of dolines A7, A30, A31, B8, B9, C5 and C10. Morphometric parameters include 
average diameter (DAVE), average depth (HAVE), and diameter/height (D/H) ratio values. ............................ 278!

 



 xxii 

Abbreviations 

List of Acronyms and Abbreviations: 

 

ADOL  Planimetric area of a doline (a morphometric parameter for dolines, 

defined by Bondesan et al., 1992) 

AT  Alpine tundra (biogeoclimatic zone) 

BA  Basal area 

BC  British Columbia 

BEC  Biogeoclimatic ecosystem classification 

BMP  Best management practices 

CWD  Coarse woody debris 

CWH  Coastal western hemlock (biogeoclimatic zone) 

D/H  Average diameter/average height ratio (a morphometric parameter for 

dolines, used here as a rough equivalent parameter for comparing BC 

karst inventory doline data to dolines measured during thesis research) 

DAVE  Average diameter (a morphometric parameter for dolines, defined by 

Bondesan et al., 1992) 

DBH  Diameter breast height 

DDIR  Maximum diameter direction (a morphometric parameter for dolines, 

defined by Bondesan et al., 1992) 

DF  Drainage focus (of a doline  

DMAX  Maximum diameter (a morphometric parameter for dolines, defined by 

Bondesan et al., 1992) 

DMNR  Minor diameter (a morphometric parameter for dolines, defined by 

Bondesan et al., 1992) 

DTR  Depth to refusal 

FREP  Forest and Range Evaluation Program  

FRPA  Forest and Range Practices Act 



 xxiii 

GAR  Government Actions Regulation 

GIS  Geographic Information Systems 

GPR  Ground Penetrating Radar 

GPS  Global Positioning System 

HAVE  Average height (a morphometric parameter for dolines, used here as a 

rough equivalent parameter for comparing BC karst inventory doline 

data to dolines measured during thesis research) 

HDOL  Doline depth, closed depression depth (a morphometric parameter for 

dolines, defined by Bondesan et al., 1992) 

HMAX  Maximum depth (a morphometric parameter for dolines, defined by 

Bondesan et al., 1992) 

KFA  Karst Field Assessment 

KISVAP  Karst Inventory Standards and Vulnerability Assessment Procedures for 

British Columbia 

KMH  Karst Management Handbook for British Columbia 

LiDAR  Light Detection and Ranging 

MH  Mountain hemlock (biogeoclimatic zone) 

NE  Northeast 

NW  Northwest 

RONV  Range of natural variability 

RSM  Resource Stewardship Monitoring 

SE  Southeast 

SW Southwest 

 



 1 

Chapter 1: Introduction 

1.1 INTRODUCTION AND STATEMENT OF THE PROBLEM 

This research presents the first detailed data on the morphometry and basic 

ecological characteristics of dolines in unlogged1 temperate rainforest Quatsino 

Formation limestone2 karst landscapes of Northern Vancouver Island,3 British 

Columbia (BC), Canada. The location of the general study area is shown in Figure 

1-1, below. 

 

Figure 1-1 Map of BC showing the location of Vancouver Island in relation to Canada’s west coast. 
The general study area, Northern Vancouver Island, is delineated in red. 

                                                
1 In this thesis, the term “unlogged” refers to forest cover that has never been logged in stands of trees 
that are predominately older than 250 years (i.e., equivalent to “old growth” as defined by The 
Glossary of Forestry Terms (British Columbia Ministry of Forests and Range, 2008, p. 70). 
2 The Quatsino Formation limestone is the most extensive of three carbonate formations on Northern 
Vancouver Island. It consistently hosts well-developed karst.  
3 For the purposes of this paper the term “Northern Vancouver Island” refers to that area of Vancouver 
Island lying north of Highway 28, which connects the city of Campbell River on the east coast of the 
island and the village of Gold River on the west coast. 
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Dolines are common surface karst features in BC’s coastal temperate 

rainforest karst, but they have never been systematically studied or described. 

Opportunities to study these dolines in settings that are undisturbed by industrial 

forestry activities are diminishing.4 There is some urgency to document the natural 

state of dolines in the remaining pockets of unlogged temperate rainforest karst. 

Measuring and describing undisturbed temperate rainforest karst dolines is a 

small but important step toward filling significant knowledge gaps about karst in 

coastal BC. The results of this research have immediate practical applications in 

terms of doline management in the province as well as broader applications for 

future karstological research in this region. 

1.2 OBJECTIVES 

The overarching research objective was to characterize dolines in unlogged 

coastal temperate forest settings in terms of size, shape and ecological attributes. The 

research aimed to answer three broad questions:  

• What are these dolines like?  

• How much do they vary?  

• Do the research results suggest any revisions or recommendations for 

improving or refining BC’s existing karst management guideline 

documents5 with respect to dolines? 

To answer these questions, this research combined a morphometric study 

with a descriptive survey of the basic ecological characteristics of dolines. Here 

“ecological characteristics” means the biotic and abiotic elements and variables that 

characterize the structure of the doline as an “arena of biological activity” (Hunter et 

al., 1988, p. 380), though in this case, “karst processes” should be substituted for 

“biological activity”. The basic ‘functional elements’ inside the dolines for which 

ecological data were collected include the soil depths, surface cover materials, trees 

(standing and downed), temperature regimes, light intensities and seasonal snow 

                                                
4 As of 1996, an estimated 67% of BC’s coastal temperate rainforest underlain by carbonate bedrock 
likely to be karstified had been logged (Griffiths & Ramsey, 2006). The same study found that 80% of 
the temperate rainforest karst had been logged on Northern Vancouver Island. Since the data used 
were from 1996, it is likely that these percentages are higher today.  
5 Currently, the two main guideline documents for BC karst resource management are the Karst 
Management Handbook for British Columbia (British Columbia Ministry of Forests, 2003) and Karst 
Inventory Standards and Vulnerability Assessment Procedures for British Columbia (Resources 
Information Standards Committee, 2003). 
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cover (see Figure 1-2, below). Additional elements recorded include any standing 

water, sinking streams or cave entrances. The selection of ecological characteristics 

to be studied was based on, or derived from, characteristics or attributes of dolines 

referred to in BC’s karst management guideline documents or indicators developed 

for BC’s Forest and Range Evaluation Program (FREP) Karst Stewardship 

Monitoring (see, for example, Stokes et al., 2007a).6  

 

Figure 1-2 This study aimed to document basic ecological characteristics of dolines as represented 
by standing trees, downed trees, soil depths and surface cover materials. Light, 
temperature and snow cover data were also documented. 

A second objective of the research was to begin to characterize the different 

attributes of an average doline in this region using field data gathered for this thesis. 

 Characterizing the average doline is important because BC’s management 

framework for such features is based partly on a subjective and somewhat 

problematic set of relative “significance” criteria (these criteria are described in 

Appendix B). Establishing the size, shape and ecological characteristics of an 

average doline in a given region (like Northern Vancouver Island) can therefore 

begin to provide some much needed benchmarks for gauging the relative 

significance of other dolines in the same region.  

                                                
6 The role of FREP in BC’s karst management framework is described in Appendix A. 
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The management of average dolines is a better indicator of the overall 

effectiveness of karst management at the system level than the management of a few 

exceptional or “significant” dolines. However, assessing the effectiveness of 

management strategies for average dolines entails knowing: a) how to identify them; 

and b) what their baseline conditions are in undisturbed settings. 

1.3 OVERVIEW OF THE RESEARCH APPROACH 

Detailed ground-based survey data and ecological data were gathered from 

dolines at three study sites on Northern Vancouver Island, BC. These data were used 

to generate a three-dimensional digital model of each doline. The combined 

statistical averages of the morphometric data derived from these models and the 

ecological data sets gathered in the field were used to generate a hypothetical 

“average doline” for this region (BC’s recommended best practices for this 

hypothetical feature are compared to those from some other jurisdictions in 

Appdendix R).  

An advantage of this research approach was that the studied dolines were 

documented in some detail and can be recreated in digital form for future study. 

However, not every aspect of the data gathered could be analysed and presented in 

this thesis. Decisions about what to include were prioritized and guided primarily by 

what was needed to test the thesis hypothesis and research goals and objectives. 

Since so little is known about the dolines in this part of the world, this thesis focuses 

on providing a general overview of these features. More detailed, in-depth inquiries 

about different specific aspects of dolines are saved for future analyses. 

An attempt was made to gauge the regional representativeness of the 

morphometric data from the study site dolines by comparing these data to those from 

three pre-existing karst inventories. This approach is not ideal. Some of the potential 

problems and limitations of using karst inventory data sets are considered in Chapter 

7. On the other hand, in the absence of any previous doline morphometry research in 

BC, the use of inventory data permits at least a rough assessment of the regional 

representativeness of morphometric results from the study site dolines. 

1.4 HYPOTHESIS 

A lack of prior research on dolines in coastal BC posed a problem in terms of 

framing research hypotheses. A hypothesis is generally advanced as an explanation 
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for some observed phenomenon (e.g., see Smith, 1996, pp. 16-25, and many others); 

researchers then set out to test whether the hypothesis is supported by experimental 

evidence. In BC, there are almost no prior observations or results on which to base a 

testable hypothesis on dolines. In the few cases where observations do exist, there is 

no means of determining their representativeness or generalizability.  

On the other hand, a lack of prior research provides opportunities to test the 

underlying assumptions on which BC’s guideline documents and recommended best 

management practices for dolines are based. Hence, the doline morphometry portion 

of this study “starts from scratch.” No assumptions, no matter how basic, are taken 

for granted. The research attempts to test a single fundamental hypothesis: 

There are measurable differences in the sizes and shapes 
among dolines on Northern Vancouver Island’s temperate rainforest 
karst.  

At first glance the outcome of testing this particular hypothesis seems 

obvious. One naturally expects to find variability in size and shape among dolines. 

However, there is actually considerable utility in formally demonstrating that such 

variability exists through systematic study (see, for example, Schwarz, 1998). 

Showing that there are measurable differences among dolines makes it possible to 

address more interesting questions such as how they differ, and why they differ. One 

can begin to consider how the dolines in coastal BC’s rainforest karst settings 

compare to dolines elsewhere, and what might account for any differences. This 

research not only opens the door on these types of questions; it is a necessary 

prerequisite for such future studies. 

Demonstrating dimensional variability among dolines in coastal BC is also 

the first step toward identifying the dimensional characteristics of “average” dolines 

in this region.  

The second part of this study aimed to gain a better understanding of what 

“average” dolines in these settings might be like. Since dolines in BC’s coastal 

temperate rainforest karst have never been described before, a more general 

exploratory approach was used in gathering and examining data on the basic 

ecological characteristics of dolines. No formal hypotheses were tested in this 

portion of the study. The goals were: a) to provide a descriptive survey that could aid 

in framing hypotheses for future research; and b) to document environmental 
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characteristics or attributes of dolines that are mentioned or referred to in BC’s karst 

management guideline documents or stewardship monitoring program. 

1.5 SOCIAL CONTEXT: THE STATE OF KNOWLEDGE 
ABOUT KARST AND DOLINES IN BC 

Much of what British Columbians think they know about dolines in the 

province may be unfounded or only partly true. Some misconceptions about dolines 

may be widespread in BC, even among some resource professionals and land 

managers tasked with making policy and management recommendations for karst.7  

The problem is not lack of curiosity about karst. Public talks about karst 

resources are often requested, and when held are usually well attended. Levels of 

audience interest and engagement at such events are typically high. Yet such public 

extension opportunities usually only reach limited audiences, and when they do 

occur there is often considerable pressure from organizers or media to keep the 

content cave-focused and recreation-focused because these are deemed to be more 

exciting or “easier for people to understand”. Dolines therefore tend to remain 

cryptic karst features in the public consciousness. 

Though most British Columbians have at least some basic knowledge about 

caves, many are unfamiliar with the term “karst.” Few actually see it or have the 

opportunity to experience it firsthand though it is widely distributed through the 

province.8 For many, popular media articles are the only exposure to, and the only 

source of information about, the karst phenomenon.  

While popular media are not necessarily the only factor shaping public 

perceptions about karst, such stories have the potential to inadvertently propagate 

misperceptions to a wide audience. This should be of concern to karst scientists and 

karst managers because if misperceptions about this natural resource become 

widespread, they can ultimately influence land use policies and practices, as well as 

research priorities and funding allocations. Public misperceptions and lack of 

knowledge about karst can therefore become barriers to informed scientific 

management of common karst features like dolines (Ulrich, 2002; Breg, 2007, p. 57; 

see also Landowsky et al., 2012).  

                                                
7 Kastning & Kastning (1997) have noted this problem elsewhere. 
8 Much of the best developed karst in the province is situated in remote areas. 
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Understanding the origins of misperceptions about karst is an important 

factor in resolving or avoiding such problems. The following BC case study 

highlights some possible origins of public misperceptions about dolines.  

1.6 VANCOUVER’S “GIANT SINKHOLE” 

On a winter morning in 2010, major provincial news organizations carried an 

item informing British Columbians of a disruption that would affect many 

commuters in the City of Vancouver. A headline in the December 13, 2010 edition of 

the province’s largest circulation newspaper, the Vancouver Sun, proclaimed, “Giant 

Sinkhole Closes SE Marine Drive for at Least One Week” (Bellet, 2010). The 

Journal of Commerce reported, “Massive sinkhole damages water main, gas line in 

Metro Vancouver” (Gilbert, 2010). CTV News ran a story titled, “Large sinkhole 

swallows part of major Vancouver roadway” (The Canadian Press, 2010), while the 

Canadian Broadcasting Corporation informed readers that a “Giant sinkhole closes 

Vancouver street” (Anon., 2010). Typically, these headlines were accompanied by 

colour photos showing workers in hardhats and safety vests peering into a roughly 

circular hole in the asphalt of the major commuter road. Bright yellow tape and 

fluorescent orange traffic cones used to cordon off the hole in the road could often be 

seen in the background (see, for example, Figure 1-3, below).  

Figure 1-3 “Giant Sinkhole closes SE Marine Drive for at least one week.” Courtesy The Vancouver 
Sun.  
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Popular media articles like the “Giant Sinkhole” story are constrained partly 

by the editor’s need to hold the reader’s attention and deliver the main messages of a 

story in a minimal amount of space. The main point of the “Giant Sinkhole” news 

story is to inform readers about the temporary closure of a major commuter artery. 

The story was never intended to serve as a primer on dolines or the basics of karst 

science.  

Nevertheless, this particular news story illustrates some of the ways that 

public perceptions about dolines can become muddled. These include: a) 

terminology – specifically, the use of the terms “sinkhole” as opposed to “doline”; b) 

the notion of dolines as collapse features; and c) doline dimensions and relative 

concepts of “size.”  

1.6.1  “Sinkhole” vs. “Doline”? 

In common with much of North America, BC’s karst guideline documents 

use the term “sinkhole” in lieu of “doline.” However, in many places, the term 

“sinkhole” is also used to describe any sudden collapse feature, regardless of whether 

karst is involved. The  “Giant Sinkhole” story highlights how the ambiguity of the 

term “sinkhole” might lead to confusion about the nature of dolines. Vancouver’s 

“giant sinkhole” is not of karstic origin, but none of the news stories make this 

distinction clear. It is possible that some readers, unfamiliar with the way karst 

develops or the distribution of the province’s carbonate bedrock geology, might 

mistakenly conclude that Vancouver is situated on karst. Some might even conclude 

that karst poses the same threat to homes and infrastructure in Vancouver that it does 

in places such as Tennessee or Florida, USA (e.g., see Kemmerly, 1980) even though 

this is clearly not the case.  

1.6.2 Sinkholes as products of collapse 

Sauro (2003, p. 43) observes that:  

…the term “sinkhole is utilised mainly in North America with 
a “morphogenetic” meaning . . . The mental picture of the word 
doline is a subcircular bowl or funnel-like depression. That of 
“sinkhole” is a form which has originated through a gradual or 
sudden lowering of a portion of the topographical surface. In 
particular, in engineering geology, a sinkhole is a steep-sided closed 
depression resulting from a sudden collapse downward of the hard 
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rock or the soft material on the surface. These two different ways of 
naming closed karst depression often cause ambiguity. (See also Nisio 
et al., 2007, p. 23). 

The notion of dolines as products of collapse is not new. ‘Current’ debates on 

this concept are covered in Cvijič’s classic monograph, Das Karstphaenomen (see 

Cvijič, 1893, pp. 30-34). At least three other potential mechanisms related to doline 

genesis – suffosion, subsidence and solution – are routinely recognized today. 

Moreover, as Mihevc (2009, p. 1600) points out,  

The evolution of large chambers by collapsing, and collapsed 
dolines is a result of several factors and not just simple collapsing 
because of rock failure in the cave ceiling.9  

Despite this, the association of the term “sinkhole” with collapse features can 

lead to the assumption that all karstic sinkholes are the products of collapse. By 

extension, this tends to reinforce the notion that all dolines present potential 

geohazards. Kemmerly (1980, p. 123), for example, observes that, 

Karst topography in general poses several engineering, 
construction, and planning problems, the most serious being collapse 
. . . . It is important that those responsible for planning, zoning, 
design, and construction in sinkhole terrains understand the nature of 
karst hazards that exist in development. 

The association with collapse might seem to imply that managing dolines is 

primarily an engineering problem. This is of concern because a narrow (and possibly 

unwarranted) focus on potential geohazards and engineering problems associated 

with some dolines can overshadow other equally important management 

considerations such as their eco-hydrological function and ecological values. As 

Kiernan (2002, p. 4) points out, 

Successful sinkhole management requires an understanding of 
sinkhole function and processes, and that the relationship of sinkholes 
to soil cover, vegetation and drainage are properly understood and 
taken into account. 

                                                
9 For insights into some of the other factors involved, see also Gabrovšek & Stepišnik (2011), for 
example. 
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Assessing dolines from a purely geohazard/safety perspective does not 

necessarily obviate the need to consider the relationship between dolines and their 

environmental settings even where their geohazard potential is a primary concern. 

Yilmaz (2008, p. 283), for example, found that for gypsum karst at least, there are, 

… strong relationships between the occurrence of collapse 
dolines and sinkholes formed as cover collapse (Karacan and Yilmaz, 
1997; Yilmaz and Karacan, 2005) with lithology, proximity to the 
drainage system, distance from the structural lineaments such as 
faults and folds, vegetation cover, slope angle and slope aspect, 
topographical elevation, distance from springs, roads and settlement 
areas. (See also Yilmaz, 2007).  

While some dolines present geohazards, many of them do not. This is 

especially true of solution dolines, which may be the prevalent type in coastal BC. 

The extent to which dolines in BC’s coastal rainforest karst present a serious 

geohazard is currently unknown. Yet, the notion that all dolines are products of 

collapse is well entrenched and may even be self-perpetuating in some parts of 

coastal BC (see, for example, Figure 1-4, below). 

Figure 1-4 This public interpretive panel sign, located at the Eternal Fountain Recreation Site on 
Northern Vancouver Island, tells visitors that, “Sinkholes, a depression [sic] or hole in 
the ground formed by the collapse of ceiling rock above a cave or cavity. (there [sic] are 
several along the path).” The sign does not mention the other ways in which dolines can 
form, and does not state whether collapse was the primary sinkhole-forming mechanism 
at this particular site. Reproduced with permission of Discovery Coast Recreation 
District, Recreation Sites and Trails BC, BC Ministry of Forests, Lands and Natural 
Resource Operations. 
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1.6.3 Doline dimensions and relative concepts of “size” 

The collapse feature on Vancouver’s Marine Drive would not merit the term 

“giant sinkhole” on an international doline scale, accepting even the most generous 

dimensions reported.10 Mihevc (1998, p. 69), for example, designates dolines “up to 

50 m in diameter and up to 5-8 m deep” as “small”; those with diameters of 100 - 

200 m and depths of up to 30 m, “medium” (15%), while those 200 - 400 m in 

diameter and 30 - 80 m deep are “large.” Fetterman et al. (2003, p. 67) report 

sampling “small to medium sized” dolines with radii less than 100 meters.”  

In fairness, any dimensional ranking of Vancouver’s “giant sinkhole” should 

probably be confined to a regional context, but here another problem is encountered: 

no morphometric or morphological studies of karstic sinkholes, forested or 

otherwise, have been undertaken in BC. It is not possible to say whether the 

Vancouver collapse feature was “giant”, moderate-sized or small on a regional scale 

because there are no data on which to base a comparison. Since size is a relative 

concept, we would need to know the dimensions of an “average” BC doline in order 

for the term “giant” to have any useful meaning. 

But do dimensions really matter when it comes to dolines? The answer is that 

in BC it can matter a great deal because a doline’s size is often the main factor that 

determines the level of management consideration it receives. There is a tendency to 

equate the “significance” of a feature with its “size” when applying the Province’s 

recommended best management practices11 and legally supported Government 

Action Regulation Orders for karst12, perhaps to the exclusion of other potential 

evaluative criteria. This can be problematic because size alone is not the only 

attribute that can make a karst feature significant. Hydrologically, biologically, or 

even culturally significant features need not be exceptionally large. Dolines of 

                                                
10 These dimensions varied from 10 m (The Canadian Press, 2010) to “about nine metres wide, 14 
metres long and nine metres deep” (Anon., 2010), to “about 30 feet by 15 feet wide and about 20 feet 
deep” (Gilbert, 2010). 
11 For example, the best management practices for “Significant Surface Karst Features” detailed in 
The Karst Management Handbook for British Columbia state that, “Sinkholes large enough to create 
their own microclimate … should be managed similarly to a significant cave entrance, with a reserve 
of two tree lengths to maintain interior microclimatic conditions. [Note: Large sinkholes are generally 
indicative of large subsurface cavities]. Sinkholes of this magnitude often support high biodiversity 
and habitat values.” (British Columbia Ministry of Forests, 2003, p. 26). 
12 A brief description of the relevance and scope of Government Action Regulation Orders is provided 
in Appendix A. BC’s current set of recommended best management practices for dolines is provided 
and discussed in Appendix B.  
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“insignificant” sizes occasionally contain entrances to significant caves. Conversely, 

dolines of “significant” dimensions do not always contain subsurface openings or 

swallets. Hence dimensional attributes alone are not necessarily reliable indicators of 

a doline’s potential or functional significance. 

A second problem, noted earlier, is that “size” is a relative concept, and in the 

case of dolines at least, it is applied to three-dimensional features. This complicates 

the use of dimensional criteria for evaluating dolines in several respects. For 

example, larger dolines may be more likely to have distinctive or unusual habitat 

conditions such as microclimates that may increase the feature’s biological 

significance (research by Bátori et al. (2012) suggests that this is true) – but how 

much larger must a doline be to create such a microclimate? And “larger” in what 

sense? Should very wide and shallow dolines be considered more significant than 

very deep ones with smaller diameters? Should dolines with steeper inner slopes be 

considered candidates for more intensive management than those with gentler inner 

slopes, regardless of their overall dimensions? While size (or at least some 

perception of size) appears to be a major factor in BC’s management framework for 

forest karst dolines, precisely how, or how much, is currently undefined. 

1.7 THE NEED FOR DOLINE RESEARCH IN COASTAL BC 

In coastal BC, the people most likely to encounter dolines are land managers, 

natural resource professionals, and foresters. Similarly, the end users of karst 

research in the province are much more likely to be land managers than karst 

scientists. Yet, as Ulrich (2002, p. 6) points out, karst scientists may not seek input 

from land managers when identifying research needs and priorities for karst:  

Over time, little consultation has occurred between karst 
scientists and potential end users of the research product, i.e., 
land/conservation managers. Certain notable examples of more 
applied research do exist . . . . However, the prevailing situation is 
mainly for research to be driven by the scientific community rather 
than the management community.13 

Bunnell & Huggard (1999, p. 123) make a similar observation, noting that, 

“Practical input into the priorities for research and research funding is required if 

useful results are expected.” The problem is that classic karstological research topics 
                                                
13 See also Bunnell & Huggard (1999, p. 120), and Breg (2007, p. 57). 
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and approaches do not necessarily have immediate utility to typical BC karst 

management applications. 

Some pressing research questions pertaining to the management of dolines in 

coastal BC include: a) how does one determine whether a particular doline merits or 

requires a standing timber buffer?; b) how wide must buffers be to achieve specific 

karst management objectives or comply with legal requirements?; c) what 

silvicultural practices might be beneficial in remediating previously clearcut 

dolines?; d) what amount of coarse woody debris within dolines is within the natural 

range of variation?; and e) has a particular doline been affected or altered by some 

land use activity, and if so how? Examples of research applicable to these types of 

questions are not well represented in the international karstological literature, but 

would be extremely useful for land managers dealing with karst in coastal BC. 

Hence, in coastal BC, there is an urgent need to “[bridge] the gap between the 

science of karst and the practice of karst management” (Ulrich, 2002, p. 6). 

1.8 WHY NOT SIMPLY LOOK AT THE BODY OF 
INTERNATIONAL RESEARCH FOR GUIDANCE ON HOW 
TO MANAGE DOLINES IN BC? 

While much can be learned about dolines in general from the extensive 

international body of research, a number of factors can limit the 

applicability/generalizability of the methods and/or results to doline research in BC. 

These factors include: 1) a lack of technologies at appropriate resolutions and/or 

scales; 2) dissimilar environmental conditions; 3) dissimilar sizes and shapes of 

dolines; 4) a different research focus.  

1.8.1 A lack of technologies at appropriate resolutions and/or scales 

Many international studies of doline morphometry and spatial distributions 

rely on topographic maps, remote sensing technologies or Geographic Information 

Systems (GIS) applications (e.g., Baichtal and Langendoen, 2001; Denizman, 2003). 

Such methods are not necessarily available in BC, or if they are, are not available at 

appropriate resolutions or scales. For example, Light Detection and Ranging 

(LiDAR) has been used successfully in parts of southeast Alaska’s Tongass National 

Forest to aid in karst inventory and vulnerability mapping (Baichtal and Langendoen, 

2001), but coverage on Northern Vancouver Island is currently sparse (see Figure 
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1-5, below), and the data (which may be wholly or partly owned by private 

corporations) are not necessarily available to researchers. While the utility of such 

remote sensing techniques has been recognized in BC for a number of years (N. 

Coops, pers. comm., 2011; see also Bater et al., 2008), an absence of data coverage 

for the study area ruled out the use of LiDAR for this research (Yuan, 2012, pers. 

comm.). The costs of obtaining LiDAR coverage for the purpose of this research 

were well outside the project’s budget. 

 

Figure 1-5 LiDAR coverage map of Northern Vancouver Island, 2012, is shown in grey. Pink and red 
areas on map denote locations of Parson Bay Formation and Quatsino Formation 
limestones, respectively. Note that LiDAR coverage on the carbonate bedrock units is 
scant. Source: adapted from Northern Vancouver Island LiDAR coverage area data 
1:400,000 map (provided by Mike Davis, Planning Forester at Western Forest Products, 
Inc.) and BC Timber Sales LiDAR Sites, Northern Vancouver Island map (no scale) 
provided by Xiaoping Yuan, Team Lead Remote Sensing & Geospatial Applications, 
Forest Inventory, BC Ministry of Forests, Lands and Natural Resource Operations. 

GIS applications were used in the initial site selection process and general 

site descriptions. This research showed that some types of GIS coverage such as 

bedrock mapping were either too coarse or found to be inaccurate during ground-

truthing.  

Some morphometric and spatial distribution studies of dolines utilize 

topographic maps as the primary sources of data (e.g., Mills and Starnes, 1983; see 
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also Applegate, 2003). This is a useful method where the majority of dolines attain 

sizes sufficient to register. However, most of the dolines in this study would not have 

been detectable on topographic maps at the scales available (see, for example, Figure 

1-6, below). 

 

Figure 1-6 Topographic map of a study area (Site A). Original map scale was 1: 5 000 with 25 ft (7.62 
m) contour intervals. Dolines are indicated in red. Most of the dolines in the three thesis 
study sites were not detectable on topographic maps at the scales available.  

1.8.2 Dissimilar environmental conditions 

Karst associated with coastal temperate rainforest biomes is known only in 

Tasmania (Australia), the South Island of New Zealand, southern Chile, Southeast 

Alaska, (USA) and coastal British Columbia (Kovarik, 2007). Of these examples, the 

closest analogue for coastal BC in terms of geology, climate, vegetation and soils is 

Southeast Alaska. The karst of coastal BC and Southeast Alaska is the only 

coniferous rainforest karst in the world (Aley et al., 1993), but no studies of dolines 

have been undertaken in this region. Factors, such as geology, glacial history, 

climate, soils, vegetation, and land use history, may produce local or regional 

variations among populations of dolines (e.g., Jakucs, 1977, pp. 126-152; see also 
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Gams, 2000; Gao & Alexander, 2008). Some examples of dolines in different 

regions and environmental settings are shown in Figure 1-7, below. 

 

Figure 1-7 Dolines elsewhere may not be good analogues for those in BC’s temperate rainforest 
karst due to differences in factors such as geology, glacial history, climate, soils, 
vegetation, and land use history. The examples of dolines in different settings pictured 
above include: A) a doline in temperate rainforest karst near sea level in coastal BC, 
Canada; B) small doline near Spital am Pyhrn, Austria; C) a small doline in the French 
Pyrenees near La Pierre Saint Martin; D) alpine doline on Mt. Sinwa Eddy, northern BC, 
Canada; E) small mid-elevation doline, Haida Gwaii, (coastal BC), Canada; F) doline in 
pasture, near the Vezere valley, southwestern France; G) sub-alpine doline, French 
Pyrenees; H) mid-elevation dolines, Haida Gwaii, (BC), Canada; I) forest doline near 
Mašun, Slovenia. 

Forest canopy closure excludes the use of some study methods used routinely 

elsewhere. Aerial photographs have sometimes been used as the basis for doline 

morphometery and spatial distribution studies (e.g., see Williams, 1972). However, 

smaller dolines under heavy forest canopy may not be detectable using aerial 

photographs (e.g., see Howes, 1981b; Sperling et al., 1977). This problem is 

illustrated in Figure 1-8a and Figure 1-8b, below. 
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Figure 1-8 Two aerial photos of thesis study Site A. Figure 1-8a shows a basic aerial photograph of 
the site. Figure 1-8b is identical except that the surveyed dolines, shown in red, are 
superimposed. The approximate location of a geological contact between Quatsino 
Formation limestone and the Island Plutonic Suite are shown by a dashed blue line. 
Most, if not all, of the dolines are not detectable in Figure 1-8a due to the dense forest 
canopy. 
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1.8.3 Dissimilar sizes of dolines 

It is well documented elsewhere that dolines can serve as habitats or refugia 

for rare or unusual plants (e.g., see Hoyk, 1999; Bátori et al., 2009, and many 

others), yet work by Bátori et al. (2012) suggests this may be true only for dolines of 

certain shapes or surpassing certain size thresholds. If coastal BC’s rainforest karst 

dolines seldom attain these sizes and shapes, then the results of such research may be 

less applicable here. Detailed botanical or zoological studies of doline flora and 

fauna in BC would be needed to confirm this. 

Whiteman et al. (2004a) provide another example of how dissimilarity of 

doline sizes, coupled with other factors, can limit the applicability of results of 

research done elsewhere to dolines in BC’s coastal rainforest karst. Whiteman et al. 

(2004a) conducted detailed microclimate measurements of five alpine dolines in 

Austria. The measurements of the smallest doline sampled were 45 m wide by 7 m 

deep. Even cursory field observations suggest that these dimensions would be 

representative of a larger than average doline in coastal BC (recall that morphometric 

studies of coastal BC dolines are not available). Moreover, the authors’ conclusion 

that, “the sky-view factor is the single most important topographic parameter 

determining minimum temperatures in sinkholes of different geometry during calm, 

clear-sky conditions” (Whiteman et al., 2004a, p. 1235) may be confounded by the 

presence of dense forest canopy in BC rainforest karst, which can effectively alter 

the sky-view factor independent of doline shape, size or topographic setting.  

1.8.4 A different research focus 

Classic approaches to karst research do not necessarily address the kinds of 

questions that those tasked with managing karst in BC need to answer. For example, 

Sauro (2010) suggests that it is important for karst geomorphologists to “undress” 

dolines in order to understand how they form and develop. Considering the structure 

of dolines without their vegetation and soil cover is a valid approach from a 

geomorphology perspective, but in the context of BC’s ecosystem approach to karst 

management, the ‘clothes’ are as important as the doline’s physical structure.  

Literature on hazard zonation and collapse dolines is abundant. In terms of 

human safety and damage to property and infrastructure this topic is extremely 

important in many parts of the world. But is sinkhole collapse really such a pressing 
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concern in coastal BC, where many karstic depressions appear to be solutional (see, 

for example, Mills, 1981, p. 71)? How applicable is the general body of literature on 

karst sinkhole hazard zonation and collapse dolines to remote areas of coastal BC? 

The answer is not known at present. 

1.9 THE LACK OF DOLINE RESEARCH IN BC: 
IMPLICATIONS 

Though British Columbia’s Ministry of Forests, Mines and Lands (2010, p. 

232) has stated that “You can’t manage what you don’t measure”, this approach has 

not been followed with regard to the Province’s karst resources. The lack of doline 

research in BC undermines implementation of science-based provincial karst 

management initiatives and may have implications for human safety. 

BC’s current regime for forest resources emphasizes “adaptive 

management”14 utilizing “scientifically based and peer-reviewed protocols” and 

“existing scientifically based evaluation initiatives” for monitoring as part of an 

ongoing continuous improvement cycle” (British Columbia Ministry of Forests and 

Range, 2007). Existing knowledge gaps about BC’s karst in general, and its dolines 

in particular, continue to pose significant barriers to implementing this science-based 

adaptive management approach for these resources.15  

Dolines in undisturbed natural settings provide opportunities to document the 

range of natural variability (sometimes referred to by the acronym “RONV”)16 for a 

number of attributes – essentially a “control” data set – against which changes to 

dolines resulting from various land use activities in similar settings may be measured 

                                                
14 Adaptive management is defined as, “A systematic process for continually improving management 
policies and practices by learning from the outcomes of operational programs. Its most effective 
form—‘active’ adaptive management—employs management programs that are designed to 
experimentally compare selected policies or practices, by evaluating alternative hypotheses about the 
system being managed.” (British Columbia Ministry of Forests, Lands, and Natural Resource 
Operations, 2008, p. 2).  
15 A recently released report by the Auditor General of British Columbia (An Audit of Biodiversity in 
BC: Assessing the Effectiveness of Key Tools) (Auditor General of British Columbia, 2013, p. 11) 
observes that “Information on the state of some ecosystems is limited … Government has not 
developed a strategy for filling these gaps and its current approach to collecting inventory information 
is dependent on sporadic funding.” Though this observation was not made in regard to karst, it does 
accurately summarize the current state of knowledge regarding the Province’s karst resources.  
16 Range of natural variability (RONV) is defined as, “The range of dynamic change in natural 
systems over historic time periods (~ 500 years before present). RONV is used as a benchmark to 
assess the degree of past change and to guide future management.” (British Columbia Ministry of 
Forests, Lands, and Natural Resource Operations, 2008, p. 81). 
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or compared (see, for example, Kuuluvain (2002) and Keane et al. (2009)).17 The 

condition of dolines is a good indicator of the state of the karst in general (Bárány-

Kevei, 1998a). Measuring dolines and documenting their baseline conditions in 

undisturbed settings should therefore have important practical applications from a 

karst management standpoint, providing guidance, support and validation for karst 

protection and management strategies and objectives.  

Remediation of damaged or degraded karst features like dolines should be 

integral to any comprehensive karst management initiative (e.g., see IUCN, 1997, 

p.14) but it is particularly important now because BC increasingly relies upon second 

growth/second pass harvesting for timber supply. The Forest Stewardship Council 

Regional Certification Standards for British Columbia: Main Standards (Forest 

Stewardship Council Canada, 2005a, pp. 30–31) include the maintenance, 

enhancement or restoration of “ecological functions and values” using “the range of 

natural variability (RONV) as the benchmark against which to assess or guide 

management targets.” Remediation efforts aimed at restoring karst features that may 

have been damaged by earlier land use activities should aim to achieve appropriate 

target conditions. Without baseline condition data from dolines in undisturbed 

settings, ‘appropriate’ target conditions remain speculative.  

Professional reliance is the primary means of assuring quality control in BC’s 

current results-based resource management system (e.g., see Professional Reliance 

Task Force, 2006, p. 3). However, there remains an urgent need for basic science-

based karst training for both registered and unregistered persons currently working as 

karst consultants in the province, since many of these individuals lack the minimum 

qualifications recommended by government18, or even a fundamental grasp of what 

karst is, how it functions, and why it needs special management measures. Few have 

a comprehensive understanding of, or experience in, karst or karst management 

specifically. To ensure maximum relevance and accuracy, training for registered and 

                                                
17 “In the context of the FSC-BC Standards (Indicator 6.1.7 [i.e., Risk/Impact assessments]) RONV is 
primarily intended to be used as a method for establishing a reference, benchmark or base case against 
which to measure change and assess risks of future proposed management options.” (Hann et al. 1997, 
and the Ministry of Environment, Lands and Parks (MELP) 2000, cited in the Forest Stewardship 
Council Canada, 2005b, p. 53; see also Landres et al., 1999; Kuuluvain, 2002).  
18 This includes completion of the three-day Resources Information Standards Committee (RISC) 
Karst Field Assessment Training Course (see British Columbia Ministry of Forests, 2003, p. 15).  
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unregistered persons currently working as karst consultants in BC should be based on 

local information and BC-based karst research. 

Ascertaining whether dolines pose a danger to workers, machinery and 

infrastructure on karst should logically be a high priority given: 1) the pervasive 

belief in this region that all dolines are the products of collapse even among 

registered professionals acting as karst consultants, 2) the present emphasis on 

workplace safety in BC, particularly in the forest industry, and 3) the fact that 

forestry personnel and machinery routinely operate in forested karst settings. It is 

therefore surprising that there have been no urgent calls from BC’s professional 

bodies, and no support from government, for this type of doline research at a 

minimum. 

Since the call for doline research in coastal BC’s forested karst has not been 

made elsewhere, it is critical that the case be made here. Better information about 

these dolines is urgently needed.  

1.10 SIGNIFICANCE OF THIS RESEARCH 

If dolines are the most common landforms in coastal BC’s temperate 

rainforest karst, then studies of dolines should be a significant contribution toward a 

regional characterization of the karst.  

To date, the land use activity that most commonly affects the Province’s 

temperate rainforest karst dolines is forestry. BC’s legal and non-legal karst 

management framework evolved on Northern Vancouver Island in relation to 

industrial forestry activities. Forests have played a vital role in BC’s history and 

economy (Vyse et. al., 2010). The main timber harvesting technique has been 

clearcutting. Clearcuts with 10% of the total cutblock area left standing as reserve 

patches remain the most common silvicultural system used in BC (Vyse et al., 2010). 

In the past, most dolines in harvesting areas were clearcut and received no special 

management consideration.  

BC began to work toward developing a management framework for karst in 

1997. In the absence of BC-based research, the current recommended best practice 

guidelines for dolines rely heavily on the Precautionary Principle. Originally, the 

intent was to support, refine and validate the province’s karst management 

framework with science-based research over time (see Beedle, 1997), but such 
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research was never undertaken. Consequently, some 10 years after BC introduced its 

best management practices for karst, which include specific recommendations for 

“sinkholes” based at least partly on dimensional criteria, basic questions like “How 

big are our dolines? How do they vary in terms of size and shape?” remain 

unanswered. These simple questions are important for a doline management system 

that both tacitly and explicitly puts considerable emphasis on dimensional 

characteristics. 

The IUCN (1997, p. 2) defines karst as “an integrated, yet dynamic, system 

of landforms, life, energy, water, gases, soils and bedrock. Perturbation of any one of 

these will impact upon the rest of the system.” Forest cover can be considered an 

integral part of the karst system and removal of forest cover may be expected to have 

an impact on that system (e.g., see Gillieson, 1996; Tanács, 2005). While BC’s 

ecological approach to karst management implicitly recognizes the complex linkages 

between biotic and abiotic parts of the karst system (see British Columbia Ministry 

of Forests, 2003, p. 13), the forest cover in and around coastal BC’s karstic dolines 

has been, and continues to be, subjected to full or partial clear-cutting. Investigating 

the effects of forest cover removal on dolines would require comparisons with pre-

cutting baseline conditions. Such baseline data currently do not exist. No attempts 

have been made to describe pre-cutting conditions specific to forest cover and other 

associated flora in and about dolines in BC. In the absence of such baseline data, 

specifying desired post-harvest conditions and identifying which, if any, silvicultural 

or harvesting practices might assist in maintaining or achieving those targets, has 

become a “guessing game.” 

The research presented in this thesis is a first step toward addressing these 

fundamental knowledge gaps about dolines in BC’s coastal temperate rainforest 

karst. The results have immediate practical applications with respect to how these 

common surface karst features are managed, and provide observations that will assist 

in framing hypotheses for future karst research in this region. 
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Chapter 2: Regional Overview of Northern Vancouver 

Island 

2.1 GEOGRAPHY AND PHYSIOGRAPHY 

2.1.1 Geography 

Vancouver Island (shown in Figure 2-1, below) is situated on Canada’s 

Pacific coast, between latitudes 50° 40’ N and 48°20’ N. The island is separated 

from the mainland by the Georgia Strait to the east and bordered by the Pacific 

Ocean to the west. Vancouver Island is 450 km in length along its northeast-

southwest axis and covers about 32,000 square kilometers in total area. The west 

coast of the island is rocky and rugged, punctuated by many fjords and inlets 

bounded by mountains that rise steeply from the Pacific Ocean. Gentle lowlands 

border the Georgia Basin on the east coast.  

The current population of Vancouver Island as a whole is about 747 500.1 

Most of the population is concentrated in the southeast corner of the island, with over 

half living in the greater Victoria area. By contrast, the population of the study area 

is roughly 15 000.2 Although fisheries, mining and tourism have been important 

contributors to the Vancouver Island economy (Muller, 1977), logging remains the 

pre-eminent industry in terms of land use (Province of British Columbia, 2000).  

  

                                                
1 Population estimates provided here are based on “2011 Sub-Provincial Estimates” from BC Stats 
(Service BC, Ministry of Labour, Citizen’s Services and Open Government, 2012). 
2 The study area encompasses the populations of Gold River, Sayward, Tahsis and Zeballos (from the 
Comox-Strathcona Regional District) and Port Alice, Port Hardy and Port McNeill (from the Mount 
Waddington Regional District). 
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Figure 2-1  Map showing Vancouver Island with major towns marked. The populations of the towns 
on Northern Vancouver Island are also provided. 

2.1.2 Physiography 

Eleven different physiographic regions are recognized on Vancouver Island 

(Yorath & Nasmith, 1995; see Figure 2-2, below). The largest of these is the 

Northern Vancouver Island Ranges.3 This region is about 270 km long and 60 km 

wide and characterized by deep valleys bounded by steep, rugged mountain ranges. 

Elevations in the Northern Vancouver Island Ranges are the most variable of all the 

physiographic regions on the island (Rollerson et al., 1997). The highest peaks on 

Vancouver Island are found in these mountains: the Golden Hinde (2200 m a.s.l.), 

Elkhorn Mountain (2192 m a.s.l.), and Victoria Peak (2164 m a.s.l.) (Yorath & 

Nasmith, 1995). The major elements of topographic relief consist of the Nimpkish 

River Valley bounded by mountain ranges to the east and west. The Nimpkish Valley 

and mountain ranges run roughly parallel to each other, trending northwest - 

southeast along the region’s lengthwise axis.  

                                                
3 The three field sites used in this study are located within the Northern Vancouver Island Ranges 
physiographic region. 
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Figure 2-2  Map showing the physiographic regions of Vancouver Island. Adapted from Yorath & 
Nasmith (1995, p. 9).  

Figure 2-3, below, shows a photo taken on the east side of the Nimpkish 

Valley, looking westward. The view is representative of the type of topography in 

this region. 

Figure 2-3  Vancouver Island Ranges, as seen looking west from a vantage point near Site A 
(described in Chapter 5). 
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2.2 CLIMATE 

Vancouver Island has a temperate oceanic mesothermal climate regime, with 

regional and local variations related mainly to physiography. On the west coast of the 

island, winters are typically mild and wet,4 while summers are cool and wet. In the 

island’s interior and along its east coast, conditions tend to be slightly drier, with 

mild moist winters and mild dry summers (Moore et al., 2010). The annual 

precipitation generally decreases from west to east, from > 2600 mm per year on the 

west coast to 1600 - 2600 mm on the central island, to 600 - 1600 mm on the east 

coast (Environment Canada 1993, cited in Guthrie, 2005, p. 1). Inferred precipitation 

zones for Northern Vancouver Island are shown in Figure 2-4, below. 

 

Figure 2-4  Map showing inferred precipitation zones on Northern Vancouver Island. Adapted from 
Howes (1981b, p. 15). 

Precipitation also varies with elevation due to an orographic lifting process as 

moisture-laden air masses from the Pacific encounter the Northern Vancouver Island 

                                                
4 Data from the Port Alice Weather Station on the west coast, Latitude 50°23’11.000” N; Longitude 
127°27’12.000” W; Elevation 21 m., provide a mean annual temperature of 9.6 ˚C, with monthly 
temperature means ranging between 4 ˚C to 16.4 ˚C (Environment Canada, 2011). 
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Precipitation also varies with elevation due to an orographic lifting process as 

moisture-laden air masses from the Pacific encounter the Northern Vancouver Island 

Ranges (see Figure 2-5, below). Precipitation on Vancouver Island is seasonal, with 

70 to 80 % of it occurring in the winter months from October to March (Rollerson et 

al., 1997). 

Figure 2-5  Diagram showing cross-section of Vancouver Island and mainland with precipitation 
regimes. Adapted from Moore et al. (2010, p. 50). 

Snow typically accumulates at higher elevations during winter. At lower 

elevations, snow seldom lingers on the ground for more than a few days. Seasonal 

extreme precipitation events, generally accompanied by high winds, occur mainly in 

winter months when warm, moist air masses from the Pacific move over the west 

coast. These events are described as “hydrogeomorphically significant,” since the 

heavy precipitation can effectively reduce soil shear strength, triggering landslides 

and, coupled with high winds, blowing down trees (Moore et. al., 2010, p. 65). 

Residents of the BC coast often refer to these storm events as “the Pineapple 

Express” because of the high wind speeds and because the warm tropical air masses 

associated with these events originate in the southwestern Pacific. 

2.3 VEGETATION 

Vancouver Island is located in the northern temperate coastal rainforest 

biome. Within this biome there can be considerable variation among site-specific 

vegetation and environmental factors such as climate, topography and soil types.  

BC’s “Biogeoclimatic Ecosystem Classification” (BEC) zoning system is a 

standardized means of ecosystem classification designed to capture variations among 



Ramsey, C. Morphometry and Basic Ecological Characteristics of Dolines in Unlogged Temperate 
Rainforest Karst Landscapes of Northern Vancouver Island, British Columbia, Canada. 

Dissertation, University of Nova Gorica, 2014 
Chapter 2 

 

 

 

28 

ecosystems at different scales5 (Green & Klinka, 1994; British Columbia Ministry of 

Forests Research Branch, 2007). 

Four different BEC zones are found on Vancouver Island: Coastal Douglas 

Fir (CDF), Coastal Western Hemlock (CWH), Mountain Hemlock (MH) and Alpine 

Tundra (AT). Of these four zones, only the CWH, MH, and AT occur on Northern 

Vancouver Island (see Figure 2-6, below). The AT zone is found at elevations above 

1400 m a.s.l. and does not support forests, although stunted trees often occur at the 

lowest elevations within this zone (Pojar & Stewart, 1991). The MH zone is a 

subalpine zone between 900 and 1400 m, dominated by mountain hemlock (Tsuga 

mertensiana), amabilis fir (Abies amabilis), and yellow cedar (Chamaecyparis 

nootkatensis) (Pojar et. al., 1991b). The CWH zone occurs between 0 and 900 m 

a.s.l. The dominant tree species in the CWH zone are western hemlock (Tsuga 

heterophylla), amabilis fir (Abies amabilis), yellow cedar (Chamaecyparis 

nootkatensis) and western red cedar (Thuja plicata) (Pojar et. al., 1991a). The CWH 

zone comprises the temperate rainforest in this region, hence the dolines studied in 

this thesis are located in old growth CWH forest settings. 

Figure 2-6 Diagram showing a cross-section of the proposed study area with elevation profiles and 
biogeoclimatic zones. Adapted from Green & Klinka (1994, p. 35). 

                                                
5 The Biogeoclimatic Ecosystem Classification (BEC) system is hierarchical and has two main 
components: Climatic (or zonal) Classification and Site Classification. At the coarsest scale, the BEC 
system classifies regions into “zones” according to climate, using dominant mature vegetation as the 
regional proxy indicator. Variation within climatic zones at increasing levels of precision is captured 
by (subzones) found within zones and climatic variations within subzones (variants). Additional site-
specific variables, such as characteristic plant communities, soil types, textures, drainage and nutrient 
regimes, can also be integrated into this classification scheme using the Site Classification component, 
which allows for precise classification at a finer scale. 
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2.4 GEOLOGY 

2.4.1 Tectonics 

The greater part of the province of British Columbia is comprised of a 

succession of exotic terranes that accreted to the west coast of North America as a 

result of plate tectonics. The present coastline of the province belongs to the Insular 

Superterrane, believed to have collided with the continent sometime between the 

middle Jurassic to middle Cretaceous (Monger et. al., cited in Nixon & Orr, 2007, p. 

163). The Insular Superterrane is comprised of two smaller terranes – the Alexander 

and Wrangellia. Wrangellian rocks comprise some 90% of Vancouver Island (Yorath 

& Nasmith, 1995). 

During the Cenozoic Era, two additional smaller terranes – the Pacific Rim 

Terrane and the Crescent Terrane – accreted onto the southwestern coast of 

Vancouver Island. The rocks of the Pacific Rim Terrane are confined to the west and 

southern coasts of Vancouver Island (Yorath & Nasmith, 1995). The rocks 

associated with these terranes do not occur in the study area and are not directly 

relevant to this research.  

Vancouver Island is part of the Cascadia subduction zone (see Figure 2-7, 

below). The Juan de Fuca and Explorer oceanic plates are sliding beneath the North 

American plate about 100 km west of Vancouver Island at the rate of 2 to 5 cm per 

year (Dehler, 1991; Guthrie, 2005; Natural Resources Canada, 2011). The distinct 

northwest trend in the island’s structural geology is a product of this process (Church 

& Ryder, 2010). The dominant trend for faulting on the island is northwest - 

southeast. Seismic activity, in the form of earthquakes, is common in the region. 
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Figure 2-7 Simplified map/diagram of major tectonic plates/subduction zone off Vancouver Island. 
Adapted from Howes (1981b, p. 25). 

Major mapped faults on Northern Vancouver Island are shown in Figure 2-8, 

below. 
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Figure 2-8 Map showing major faults on Northern Vancouver Island. The locations of the three 
study sites where the thesis fieldwork was conducted are labeled in red. Adapted from 
Howes (1981b, p. 97). 

2.4.2 Bedrock stratigraphy 

The bedrock stratigraphy of Wrangellian rocks on Northern Vancouver Island 

has been well described in geological literature. Muller et al. (1974) and Muller 

(1977) provide comprehensive reviews of previous research and detailed descriptions 

of the stratigraphy. More recently, revisions have been suggested by Nixon & Orr 

(2007); see also Greene et al. (2010)). The stratigraphy indicates three major 

episodes of volcanic activity punctuated by periods of sedimentary deposition that 

occurred as Wrangellia traveled northward from a position south of the 

palaeoequator (Ludvigsen & Beard, 2001). The main volcanic and sedimentary units 

are comprised of the Sicker, Buttle Lake, Vancouver, and Bonanza Groups. A fifth 

Group, the Island Intrusions, consists of younger intrusive volcanic rocks. Figure 

2-9, below, shows the distribution of bedrock types on Vancouver Island. 
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Figure 2-9 Plan view map of the island showing distribution of bedrock types. Source: Muller et al. 
(1974, p. 88). 

The oldest known rocks on Vancouver Island belong to the Sicker Group. 

They are Late Paleozoic in age and are interpreted as the remnants of a submarine 

lava plain/island arc complex. The Sicker Group consists of: a) a lower formation of 

sub-aqueous lava flows and volcanic sedimentary rocks, mostly tuffs, breccias and 

sandstones, deposited in deep marine settings; and b) a middle formation consisting 

of argillite and greywacke (Yorath & Nasmith, 1995; Dehler, 1991; Muller, 1977).  

The Sicker Group is overlain by the Buttle Lake Group6 (Carboniferous to 

Permian – 360 - 245 m.y.a.). This group is comprised of mainly sedimentary 

carbonate rocks, including the Mount Mark Formation – a bioclastic (crinoidal) 

limestone interbedded with chert that formed after the Sicker Group volcanism had 

ceased (Fischl, 1992; Muller et. al, 1974). 

The Vancouver Group (Late Triassic to Jurassic – 230 - 200 m.y.a.) overlies 

the Buttle Lake Group. It consists of a thick lower member of volcanic rocks known 

as the Karmutsen Formation overlain by the Quatsino Formation and Parson Bay 
                                                
6 The Buttle Lake Group was originally identified as the youngest formation of the Sicker Group. 
More recent authors (e.g., Fischl, 1992) now identify it as a separate Group comprised of distinct 
formations such as the Mount Mark Formation, etc. 
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Formation limestones. The Karmutsen volcanics are the most widespread and 

abundant type of rock on Vancouver Island, with deposits up to 6000 m thick in 

places (Muller et al., 1974; Muller, 1977). The Karmutsen Formation represents a 

period of intense volcanism that in its earliest stages was subaqueous, probably 

resulting from rifting of oceanic crust (late Triassic to Jurassic – 230 - 200 m.y.a.). 

Grading upward, it consists of pillow basalt, pillow breccias, and stratified basaltic 

lava flows (Muller et al., 1974; Nixon & Orr, 2007). It is conformably overlain by 

the Quatsino Formation – a thick- to massively-bedded micritic limestone up to 760 

m thick (Fischl, 1992).7 The Parson Bay Formation consists of a 300 to 600 m thick 

Upper Triassic volcaniclastic “thinly-bedded black argillite, calcareous siltstone and 

sandstone, and black to medium grey limestone” (Fischl, 1992, p. 42).8 It overlies the 

Quatsino Formation. 

The Bonanza Group, a suite of volcanic rocks of lower Jurassic age, overlies 

the Vancouver Group. It consists of lower Jurassic sub-aerial lava flows, tuffs and 

volcanic breccias. The Bonanza Group is thought to represent an interval of renewed 

volcanic arc activity, and is the youngest group of rocks associated with Wrangellia. 

(Muller et al., 1974; Yorath & Nasmith, 1995). 

The Island Intrusions consist of Early to Middle Jurassic igneous rocks. They 

range from quartz diorites to granites and intrude into the overlying Wrangellian 

rocks in the form of stocks and batholiths (Muller, 1977b, cited in Dehler, 1991, p. 

10). The Island Intrusions are generally distributed in a northwest - southeast 

trending belt along the centre of the island (DeBari et. al, 1999).  

Figure 2-10, below, shows a partial straigraphic column for Northern 

Vancouver Island for the bedrock types discussed above. 

  

                                                
7 The Quatsino Formation limestone is the most important bedrock host for karst on Vancouver Island 
and underlies all three of the study sites in this thesis. Its lithology and other characteristics will be 
discussed in more detail later. 
8 Nixon & Orr (2007) propose a revised stratigraphy and nomenclature, arguing, for example, that the 
Parson Bay Formation should be assigned to the Bonanza Group rather than the Vancouver Group. To 
avoid confusion with maps, etc., this thesis will adhere to the stratigraphy and nomenclature used in 
earlier works such as Muller et al. (1974). 
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Figure 2-10 Stratigraphic column of the Northern Vancouver Island bedrocks discussed in this 
chapter. Source: Muller et al. (1974, p. 90). 
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2.4.3 Glaciation 

During the Quaternary Period, Vancouver Island experienced at least three 

periods of glaciation. The most recent of these, the Fraser Glaciation, began about 29 

000 y.a. and ended about 13 000 y.a. (Yorath & Nasmith, 1995). Evidence of these 

events includes localized examples of glacial striae and roche moutonee topography, 

U-shaped valleys (such as the Nimpkish), and rounding of the lower mountain peaks. 

Inferred ice flow directions are shown in Figure 2-11, below. Only a few permanent 

glaciers remain today on the highest mountain peaks. Glacial till deposits remain in 

valley bottoms and lower to mid-slope positions on the valley sides (Rollerson et al., 

1997; Guthrie, 2005; Yorath & Nasmith, 1995; Howes, 1981a; Howes, 1981b). 

Estimated values for isostatic depression during the glacial maximum range from 

150 to 300 m on Vancouver Island (Yorath & Nasmith, 1995). Post-glacial isostatic 

rebound was rapid and had more or less ceased by the mid-Holocene (Clague & 

James, 2002). The average rate of uplift along BC’s outer coast today is about 2 

mm/yr (Church & Ryder, 2010). 

Figure 2-11 Map showing ice flow directions on Vancouver Island during the Fraser Glaciation. The 
three thesis study sites are labeled in red. Adapted from Howes (1981b, p. 23). 
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2.4.4 Surficial geology and soils 

As noted earlier, much of the topography of Northern Vancouver Island is 

steep, with variable bedrock exposures, mainly at higher elevations. Poorly sorted 

colluvium and glacial tills mantle lower slopes and valley bottoms. The distribution 

of basal till types for parts of Northern Vancouver Island are shown in Figure 2-12, 

below. Deposits of organic material occur mainly in shallow depressions with poor 

drainage or on gentle slopes (Howes, 1981a). The most common soils are Ferro-

Humic and Humo-Ferric podzols (Church & Ryder, 2010, p. 41). 

 

Figure 2-12 Map showing regional distribution of basal till types. Adapted from Howes (1981b, p. 37).  

2.5 KARST ON VANCOUVER ISLAND 

2.5.1 Distribution of karst and karst morphology 

Carbonate bedrock underlies about 1,200 square kilometers (or about 4%) of 

Vancouver Island as a whole. If only the area of Northern Vancover is considered, 

that percentage is higher (see Figure 2-13, below). The main carbonate rocks include 

the Mount Mark Formation (part of the Buttle Lake Group), the Quatsino Formation 

(part of the Vancouver Group), and the Parson Bay Formation. The Parson Bay 
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Formation is often considered to be part of the Vancouver Group (e.g., see Muller et 

al., 1974; but see also Nixon & Orr (2007) for a revised stratigraphic interpretation). 

The most extensive of these three carbonate bedrock units on Northern Vancouver 

Island is the Quatsino Formation limestone. The Quatsino Formation is also the most 

important bedrock unit for hosting karst on Vancouver Island as a whole (Fischl, 

1992).  

 

Figure 2-13 Map showing the parts of Vancouver Island underlain by carbonate bedrock with the 
potential to form karst. The carbonate bedrock mapping shown in this map is based on 
Massey et al. (2005). 

On Northern Vancouver Island, most of the Quatsino Formation is distributed 

along three main northwest - southeast -trending belts from 1 to 10 km in width and 

10 to 100 km in length (Stokes et al., 2010) (see Figure 2-14, below). These belts are 

often steeply dipping and segmented by faults (Fischl, 1992; Harding and Ford, 

1993; Harding, 1987).  
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Figure 2-14 Map showing the distribution of Quatsino Formation limestone and major carbonate 
units on Northern Vancouver Island. (uTrp = Parson Bay Formation; uTrq = Quatsino 
Formation). 

Surface karst features occurring on Northern Vancouver Island are varied in 

both type and scale. Macro-scale features include cuestas and dry valleys such as 

those in the Benson River Valley (see, for example, Mills, 1981; Harding, 1987). 

Dolines are perhaps the most common meso-scale feature, though there are also 

many examples of karst canyons, karst windows, shafts, sinking streams and springs. 

A few examples of small poljes in the 1-3 ha size range are known, but these have 

not been formally surveyed or studied. At the microscale, many types of karren are 

represented. Areas of particularly well-developed karst at low elevations include the 

Tahsish and Benson River valleys (the latter served as the study area for both Mills 

(1981) and Harding (1987)). A mid-elevation example is the limestone unit 

underlying parts of the Kinman and Noomas Creek areas on the eastern side of 

Nimpkish Lake. This particular unit (part of which comprises the Site A study area 

for this thesis) not only hosts the important Glory ‘Ole, Arch, Resonance and many 

other cave systems, but also many dolines. Karst canyons, karst windows, sinking 

and reappearing springs, and grikes are also common in parts of this bedrock unit. 

Well-developed alpine and sub-alpine karst areas include McNally Ridge and the 
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High Lakes Area, which is exceptional in the region for the extent and variety of 

karren.  

As noted earlier, much of Vancouver Island experienced at least three periods 

of glaciation during the Quaternary Period (Yorath & Nasmith, 1995). The effects of 

glaciation on the region’s karst have not been extensively studied. Some portions of 

the karst (especially those at lower elevations) are heavily mantled by glacial tills or 

outwash (Harding & Ford, 1993). The surface expression of karst is often subdued in 

such areas, but there are also examples where large amounts of unconsolidated 

surficial cover has been, or is being, evacuated through underlying caves and 

conduits (an example is the Paradise Lost cave system and its associated cover 

collapse feature in the Upper Tahsish Valley). 

2.5.2 Caves and karst recreation sites on Vancouver Island 

Vancouver Island has the distinction of having the highest known density of 

caves in all of Canada (more than 1500 are recorded). Among these are five of 

Canada’s 10 deepest and longest cave systems. Notable examples include 

Thanksgiving Cave (which exceeds 400 m in depth); the Weymer Cave System 

(which exceeds 13 km in length) (Stokes et al., 2010); and the water-filled Gorge 

Caves, mapped by cave divers for a distance of 375 m, and connected to the cenote-

like Devil’s Bath feature in the Benson River Valley (see Nadeau, 2010). A few 

small cave/karst parks and recreation sites have been set up on Vancouver Island. 

Established parks include Artlish Caves Park, White Ridge Park9, Weymer Creek 

Park, Horne Lake Caves Park, and Clayoquot Plateau Park (Stokes et al, 2010). With 

the exception of Horne Lake, most of these parks remain in a more or less natural 

state and do not have infrastructure for visitors.  

Other non-park recreation sites with trails and rudimentary infrastructure for 

viewing karst include Upana Caves; Little Hustan Caves; the Vanishing River and 

Reappearing River (respectively, the sinkpoint of the Benson River in the upper 

reaches of the Benson River Valley, and its resurgence in the Raging River Valley 

across a topographic divide separating these two valleys); the cenote-like Devil’s 

Bath, with its associated cave systems, sinking river, karst windows, and Devil’s 

                                                
9 The White Ridge Park features alpine karst. The entrance to Q5 Cave (among the deepest caves 
known in Canada) is located in this park. The White Ridge served as the study area for Ecock (1984), 
a student of Derek Ford. 
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Spring resurgence; and the Eternal Fountain (a trail loop through dolines, karst 

windows and an attractive feature comprised of a karst spring that flows into an 

underlying cave system that also captures a surface stream). Some of these features 

are shown in Figure 2-15, below. 

 

Figure 2-15 Karst on Northern Vancouver Island. Photos: A) a rundkarren exposure in the Upper 
Tahsish Valley; B) Little Hustan Cave; C) a karst canyon in the Upper Tahsish River 
Valley; D) the Eternal Fountain – a karst spring in the Benson River Valley; E) the 
Vanishing River Recreation Site (a sinkpoint of the Upper Benson River). 

2.5.3 Land use activities on karst on Northern Vancouver Island 

Industrial forestry is the most widespread land use activity affecting karst on 

Northern Vancouver Island. Based on data from 1996, an estimated 80% of the karst 

on Northern Vancouver Island had been logged. Most of the timber harvesting on 

karst has been first-pass logging of old growth forest stands using the clearcut 

harvest method (Griffiths & Ramsey, 2006).  

Figure 2-16, below, shows the estimated distribution of higher potential karst 

areas (i.e., areas likely to exhibit well-developed karst) among the different 

biogeoclimatic zones in coastal BC, as well as the estimated percent of higher 

potential karst in the Coastal Western Hemlock (CWH) biogeoclimatic zones in 
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these areas that is likely to have been modified by primary forestry activities. It 

should be noted that these two pie graphs are for the entire coastal area of BC, and 

that they are based on data from 1996. Likely the percentage of the CWH karst on 

Northern Vancouver Island that has been modified by primary forestry activities is 

higher than these pie graphs suggest, but how much higher is not currently known.10 

 

Figure 2-16 The pie chart on the left shows the distribution of karst in coastal BC in various 
biogeoclimatic zones. The pie chart on the right shows the percentage of karst in the 
Coastal Western Hemlock biogeoclimatic zone for the entire BC coast that had been 
modified by forestry activities as of 1996 (i.e., 67% had been modified as of 1996). The 
percentage of modified karst on Northern Vancouver Island is likely higher today. 
Source: Griffiths & Ramsey (2006). 

2.5.4 Economic importance of forestry on Northern Vancouver Island 

The forest industry has historically played a central role in British 

Columbia’s economy (British Columbia Ministry of Forests, Mines and Lands, 

2010). Edgell (1979, p. 105) states, “It is the combination of production volume and 

the hegemonic position of that production relative to all other economic activities 

that characterizes the pre-eminent role of forests and forest-based activities on 

Vancouver Island.” More recently, Vyse et al. (2010, pp. 129) observed that, 

Although British Columbians share their forest heritage with 
other parts of Canada and northern European nations, the province 
stands out in several unique ways. First, experience with the primeval 
forest is very recent; consequently, substantial portions of the forest 

                                                
10 Ascertaining the current state of karst across the province should be a high priority research topic. 
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remain largely untouched by visible human impacts. Second, the 
forest estate is very large, very important in economic, social and 
political terms, and makes up a substantial portion of the Earth’s 
remaining old-growth conifer forests, many of which are destined for 
future harvest. Third, the forests remain in public ownership. Forest 
policy developments have been strongly influenced by all three. 

Forest products, such as raw logs, lumber, and pulp and paper products, make 

up 30% of BC’s total exports (British Columbia Ministry of Forests, Mines and 

Lands, 2010, p. 6). In the wake of the “financial meltdown” of 2008, the annual 

value of these exports fell to $7.6 billion in 2009 from an average of $14.7 billion 

during the period between 1996 and 2004 (British Columbia Ministry of Forests, 

Mines and Lands, 2010, p. 6). As of 2010, 4% of BC’s direct gross domestic product 

(GDP) was still derived from the province’s forest industry (British Columbia 

Ministry of Forests, Mines and Lands, 2010, p. 6). Figure 2-17, below, shows timber 

volumes harvested in BC between 1912 and 2005/2006. Note that BC’s main karst 

management guideline documents (i.e., The Karst Management Handbook for British 

Columbia (British Columbia Ministry of Forests, 2003) and Karst Inventory 

Standards and Vulnerability Assessment Procedures for British Columbia 

(Resources Information Standards Committee, 2003) were published in 2003. Before 

that time, little or no consideration was given to managing karst in relation to 

primary forestry activities. 

Figure 2-17 Graph showing total timber volumes harvested in BC from 1912 to 2005/2006. Note that 
BC’s voluntary best practice guidelines for karst were only published in 2003. Prior to 
that date, karst did not receive any special management consideration in relation to 
primary forestry activities. Adapted from Vyse et. al, (2010, p. 115). 
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Though overall employment in forestry has been declining and BC’s 

economy has been diversifying since the 1980s, many of the province’s rural 

communities remain dependent on income from the forestry sector (British Columbia 

Ministry of Forests, Mines and Lands, 2010, p. 6). Such is the case for the rural 

communities on Northern Vancouver Island. Figure 2-18, below, shows the relative 

economic dependency of different areas of Vancouver Island on the forestry sector. 

Much of the well-developed karst on Vancouver Island is located in areas that are 

heavily dependent on the forestry sector.  

 

Figure 2-18 Map showing areas of Vancouver Island where the economy is heavily dependent on 
forest industry income, and hence sensitive to fluctuations relating to the forest sector.  
Northern Vancouver Island, the general study area for this thesis, is outlined in red.  The 
different shades of grey represent different degrees of economic dependence on the 
forest sector; as the British Columbia Ministry of Forests, Mines and Lands (2010, p. 189) 
notes, “Vulnerability is high where a large share of local income derives from the forest 
sector and the local economy is not highly diversified.” (Image adapted from Figure 18-3 
in British Columbia Ministry of Forests, Mines and Lands, 2010, p. 189). 
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Chapter 3: Literature Review 

3.1 TERMINOLOGY – DOLINE VS. SINKHOLE 

3.1.1 “Sinkhole” vs. “Doline” - what’s in a name? 

Terminology can facilitate communication among researchers within 

different fields of study (e.g., see Kunaver, 2003). Yet, the utility of a particular term 

to a particular field of study depends partly on its specificity, partly on its 

consistency of use, and partly on the extent to which users agree upon its meaning. 

On the subject of karst terminology, Jennings (1971, p. 8) laments that,  

No branch of geomorphology is so troubled by terminology as 
this. No other kind of terrain seems to have bred such a multiplicity of 
regional terms so that reaching agreement on a common vocabulary 
within the frontiers of one language is a major task in itself prior to 
that of securing international equivalence1.  

 Though a “multiplicity of regional terms” exists for karstic depressions (see, 

for example, Cviji!, 1893, pp. 23-24; see also Field, 2002, pp. 61-62), only two – 

“doline” and “sinkhole” – are considered in this literature review.  

Sauro (2003) and others (e.g., Williams, 2004; Beck 1984, cited in Nisio et. 

al., 2007, p. 23) have pointed out that in North America, Australia and New Zealand, 

the term “sinkhole” is commonly used to describe karstic depressions that would be 

termed “dolines” in Europe. Definitions for both terms do vary somewhat, but the 

term “sinkhole” is especially problematic. 

3.1.2 Sinkholes: definitions 

In common with the rest of North America, BC’s karst management 

documents, the Karst Management Handbook for British Columbia (British 

Columbia Ministry of Forests, 2003) and Karst Inventory Standards and 

Vulnerability Assessment Procedures for British Columbia (Resources Information 

Standards Committee, 2003), use the term “sinkholes” to denote karstic depressions. 

The Karst Management Handbook for British Columbia defines the term “sinkhole” 

as “a topographically closed karst depression, wider at the rim than it is deep; 

                                                
1 Owing to the abundance of existing terms for different types of karst features, Field (2004, p. 75) has 
gone so far as to urge karst researchers to carefully review the existing terminology before inventing 
new terms. 
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commonly of a circular or elliptical shape with a flat or funnel-shaped bottom” 

(British Columbia Ministry of Forests, 2003, p. 60).2 

Similarly, in describing the characteristics of karst in southern Indiana, USA, 

Malott (1945, p. 305) defines sinkholes as topographic depressions specifically 

linked to karst terrain. Malott further identifies both solution and collapse as primary 

mechanisms of sinkhole formation. 

Other definitions show that the term “sinkhole” can have different 

connotations, depending on context (see, for example, United States Geological 

Survey, 2013); Geological Survey of Alabama, n.d.; Kentucky Geological 

Survey/University of Kentucky, 2006;3 Field, 2002). All of the definitions cited 

above refer to sinkholes as “depressions”, so there is general agreement on this point. 

However, two of the above definitions (i.e., Field, 2002, and the definition provided 

by the United States Geological Survey, 2013) are based on, or at least emphasize, 

hydrological activity. Neither of these two examples specifically links the definition 

of the term “sinkhole” to karst topography, though perhaps it can be inferred in 

Field’s (2002) case. The United States Geological Survey (2013) article seems to 

imply that while sinkholes commonly occur in karst, karst need not be present for 

sinkholes to form. By contrast, the Geological Survey of Alabama (n.d.) definition 

explicitly links sinkholes to karst topography, but then goes on to identify them 

specifically as collapse features.  

3.1.3 Dolines: definitions  

Cviji! (1893, p. 23) describes dolines as “tub-shaped” depressions occurring 

in limestone, with diameters typically ranging between 10 and 100 m. While some 

dolines are connected to cave passages, Cviji! (1893, p. 23) concluded that,  

the majority of them are superficial forms, whose further 
development is downwards, in joints and fissures. We thus include 

                                                
2 The Karst Inventory Standards and Vulnerability Assessment Procedures for British Columbia 
definition is provided verbatim in Appendix B. 
3 Note: the reference cited for this glossary by the Kentucky Geological Survey/University of 
Kentucky (2006) is: 
Field, M.S., 1999, A lexicon of cave and karst terminology with special reference to environmental 
karst hydrology: U.S. Environmental Protection Agency, National Center for Environmental 
Assessment, EPA/600/R-99/006, 201 p. Digital version by Karst Waters Institute. 
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under the name “doline” all fairly small funnel-shaped depressions 
that impart to karst areas their special characteristic landscape. 

Lehmann (1936, p. 324) observes that “the word “doline” (dolina = valley) as 

a morphological term denotes a definitely round, bowl-shaped or funnel-shaped karst 

depression.” Similarly, Terzaghi (1959, p. 235) describes dolines as “bowl-shaped” 

depressions with concave bottoms occurring in limestone. 

In a more recent definition, Field (2002, p. 61-62) does not explicitly link 

dolines and karst, but this linkage may be inferred from the wording of the definition 

as well as its inclusion as an entry in A Lexicon of Cave and Karst Terminology with 

Special Reference to Environmental Hydrology. Field’s (2002) definition specifically 

mentions solution, collapse and subsidence among the mechanisms of doline genesis. 

This definition also provides a selection of international terms applied to dolines or 

specific types of karstic depressions.  

A definition from a Kentucky Geological Survey/University of Kentucky 

(2006) web page specifies that dolines are a type of sinkhole created by the 

dissolution of bedrock in karst.  

Definitions for the term “doline” differ somewhat from source to source, but 

most identify dolines as landforms specifically associated with karst. As the “giant 

sinkhole” story in Chapter 1 showed, in North America, the term “sinkhole” is also 

often used to describe any collapse feature, regardless of whether or not it is of 

karstic origin. The term “doline” is preferred in this thesis because it avoids this 

potential source of confusion. 

3.2 WHAT ARE DOLINES? 

For the purposes of this thesis, a basic definition for “dolines” is that they are 

naturally occurring, topographically closed depressions specifically associated with 

karst landscapes (see for example, Kranjc, 2013, p. 105, and many others). Dolines 

may range in size from 1 to 2 m to one kilometer or more in diameter (e.g., see 

Williams, 2004; Kranjc, 2013). They are typically circular or elliptical in plan view 

(British Columbia Ministry of Forests, 2003, p. 60), but can vary considerably in 

their cross-sectional form – cones, cylinders, bowls and dishes are all shapes 

commonly described in the karst literature. (e.g., see Cviji!, 1893; Sauro, 2003, p.43; 

Ford & Williams, 2007, p. 339) The numbers and spatial distributions of dolines 
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across the landscape can be highly variable (e.g., Gams, 2000; Ford & Williams, 

2007; Kranjc, 2013). Though dolines are not present on all karsts (e.g., see Williams, 

2004), many researchers consider them to be the most representative or iconic type 

of karst feature (e.g., see Cviji!, 1893, p. 23; see also Kranjc, 2013), especially in 

temperate climates (Gams, 2000). 

3.3 DOLINES: BASIC FUNCTION 

Beck (1988, p. 17) observes that, 

The term sinkhole, or doline, implies a form, a function, and a 
basic mechanism of origin. The form is a closed basin – one having 
no surface drainage outlet. The function is to transmit surface water 
underground into the karstic aquifer. The origin is basically by 
solution of the underlying karst host rock. 

A crucial distinction between dolines and other types of depressions involves 

the hydrological function of dolines, or at least their potential in this regard. 

Williams (2004, pp. 304-305) observes that, “The development of dolines of all 

kinds depends on the ability of water to sink into and flow through karst rocks to 

outlet springs.” Some depressions that are direct products of human activities – for 

example, bomb craters and quarries – may begin to function and evolve as dolines in 

this manner (e.g., see Sauro, 2003). If the hydrological function of any doline ceases 

for some reason, and especially if the doline fills up and is completely covered with 

sediments, it can be considered to be a “buried doline” (Williams, 2004; Kiernan, 

2002) and a paleokarst (Williams, 2004; Jennings, 1971) or “fossil karst” feature 

(Jennings, 1971).4 Reactivation after such hiatuses in doline function is possible 

when conditions are favorable (Aubert, 1966; Williams, 2004).  

The hydrological function of dolines has been recognized for a long time. 

Gunn (1981) provides a good literature review on the evolution of ideas about karst 

depression hydrology, beginning with Cvijic’s (1893) Das Karstphaenomen. More 

recent models of karst depression hydrology have been proposed by Gunn (1981) 

and by Williams (1985). Though technological advances, such as the use of stable 

                                                
4 An interesting variation on this outcome is provided by Hettwer et al. (2003) who undertook 
environmental reconstruction using data from a fen in a doline in Germany. They note that dolines in 
the region are products of the collapse or subsidence of voids in evaporite deposits at depth. The 
overlying sandstones, which collapse as well, have the effect of sealing the bottoms of the dolines, 
making it possible for fens and mires to form in these features. 
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oxygen isotopes (!18O) to reveal infiltration patterns (Fórizs & Zámbó, 2002) and 

electrical resistivity tomography to elucidate recharge modes in mantled sinkholes 

(Schwartz & Schreiber, 2009) continue to expand our understanding of the 

hydrological function of dolines, the research confirms that with a few exceptions 

(e.g., see Schwartz & Schreiber, 2009; Hettwer et al., 2003), dolines are almost 

always hydrologically active features, regardless of whether they are receiving 

visible overland flow through swallets (e.g., Clarke, 1997; Kiernan, 2002; Williams, 

2004). Williams (1985, p. 472) has described the process by which solution dolines 

with no enterable subsurface openings and no surface flows of water can transfer 

sediments as well as water to the subsurface.  

3.3.1 The function of dolines in the context of karst systems 

Dolines act as a subset of  “input features” within the karst system (Ford & 

Williams, 1989). “Input” in the sense intended by Ford & Williams (1989) refers 

primarily to water (and dissolved calcium carbonate), but the inputs can also include 

sediments (see, for example, Aubert, 1966; Kastning & Kastning, 1997; Kiernan, 

2002).  

3.4 HOW DO DOLINES FORM? 

3.4.1 Early ideas 

Rogli" (1972, p. 2) credits Haquet as being the first to view dolines as 

products of limestone solution in 1778, though Ford & Williams (1989) attribute the 

connection between carbonic acid and limestone dissolution to Hutton [1795]. 

Collapse was identified as a mechanism for doline formation in France by Virlet 

[1834] and Fournet [1852] (both cited in Rogli", 1972, p. 13). The role of limestone 

dissolution in the formation of dolines was recognized by Lyell [1839] and the 

development of solution dolines along joints was explicated by Cox [1874] in 

America (both cited by Rogli", 1972, pp. 15-16). The landmark work on dolines in 

particular, and karst in general, is most often attributed to Cviji#’s (1893) Das 

Karstphaenomen. For this work, Cviji#, a student at Penk’s influential 

geomorphology school in Vienna, focused mainly on the karst of Trieste, with 

special regard to dolines (Rogli", 1972; Cviji#, 1893). Like Cox and Lyell (cited by 

Rogli", 1972, pp. 15-16), Cviji# recognized the role of the solution process in the 
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formation of dolines and its connection with the enlargement of joints and fissures, 

and expanded upon these ideas. His review of earlier and contemporary ideas about 

how dolines form and his critique of the notion that collapse is the primary 

mechanism of doline formation (Cviji!, 1893, pp. 30-34) makes interesting reading, 

since it shows that despite the evolution of ideas about karst since Cviji!, entrenched 

early ideas about dolines as collapse features still influence many people.  

Cviji! (1893) did not entirely exclude collapse as a possible mechanism for 

doline genesis, but he disputed the notion that it was the sole, primary or 

predominate cause. Current ideas about how dolines typically form include four 

broad categories of processes: collapse, suffosion, subsidence, and solution (Ford & 

Williams, 1989; Williams, 2004; see also Nisio et al., 2007, pp. 24–28; for a slightly 

different classification, see Kranjc, 2013). Each of these mechanisms is described in 

more detail below. 

3.4.2 Solution 

The process of solution – or the dissolution of rock – is at the root of 

karstification; it is the means by which bedrock corrosion is effected and karst 

landscapes are formed.5 In the case of limestone (and other carbonate bedrocks), the 

first step in this process involves water taking up carbon dioxide as it falls through 

the atmosphere or percolates through soil. The addition of carbon dioxide to water 

makes carbonic acid, which has a greater capacity to dissolve carbonate rocks. Thus, 

for limestone, the chemical equation describing this process is expressed as: 

CaCO3 (solid) + H2O + CO2 (dissolved) ! Ca2
+ + 2HCO3

- 

   !" 

   CO2 (air) 

This is the primary mechanism by which solution dolines in limestones and 

marbles are formed. The epikarst begins to form when weakly acidic water begins to 

flow into existing joints, fractures and fissures in the bedrock, enlarging them via 

solution over time. Williams (1985) proposes that the morphology and morphometry 

of “drawdown” solution dolines are products of hydrological processes in the 

epikarst. Two factors – 1) volume of solvent and 2) concentration of solute – 

determine the volume of limestone that can be dissolved (Williams, 2004, p. 304). 
                                                
5 Note: dissolution is not CO2 dependent in evaporite rocks (see, for example, Jennings, 1971, p. 30).  
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Corrosion is most intensive nearer the soil/bedrock interface where the concentration 

of carbonic acid in percolating waters is highest (Williams, 1985; Williams, 2004) 

(see factor 2, above). Solutionally enlarged fissures therefore tend to be widest at the 

top and become narrow with depth. This narrowing constricts potential flow paths. 

The result is that the potential volume of water that can flow into the epikarst at any 

given time exceeds the potential volume that can flow out over the same period of 

time (Williams, 2004, p. 305; Williams, 1983, cited by Williams, 1985, p. 467). The 

result is a slowly draining aquifer that is “suspended” or perched within the epikarst 

(Williams, 1985; Williams, 2004). In the base of the epikarst certain preferential 

flow paths develop over time. As vertical drainage increases hydrologic cones of 

depression occur in the epikarst aquifer, drawing more water toward the preferential 

flow path (Williams, 1985). In other words, the volume of solvent (see factor 1, 

above) is focused and increased by preferential vertical drainage in the epikarst 

below, a tendency reinforced by positive feedback (Williams, 1985; Williams, 2004; 

see also Plan, 2005, pp. 207-208). Conditions that must be present for this type of 

doline development to occur include: 1) an epikarst/vadose zone where vertical 

hydraulic conductivity is such that a perched or suspended aquifer is present; and 2) 

vertical hydraulic conductivity that is not spatially uniform (Williams, 1985, p. 474). 

Williams (1985, p. 474) also notes that this type of solution doline will not form “on 

steep hillsides (above 20° slope gradient) where the dominant subcutaneous 

hydraulic gradient is subparallel to the topographic slope.” In this model, the size of 

a doline will be limited by the area or radius of its associated cone of depression. 

Because of this, Williams (2004, p. 305) suggests that there will be a tendency for 

larger dolines to develop in areas with massively bedded rocks and widely spaced 

joints, while smaller, more numerous dolines will tend to form where thinner 

bedding and frequent joints and fissures result in greater hydrological conductivity 

within the epikarst.  

A different kind of solution depression can form when pre-existing 

subsurface void spaces are exposed through surface denudation/leveling of the 

landscape. Denuded shafts and unroofed caves forming depressions of this type are 

described by Mihevc (1998, p. 70) and Zupan-Hajna (2007). A lack of breakdown 

material in the bottom of these features and the presence of relict flowstone can assist 

in recognizing these types of features (Mihevc, 1998).  
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3.4.3 Collapse 

Collapse occurs when bedrock or unconsolidated sediments spanning or 

overlying a subsurface karstic void are subject to mechanical failure. The overlying 

bedrock or sediments collapse and fall into the void, leaving a depression on the 

surface. The floor of the resulting depression is littered with the collapsed material 

and the sidewalls are often very steep or vertical. Collapse can occur abruptly or 

proceed slowly over time and can result from natural processes and/or human 

activities (e.g., see Williams, 2004; Ford & Williams, 1989; and many others). 

Human activities that can initiate or facilitate collapse include: creation of 

underground voids which collapse or subside over time (Delle Rose et al., 2004, p. 

747), mechanical loading over subterranean voids by building foundations and other 

structures (Yilmaz, 2007); vibrations from roads or other human activities (Yilmaz, 

2007); “gas extraction” (Della Rose et al., 2004, p. 749, citing Calcagnì et al., 1996) 

depletion of groundwater, resulting in decreased buoyant support of underground 

voids (Beck 1984, cited in Williams, 2004, p. 308; Della Rose et al., 2004; Bruno et 

al., 2008), water table changes due to influxes of industrial waste water or increases 

in the water table related other human activities (Guitiérrez-Santolalla et al., 2005, 

pp. 367-368; Yilmaz, 2007), alterations in groundwater chemistry leading to 

enhanced solution (caused by excessive pumping of fresh water along low-lying 

coastal areas, resulting in seawater ingress and mixing, hence increased aggressivity 

– see Bruno et al., 2008, p. 198; p. 202). 

3.4.4 Suffosion 

Suffosion refers to the gradual evacuation of fine sediments into subsurface 

karst, via downwashing and solution through solutionally enlarged joints or solution 

pipes (Ford & Williams, 1989; Williams, 2004).  Over time, the loss of these 

sediments is typically expressed on the surface by depressions in overlying 

unconsolidated cover material (Ford & Williams, 1989, p. 412; Williams, 2004). The 

suffosion process may result in the creation of voids in unconsolidated materials that 

can collapse catastrophically, but suffosion dolines differ from collapse dolines in 

that they form in unconsolidated sediments while collapse dolines form in bedrock 

(Kiernan, 2002; Williams, 2004).  
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3.4.5 Subsidence 

Subsidence refers to the gradual sinking of the ground surface that occurs 

when overlying sediments and/or bedrock slowly settle as underlying material is 

removed via solution or sediment transport (Ford & Williams, 1989; Kiernan, 2002). 

It differs from collapse in that the material overlying the resulting void is subject to 

deformation rather than mechanical failure (Kiernan, 2002; Williams, 2004). 

Subsidence depressions can range widely size, have gently sloping sidewalls, and 

can include very large trough-like depressions aligned along the strike of dipping 

beds (Williams, 2004). 

Figure 3-1 Diagram showing the four main mechanisms by which dolines are formed. Source: 
Sauro (2003, p. 44). 

3.4.6 Elucidating doline genesis – a complex problem 

Collapse, suffosion, subsidence and solution, then, are the four main 

processes by which dolines form. At first glance, using one of these four mechanisms 

as a basis for classifying dolines might seem logical, yet, as Čar (2001, p. 248) and 

many others point out, dolines that are “pure” products of any one of these four 

processes are uncommon. Consider the example of a simple “point recharge” 

depression initiated when fractured and relatively soluble bedrock like limestone 

underlying a less soluble material is exposed to water flowing on the surface. If a 

solutionally enlarged conduit develops and connects with a subsurface “proto-cave” 

system leading to a spring, a doline may form when the solution process enlarges 

conduits in the underlying limestone such that the overlying materials become 
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weakened and collapse (Ford & Williams, 1989).  Though solution is the process that 

initiated the doline in this case, its form is also derived from the compounding 

process of collapse. How then should it be classified? Simple classification schemes 

based on genetic processes6 may belie the potentially complex histories of dolines 

(e.g., !u"ter"i#, 2000; $ar, 2001; Sauro, 2003). Sauro (2003) has dealt extensively 

with this topic, noting that it is possible to classify dolines much more precisely on 

the basis of different factors such as size, geometrical shapes, genesis, hydrology, 

function, lithology, or tectonics (see also Bondesan et al., 1992, p. 5-7). Sauro’s 

(2003) comprehensive treatment of the subject shows that doline classification is 

neither a simple nor a straightforward problem and there are many different ways 

that the problem of classification can be approached. 

Dolines of different sizes and shapes and in all different stages of 

development can be found in the same terrain ($ar, 2001). Jennings (1975, p. 6, 

citing Jennings et al., 1969) asserts that, “Dolines, the simplest kind of karst closed 

depression, are nevertheless of several and often composite origins; neighbouring 

ones, superficially similar, may have formed differently.” A useful analogy used by 

Mihevc (pers. comm., 04 May 2011) is that dolines are like potatoes (this analogy is 

illustrated in Figure 3-2, below). A crop of the same variety of potatoes can be 

planted at the same time, in the same conditions. When they are harvested they will 

usually all differ in size and shape for reasons that are impossible to determine – but 

they are all still potatoes. Any particular potato might have had a different shape if it 

had been dug up at an earlier or later stage. 

Like potatoes, dolines continue to change and evolve through time. 

Moreover, the present morphology of a doline may not reflect its potentially complex 

history. In areas that have been subject to multiple glacial episodes in the relatively 

recent geological past (as is the case in coastal BC) the difficulty of sorting out 

doline genesis and evolution may be further compounded. As Ford (1987, p. 507) 

puts it, “Glacier effects upon karst landforms and their underlying aquifers display 

the gamut of possibilities. They may destroy, inhibit, preserve, or stimulate karst 

development.” 

 

                                                
6 There are many examples of such classification schemes. Williams (2004) provides a number of 
representative examples in a comparison table on p. 304; see also Kiernan (2002). 
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Figure 3-2 Mihevc’s “Potato Analogy” (Mihevc, 2011): A) Dolines are like potatoes in that individual 
specimens of the same variety of potatoes, all planted at the same time in the same field, 
may nevertheless grow to have different sizes and shapes. B) Though these potatoes 
vary in size and shape, all are recognizable as potatoes, and therefore go into the same 
pot. Similarly, while dolines may vary in size and shape, they are still recognizable as, 
and categorizable as, dolines. C) Expanding on Mihevc’s analogy, potatoes come in 
different species, and different varieties. Likewise, though most karst depressions are 
termed “dolines”, there are different varieties of dolines. As Sauro (2003) and others 
have noted, there are many different bases for classification of dolines.  

3.5 MORPHOMETRIC STUDIES AND DOLINES 

3.5.1 Morphometric studies – a logical place to start 

Morphometric studies are the obvious way to begin characterizing BC’s 

coastal rainforest karst dolines. Denizman (2003, p. 29, citing Bates & Jackson, 

1987, p. 235) defines morphometry as “the measurement and mathematical analysis 

of the configuration of the earth’s surface and the shape and dimensions of its 

landforms.” Morphometric descriptions of dolines are precise and quantitative. They 

are useful for conducting comparisons between individual dolines; they also permit 

the characterization of populations of dolines and comparisons between populations 

of dolines (Bondesan et al., 1992). Well-defined morphometric parameters (see, for 

example, Bondesan et al., 1992) can allow researchers to conduct comparisons 

between dolines in different parts of the world and more accurately assess the 

applicability or generalizability of doline studies done elsewhere to local examples.  
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3.5.2 What are the limitations of morphometric studies?  

Dolines continue to evolve through time, with the relative importance of 

different drivers of that evolution also changing (see, for example, Gams, 2000; 

White, 2007). Attempts have been made to study the origins and development of 

dolines using morphometry. Péntek et al. (2007), for example, first derived area 

functions for an ‘ideal’ doline, and then four different “evolutionary growth curves” 

for dolines of different shapes, with the aim of getting a better understanding of how 

dolines evolve over time. However, the general consensus among researchers is that 

morphometric studies, taken in isolation, are not particularly useful for determining 

doline genesis. Sperling et al. (1977, pp. 218-219) discuss the use of diameter/depth 

ratio as an indicator of doline genesis, but concede that genesis cannot be confidently 

inferred from morphometric analyses. Mihevc (1998, p. 70) cautions that while 

dolines can be categorized by morphology and morphometry, these factors cannot be 

used to elucidate their genetic origins. The most conservative approach holds that 

while morphometric studies can be very useful for describing the current physical 

shapes of dolines, morphometry is not an appropriate tool for elucidating doline 

genesis and history (!ar, 2001; Sauro, 2003).  

A further caveat is provided by Williams (1972, p. 374), who cautions that, 

“The geology, process environments, and morphology of sample localities provide a 

background for judging the morphometric results.” 

3.5.3 How have other researchers acquired and used morphometric 
data for dolines? 

Researchers elsewhere have acquired morphometric data for dolines by a 

number of means. As Bondesan et al. (1992) point out, data-acquisition methods can 

be divided into two broad categories: 1) field-based methods; and 2) remote (or 

office-based) methods. Field-based methods include conducting on-the-ground 

surveys of dolines in the field (examples of studies where these methods were used 

include Jennings, 1975; Sperling et al., 1977; and Day, 1983). Remote- or office-

based methods for identifying the presence of dolines and/or acquiring morphometry 

data for dolines include the use of contour maps (e.g., see Denizman, 2003; Mills & 

Starnes, 1983), air photos (e.g., see Williams, 1972; Kemmerly, 1976; Taborosi, 

2006, GIS applications (e.g., Denizman, 2003; Taborosi, 2006) and the use of remote 
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sensing technologies such as Light Detection and Ranging (LiDAR) (Baichtal & 

Langendoen, 2001) and digital elevation models (Zboray et al., 2005). Often, two or 

more of these methods may be combined in a single study (examples include 

Sperling et al., 1977; Kemmerly, 1976; Denizman, 2003; and Taborosi, 2006). 

Table 3-1, below, provides a summary of these selected examples of doline 

research using or incorporating morphometric studies. 

 



Ramsey, C. Morphometry and Basic Ecological Characteristics of Dolines in Unlogged Temperate 
Rainforest Karst Landscapes of Northern Vancouver Island, British Columbia, Canada. 

Dissertation, University of Nova Gorica, 2014 
Chapter 3 

 

 57 

Table 3-1 Table showing selected examples of doline research involving morphometric studies. Morphometric studies are sometimes combined with spatial 
distribution studies (e.g., Day, 1983; Mihevc, 1998; Denizman, 2003; Gutiérrez-Santolalla et al., 2005; Taborosi, 2006). Mills & Starnes’ (1983, pp. 40-41) 
summary of the ways that morphometry and/or spatial distribution studies have been utilized by other researchers includes: 1) inferring the origins and 
development of karst depressions; inferring how sinkholes may influence one another’s evolution; 3) differentiating solution and collapse dolines; 4) 
demonstrating sinkhole elongation trends parallel to regional joint sets. Other researchers have attempted to link the spatial distribution of dolines to 
structural geology and/or tectonics (e.g., Khorsandi & Miyata, 2007; Faivre & Reiffsteck, 1999) or multiple other factors such as morphometry, lithology 
and structural controls like faults (Plan & Decker, 2006). Williams (1972, p. 761) notes that these types of studies are useful in identifying “any 
fundamental organization or interrelations within karst landscapes.” 

AUTHOR(S) Type of study Locale Vegetation cover of 
study site 

Media Used For 
Identifying Dolines 
and/or Deriving 
Morphometric 
Data 

Methods Used For 
Obtaining 
Morphometric 
Data 

Geographic 
Scale/Scope of 
study area, if 
specified 

Sinkhole 
dimensions (if 
given) 

Sample Size 

Williams (1972) Morphometric 
analysis, spatial 
distribution and 
organization of 
polygonal karst 

New Guinea Forested, but 
variable, due to 
elevation (p. 379-
380) 

Aerial photos (1:50 
000 - 1:26 000 
scale) 

Office-based 
analyses derive 
from aerial photos 

Total area not 
specified; one of 
the eight districts 
studied (the Darai 
Hills) occupies 
6000 sq. km (p. 
383) 

Dimensions are not 
given for individual 
dolines; but graph 
on p.397 suggests 
they range in size 
from about 100 - 
600+ m in diameter 

1,228 (p. 388) 

Jennings (1975) Morphometry, 
morphogenesis 

Craigmore karst, 
New Zealand 

Short tussock grass 
for Mt. Cookson. 

Field work and 
office-analyses of 
results 

Field 
reconnaissance and 
field measurements 
using tapes and 
prism compasses. 

? Mean diameter of 
Craigmore karst 
samples was 21.8 
m , with a strong 
mode in the 10 - 20 
m class (p. 14). 

90 at Craigmore 
(see p. 13), 45 (at 
least at the Mt. 
Cookson site); 
hence 135? 

Kemmerly (1976) Morphometry, 
statistical analyses 

Clarksville 
Quadrangle, 
Tennessee, USA 

Not specified Conventional aerial 
photographs, 
(Earth Resources 
Technical Satellite 
(ERT) photos, "7-
1/2 minute 
Clarskville 
Quadrangle" 
(contour intervals 
=10ft) - map? 

"field 
investigation" - 
methods not 
specified 

? Not specified 432 

Sperling et al. 
(1977) 

Morphometry, 
environmental 

Dorset Chalklands, 
UK 

"acidic heath 
vegetation" (p. 
212) 

Aerial photos (~1:8 
000 scale); 
Ordnance Survey 

Field surveys (for 
deriving 
morphometric data 

Not specified Modal class (mean 
diameter) was 10 - 
20 m; modal class 

97 
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AUTHOR(S) Type of study Locale Vegetation cover of 
study site 

Media Used For 
Identifying Dolines 
and/or Deriving 
Morphometric 
Data 

Methods Used For 
Obtaining 
Morphometric 
Data 

Geographic 
Scale/Scope of 
study area, if 
specified 

Sinkhole 
dimensions (if 
given) 

Sample Size 

Maps (1:2500 
scale) 

from 58 dolines); 
aerial photo 
interpretation (for 
deriving 
morphometric data 
for 39 dolines); 
aerial photos were 
also used for 
determining doline 
distribution 

for mean depth was 
2 - 4 m. Most of 
the dolines ranged 
from 0 - 50 m 
(mean diameter) 
and from 0 - 10 m 
(mean depth)  

Mills & Starnes 
(1983) 

Morphometry, 
fluviokarst 

Tennessee, USA Not specified Topographic maps 
at 1:2400 scale and 
1.5 m contour 
intervals 

Sinkholes were 
marked and 
numbered on large 
scale maps; not 
specified how 
many, if any, were 
visited and 
surveyed in the 
field 

90 sq. km Mean was 194.9 m 
(length); 113 m 
(width); 4.451 m 
(depth) 

127 

Day (1983) Morphology, 
spatial distribution, 
doline evolution 

Barbados Not specified, but 
the author mentions 
the difficulty of 
identifying dolines 
with dimensions of 
less than 5 m in 
areas covered by 
sugar cane crops 
(see Day, 1983, p. 
207)  

Topographic maps 
at 1:10 000 scale; 
aerial photos were 
used for "initial 
reference" (Day, 
1983, p. 207) and 
spatial distribution 
work 

Field surveys 124.5 sq. km Modal class (mean 
diameters) was 21 - 
40 m, with a range 
of 4.0 - 144.5 m. 
Modal class for 
mean depth was 1.1 
- 2.0 m, with a 
range from 0.5 - 
16.0 m 

360 

Applegate (2003) Doline mapping Ohio, USA Unspecified Topographic maps 
at 1:24 000 and 1: 
100 scale 

Field mapping, 
plotting dolines by 
hand on 1:100 
scale maps with 10 
ft. contour intervals 
(p. 127) 

Unspecified Most less than 25 
m in diameter and 
less than 3 m deep; 
the largest one in 
the sample is 63 m 
in diameter and 4 
m deep (p. 127) 

Unspecified 
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AUTHOR(S) Type of study Locale Vegetation cover of 
study site 

Media Used For 
Identifying Dolines 
and/or Deriving 
Morphometric 
Data 

Methods Used For 
Obtaining 
Morphometric 
Data 

Geographic 
Scale/Scope of 
study area, if 
specified 

Sinkhole 
dimensions (if 
given) 

Sample Size 

Denizman (2003) GIS / morphometry 
/ spatial 
distribution 

Lower Suwannee 
River Basin, 
Florida 

Not specified ArcInfo 7.0; 
ArcView 3.0; 
resolution of maps 
used not specified 

GIS analysis An area covered by 
24 X 1:24 000 
USGS topographic 
quadrangles (p.29) 

Modal class (mean 
diameters) was 5 - 
50 m; mean 
diameter was 98.6 
m, and the range 
was 5.6 - 2785.9 m 
(p. 34) 

~25 0000 

Whiteman et al. 
(2004a) 

Limestone 
sinkholes, 
microclimates 

Hetzkogel Plateau, 
Austria 

Presumably alpine 
or bare rock 
(elevation was 
~1300 m) but in a 
related paper (i.e., 
Whiteman et al. 
2004b) the author 
specifies grass. 

Topographic maps Topographic maps 
were used to obtain 
rough 
measurements of 
the dolines. 

Not specified  The largest 
depression of the 
five in the sample 
was 600 m W X 54 
m D; the smallest 
was 45 m W X 7 m 
D (p. 1226) 

5 

Gutiérrez-
Santolalla et al. 
(2005) 

Spatial distribution, 
subsidence, 
collapse, 
morphometry, 
hazard zonation, 
evaporite, mantled 
karst 

La Puebla de 
Alfindén sinkhole 
field in the Ebro 
river valley (NE 
Spain) 

Not specified, 
though they note 
that the large uvala 
has both tree and 
shrub vegetation 
(p. 363). Climate is 
semi-arid. 

1:1000 scale 
topographic maps, 
1: 5000 and 1:1000 
scale orthophotos 
(see pp. 361-362) 

Field mapping, as 
well as office-
based ortho-
photo/topographic 
mapping stuff. 

 0.25 sq. km(?) ( p. 
365.) 

Not specified 158 

Zboray et al. 
(2005) 

Digital elevation 
modeling, 
morphometry 

Bükk plateau, 
Hungary 

Not specified Remote sensing 
data, Leica Erdas 
Imagine Slope 
Application, GIS,  

Not specified Not specified, but 
the combined 
actual area of the 
dolines derived 
from the digital 
elevation models 
was found to be 
1.2397 sq. km 

Not specified 275 

Plan & Decker 
(2006) 

Spatial distribution, 
morphometry 

Hochschwab 
Plateau, Austria 

Varies with 
altitude; spruce and 
beech forests up to 
~1600 m; then 
larch; then Pinus 
mugo up to 1900 

ArcView GIS 3.2  Karst features 
drawn in a 1:5000 
orthophoto base 
map with 10-m 
isoclines and a 
GPS coordinate 

58.6 square km 
area (p.39) 

Reported in 
approximate 
volumes (cubic 
metres), based on 
stipulated conical 
shapes for the 

7151 
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AUTHOR(S) Type of study Locale Vegetation cover of 
study site 

Media Used For 
Identifying Dolines 
and/or Deriving 
Morphometric 
Data 

Methods Used For 
Obtaining 
Morphometric 
Data 

Geographic 
Scale/Scope of 
study area, if 
specified 

Sinkhole 
dimensions (if 
given) 

Sample Size 

m; then grassy 
vegetation where 
soil exists (p. 33) 

grid. Results were 
shown in two 1:14 
000 scale maps (p. 
39) 

purposes of these 
analyses (p. 44) 

Taborosi (2006) Karst inventory Guam Dense tropical 
shrub forest 
vegetation (p. 4) 

Ortho-corrected 
aerial photos with 
digitized 
topographic 
contour lines (p. 
61); ESRI 
ArcView GIS 3.1 

For dolines, office-
based analyses of 
the ortho-corrected 
aerial photos with 
superimposed 
digitized 
topographic 
contour line in a 
GIS environment. 

Total area not 
specified, but the 
total area of Guam 
is given as 549 sq. 
km (p.3). Part of 
the island is 
comprised of 
volcanic rocks, 
though 

Reported mean 
lengths ranged 
from 40 - 1353 m; 
with an average 
length of 265 m. 
Average depth of 8 
m, with a minimum 
(and stipulated 
minimum) depth of 
3 m (see p.10); 
maximum depth of 
29 m (p. 63).  

1252 depressions 
identified; 280 
inventoried (p. 10) 

Bruno, et al. (2008) Morphometry, 
collapse 

Apulia, Italy Not specified. Palm 
trees are visible in 
some of the 
pictures. 

Topographic maps 
at the 1:5,000 and 
1:10,000 scales 

Field surveys, 
multi-year aerial 
photos, archival 
research 

6 sq. km Majority are 4 m 
deep (see p. 204, 
column 1) 

58 

Bátori, et al. (2012) Sinkholes, dolines, 
doline size, 
microclimate, 
vegetation 

Mecsek, Hungary Sub-Mediterranean 
type, middle-aged 
(70-110 years) 
mixed oak and 
beech forests.  

 Field surveys, 
transects, plots  
(see p. 128-129.) 

30 sq. km, between 
250 - 500m a.s.l. 

 Diameters ranged 
from 9.5 - 229 m; 
depths ranged from 
1 - 31 m. 

20 

 
References for Table 2-1: 
Williams, P., 1972. Morphometric analysis of polygonal karst in New Guinea. Geological Society of America Bulletin, 83, pp. 761-796. 
Jennings, J. N., 1975. Doline morphometry as a morphogenetic tool: New Zealand examples. New Zealand Geographer, 31, pp. 6-28. 
Kemmerly, P., 1976. Definitive doline characteristics in the Clarksville quadrangle, Tennessee. Geological Society of America Bulletin, 87, pp. 42-46. 
Sperling, C.H.B, Goudie, A.S., Stoddart, D.R., & Poole, G.G., 1977. Dolines of the Dorset Chalklands and other areas in southern Britain. Transactions of the Institute of British Geographers, New Series, 
2(2), pp. 205-223. 
Mills, H. H., & Starnes, D.D., 1983. Sinkhole morphometry in a fluviokarst region: eastern Highland Rim, Tennessee, U.S.A. Zeitschrift für Geomorphologie, 27(1), pp. 39-54. 
Day, M., 1983. Doline morphology and development in Barbados. Annals of the Association of American Geographers, 73(2), pp. 206-219. 
Applegate, P., 2003. Detection of sinkholes on shaly Ordovician limestones, Hamilton county, Ohio, using digital topographic data: dependence of topographic expression of sinkholes on scale, contour 
interval, and slope. Journal of Cave and Karst Studies, 65(2), pp. 126-129. 
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Denizman, C., 2003. Morphometric and spatial distribution parameters of karstic depressions, lower Suwannee River basin, Florida. Journal of Cave and Karst Studies, 65(1), pp. 29-35. 
Whiteman, C.D., Haiden, T., Pospichal, B., Eisenbach, S., & Steinacker, R., 2004a. Minimum temperatures, diurnal temperature ranges, and temperature inversions in limestone sinkholes of different sizes 
and shapes. Journal of applied Meteorology, 43, pp. 1224-1236. 
Whiteman, C.D., Eisenbach, S., Pospichal, B., & Steinacker, R., 2004b. Comparison of vertical soundings and sidewall air temperature measurements in a small Alpine basin. Journal of Applied 
Meteorology, 43, pp. 1635-1647 
Gutiérrez-Santolalla, F., Gutiérrez-Elorza, M., Marín, C., Desir, G. & Maldonado, C., 2005. Spatial distribution, morphometry and activity of La Puebla de Alfindén sinkhole field in the Ebro river valley 
(NE Spain): applied aspects for hazard zonation. Environmental Geology, 48, pp. 360-369. 
Zboray, Z., Bárány-Kevei, I., & Tanács, E., 2005. Defining the corrosion surface of the dolines by means of a digital elevation model. Acta Climatologica et Chorologica, Universitatis Szegediensis, Tom. 
38-39, pp. 157-162. 
Plan, L., & Decker, K., 2006. Quantitative karst morphology of the Hochschwab plateau, Eastern Alps, Austria. Zeitschrift für Geomorphologie, Supplement, 147, pp. 29-54. 
Taborosi, D., 2006. Karst Inventory of Guam, Mariana Islands. Technical Report No. 112. August 2006. Water and Environmental Research Institute of the Western Pacific, University of Guam. 
Bruno, E., Calcaterra, D., & Parise, M., 2008. Development and morphometry of sinkholes in coastal plains of Apulia, southern Italy. Preliminary sinkhole susceptibility assessment. Engineering Geology, 
99, 198-209. 
Bátori, Z., Köröczi, L., Erdös, L., Zalatnai, M., & Csiky, J., 2012. Importance of karst sinkholes in preserving relict, mountain, and wet-woodland plant species under sub-Mediterranean climate: a case 
study from southern Hungary. Journal of Cave and Karst Studies, 74(1), pp. 127-134. 
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Morphometric studies are sometimes combined with spatial distribution 

studies (e.g., Day, 1983; Mihevc, 1998; Denizman, 2003; Gutiérrez-Santolalla et al., 

2005; Taborosi, 2006). Mills & Starnes’ (1983, pp. 40-41) summary of the ways that 

morphometry and/or spatial distribution studies have been utilized by other 

researchers includes: 1) inferring the origins and development of karst depressions; 

inferring how sinkholes may influence one another’s evolution; 3) differentiating 

solution and collapse dolines; 4) demonstrating sinkhole elongation trends parallel to 

regional joint sets. Other researchers have attempted to link the spatial distribution of 

dolines to structural geology and/or tectonics (e.g., Khorsandi & Miyata, 2007; 

Faivre & Reiffsteck, 1999) or multiple factors including morphometry, lithology and 

structural controls such as faults (e.g., Plan & Decker, 2006). 

Correlating spatial distributions of dolines with tectonic factors, structural 

geology, lithology and spatial distribution relative to other dolines can assist in better 

understanding some of the factors and mechanisms driving doline genesis and 

evolution (!ar, 2001, and many others). Soil, vegetation and climate are additional 

factors that should also be considered (Bondesan et al., 1992). Human land use 

activities, which can initiate collapse features, are also a critical consideration in 

some areas (e.g., Delle Rose et al., 2004; Gutiérrez-Santolalla et al., 2005; Yilmaz, 

2007, Nisio et al., 2007). Yilmaz (2007) integrated all of these factors, using 

Geographic Information Systems (GIS) applications to examine whether and how 

geology, hydrology, topography, vegetation cover and land use activities might 

influence the susceptibility of gypsum karst to collapse in Turkey’s Sivas Basin.  

Spatial distribution studies are very often geared to “geological” or “hazard 

zonation” questions. Bruno et al. (2008, p. 208) note that “[i]mproving the capability 

to predict the occurrence and evolution of a source of geohazard such as a sinkhole, 

[sic] has to be regarded as a crucial task, not only for the geoscientist, but for urban 

planners and public authorities as well.” 

3.5.4 Why not use remote (or “office-based”) methods to study doline 
morphometry and spatial distribution in BC? 

Spatial distribution studies of dolines – especially those using GIS or remote 

sensing techniques – might be very useful for some aspects of karst management in 

BC. Examples of applications include mapping karst vulnerability for karst polygons, 

planning-level inventories, timber supply calculations, or even assisting in planning 
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and prioritizing search patterns for karst field assessments7 (Resources Information 

Standards Committee, 2003). Limiting factors for the use of these approaches in 

coastal BC currently include the lack of availability of remote technologies or their 

data (N. Coops, pers. comm., 2011) and the resolutions or scales at which they are 

available (e.g., see Applegate, 2003). In his study of doline development in 

Barbados, Day (1983, p. 207) reports that, “The 1:10,000 maps used in previous 

work …were employed only for initial reference because their representation of 

dolines is arbitrary and, compared to field data, they underestimate doline numbers 

by up to 54 percent.” As Applegate (2003) notes, in addition to map scales, contour 

intervals are also a critical consideration. Similarly, Bondesan et al. (1992, p. 32) 

state that technical cartography scales of 1:5000 to 1:10 000, with contour intervals 

no greater than 10 m, are required in order to conduct finer scale morphometric 

analyses of dolines. Though no morphometric studies have been conducted in coastal 

BC, field experience has shown that the lower size range of dolines approaches, and 

probably best fits, the 1 to 2 m scale employed by Plan & Decker (2006, p. 39). In 

the absence of higher resolution data, Kastning & Kastning (1997, p. 107) suggest 

that fieldwork is the only way to ensure that smaller dolines in a given area will be 

documented. 

Because dolines in this lower size range are often not detectable under forest 

canopies in aerial photos in BC and elsewhere (e.g., see Sperling et al., 1977; 

Kastning & Kastning, 1997; Taborosi, 2006; see also Howes, 1981b), 

photogrammetry is not a reliable means of conducting spatial distribution studies of 

smaller dolines under heavy forest canopy, although this method might be used 

successfully in areas without forest cover. A second limitation is described by 

Williams (1972, p. 774) who notes that aerial photos are useful for planimetric 

studies, but not for hypsometric analyses because of poor depth control (see also 

Bondesan et al, 1992).  

Bunnell & Huggard (1999, p. 117) highlight the need to choose scale-

appropriate methods to answer the types of ecological research questions being 

asked, cautioning that using larger scale media or methods, “constrains such studies 

to GIS map work and the limited statistical descriptions and simulations that tool 

                                                
7 Different types of karst inventories in BC, including Karst Field Assessments (KFAs), are described 
in Appendix C. 
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allows. The ability of the tool then defines the scope of the subject.” GIS applications 

proved useful in this project’s site selection phase, though these were heavily aided 

by prior field knowledge.  

3.5.5 Ground-based morphometric doline research: methodological 
considerations 

Most of the data presented in this thesis were collected via ground-based 

research. An advantage of ground-based studies is that they allow researchers to 

assess the generalizability of detailed observations over the study area (Jennings, 

1975). However, for this thesis the decision to use scalable 3-D digital terrain models 

of dolines derived from ground-based surveys8 was arrived at after field trials 

confirmed some of the problems described by Jennings (1975, pp. 10-12). 

Essentially, the problem is that it can be very difficult to correctly identify and 

measure discrete doline parameters directly on the ground. For example, in the field 

it is often hard to isolate the longest or shortest distances across dolines even on flat 

surfaces with certainty or precision. This task becomes even more difficult if the 

dolines are on uneven ground with asymmetrical enclosing contours. 

If one is on the ground at a remote field site (as is likely to be the case with 

karst research in BC), it makes sense to consider what other types of data might be 

useful – if not to the present study, then to future workers who might wish to work 

with the same data sets. !ar (2001, p. 251-252), for example, reminds readers that 

karst landscapes are dynamic geological structures and other factors are all working 

in concert to change the surface of karst through time. Researchers and/or field 

workers should, if possible, attempt to include data on geological structures in 

addition to morphometric parameters (!ar, 2001, p. 242). 

Basic observations about geological structures, surficial deposits, lithology, 

slope, aspect elevation, climate, etc. are relatively easy to collect and may provide 

valuable insights that aid interpretation and perhaps enable readers to assess the 

validity and comparability of different data sets. Such field site data would also be 

useful to have on file if BC should ever set up a doline database/cadaster.  

                                                
8 The methods used to acquire field data and create these models are described in Chapter 4. 
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3.6 ECOLOGICAL CHARACTERISTICS 

3.6.1 Selected examples of ecological studies in dolines 

Many researchers have undertaken ecological studies of one kind or another 

outside of BC. It is impossible to provide a comprehensive list here. The selected 

examples below are only a small sample. 

Rare, unusual or relictual plants or plant assemblages have often been 

reported in association with dolines elsewhere (Hoyk, 1999; Bátori et al., 2012; 

Bátori et al., 2011; Bátori et al., 2009; and many others). The physical shapes of 

dolines provide vertical stratification of moisture and microclimate regimes as well 

as variable insolation, depending on aspect (e.g., Bárány-Kevei, 1999; Bátori et al., 

2011; Bátori et al., 2009; Sólymos et al., 2009; Özkan et al., 2010; Fetterman et al., 

2003). In some instances, the capacity of dolines to provide such variable habitats, or 

habitats for rare or unusual species, may be partly a function of size (see, for 

example, Bátori et al., 2012). 

Much of the research on doline biodiversity has focused on plant assemblages 

(e.g., Bátori et al., 2012; Bátori et al., 2011; Bátori et al., 2009). Less frequently, the 

use and/or spatial distribution of animal life in dolines has been studied. For 

example, Sólymos et al. (2009) studied the spatial distribution, species richness and 

abundance of snails associated with different microhabitats within dolines in 

Hungary. The relationships between isopod assemblage compositions and vertical 

moisture and temperature gradients were explored by Vilisics et al. (2011). Both of 

the preceding studies found evidence of vertical stratification of species in the 

studied doline assemblages. The results of Nagy & Sólymos (2002) were less 

conclusive. They examined the relationship between Orthoptera assemblages and 

microclimate in different exposures of a doline in the Aggtelek National Park 

(northeast Hungary) and found some apparent connections between microclimate 

and distribution, but no definitive patterns. The authors suggested confounding 

factors could be present (Nagy & Sólymos, 2002).  

3.6.2 Importance of the soil/bacteria/karst interface  

Much of the research cited above suggests that plant and animal distribution 

within dolines is strongly governed by abiotic factors such as microclimates, which 

in turn may be related to doline shapes and sizes. By contrast, Bárány-Kevei (1998a) 
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argues that biotic factors may influence doline shapes and that asymmetry in dolines 

can be the product of interactions between microclimate, soil and flora. These factors 

(which vary within dolines) affect soil bacteria; the types of bacteria and their 

activities “control the nature and order of magnitude of corrosion processes 

necessary for solution” (Bárány-Kevei, 1998a, p. 117). Bárány-Kevei & Musci 

(1995) elaborate upon the role of soils, soil depths, and soil bacteria in the 

acidification of water percolating through soils.  

3.7 HOW SHOULD A CHARACTERIZATION OF THE 
ECOLOGICAL CHARACTERISTICS OF DOLINES IN 
BC’S TEMPERATE RAINFOREST BE APPROACHED? 

3.7.1 Linkages between forests and karst 

The natural setting for many dolines in coastal BC is coniferous temperate 

rainforest. It is therefore useful to consider the linkages between karst and forests to 

place these dolines in their proper environmental context. 

Some researchers have pointed out that karst often does not support 

commercially valuable large trees (Gillieson, 2004; Aley, 2004). Tanács (2005, p. 

145) takes a somewhat different view, observing that in Hungary at least, forests 

upon karst have remained intact because the thin karst soils would not support crops. 

It can be difficult to gauge the past forest productivity of karst regions by what one 

sees in the present. For example, the Classical Karst once supported forests that 

supplied timber required for construction and ship building in the busy ports of 

Venice and Trieste (Jakucs, 1977; Gams, 1993; Kranjc, 2009; see also Terzaghi, 

1959, p. 233). Despite the typically thin organic soils associated with the temperate 

rainforest karsts of coastal BC and Southeast Alaska, highly productive forests are 

able to flourish here, in part because of ample precipitation throughout most of the 

year (Aley, 2004). Forest cover can in turn regulate/mediate autogenic recharge in 

karst systems through a number of mechanisms, including: the interception, storage, 

sublimation and evaporation of precipitation in the canopy (Winkler et al., 2010a; 

Gillieson, 2004; see also Tanács, 2005); by transpiration of soil water taken up by 

tree roots (Winkler et al., 2010a; Gillieson, 2004); by shading the forest floor and 

reducing evaporation of water from the forest floor, or reducing rates of snow 

ablation (Winkler et al 2010b, pp. 184-185); and blocking airflow (Winkler et al 

2010b, pp.184-185), thereby reducing evaporation from the forest floor (Winkler et 
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al., 2010a). Forests produce organic matter in the form of coarse woody debris and 

litter. These materials provide habitats for a wide range of organisms and 

microorganisms and sustain soil biology, soil structure, and soil moisture retention 

capacity (Stevens, 1997). All of these factors regulate temperatures and the 

availability, concentrations, and volumes of water and CO2, which are the key 

constituents in the karst dissolution process (Jakucs, 1977). 

Soils play a key role in regulating karst processes because most of the CO2 

that combines with water to form the carbonic acid involved in the natural 

dissolution process is taken up as the water percolates through the rooting zone 

(Jakucs, 1977; Gillieson, 2004; Plan, 2005). Bárány-Kevei has published extensively 

on the synergy among climate, vegetation and soils as controls on karst solution 

processes within the karst geoecosystem (for examples see, Bárány-Kevei, 1998a; 

Bárány-Kevei, 1998b; Bárány-Kevei, 2003; see also Tanács, 2005). An example of 

these synergies may be suggested (though not confirmed) in results obtained by 

Allred (2004, pp. 93-94), who reports a preliminary finding that limestones and 

marbles underlying “[c]learcuts with humus soil experienced an 11% dissolution rate 

increase over old growth sites with humus soil” in Southeast Alaska. He proposes 

that this increased rate may be attributable to factors such as reduced canopy 

interception, reduced transpiration of precipitation, or change in the pH of the water” 

(Allred, 2004, p. 94) (i.e., as results of forest cover removal), but concedes more 

work “would improve the average data for both” (Allred, 2004, p. 96). No significant 

differences in dissolution rates were observed in sample tablets buried under 

different vegetation types at similar altitudes by Plan (2005), who examined the 

effects of different variables, including altitude, soil cover vs. aerial exposure, site 

morphology and soil humidity on dissolution rates. Plan (2005) suggests that his 

finding of higher dissolution rates for tablets buried in soil than those for tablets 

exposed on the surface may be due to biological activity of soil organisms which 

produces higher concentrations of CO2 in the soil.   

Living tree roots can play a biogeomorphic role in karst formation through 

their ability to penetrate and fracture bedrock, thus creating preferential flow paths 

for water to enter the epikarst (Martin, 2006; Gillieson, 2004). An example of this 

from Northern Vancouver Island is shown in Figure 3-3, below.  
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Dead wood, in the form of coarse woody debris, can also play a geomorphic 

role in erosion control, in part by increasing organic matter and moisture retention 

capability of soils (Stevens, 1997; Boyer, 2004), and in part by physically stabilizing 

slopes, soil surfaces, and trapping sediments carried by surface runoff. 

 

Figure 3-3 An example of the intimate connection between karst and forest cover in coastal BC. The 
photo shows the root mass of a wind-thrown tree on Northern Vancouver Island. The red 
lines indicate a solution runnel and a corresponding root that occupied it. Tree roots can 
act as biogeomorphic agents in karst formation, but here the karst has also helped 
shape the tree.  

For the reasons above, forest cover can be considered an integral part of the 

karst system. Removal of forest cover may therefore be expected to have an impact 

on that system (e.g., Gillieson, 2004, 1996; Bárány-Kevei, 2003; Tanács, 2005).  

The links between widespread forest cover removal on karst and soil 

loss/rocky desertification have been recognized for a long time (e.g., see Kor!e, 

2002; Járási 1997, cited in Tanács, 2005, p. 145) and is well documented (e.g., see 

Boyer, 2004). Gams (1993) and Kranjc (2009) point out that the town of Trieste, 

Italy, introduced statutes aimed at curtailing deforestation upon karst as early as 1150 

AD. Grund (1914, p. 55) observed that, 

The Mediterranean region has for more than two thousand 
years been subject to continual devastation of its vegetation, so that 
the possibility cannot be ruled out that the present bareness of the 
Mediterranean karst has been artificially increased by human 
intervention, and that in former times the Mediterranean karst may 
have been at least half-covered, in periods when the karst still had 
large tracts of continuous woodland. 
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As noted earlier, Harding (1987; see also Harding & Ford, 1993) documented 

soil loss on limestone following timber harvesting in the Benson River Valley karst 

on Northern Vancouver Island. Restoring natural vegetation cover has been 

identified as an important aspect of remediation, rehabilitation or restoration efforts 

for karst (e.g., see Jakucs, 1977, Gams, 1993; Kranjc, 2009). A typical 80-year 

rotation cycle for timber harvesting on Vancouver Island may be insufficient for the 

recovery of soil loss and site productivity for some karst (Harding, 1987).   

Clarke (1997, pp. 57-72) provides a comprehensive summary of literature on 

the effects of various silviculture and forestry activities on karst.  

3.7.2 What functional or ecological characteristics of forest karst 
dolines require special management consideration? 

Aside from any potential threats or engineering hazards they may pose to 

humans, dolines should generally receive special management consideration with 

respect to primary forestry activities such as timber harvesting, road building and 

silvicultural treatments. The hydrological and sediment transfer potential of dolines 

discussed earlier is of particular concern with regards to forest cover removal (see, 

for example, Ulrich (2002, p. 39); see also Aley & Aley (1984, cited in Aley, 2004)). 

The water and sediment transfer potential of dolines is relevant to the 

management of dolines in BC, since a key management objective of the Karst 

Management Handbook for British Columbia (KMH) best management practices is 

to “maintain the natural flows and water quality of karst hydrological systems” 

(British Columbia Ministry of Forests, 2003, p. 13). 

Dolines are of potential importance with respect to another KMH karst 

management objective: “maintain the high level of biodiversity associated with karst 

ecosystems, including surface and subsurface habitats” (British Columbia Ministry 

of Forests, 2003, p. 13). The value of dolines in this respect has been recognized 

elsewhere. For example, Hettwer et al. (2003, p. 381) note that, in the Harz 

Mountains of Germany at least, “sinkholes are very often protected as rare biotopes.” 

Hoyk (1999) calls for stricter protection for dolines, in part because of their soil type 

and the large number of protected plant species associated with them.  

Whether or not any dolines in BC’s coastal temperate forest karst serve as 

rare biotopes or host protected plant species is currently unknown. Though local 

research would be needed to confirm this, it may be that BC’s coastal forest karst 
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dolines are not so much rare biotopes as contributors to general forest biodiversity 

simply by providing a more variable topography, hence heterogeneity. The higher 

geodiversity provided by karst in general, and dolines in particular, may result in 

higher biodiversity (Kiss et al., 2011). Kuuluvain (2002), for example, identifies 

heterogeneity of geomorphology and soils among factors that can contribute to 

biodiversity and states that, 

The reasoning behind the connection between environmental 
heterogeneity and species diversity is straightforward: 1) 
heterogeneity means variation in resources/habitat availability, 2) 
this variation provides a range of opportunities for organisms to 
colonize, survive, and reproduce and 3) the presence of multiple 
opportunities host a wider range of organisms characterized by 
different life-history traits, thus maintaining a higher species diversity 
(Kuuluvain, 2002, pp. 99-100). 

It is possible that dolines make some as yet un-quantified contribution to the 

structural heterogeneity of natural forests, if the meaning of “structure” can be 

extended beyond stand structure to include geomorphic elements. 

3.8 KEY ECOLOGICAL CHARACTERISTICS OF DOLINES 
IN COASTAL BC 

For this thesis, the key ecological characteristics or conditions documented in 

unlogged forest dolines in coastal BC include: 

• Standing trees 

• Downed trees (coarse woody debris) 

• Soil cover  

• Surface cover materials 

• Light  

• Temperature 

The sections below provide the rationale for these choices and some 

discussion of methods that have been used to study them elsewhere, or in other 

applications. 

3.8.1 Standing trees 

Kuuluvain (2002, p. 98) observes that, “trees are the primary producers and 

have a dominant influence on all forest ecosystem characteristics.” Tree cover (or 
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lack of it) should therefore be a basic consideration when describing the ecological 

characteristics of dolines. 

Gams (2000, p. 124) argues that reduction of the forest cover resulted in a 

reduction of the natural doline-forming processes. Lindenmayer, et al. (2000, p. 945, 

citing McComb et al., 1993) assert that, “The structural and floristic features of uncut 

[forest] stands provide an indication of the attributes that need to be retained and 

perpetuated in logged forests” (see also Kuuluvain, 2002). Documenting standing 

trees in undisturbed dolines may suggest which silvicultural practices may be most 

effective in remediating logged dolines in coastal BC. Such data could also assist in 

assessing the effectiveness of forest practices by providing a benchmark against 

which dolines in various stages of regeneration could be compared. 

Forest science has many different methods for describing stands of trees, but 

there are few examples of studies where these methods are applied in the context of 

karstology and/or forest dolines. One example is provided by Tanács et al. (2007), 

who tested a number of structural and compositional indices for describing forest 

stand plots in the Aggetelek karst of Hungary (though not specifically for dolines).  

3.8.2 Downed trees (coarse woody debris) 

Stevens (1997, p. 2) defines coarse woody debris as the remains of roots, 

stumps, and tree boles in different stages of decay, noting that the term generally 

refers to pieces with diameters greater than 7.5 cm.  

The roles of coarse woody debris in forest ecology are well documented. 

Stevens (1997, p. 2) groups these under four broad categories: 1) forest productivity; 

2) habitat and structure to maintain biological diversity; 3) stream and slope 

geomorphology; 4) long-term carbon storage. No papers explicitly looking at coarse 

woody debris in dolines were discovered during the research for this thesis, though 

coarse woody debris is mentioned as an important microhabitat for land snails in 

dolines by Sólymos et al. (2009). Documenting the natural range of variability for 

types and amounts of coarse woody debris in dolines under old growth forest 

conditions should provide guidance for determining what constitutes “excessive” 

post-harvest logging slash deposition in dolines, and for assessing blowdown in 

small standing timber reserves (e.g., see Franklin & Forman, 1987; Stevens, 1997). 

Methods and protocols for sampling coarse woody debris are readily available, 
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usually based on transects (e.g., see Marshall et al., 2003; British Columbia Ministry 

of Environment Lands and Parks & British Columbia Ministry of Forests Research 

Branch, 1998). The transect method is not necessarily useful for dolines, which tend 

to concentrate coarse woody debris in their lowest points by virtue of their funnel- or 

bowl-shaped forms. Hardy’s (1996) methodology for estimating volumes of woody 

biomass in slash piles might be adaptable to estimating volumes of large 

accumulations of coarse woody debris in dolines. 

3.8.3 Soil cover 

As noted earlier, dolines act as “input features” in karst systems (Ford & 

Williams, 1989). The “inputs” can include solids as well as liquids, regardless of 

whether the dolines have atmospheric openings in the bottoms and regardless of 

whether they receive surface flow waters.  

Depending on the level of activity/transmissibility, dolines may accumulate 

sediments at rates that must exceed the rate of sediment inputs, otherwise they would 

be completely bare. Williams (1985) and others have noted that sediments tend to 

move down the sides and become concentrated in the bottoms of dolines by the force 

of gravity, leaving the rims diminished. For this reason dolines can become the locus 

for soil research where soils of the surrounding landscapes are too thin (e.g., see 

Bárány-Kevei, 1987; Turnage et al., 1997).  

Bárány-Kevei (1998a, p. 115) observes that, “The soil covering the karst-

forming rock, through the a-biogenous and biogenous processes, controls the nature 

and the order of magnitude of the corrosion process.”  

A number of researchers have examined the stratigraphy and spatial 

distribution of parent materials, fills and soils within a single doline, in part to 

identify geomorphic processes at work in the doline (Aubert, 1966; Crownover et al., 

1994a; Crownover et al., 1994b; Smirnova & Gennadiev, 2011). Crownover et al. 

(1994a, p. 1746) note that, “A model for doline evolution includes long periods of 

doline stability punctuated by shorter periods of doline instability that effectively 

removed most or all of the accumulated sediments.” Aubert (1966) reached a similar 

conclusion. 

Turnage et al. (1997) reconstructed soil movement in dolines using 137Cs 

isotopes. They report that side slope concentrations of 137Cs were variable, and 
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interpreted these results to mean that these sites are dynamic, with episodic 

deposition and erosion. Turnage et al. (1997) found that the highest rates of soil 

redistribution occurred in a cropland doline and the least amounts in the forested 

doline, a finding that may support observations by Grund’s (1914, p. 55) and many 

others on the role of forests in stabilizing soils on karst. 

One of the few karst research projects undertaken in coastal BC in recent 

years did involve an examination of soil profiles in five dolines (see Stokes et al., 

2008), but these dolines were situated in advanced regeneration second-growth 

forest. No soil-related studies have been undertaken in unlogged forest dolines in 

BC’s coastal temperate rainforest to date. 

Schwartz & Schreiber (2009) found that thick blankets of clay- or silt-rich 

soils mantling dolines can temporarily store significant amounts of infiltration water, 

slowly releasing it over time, in addition to the more rapid (and better known) 

recharge associated with sinkholes. Hence soils overlying dolines may serve a useful 

hydrological buffering function. 

Liszkowski, J., (1995, p. 334) identifies “the lithology, and the physical and 

geomechanical properties of the cover deposits; the geohydrologic conditions and the 

nature of wetting at the bedrock/cover deposits interface; and the degree of 

karstification of the limestone bedrock” as controlling factors in drift doline 

formation. Hence, collecting information on cover material, in conjunction with 

spatial distribution and doline morphometry, might be very useful for assessing 

potential collapse hazard. 

The literature suggests that a detailed study of doline soils in coastal BC 

forests could (and probably should) be a thesis in and of itself. Here it is only 

possible to attempt to broadly characterize, and gauge the depths of, surficial cover 

across the dolines. More detailed work on the associated soils would a logical and 

important subject for future research.  

3.8.4 Surface cover materials 

“Surface substrates” are described, but not defined, in BC’s Describing 

Terrestrial Ecosystems (British Columbia Ministry of Environment Lands and Parks 

& British Columbia Ministry of Forests, Research Branch, 1998); categories of 

surface substrates to record include “organic matter”, “decaying wood”, “bedrock”, 
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“rock (cobbles and stones)”, “mineral soil”, and “water” (see British Columbia 

Ministry of Environment Lands and Parks & British Columbia Ministry of Forests 

Research Branch, 1998, Section 1 “Site Description”, pp. 29-30). Some, but not all 

of these categories were adopted for use in this research, but to avoid possible 

confusion, the term “surface cover material” is used in this thesis to describe the 

main classes of visible materials covering the interior surfaces of dolines. 

Why should one bother to consider surface cover materials in dolines? One 

reason is the role or roles that materials, such as rock fragments or organic material, 

might fulfill in mediating soil hydrological processes (see Xiao-Yan et al., 2007, p. 

366). A second reason is provided by Bárány-Kevei (1999, p. 20), who notes that 

with respect to karstic doline microclimates, “The quantity of energy transmitted or 

reflected back into the atmosphere depends on the quality of surface which intercepts 

the radiation.” A third reason is that BC’s management framework for dolines; an 

aspect of BC’s Forest and Range Evaluation Program (FREP) effectiveness 

evaluations for features such as dolines (see Appendix A) includes evaluating the 

presence of “introduced materials” and “soil disturbance.” It is difficult to assess the 

impacts of, and distinguish between, “natural” soil disturbance and “introduced 

materials” vs. those related to anthropogenic activities if types and quantities of 

surface cover materials typically present in undisturbed dolines have not been 

documented. 

Only one study explicitly focusing on surface cover material in dolines was 

found during the literature search for this thesis. Noting that rock fragments on the 

surface in dolines can mediate recharge and their sizes and distribution can be 

products of the hydrological, geochemical and geomorphic processes within dolines, 

Xiao-Yan et al. (2007) examined the relationships among doline side slope gradients 

and the spatial and topographic distributions of different size classes of rock 

fragments within dolines. Some distinct spatial patterns were identified (for example, 

a higher percentage of larger, more deeply embedded fragments concentrated higher 

on the doline side slopes; higher percentages of smaller rock fragments resting on the 

soil surface concentrated in the lower parts of the dolines; and higher percentages of 

total rock fragment cover material associated with southern and western doline side 

slopes). The authors also point out that other variables, such trampling and digging 
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by wild and domestic animals, and other land use activities, can affect rock fragment 

distribution. 

Xiao-Yan et al.’s (2007) study is based on dolines in a semi-arid mountain 

range in Mediterranean Spain. Coarse woody debris or moss would likely be more 

common surface cover materials than rock fragments in BC’s old growth temperate 

rainforest dolines.  

3.8.5 Light and temperature 

As shown in Appendix B, dolines with “distinctive microclimates” are 

candidates for higher levels of protection than dolines without “distinctive 

microclimates.” The Karst Management Handbook for British Columbia (British 

Columbia Ministry of Forests, 2003, p. 26) states that,  

Sinkholes large enough to create their own microclimate … 
support distinct vegetation with an obvious species gradient down the 
sideslope, or exhibit a distinctive temperature and relative humidity 
gradient.  

This Karst Management Handbook definition is potentially problematic 

because microclimates can vary in both degree and scale. For example, the British 

Columbia Ministry of Forests and Range (2008) Glossary of Forestry Terms in 

British Columbia defines “microclimate” as, “The climate of small areas, such as 

under a plant or other cover, differing in extremes of temperature and moisture from 

the climate outside that cover” (British Columbia Ministry of Forests and Range 

2008, p. 64). Chen et al. (1999, p. 288) define “microclimate” as “the suite of 

climatic conditions measured in localized areas near the earth’s surface.” A sense of 

the variability of microclimate spatial scales is provided by Davies-Colley et al. 

(2000, p. 111, citing Oke, 1978): “Microclimate can be defined as the climate at 

small scale, say from 0.01 to 1000 m.”  

The variables that make up microclimates – temperature, moisture, light and 

wind (Chen et al., 1999; Davies-Colley et al., 2000) – can influence karst processes 

in dolines directly via frost shattering or prolonged snow melting (Gams, 2000; 

Williams, 1985, p. 469), or indirectly by mediating or influencing biological activity 

in the soil (Bárány-Kevei, 1998a, p. 117; Bárány-Kevei, I. & Musci, L., 1995; see 

also Perry 1994 cited in Chen et al., 1999, p. 288; Chen & Franklin, 1997; Whittaker 

1975, cited in Davies-Colley et al., 2000, p. 111). These conditions can be subject to 
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both temporal as well as spatial heterogeneity – for example, at night, cold air lakes 

or frost pockets can occur in dolines – or conversely, pockets of warmer air during 

heavy fog (Bárány-Kevei, 1999).  

An example of a study focusing on direct measurements of doline 

microclimatic parameters is provided by Bárány-Kevei (1999), who measured hourly 

air and soil temperatures in a doline in Hungary’s Aggtelek karst. Of particular 

interest in this study is the author’s emphasis on the spatial variation of conditions 

within a doline due to slope angles and aspects. Bárány-Kevei (see, for example, 

Bárány-Kevei, 1998a) has argued that variation in these conditions can influence 

doline shape by modifying soil bacteria activity and other processes involved in 

solution.  

Whiteman et al. (2004a, p. 1235) conducted a study of microclimates in 5 

Austrian dolines of different sizes in alpine settings, and concluded that, “the sky-

view factor is the single most important topographic parameter determining 

minimum temperatures in sinkholes of different geometry during calm, clear-sky 

conditions.” “Sky-view factor” is defined as “the radiation received (or emitted) by a 

planar surface to the radiation emitted (or received) by the entire hemispheric 

environment (Watson & Johnson 1987, cited by Gál et al., 2007, p. 18). Sky-view 

factor should be a product of doline geometry in alpine settings such as those studied 

by Whiteman et al. (2004a), but presumably canopy cover mediates the sky-view 

factor for dolines in old growth forests. Canham et al. (1990, p. 624), for example, 

found that in old-growth Douglas-fir/hemlock forests, single-tree gaps don’t have 

much effect on the understory light regime because the canopy height to gap 

diameter ratio is very high. Among other things,9 this suggests that: a) canopy gaps 

or canopy closure require some consideration in studies of forest doline 

microclimates; and b) the findings of Whiteman et al. (2004a, p. 1235) may be more 

applicable to dolines in clearcut settings than those under forest cover. Keveiné 

Bárány (2004, cited in Tanács, 2005, p. 153) found that temperature fluctuations in 

dolines is more extreme when forest cover is removed. Preliminary results obtained 

                                                
9 Another factor to consider in terms of canopy closure concerns the detectability of dolines under 
forest canopy using aerial photography. No literature describing studies on the relationship between 
forested dolines and canopy gaps were found during the literature search for this thesis. There are a 
number of methods for measuring canopy closure; see, for example, Paletto & Tosi (2009). 
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from a small sample of Northern Vancouver Island dolines by Stokes et al. (2007b) 

seem to support this finding.  

The relationships between microclimates and the various biological processes 

are complex (Chen et al., 1999), and they can in turn affect the rate of karst 

dissolution (see, for example, Jakucs, 1977; Bárány-Kevei, 1998a; Plan, 2005). The 

edge effect,10 illustrated in Figure 3-4, below, is a potential confounding factor in 

forest microclimate studies. Davies-Colley (2000 et al., p. 111, citing Murcia, 1995 

and Matlack & Litvaitis, 1999) notes that, “changes to microclimate of the 

magnitude that can occur near forest edges may dramatically alter ecosystem 

structure and function.” 

Figure 3-4 Edge effect: “Habitat conditions (such as degree of humidity and exposure to light or 
wind) created at or near the more-or-less well-defined boundary between ecosystems 
(e.g., between open areas and adjacent forest)” British Columbia Ministry of Forests, 
Lands, and Natural Resource Operations (2008, p. 29). Source: adapted from British 
Columbia Ministry of Forests Research Branch, 1989, p. 3). 

                                                
10 Edge effect: “Habitat conditions (such as degree of humidity and exposure to light or wind) created 
at or near the more-or-less well-defined boundary between ecosystems (e.g., between open areas and 
adjacent forest)” (British Columbia Ministry of Forests, Lands, and Natural Resource Operations, 
2008, p. 29). 
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3.9 WHAT RESEARCH HAS BEEN CONDUCTED ON 
COASTAL TEMPERATE FOREST KARST IN BC AND 
SOUTHEAST ALASKA? 

Previous sections have looked at different ways researchers have studied 

dolines, or ecological characteristics that are, or could be, related to dolines. Have 

any of these approaches been used with respect to dolines in coastal BC or 

neighbouring Southeast Alaska?  

The following section is an overview of the karst research previously 

conducted in this region. 

3.9.1 Karst research on Vancouver Island/Coastal BC 

Scant research has been conducted on the karst of Northern Vancouver Island 

or on the coastal temperate rainforest karst of BC generally. Six studies were 

undertaken by McMaster University students of Derek Ford on Northern Vancouver 

Island between 1980 and 2010. Paul Mills (1981) researched the karst hydrogeology 

of the Benson River (Malook Creek) area, Northern Vancouver Island, for his 

Master’s thesis in 1981. Ecock (1984), as part of his Master’s thesis, studied the 

hydrology of the White Ridge – a well-developed karst massif near the village of 

Gold River in northwestern Vancouver Island. Harding (1987; see also Harding & 

Ford, 1993) undertook research in the Benson River Valley, measuring and 

describing the effects of deforestation on karst slopes. Gascoyne et al. (1981) 

conducted isotopic analyses on speleothems collected in a cave near Port Alberni, 

Vancouver Island, obtaining palaeoclimate records and corresponding dates as old as 

67 ka. Ren Zhang et al. (2008) reconstructed a Holocene palaeotemperature record 

using speleothems from a cave on northwestern Vancouver Island.  

The primary foci of Mills’ (1981) research were hydrochemical analyses and 

structural controls on ground water flow paths in the area around the Benson River 

Valley. Nevertheless, Mills specifically addressed two different groups of dolines in 

his chapter on the surface geomorphology of this area. The first group of dolines is in 

and around the Benson River Valley bottom at a relatively low elevation. In this 

setting, Mills (1981, p. 71) found that solution dolines were the predominate type. 

Collapse dolines, though less common, were also present (Mills, 1981, p. 71). The 
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second group of dolines is located at higher elevation on the Gibson Plateau.11 Mills 

(1981, p. 83) deemed this plateau to exhibit the most extensive doline development 

in the region, as well as “the most mature karst development.” The author describes 

two broad classes of dolines occurring on the Gibson Plateau: those situated on 

horizontal or near-horizontal portions of the massif, and those situated in dry valleys 

(interpreted as relic streamsinks). Collapse features were found to be even less 

common on the Gibson Plateau than in the Benson River Valley. 

Mills (1981) suggests the differences between dolines at the two sites (i.e., 

Benson River Valley and Gibson Plateau) may be due in part to differing impacts 

from glaciation. At higher elevations (up to 900 m), the existing mature surface karst 

features of the Gibson Plateau were less affected by erasure during glacial episodes. 

On the Gibson Plateau the net effect of glaciation was to enlarge some features by 

the channeling of meltwaters (see also Ford, 1987). By contrast, glacial erasure has 

been more intensive in the lower-lying Benson River Valley, where the main 

controls have been glacial and fluvial erosion.  

Mill’s work is particularly relevant to this thesis in that it is perhaps the only 

example of research where dolines are addressed in this region. Yet dolines and other 

karstic surface forms were peripheral to the main foci of Mills’ research, as the 

author himself points out (see Mills, 1981, p. 66). For the most part, the author does 

not provide morphometric data, though approximate dimensions of some exceptional 

features such as the Devil’s Bath, a large cenote-like collapse feature, are provided 

(e.g., see Mills, 1981, p. 71).12   

Harding’s research (see Harding 1987; Harding & Ford, 1993) is notable as 

being the first and only study to date that directly assesses some of the effects of 

forestry activities on the province’s coastal temperate rainforest karst. After Mills 

(1981), Harding’s work is perhaps the most relevant of the ‘big’ karst studies on 

Vancouver Island to this thesis, since her research focused on post-harvest soil 

erosion and the regeneration of forest cover on both Quatsino Formation limestone 

and Karmutsen Formation volcanics. Harding’s main finding was that while both the 

                                                
11 The Gibson Plateau is also known as “Rumble Ridge”, and is in fact the same plateau or “ridge” 
where the Rumble Ridge Wind Demonstration Project karst inventory (Cave Management 
Services/KarstCare, 2002) was undertaken. This inventory is described in detail in Chapter 7. 
12 Mills (1981, p. 70) observes that the Devil’s Bath is the biggest collapse doline in his study area and 
reports approximate plan view dimensions of “80m X 60m.” Recently, more precise dimensions have 
been obtained; see P.A. Griffiths & Associates Inc. (2013). 
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limestone and volcanic bedrock sites were indeed significantly altered by 

deforestation, the post-harvest soil loss was greater on the Quatsino Formation 

limestone sites than on the Karmutsen volcanics. Soil loss on limestone was found to 

increase with slope gradient and with post-harvest burning. 

Harding selected unlogged timber sites on both limestone and volcanics as 

controls for her research. Most, though not all, of her logged study sites were 

subjected to intentional post-harvest broadcast burning of varying intensities, a 

practice that was once common on Vancouver Island. However, fires unrelated to 

silvicultural practices still occur on karst in the wake of timber harvesting, so the 

discontinuation of prescribed broadcast burning does not necessarily render 

Harding’s research less relevant today (some recent examples are shown in Figure 

3-5, below). It is regrettable that the exact locations of Harding’s plots have been 

lost, since an ongoing program of monitoring might provide some valuable 

additional insights into the regeneration, productivity and comparative resilience of 

these sites. 

Figure 3-5 Harding (1987) found that soil loss on limestone slopes was particularly severe when 
timber harvesting was followed by burning. Though prescribed broadcast burning is no 
longer practiced on Vancouver Island, post-harvest fires related to either natural causes 
or human activities do occur on karst. Some recent examples are shown above. All of 
the examples shown above occurred more recently than 2005.  
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In addition to the works by Ford’s students, a handful of smaller scale 

research projects have been undertaken on Vancouver Island. Some of these studies 

were undertaken independently; others (where noted) were affiliated with 

institutions. A karst groundwater dye tracing study of the Glory ‘ole Cave/Karst 

Management Area near Nimpkish Lake (Northern Vancouver Island) for the purpose 

of elucidating flow paths and recharge areas was conducted by Stokes et al. (1998). 

Griffiths (1978) surveyed soil micro-fungi in Florence Lake Cave near the capital 

city of Victoria on Vancouver Island, British Columbia. Shaw & Davis (2000) 

conducted surveys of cave fauna in 22 caves on Vancouver Island; though specific 

locations are not reported, it appears that some of these caves were located on 

Northern Vancouver Island. Griffiths & Ramsey (2006) undertook a GIS-based 

analysis of karst in Coastal BC in order to ascertain how much karst in various 

biogeoclimatic zones and land tenure categories had been impacted by land use 

activities. Dye tracing, and spring discharge and water chemistry monitoring for 

karst aquifers supplying domestic water on Quadra Island and central Vancouver 

Island were undertaken by Stokes (2012).  

Much of the research conducted on Vancouver Island to date has focused on 

karst hydrology issues. Of the smaller scale karst studies done on Vancouver Island, 

three dealt with dolines. Soil pits and coring devices/augers were used to examine 

soil profiles of five forested sinkholes on Quadra Island by Stokes et al. (2008); a 

different component of the work done by this group included dye tracing and spring 

monitoring to understand flow paths and volumes of karst springs in the same area of 

Quadra Island. Stokes et al. (2007b) compared microclimatic conditions in two 

dolines – one logged and one forested – and control sites outside of the dolines on 

Northern Vancouver Island. Griffiths (1988) independently conducted pre- and post-

harvest spot temperature and humidity measurements of a single doline in the Cross 

River area of Northern Vancouver Island. While all of these projects are significant 

for being the first, and only ones of their kind to date on Vancouver Island, their 

sample sizes are very small and none include detailed information on doline 

morphometry or morphology. 

Karst researchers on Vancouver Island face both challenges and 

opportunities. The fact that little research has been done means that much work 

needs to be done, and can be done without duplication. The challenges include lack 



Ramsey, C. Morphometry and Basic Ecological Characteristics of Dolines in Unlogged Temperate 
Rainforest Karst Landscapes of Northern Vancouver Island, British Columbia, Canada. 

Dissertation, University of Nova Gorica, 2014 
Chapter 3 

 

 

 

82 

of funding, the large geographic areas to cover, and the fact that there is currently 

little in the way of published and peer-reviewed regional karst research to build 

upon.  

3.9.2 Karst Research in Southeast Alaska 

Dolines have received very little attention from researchers in BC, but what 

of SE Alaska? Though the Tongass National Forest karst of Southeast Alaska is 

formed in older limestones associated with a different exotic terrane (i.e., the 

Alexander Terrane, parts of which also make up part of BC’s coastal forest karst, 

though not on Vancouver Island), it shares a similar coastal temperate rainforest 

biome as well as a similar climate and glacial history (Baichtal & Swanston, 1996). 

In contrast to the situation in BC, karst on Alaska’s federally managed lands must be 

considered as part of management activities under the Federal Cave Resources 

Protection Act (e.g., see Kovarik, 2007, pp. 5-6). As Kovarick (2007, p. 6, citing 

Aley et al., 1993) puts it, “Timber harvest practices on the Tongass were thought to 

have negatively affected karst, timber and fisheries resources through increased 

sedimentation in caves, dense restocking of forests on karstlands and increased 

logging debris in runoff from karst watersheds.”13 

Prussian & Baichtal (2003) used dye tracing to identify subsurface flow 

pathways in watersheds and to identify factors controlling watershed delineation on 

northern Prince of Wales Island and on Tuxekan Island in Southeast Alaska. 

Hendrickson & Groves (2011) used continuous monitoring of temperature, pH and 

conductivity to examine the buffering capacity of the Conk Canyon – Mop Spring 

cave system on highly acidic waters draining from muskeg on northern Prince of 

Wales Island. Kovarick (2007) conducted the first water balance study in temperate 

rainforest karst at two different karst watersheds on northern Prince of Wales Island 

using high-resolution monitoring equipment. Kovarick’s study is significant in part 

because it establishes baseline hydrological conditions for these catchments prior to 

forest cover removal, thus making it possible to measure changes that may be related 

to timber harvesting in the future (Kovarick, 2007, p. 12).  
                                                
13 Researchers in Alaska have considered the links not only between karst and forests, but also karst 
and salmon (Bryant et al., 1998; Wissmar et al., 1997; Aley, 2004). The salmon fishery has been 
immensely important to peoples and ecosystems of the Pacific Northwest for many thousands of years 
and the salmon remains an iconic symbol in this part of the world (Pacific Salmon Foundation, 2012). 
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Allred (2004) measured limestone erosion rates in different types of karstified 

settings in Southeast Alaska’s Chichagof and Prince of Wales Islands, including 

caves, sub-alpine, alpine, old growth forest, and clearcut settings. Among other 

things, Allred’s results showed that dissolution rates increased under thicker humus 

soils and were higher in deforested settings than in old growth forest settings with 

similar soil types. This finding is congruent with reports of “[i]ncreased aggressivity 

in seepage waters under logged karst” (Gillieson, 1989; Gillieson, 1996; Goede, 

1981; Eberhard, 1993, all cited in Clarke, 1997, p. 64). 

This brief survey of the research conducted on the karst of coastal BC and 

Southeast Alaska shows that the region’s dolines have not been extensively studied. 

None of the research undertaken to date have involved detailed morphometric 

descriptions or analyses. 
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Chapter 4: Methods 

4.1 OVERVIEW OF METHODS USED 

The research for this thesis progressed through a number of distinct stages, 

each of which involved different methods. First, field sites were selected. Next, 

different types of data were collected from dolines at the selected field sites. The raw 

field data were then entered into one digital form or another for analyses and/or 

modeling. Finally, some basic descriptive statistical analyses were undertaken. The 

following sections describe the methods used during: a) site selection; b) field work; 

c) raw data processing; and d) statistical analyses.  

4.2 SITE SELECTION METHODS 

4.2.1 Considerations and constraints for site selection 

Bondesan et al. (1992, p. 3) provide a list of the ideal conditions for 

morphometric analyses. These include: a) a high number of dolines; b) all of the 

dolines must be members of the same morphological unit (i.e., they must be situated 

in the same geological formation and similar topographic positions); and c) the 

dolines included should neither coalesce nor be too irregular in shape. 

There are challenges in meeting all of these criteria at a single study site on 

Northern Vancouver Island. The only criterion that is easily met is ensuring all of the 

dolines are in the same geological formation. Quatsino Formation limestone is the 

most important and widespread bedrock unit hosting karst on Vancouver Island (e.g., 

see Howes, 1981b, p. 72). The bedrock mapping for this formation is relatively 

complete, though not always completely accurate.1  

Meeting Bondesan et al.’s (1992, p. 3) other criteria at a single field site is 

more difficult. The topography of Northern Vancouver Island where most of the 

karst occurs is mountainous. There are no extensive ‘sinkhole plains’. The closest 

analogy to sinkhole plains on Northern Vancouver Island are topographic ‘benches’ 

or plateaus where multiple dolines sometimes occur, but these are not necessarily 

limited to old growth Coastal Western Hemlock (CWH) forest cover.  

                                                
1 Two additional points regarding the Quatsino Formation are: a) there are a limited number of 
previous karst inventories at both planning and operational scales for karst in Quatsino Formation 
limestone; and, b) suitable fieldwork sites are relatively accessible by road. 
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The CWH biogeoclimatic zone is representative for much of BC’s coastal 

temperate karst (Griffiths & Ramsey, 2006).2 Yet much of the karst associated with 

the Quatsino Formation limestone has already been impacted by intensive forestry 

activities. For example, the Gibson Plateau has many dolines and is located in the 

CWH biogeoclimatic zone. In some respects this plateau would have made an ideal 

study site, except for the fact that it was clearcut in the 1970s.3 Choosing old growth 

CWH settings for study poses an additional constraint in that the patch size where the 

dolines are located should be large enough to preserve interior forest conditions (i.e., 

large enough to exclude the edge effect). 

Using the CWH biogeoclimatic zone as a site selection criterion 

automatically limits potential study site elevations. On Northern Vancouver Island, 

the CWH zone extends from sea level to 900 to 1000 m a.s.l. (Green & Klinka, 

1994). This is still a considerable elevation range, but one that may also be further 

constrained by historical land-use patterns. Vyse et al. (2010) point out that logging 

historically targeted the lower-lying areas near valley bottoms where harvested 

timber could be most easily transported (see also Pearson, 2010, p. 1978). It is likely 

that relatively little undisturbed lower elevation old growth forest remains on karst 

below a few hundred meters a.s.l. (though the data to support this are currently 

lacking).  

If prospective old growth karst sites tend to be on mountainsides rather than 

in valley bottoms, then there is another problem. Gams (2000, p.135), for example, 

notes that frequency of dolines decreases with increasing slope angle: “…the density 

of dolines is dependent on slope gradient. All researchers have found the decreasing 

density with greater slope angle.” He goes on to say that Kranjc found 30° slope 

inclination to be the upper limit on doline distribution (Gams, 2000, p.135). “Slopes 

greater than that exhibit “creeping, denudation, solifluction and so on” (Gams, 2000, 

p. 135). In a similar vein, Cviji! (1893, p. 29) states that, “dolines are found chiefly 

                                                
2 The other two biogeoclimatic zones on Northern Vancouver Island – Alpine Tundra (AT) and 
Mountain Hemlock (MH) – are less likely to be impacted by industrial forestry or other land use 
activities (Griffiths & Ramsey, 2006). From a management standpoint, karst in the AT and MH 
biogeoclimatic zones is therefore a lower priority for study at present. 
3 A second potential drawback to using the Gibson Plateau as a study site is that it has been identified 
as a “mature” karst surface compared to much of the surrounding region (see Mills, 1981). The 
concern would therefore be that the Gibson Plateau dolines might be larger than average on a regional 
scale, and therefore not necessarily representative of the total population of dolines on Northern 
Vancouver Island. The Gibson Plateau (also known as “Rumble Ridge”) is discussed in more detail in 
Chapter 7. 
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on level and gently sloping forms of karst land.” (see also Cviji!, 1893, p. 36). 

Slopes exceeding 20% are less likely to have many dolines (see Williams, 1985, p. 

474). 

4.2.2 Site selection method 

For the reasons above, the site selection criteria used to identify potential 

study sites for dolines on Northern Vancouver Island were: 

• Quatsino Formation limestone  

• Coastal Western Hemlock (CWH) settings  

• Unlogged  

• Slopes < 20%  

The flow chart in Figure 4-1, below, shows how these criteria were used in a 

GIS environment to delineate a manageable number of potential study site polygons 

for Northern Vancouver Island. From a 15 000 km2 area and 133 karst potential 

polygons, this procedure selected a shorter list of karst polygons, totaling 1 500 

hectares. Satellite images and aerial photographs were of little use identifying dolines 

under heavy canopy, but were helpful in ascertaining that an old growth forest cover 

was present. Prior personal field knowledge of, or familiarity with, some polygons 

assisted in narrowing down the number of study polygons further. If, for example, a 

polygon met all of the criteria, yet was known by prior field experience not to 

contain dolines, or only a few dolines, it was eliminated. Finally, an attempt was 

made to distinguish between candidate sites where major geological contacts or 

lineaments were known to be present or absent. While this criterion was not deemed 

to be absolutely critical, it was included because over time the author has observed 

that larger dolines often seem to be associated with geological contacts. It was hoped 

that including at least some dolines not associated with such features might give a 

better sense of the range of doline sizes and shapes and avoid the problem of 

selecting sites where only large dolines might be present. 

  



Ramsey, C. Morphometry and Basic Ecological Characteristics of Dolines in Unlogged Temperate 
Rainforest Karst Landscapes of Northern Vancouver Island, British Columbia, Canada. 

Dissertation, University of Nova Gorica, 2014 
Chapter 4 

 

 

 

87 

Figure 4-1 Delineation of polygons for potential study sites. 

A short list of potential study sites was thus compiled. Field visits to these 

candidate sites were conducted in late summer and autumn of 2010 to confirm 

whether, and how many, dolines were present at each. Three of the sites were 

selected as best fits with the aims of this study. The study sites were designated A, B 

and C, respectively. General descriptions of these study sites are provided in Chapter 

5. 

4.3 PRELIMINARY FIELD WORK AT STUDY SITES 

Karstic depressions were identified as dolines if they appeared to fit the 

definition for sinkholes provided in the Karst Management Handbook for British 

Columbia:  

a topographically closed karst depression, wider at the rim 
than it is deep; commonly of a circular or elliptical shape with a flat 
or funnel-shaped bottom (British Columbia Ministry of Forests, 2003, 
p. 60).4  

                                                
4 As noted in Chapter 6, the Karst Inventory Standards and Vulnerability Assessment Procedures for 
British Columbia (KISVAP) (Resources Information Standards Committee, 2003) definition for 
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Each doline encountered was assigned a unique alphanumeric identifier. The 

true north position along the rim5 of each doline was flagged or staked and then tied 

in to a known reference by survey methods, using Leica DISTO D8 laser distance 

meter/clinometers and handheld sight-through compasses.  

Study site maps of the dolines were produced by transcribing raw inter-doline 

survey data from field data sheets into pre-formatted Microsoft Excel spreadsheets 

suitable for direct importing into a TOPOROBOT surveying program. The surveying 

software was then used to process the data to produce scalable line plots for each 

plan-view site map. Least square regression techniques were employed through the 

surveying program to reduce the error where survey loops were formed. The loop 

closure errors for inter-doline surveying were typically less than 1%.  

The maps were used to identify dolines that were at least 80 m from a 

cutblock or other edge as “forest” dolines.6 Those within 80 m of an edge were 

designated “edge” dolines and those in adjacent cutblocks were designated 

“cutblock” dolines. Though the numbers of edge and cutblock dolines are too small 

for robust statistical comparisons with the forest dolines, it was decided to include 

data from these dolines where possible to gain some preliminary observations about 

how dolines in these different settings might vary. 

In addition to the dolines, a number of control points were established in the 

different settings (“forest”, “edge” and “cutblock”) within the study sites. Control 

plots were randomly picked and established at points away from dolines. Each 

control point was given an alpha-numeric designation consisting of a capital letter 

corresponding to the Site (“A”, “B” or “C”), followed by an un-capitalized letter “c” 

(indicating it was a control point), and number to distinguish it from the other control 

points at that study site. For example, the designation “Ac1” refers to Control Point 1 

at Site A (by contrast, the designation “A1” refers to Doline 1 at Site A) and so on. A 

10-m radius plot was flagged around each control point, though for the purposes of 

                                                                                                                                     
“sinkhole” was not used because it contains explicit and implicit morphometric parameters that are 
somewhat arbitrary, given the lack of previous morphometric studies of dolines in BC. Since a goal of 
this thesis was to gain a better understanding of the size ranges of dolines in the region, there was a 
concern that using the KISVAP definition might impose artificial limits on dolines in the lower size 
range. 
5 In this study the doline “rim” follows the definition given in the Karst Management Handbook for 
British Columbia (KMH) (British Columbia Ministry of Forests, 2003, p. 22): “the rim or edge of the 
sinkhole, as defined by the upper break of the slope enclosing the sinkhole.” 
6 The 80-m distance corresponds to “two tree-lengths” in coastal BC, hence with the two tree-length 
reserves recommended by the KMH. 
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analyses, a circular plot with the equivalent of a 9.77-m radius extending outward 

from the control point was used to give a uniform plot size of 300 m2 on the digital 

models.  

At Site A only, Onset HOBO® pendant temperature/light data loggers 

mounted 1 m above ground level on fiberglass stakes were placed in the drainage 

foci of dolines, as well as at nine control points away from the dolines. These data 

loggers were programmed to obtain light intensity (illuminance) and temperature 

readings at 15-minute intervals. They were deployed almost continuously from 04 

November 2010 to 05 August 2012 with only short hiatuses for downloading, battery 

changes and drying.  

Field observations such as atmospheric openings, standing surface water, 

sinking streams, or any other notable aspect of the individual dolines, were recorded 

during subsequent field visits. Geological structures such as joints, faults, contacts 

and bedding were recorded as encountered during subsequent fieldwork.  

Soil pits were dug at each of the three study sites to bolster observations on 

surficial cover conducted at road cuts bordering the study sites. The soil pit data for 

the three sites are provided in Chapter 5.  

4.3.1 Morphometry field methods 

The plan view outline and side slope profiles of each doline were surveyed 

and the data used to create three-dimensional digital models from which selected 

morphometric parameters could then be derived. 

The true north position on each doline rim was flagged and tied in to a site 

survey during preliminary fieldwork. Next, the deepest point of each doline was 

flagged (with the exception of those at Site A, which had already been established by 

data logger poles). From this deepest point (referred to as the “drainage focus” or 

“DF” in this work), the true cardinal positions (i.e., east, south and west – north 

having been already established) and the intercardinal/ordinal positions (i.e., 

northeast, southeast, southwest, northeast) on the doline rim were identified and 

marked with portable signs. 

When these positions were identified and marked, each doline rim was 

surveyed using Leica DISTO D8 laser distance meter/clinometers and handheld 

sight-through compasses (see Figure 4-2, below).  
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Figure 4-2 Plan view of a hypothetical doline rim survey. Beginning with a fixed point on the doline 
rim that has been previously tied in to a site survey (usually the true “north rim” point), a 
series of survey shots are taken around the rim. For each shot, distance, slope and 
azimuth are recorded. “DF” indicates the lowest point, or “drainage focus” of the doline. 

The eight different side slope profiles were surveyed by positioning a tripod-

mounted Leica DISTO D8 laser distance meter/clinometer at a known height above 

the ground on the doline rim at the cardinal or intercardinal position opposite to the 

profile being surveyed (see Figure 4-3, below).7 The rim and profile survey data 

were recorded on standardized waterproof paper field cards. (Examples of the field 

cards used to collect doline survey data, as well as other categories of data, are 

provided and explained in Appendix D). 

 

                                                
7 A similar, but more sophisticated, approach to surveying dolines was used by Susteric (1986, cited in 
Bondesan et al., 1992, p. 31). 
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Figure 4-3 Side and oblique views of a profile survey. A series of survey shots are taken from the 
drainage focus to some point beyond the surveyed rim of the feature for each cardinal 
and sub-cardinal direction profile. Slope and distance are recorded for each shot. 

4.3.1 Standing trees field methods 

Standing trees, snags and stumps in or around dolines were surveyed in 

relation to known reference points such as the true north position on the rim or the 

drainage focus (see Figure 4-4, below). Only standing trees, snags and stumps with 

diameters greater than 10 cm (see Ontario Woodlot Association, 2003, p. 4) were 

documented. The distance and slope from the selected reference point to the base of 

a tree, stump or snag was measured using a tripod-mounted Leica DISTO D8 laser 

distance meter/clinometer, while the azimuth was determined using a handheld sight-

through compass. Breast height diameter (DBH) for each standing tree or snag was 

measured using either a monocular with a reticule from one of the known positions 

or a measuring tape. Stump diameters were measured as best as possible using a 

measuring tape. If the object being measured was a stump or a snag, its approximate 

height was also recorded. Decay classes of snags and stumps were assigned using 

Figure 6.1, “Visual appearance codes for wildlife trees” in the “Tree Attributes” 

section of Field Manual for Describing Terrestrial Ecosystems (British Columbia 

Ministry of Environment Lands and Parks & British Columbia Ministry of Forests 
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Research Branch, 1998, 1998, Section 6, p. 9). This reference card is reproduced in 

Appendix D. Whenever possible, the tree taxonomy was noted as well. These data 

were recorded on standardized waterproof paper field cards.  

 

Figure 4-4 Oblique view diagram showing the method for surveying locations of standing trees, 
snags and stumps in dolines. From a tied-in point in the doline or on its rim, a survey 
shot is taken to the base of the tree. Slope, distance and azimuth are recorded, as is the 
position from where the shot was taken. The breast height diameter (DBH) of the tree 
was recorded, along with its wildlife tree classification. 

4.3.2 Downed wood field methods 

 “Downed wood” was taken to be any piece of wood inside the doline rim 

greater than 10 cm in diameter and at least 1 m long (a shorter length might be 

included if its diameter was substantial – 20 cm or greater). The length and diameter 

of each piece were measured either with a tape measure or a Leica DISTO D8 laser 

distance meter/clinometer. 

The method used for surveying downed wood is illustrated in Figure 4-5, 

below. The position of each piece of downed wood was documented by using a 

Leica DISTO D8 laser distance meter/clinometer to determine the distance and slope 

from a known reference point such as the true north position on the doline rim to a 

selected end point on the downed wood, which was usually a trunk or bole segment. 
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The azimuth to the same end point on the downed wood was measured using a hand-

held sight-through compass. The length-wise orientation of the downed wood was 

measured by taking a position at the tied-in end and sighting along its length axis, 

recording the direction in degrees magnetic. Where possible, it was noted whether 

the surveyed end of each piece of downed wood was the “stump end” in an effort 

determine direction of tree-fall. It was possible to do this if the piece being measured 

could clearly be seen to be tapering at one end, or if the piece was attached to an 

obvious root mass or stump. 

 

Figure 4-5 Method for mapping positions of downed wood. From a tied-in point in the doline or on 
its rim, a survey shot is taken to one end of the downed wood. Slope, distance and 
azimuth for this shot are recorded, as is the position from where the shot was taken. The 
length, average diameter, orientation, and decay class of each piece of downed wood 
were recorded. Where it was possible to confidently assign a “presumed cause” (i.e. 
such as bole-snap, windthrow or saw cuts), this was also recorded; otherwise the 
“presumed cause” was recorded as “indeterminate.” 

It was sometimes possible to determine whether a piece of downed wood 

originated as a result of rotational windthrow, bole snapping, or mechanical saw cuts.  

Trees felled by rotational windthrow often have the remains of a decaying upturned 

root mass at one end of the log, sometimes with evidence of soil disturbance. Bole-

snapped logs have broken ends and can sometimes be traced to a standing snag or 
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stump of similar age and dimensions. Mechanical saw cuts can persist for a long time 

and, if present in conjunction with a corresponding saw-cut stump of similar 

dimensions and age class, can indicate whether a tree was intentionally felled by 

humans. In many cases, there was some uncertainty as to the origins of downed 

wood. In these cases, the origin or “cause” was classified as “indeterminate.” Figure 

4-6, below, shows examples of types of evidence used to assign downed wood pieces 

to different “presumed cause” categories. 

Figure 4-6 Photomontage of “presumed cause” indicators of downed wood. Photo “A” shows a 
picture of a bole-snapped tree. Photo “B” shows the up-turned root mass of a tree 
downed by rotational windthrow. Photo “C” shows saw-cut stumps and saw-cut downed 
wood. If a piece of downed wood could be traced with any of these phenomena with a 
high degree of confidence, it was so noted; otherwise the “presumed cause” was 
recorded as  “indeterminate” (an example of this is shown in photo “D”).  

Decay classes for downed wood were assigned and recorded in the field using 

the reference table reproduced in Figure 4-7, below.  
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Figure 4-7 Reference table used for classifying downed wood. Source: British Columbia Ministry of 
Environment Lands and Parks & British Columbia Ministry of Forests Research Branch, 
(1998).8 

Downed wood data for each doline and control point were recorded on 

standardized waterproof paper field cards.  

4.3.3 Soil depth field methods 

Soil depths of up to 1 m were obtained along transects across dolines and 

control points corresponding to the cardinal compass points (i.e., north-south and 

east-west). For dolines, transect soil depth sampling points were at the rim, mid-

slope, drainage focus, opposite mid-slope, and opposite rim. For control points, soil 

sampling was done at the plot centre and along transects corresponding to the 

cardinal points at 5 m and 10 m from the plot centre. At each sampling point, a 1m-

long steel probe was inserted into the soil perpendicular to the surface of the ground 

until refusal. The probe was then withdrawn and the depth to refusal recorded. If the 

depth of soil exceeded the length of the probe, it was recorded as “> 1 m.” In some 

                                                
8 See British Columbia Ministry of Environment Lands and Parks & British Columbia Ministry of 
Forests Research Branch, 1998. Field Manual for Describing Terrestrial Ecosystems. Land 
Management Handbook Number 25. Victoria: Crown Publications. Section 7, “Coarse Woody 
Debris”, p. 9, Table 7.1.  
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cases, it was possible to differentiate between rock and buried wood at the point of 

refusal; these observations were recorded where noted. Three samples were taken 

from within a 50 cm radius at each sampling point. Soil depth data for each doline or 

control plot were recorded on standardized waterproof paper field cards. 

4.3.4 Surface cover field methods 

Waterproof field cards were developed to facilitate surface cover materials 

data collection. Based on previous field experience with forest dolines in coastal BC, 

eight broad descriptive categories of surface cover materials were selected. These 

categories and their corresponding field card abbreviations are summarized in Table 

4-1, below. 

Table 4-1 Summary table showing selected surface cover categories, abbreviations, and 
description 

SURFACE COVER 
MATERIAL 

Abbreviation Description 

Bedrock BR Intact exposed bedrock surfaces - may be moss-covered in places, but 
should be clearly distinguishable 

Exposed mineral soil ES Exposed mineral soil – may not be moss covered 
Unconsolidated 
cobbles and stones 

CS Unconsolidated rocks or stones; may be moss-covered, but should be 
clearly distinguishable 

Downed wood DW Includes fallen trees, large branches and stumps (may also include 
pieces smaller than the “downed wood” described above) 

Organic matter OM Organic matter including pine cones, needles, fine pieces of decayed 
wood 

Mosses M Includes mosses and liverworts 
Ferns F Any species of fern 
Other   Specify 

 

In the field, surface cover data were obtained by estimating the percent 

surface cover for each category of cover material present in each of four quadrants 

(i.e., northeast, southeast, southwest, and northwest) on the interior surfaces of the 

dolines. Each quadrant was then photographed to provide a visual record for 

reference.  

4.3.5 Light, temperature and snow cover: equipment and field methods 

Onset HOBO® pendant temperature/light data loggers (28 000 total reading 

capacity) were deployed in dolines and at controls at Site A only. Selected 

manufacturer’s specifications for these data loggers are provided in Table 4-2, 

below. 
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Table 4-2 Selected HOBO® Pendant Temperature/Light Data Logger Manufacturers Specifications 
(Source: Onset Computer Corporation Doc #9556-F, MAN-UA-002) 

ITEM Description 
Measurement range Temperature: -20° to 70°C (-4° to 158 °F) 

Light: 0 – 320,000 lux (0 to 30,000 lumens/ft2) 
Accuracy Temperature: ± 0.47°C at 25°C (±0.85°F at 77°F) 

 
Resolution Temperature: 0.10°C at 25°C (0.18°F at 77°F) 
Drift Less than 0.1°C/year (0.2°F/year) 
Response time Airflow of 2 m/s (4.4 mph): 10 minutes, typical to 90% 

Water: 5 minutes, typical to 90% 
Time accuracy ± 1 minute per month at 25°C (77°F) 
Operating range In water: -20° to 50°C (-4° to 122°F) 

In air: -20° to 70°C (-4° to 158°F) 
Water depth rating 30 m from -20° to 20°C (100ft from -4° to 68°F) 
Battery life  1 year typical use 
Memory 64 K bytes (~ 28K combined temperature and light readings or events) 
Materials Polypropylene case, stainless steel screws, Buna-N o-ring 
Weight 18 g (0.6 oz.) 
Dimensions 58 X 33 X 23 mm (2.3 X 1.3 X 0.9 inches) 

 

 Each data logger was mounted on a 1.524 m long, 0.9525 cm diameter 

fiberglass stake using 13.7 cm Homepak weatherproof black nylon cable tie straps. 

Orange duct tape was wrapped around the tips of the stakes and just below the data 

logger cable tie straps to prevent the straps from sliding down the poles and to 

provide a visual aid in locating the poles in subsequent field visits and photos. The 

cable tie straps were tightened so that the data loggers were securely held light sensor 

side-up in the horizontal position recommended by the manufacturer. The stakes 

were then placed in the drainage focus of each of 36 dolines, as well as at nine 

control points away from the dolines, with the data loggers positioned 1 m above 

ground level, pointing north. No solar shielding was used in conjunction with the 

data loggers. The benefits of this were that it was possible to record light intensity 

data more accurately. The downside is that the results represent the temperature 

inside the data logger casing, which may be higher than those of the ambient air 

temperature, especially in direct sunlight. This must be born in mind when 

considering the temperature data results.  

Prior to deployment, all data loggers were programmed to record temperature 

and light intensity (illuminance) data at 15-minute sampling intervals. A total of 45 
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data loggers were deployed at Site A, the majority on 05 November 2010.9 

Downloading was performed in the field using a HOBO® Water Proof Shuttle. With 

only short hiatuses for downloading, battery changes, and drying out, data logger 

deployment was continuous until 05 August 2012, when all of the data loggers and 

associated equipment were retrieved.  

The temperature and light data downloaded in the field were saved as native 

HOBO files. The individual data files were then exported as Microsoft Excel files 

and combined optionally with other exported data logger downloads from the same 

field setting, in a single Microsoft Excel worksheet. The placement of the imported 

columns of download data within the worksheet was adjusted where necessary to a 

uniform (the same) deployment or start time. This composite worksheet allowed data 

for multiple different data logger downloads to be charted (plotted) and analyzed 

simultaneously. 

4.4 RAW DATA PROCESSING METHODS 

4.4.1 Morphometry 

Raw field survey data for the eight cardinal and inter-cardinal inner slope 

profiles of each doline were copied from the field sheets into pre-formatted 

Microsoft Excel worksheets created for each doline. Built-in trigonometric functions 

of the Microsoft Excel spreadsheet program were used to adjust the distance and 

slope angles of the profile shots to account for the height of the Leica DISTO D8 

laser distance meter/clinometer above the ground surface (a vertical distance of about 

1.1 m when tripod-mounted). Text files of the processed survey data for each of 4 

doline cross-sections (i.e., north - south (N-S), east - west (E-W), northeast - 

southwest (NE-SW), and northwest - southeast (NW-SE) were then imported into the 

TOPOROBOT surveying program. The surveying software was used to produce 4 

scalable 2-dimensional (2-D) line plots of the doline cross-sections, with the vertices 

along these line plots representing the surveyed points on doline profiles (see Figure 

4-8, below). 

  

                                                
9 The exceptions were dolines A30, A32 and A33 (data loggers deployed 18 September 2011), and 
doline A36 (data logger deployed 26 September 2011). Dolines A31 and A36 did not have data 
loggers deployed at any time. 
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Figure 4-8 Field survey data were corrected for Leica Disto 8 laser distance meter/clinometer height 
above ground, and then imported into the TOPOROBOT surveying program as text files. 
The software produced 4 scalable 2-D line plots of the doline cross-sections. Blue dots 
above indicate survey shots. Blue lines indicate doline profiles as “best fit” curves 
between survey shots. 

The line plots were then imported into AutoDesSys Inc.’s Form-Z 3-D 

modeling software and the vector lines representing each of the 4 surveyed cross-

sections of the doline were converted to tight-fitting spline curves through the 

vertices (surveyed points). These lines were split at the drainage focus as shown in 

Figure 4-9, below. 
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Figure 4-9 The doline profile line plots (shown in Figure 4-8, above) were imported into AutoDesys 
Inc.'s Form-Z 3-D modeling program. The line plots were converted to spline curves 
through the survey points and split at the survey points representing the drainage focus 
(= graph origin, above – point 0, 0, 0). 

Transformation macros were defined and applied within the modeling 

software to move and rotate the doline cross-sections precisely about the XYZ 

origin, defined as the drainage focus of the doline. A skinning tool was used to 

derive a detailed surface shape for the doline by following the path of the 8 splined 

curves (the doline profiles at cardinal and inter-cardinal locations) up from the 

drainage focus of the doline (see Figure 4-10, below). 
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Figure 4-10 Within the modeling program, transformation macros10 rotated the cross-sectional 
profiles into position around the XYZ axis (= doline drainage focus). A skinning tool 
within the AutoDesys Inc,’s Form-Z 3-D modeling program software was then used to 
derive the doline shape by following the spline curves from the drainage outward. The 
software smoothed the surface shape by mathematical interpolation. 

The surface shape created between profiles was a mathematically smoothed 

interpolation. After the skinning operation was complete, the surface shape was 

sectioned into 0.25 m interval contours relative to the XY plane (as shown in Figure 

4-11, below). 

  

                                                
10The term “macros” in computer science can be defined as: 
“ n. a single computer instruction which symbolizes, and is converted at the time of program 
execution or by a compiler, into a series of instructions in the same computer language. 
n. A keystroke (or combination of keystrokes) which symbolizes and is replaced by a series of 
keystrokes; -- a convenient feature of some advanced programs, such as word processors or database 
programs, which allows a user to rapidly execute any series of operations which may be performed 
multiple times. Such macros may typically be defined by the program user, without rewriting or 
recompiling the program.” (GNU, n.d.).  
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Figure 4-11 Contour lines of 0.25 m intervals were applied to the surface shape relative to the XY 
plane, producing a densely-meshed model of each doline. The model was extended 
outward by extrapolating beyond the doline rims for distances proportional to the size of 
each doline to produce a rectangular 3-D terrain model. 

The set of contours was used to generate a densely meshed terrain model of 

each doline, extending to a rectangular terrain boundary adjusted proportionally to 

the size of the doline, as shown in Figure 4-12, below.  

The overall accuracy of the model derivation at the profiles is estimated to be 

within 10% of actual (real-life) surface shapes based on the tightest skinning 

tolerance, but is variable depending on the number of profile shots, the length, and 

the irregularity of the actual doline profiles. 
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Figure 4-12 A finished terrain model of a doline with human figure for scale. Accuracy of modeled 
profiles is thought to be within 10% of actual profiles, but may vary based on profile 
lengths, the number of survey shots per profile, and the irregularity of the actual doline 
surfaces.  

4.4.1 Standing trees 

Field data for standing trees in and about each doline were transferred into 

pre-formatted Microsoft Excel spreadsheets that also held the rim survey data. The 

splayed survey shots to the standing tree bases were corrected using trigonometric 

functions within the spreadsheet software to adjust distance and slope angle to 

account for the height of the Leica DISTO D8 laser distance meter/clinometer above 

the ground surface (a vertical distance of about 1.1 m when tripod-mounted). Most 

survey shots to standing trees were taken from survey stations along the doline rim or 

from the drainage focus. Occasionally shots were taken from “offset” positions if the 

view to the targeted trees was obstructed. These secondary points were tied into 

known, surveyed rim stations (usually the north position). The text files of processed 

survey data for rims and standing trees were then imported into the TOPOROBOT 

surveying program. This surveying software was used to produce plan-view 3-D 

plots representing survey shots to standing trees in relation to the surveyed rim of the 

doline. The surveying software was also used to plot a square rectangle at the end of 
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each survey shot to a standing tree base, with sides of the same length as the standing 

tree diameter. The rectangles were converted to circle shapes of a diameter equal to 

the diameter of the standing tree in a subsequent step. Plan-view plot files of the 

doline rims and the circles representing the standing trees were then processed within 

standard illustration software to allow for manual counting of standing trees within 

the doline.  

4.4.1 Downed wood 

The full set of field data for downed wood was entered into Microsoft Excel 

spreadsheets for mapping and modeling.11  

The raw field data were used to plot downed wood on planimetric digital 

maps of each doline and control plot using methods similar to those used for plotting 

standing trees. The digital maps were then used to provide estimates of the percent 

surface area covered by downed wood by subtracting the number of pixels for 

downed wood from the total number of pixels within the surveyed rim of the doline 

or within a control plot boundary, and then calculating percent coverage by downed 

wood using the formula:  

number of pixels for downed wood 
total number of pixels within doline rim or plot 

boundary 

=  area of doline covered by downed wood 

 

For doline or control plots12 at each site, each associated piece of downed 

wood was also entered into separate spreadsheets according to its decay class, 

orientation class and presumed cause.  

4.4.2 Light, temperature and snow cover: defining sampling periods 

The first step in analyzing the data logger results involved visually inspecting 

the light and temperature graphs from each data logger. Most of these graphs showed 

that for certain periods during the winter and early spring no light was reaching the 

data loggers, yet the data loggers continued to record temperatures at or near 0° C. 

                                                
11 Raw field data orientations were collected and entered into the initial Excel spreadsheets as degrees 
magnetic. Magnetic declination was corrected for during mapping and modeling programs. For 
analyses of the downed wood orientation, degrees magnetic data was entered directly into orientation 
classes that corrected for magnetic declination. 
12 A control plot radius of 9.77 m was used to provide a sample plot area of 300 m2, or 0.03 ha (e.g., 
see Ontario Woodlot Association, 2003, p. 2). 
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These graph characteristics appeared to represent periods during which the data 

loggers were covered with snow. Field observations supported this interpretation 

(see, for example, Figure 4-13, Figure 4-14 and Figure 4-15, below). 

 

Figure 4-13 Photo of data logger 9819885 in doline A10 at Site A on 22 June 2011. The data logger is 
just resting on the snow in the doline. This data logger’s records show that the logger 
was covered until 20 June 2011. 

Figure 4-14 Photo of data logger 9819917 in doline A5 at Site A on 22 June 2011. Note how the data 
logger is partially covered by snow. This data logger’s records show that the logger was 
completely covered until 20 June 2011. 
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Figure 4-15 Photo of data logger 9819889 in doline A11 at Site A on 22 June 2011. The data logger is 
completely covered by snow. This data logger’s records suggest that the logger was 
covered until 02 July 2011. 

Because the data loggers were mounted on rods 1 m above the ground, the 

depth of snow would have to exceed 1 m in order to block the light sensors. Snow 

cover depths of less than 1 m could be present without being detectable in a light 

intensity graph. For this reason, the illuminance data do not show the entire length of 

time snow cover was present in any given doline or at a control point, but only 

periods where the snow exceeded a depth of 1 m. This is an important distinction 

because snow cover with depths of less than 1 m in dolines or at control points might 

influence temperature results over some sampling periods.  

Using the light and temperature graphs, periods of continuous snow cover 

were noted for each data logger to identify sampling periods for light and 

temperature where most or all of the data loggers: a) had files that were continuous 

(i.e., uninterrupted by data logger downloads); and b) were not completely covered 

by snow. By this means, seven different sampling periods of temperature and light 

data were selected. These consisted of five 30-day periods and two 24-hour periods 

during summer time when the entire study area was known to be completely free of 

snow. The light intensity data graphs were used to identify different conditions for 

the two 24-hour periods (one cloudy during the daytime hours, and the other sunny). 

The selected dates for comparison were 28 July 2011 (“cloudy”) and 10 August 2011 

(“sunny”). 
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Sampling periods always began and ended at midnight (00:00 hrs.). The 

selected sampling periods are summarized in Table 4-3, below. Sampling periods 

where snow cover is known to be absent at Site A (as confirmed during field visits) 

are marked with asterisks. 

Table 4-3 Summary table showing the sampling periods for light and temperature data. 

Period From To Number of days 
A 7 November 2010  7 December 2010 30 
B 7 December 2010 06 January 2011 30 

C* 28 July 2011 27 August 2011 30 
D* 1 October 2011 31 October 2011 30 
E 1 June 2012 1 July 2012 30 
F* 28 July 2011 29 July 2011 1 – Cloudy 
G* 10 August 2011 11 August 2011 1 – Sunny 

 
* Asterisks denote sampling periods where snow cover is known to be absent at Site A. 

 

Temperature and light data from each data logger were converted to 

Microsoft Excel files using HOBOware® Pro software, sorted according to setting 

and specified sampling periods, and entered into Microsoft Excel spreadsheets. 

Light, snow cover and temperature data results are reported in Chapter 9. 

4.4.3 Snow cover lab methods 

Periods of “continuous snow cover” were identified by visually inspecting 

each data logger graph to identify periods of more than one day where light intensity 

recorded by the data logger is nil for 24 hours or longer. Typically, these periods are 

also characterized by temperature graphs that are relatively flat and stable at, or 

about, 0°C. The number of days of continuous snow cover were then counted, 

recorded and sorted into categories in accordance with the site stratification method 

described earlier. Periods of partial or intermittent coverage of the data logger, as 

evidenced by low, but detectable recordings of light intensity, are not included in 

these data.  

 

4.5 STATISTICAL METHODS 

4.5.1 Morphometry statistical methods 

The morphometric parameters corresponding to those described by Bondesan 

et al. (1992) were derived for each doline by taking appropriate measurements based 
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on the 3-D line plots representing the surveyed rims and their derivative best-fit 

spline curves.13 The values for each parameter were then entered into Microsoft 

Excel spreadsheets. Most results presented are site or “composite” averages (i.e., all 

of the values for a given morphometric parameter were summed and then averaged 

across the site). Where values for a particular parameter from a particular doline, or 

dolines, are referred to, it is so noted. Much of the data is presented in the form of 

histograms so that the distributions of size classes for each parameter can be 

discerned. 

4.5.2 Standing trees statistical methods 

The complete set of standing tree data is large and complex. After some 

consideration it was decided that rather than give these inadequate treatment here, it 

would be preferable to limit the presentation of data and analyses to the number of 

stems present in each doline or control plot in order to populate the digital doline 

models with the correct numbers of standing trees. A more detailed treatment of 

these data is warranted, but will serve as the subject matter for future publications.  

4.5.3 Downed wood statistical methods 

Pieces of downed wood from each doline or control plot at the site were 

sorted, first by decay class and then into orientation classes within each decay class. 

Next, the number of pieces in each category was summed for all the dolines or 

control plot at each site. Average values, maximums and minimums were then 

calculated for both data categories recorded. Data from dolines were analysed 

separately from control plot data. In the same spreadsheet, each piece of downed 

wood was also recorded under one of the four presumed cause categories described 

above: 1) bole snap; 2) rotational windthrow; 3) saw cut; and 4) indeterminate. The 

total number of pieces from each site in each presumed cause category were then 

summed and graphed as percentages for either dolines or control plots.  

4.5.4 Soil depths statistical methods 

Field data for each doline sampling point were entered into Microsoft Excel 

spreadsheets. The three soil depths for each sampling point were summed and 

                                                
13 The selected morphometric parameters are described in Chapter 6. 
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averaged for that point. Composite averages were then generated for the 

corresponding sampling points for all dolines or control plots at each site.  

4.5.5 Surface cover statistical methods  

Surface cover field data from dolines and control plots at each site were 

sorted first by setting (i.e., forest, edge or cutblock), and then by quadrant (i.e., 

northeast (NE), southeast (SE), southwest (SW), or northwest (NW). The sorted data 

were then entered into Microsoft Excel spreadsheets for analyses.  

As data entry commenced, a problem emerged. The field data consisted of 

percent surface cover estimates for each category of surface cover material present in 

a given quadrant on the interior surfaces of each doline or control plot. When field 

data sheets were compared, it was found that these estimates sometimes varied 

considerably between individuals, or even among those provided by the same person 

on different days. However, the relative rankings of substrate abundance were almost 

always consistent.  

Ranking can be done very quickly and easily, but was initially rejected as a 

field strategy because it has an important downside: much detail is lost. For example, 

a ranking system cannot distinguish between a doline quadrant that has 90% moss, 

5% organic matter and 5% bedrock and a doline quadrant with 40% moss, 35% 

organic matter and 25% bedrock. On the other hand, results that cannot be 

consistently replicated are not useful. Since the aim of the project was to provide a 

broad characterization of unlogged forested dolines, it was decided to use a ranking 

system at the data entry stage.  

The field data surface cover percentages were converted into rankings by 

entering different values into Microsoft Excel spreadsheets using the following 

procedure. For each doline or control plot quadrant, a total of one point was allotted 

for each substrate ranking category – one point for the most abundant surface cover 

material, one point for the second most abundant surface cover material, one point 

for the third most abundant surface cover material, and so on. If two or more 

different types of surface cover materials had equal rankings, the single point allotted 

for that ranking category (most abundant, second most abundant, third most 

abundant, etc.) was split equally between the two surface cover materials. For 

example, if the field data for the northwest quadrant of a particular site or doline 
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recorded 50% moss, 20% organic matter, 20% downed wood, and 5% bedrock, the 

scoring system would be 1 for moss (most abundant – Category 1), 0.5 for organic 

matter and 0.5 for downed wood (second most abundant – Category 2), and 1 for 

bedrock (third most abundant – Category 3). The scores for each surface cover 

material for all quadrants for dolines or control plots in a given setting (i.e., forest, 

edge or cutblock) at each site were then summed. The highest sums were then taken 

to be the predominant surface cover material.14 

4.5.6 Light intensity (illuminance) statistical methods 

The average light intensity values and maximum light intensity values 

recorded by each data logger over a given sampling period were entered into 

Microsoft Excel spreadsheets under the appropriate setting category (i.e., forest 

dolines, forest controls, cutblock dolines, cutblock controls). The composite average 

light intensity (LAve) values and composite average maximum light intensity (LMax) 

values were then calculated for each setting. 

4.5.7 Temperature statistical methods 

The average, maximum, and minimum temperature values recorded by each 

data logger over a given sampling period were entered into Microsoft Excel 

spreadsheets under the appropriate setting category (i.e., forest dolines, forest 

controls, cutblock dolines, cutblock controls). The temperature range for each data 

logger for a given sampling period was calculated by subtracting the sampling period 

minimum temperature from the sampling period maximum temperature. The 

sampling period temperature range for each data logger was also entered into the 

Microsoft Excel spreadsheets. The composite average temperature (TAve), composite 

average maximum temperature (TMax), composite average minimum temperature 

(TMin) and composite average temperature range (TRange) values were then calculated 

for each setting. 
                                                
14 A potential problem with this system is that not all quadrants have a second- or third- or fourth-
most predominant substrate. For example, there is at least one case where moss is the only substrate 
recorded (i.e., the southwest quadrant of doline A19), and another two cases where only a single 
substrate is recorded for all four quadrants (i.e., Site C cutblock dolines C6 and C7 were completely 
filled with slash during the data collection field visits). The result is that for the predominant substrate 
the sum of the ranking scores always equals the number of dolines or controls in a given quadrant, site 
and setting, but this is not necessarily true for the sum of the ranking scores of the next-most 
predominate substrates.  
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Temperature graphs representing results from individual data loggers over 

specified time periods were derived by graphing the data series for the time period 

using Microsoft Excel software and its built-in charting functions. 

4.6 CONSTRUCTING THE HYPOTHETICAL “AVERAGE 
DOLINE” – METHODS 

 One of the goals of this thesis is to gain a better understanding of what an 

average doline in old growth temperate rainforest karst might be like. To do this, the 

composite averages of the different categories of data from Sites A, B and C were 

used to model and describe a hypothetical “average doline.” First, the composite 

averages of the different morphometric parameters were used to create a 3-D digital 

terrain model of this feature. Standing trees, downed wood, surface cover materials 

and soil depths based on the composite average results from the three study sites 

were then applied to the model. The descriptions of the light, temperature and snow 

cover regimes were based on data from Site A only, since this was the only study site 

where data loggers capable of measuring these factors were deployed. The 

morphometry, environmental characteristics and digital images of this hypothetical 

model “average doline” and its limitations are presented and discussed in Chapter 10. 
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Chapter 5: Selected Study Sites 

5.1 GENERAL LOCATIONS OF SELECTED STUDY SITES 
ON NORTHERN VANCOUVER ISLAND 

This chapter provides brief descriptions of the three selected study sites, 

designated “A”, “B” and “C”. The general locations of these study sites are shown in 

Figure 5-1, below.  

Figure 5-1 Map showing the locations of the three selected study sites on Northern Vancouver 
Island. Quatsino Formation limestone (uTrq) is shown in darker blue. The Parson Bay 
Formation (uTrp) is shown in lighter blue. 

5.2 STUDY SITE DESCRIPTIONS 

5.2.1 Site A 

Site A is situated on a south- to southwest-facing topographic bench. 

Elevations at this site range between 860 and 900 m a.s.l. Timber harvesting was 

undertaken at the ‘western’ end Site A in 1997, and at the ‘eastern’ end in 1999. A 

forest road runs through the old-growth forest connecting two of these cutblocks. A 

third cutblock, situated along the southwestern edge of the site, was harvested in 

2007.  
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A photo of the site and its general setting is provided in Figure 5-2. 

Figure 5-2 Site A (darker forest in the centre of photo) viewed from the east. Nimpkish Lake and the 
Vancouver Island Ranges are visible in the background. 

A total of 38 dolines were documented at Site A. Of these, 28 were situated 

in old growth “forest” settings; 5 were in “edge” settings and 5 are in “cutblock” 

settings. A total of 9 control points were established at this site – five in “forest” 

settings, one in “edge” settings, and three in cutblock settings. Of the three cutblock 

controls, only partial data were collected for Ac9.1 The distribution of the dolines 

across Site A and the extent of land use activities at this site are shown in Figure 5-3. 

!  

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1 This ill-fated control point was not always accessible due to blasting in the area during fieldwork, 
and its data logger was torn down, dragged away through the bush and chewed on by animals 
(probably bears). In retrospect, it was probably unwise to locate this control point in a berry patch, as 
the area was frequented by bears. The only other data logger that showed evidence of interference by 
animals was the forest control point data logger at Ac6. The plastic casing of the Ac6 data logger was 
found to be lightly chewed and coarse black hairs were caught in the duct tape on the rod supporting it 
on one occasion. None of the data loggers mounted in the dolines showed evidence of animal 
interference. 
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Figure 5-3 Map of Site A. Mapped dolines are shown in red. The geological contact with the Island 
Plutonic Suite bedrock is shown by the light blue dotted line. Solid black lines are roads. 
The black dotted line indicates an 80 m distance from roads or clearcut areas, a distance 
used for the purpose of sight stratification to identify dolines associated with interior 
forest conditions. The mapped extent of caves is shown in beige. Cave outlines adapted 
from British Columbia Cave Survey Collection (British Columbia Speleological 
Federation, 2010). 

Orthic Ferro-Humic Podzol is the most common soil in the study area (see 

Chatterton & Senyk, 1980a). Though parts of Site A are covered by till, the surface 

and subsurface components of the karst are generally well developed. Site A has 

least one significant cave as well as numerous surface features, including grikes, 

cuestas, small canyons and sinking streams. Most of the dolines identified at Site A 

are situated along a geological contact. This contact, which forms the upslope 

boundary of the study site, is mostly obscured by surficial cover and vegetation. The 

geological contact appears to roughly coincide with a Coast Western Hemlock 

(CWH) - Mountain Hemlock (MH) biogeoclimatic zone boundary, with MH being 

upslope of most of the dolines.2  

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
2 Source: iMap BC Forest Cover Inventory layer. (Data: BCGOV FOR Forest Practices Branch, 2003-
11-27 (created); 
https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?recordUID=52578&amp;recordSet=ISO19
115 ; accessed 19 June 2012. This map shows the BEC Zone for Cutblocks CU033 and CU012 
(adjacent to OG) as CWH, BGC Site Series: 01BGC Subzone Code: vm BGC Variant: 2 (CWHvm2).  
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Recharge for Study Site A as a whole is binary. The eastern and western ends 

of the study area are bounded by perennial allogenic streams. Otherwise, surface 

flows are absent on the site. In some cases along the geological contact, surface 

water flows onto the karst and sinks into dolines. Site A dolines A9, A17, A22 and 

A28 all receive allogenic surface flows of water, but surface flows may be absent at 

dolines A17 and A28 during the driest months of the year. Only doline A22 has an 

atmospheric opening/distinct swallet where this water sinks. Dolines A9, A17 and 

A28 do not have discrete sink points. Water entering these dolines seeps away 

through the soil cover at the lowest points. 

The geological contact referred to above is between the Quatsino Formation 

limestone and the Island Intrusions (see Brown, 2001). It is situated upslope of the 

study area at about 880 to 920 m in elevation. A lower contact between the 

contiguous Quatsino Formation limestone unit and the Karmutsen formation is 

outside the study area on the lower slopes of the valley at an elevation of about 500 

m a.s.l. Based on observations along road cuts and other parts of the study site where 

bedding was discernable (see Figure 5-4 and Figure 5-5, below), the limestone unit at 

the study site appears to be gently dipping to the northeast. The strike is generally 

northwest - southeast. The thickness of the bedrock unit in the vicinity of the site is 

about 300 m (Brown, 2001). A 3-D terrain model of Site A with the inferred 

structural geology shown is provided in Figure 5-6. 

Figure 5-4 Road cut at Site A showing bedding of Quatsino Formation limestone. 
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Figure 5-5 Bedding at Site A is also discernable away from the road cuts. 

Figure 5-6 Three-dimensional terrain model of Site A with inferred structural geology. Mapped 
dolines are shown in red. The blue dotted line on the surface of the model indicates the 
approximate inferred location of the geological contact between the Quatsino Formation 
limestone and the Island Intrusions. The limestone is shown dipping gently to the 
northeast. Its approximate thickness in this area is about 300 m (Brown, 2001).  

Depth of the surficial cover at Site A is variable, from nil to several meters 

deep. It appears to be mostly morainal blanket as mapped (British Columbia Ministry 

of Environment, 1978a) (see also Figure 5-7, Figure 5-8, and Figure 5-9, below). 
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Along the upslope geological contact, and especially toward the eastern end of the 

study site, rocks, boulders and smaller unconsolidated clasts (mostly granite) have 

eroded from the adjacent volcanic rocks upslope and spilled down onto the Quatsino 

Formation. These are most evident along the channels of the two streams entering 

doline A9. 

Figure 5-7 Road cut at western boundary between cutblocks and forest at Site A. Note depth of 
surficial cover at this location.  

Figure 5-8 Road cut near western boundary between cutblocks and forest at Site A, looking 
southeast. Note the depth of surficial cover in the left-hand foreground, compared to that 
further along the road. Surficial cover at Site A is of variable depth. 

! !
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Figure 5-9 Road cut near eastern boundary between cutblocks and forest at Site A, looking 
southeast. At this location, soil cover is virtually absent. 

A total of 3 soil pits were dug at Site A. Results are summarized in Table 5-1, 

Table 5-2 and Table 5-3, below. 

Table 5-1 Site A soil pit data for Stop 1 

Site A Stop 1 Soil Pits - 
Depth (cm) Description of Layer 

0 - 19 Fibrous organic, dark brown 
19 Abrupt boundary 
19 - 25 Light grey silty clay, no clasts or grit 
25 Abrupt boundary 
25 - 72 Yellow-brown sandy silt, no clasts or granules 
72 Abrupt boundary 
72 + Bedrock limestone with open solution crevices 

Table 5-2 Site A soil pit data for Stop 2 

Site A Stop 2 Soil Pit - Depth 
(cm) Description of Layer 

0 - 20 Dark brown O horizon, fibrous 
20 Abrupt boundary 
20 - 25 Light grey sandy clay 
25 Abrupt boundary 
26 - 31  Yellowish-brown silty clay 
32+ Bedrock with grike on one side, continuing downward 

Table 5-3 Site A soil pit data for Stop 3 

Site A Stop 3 Soil Pit - Depth 
(cm) Description of Layer 

0 - 23 Dark brown fibrous un-decomposed vegetable material 
23 Abrupt boundary 
23 - 26 Light grey sandy silt, presumably decomposing limestone 
26+ Void space/karren slot - no yellow-brown material such as were found at A13 and A15 
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5.2.2 Site B  

The general location of Site B is shown in Figure 5-1. This study site is 

situated on a northwest-facing river valley slope. Its elevation ranges from ~ 450 to 

500 m a.s.l. The Memekay River forms the downslope site boundary. Like Site A, 

Site B is bisected by a forest road. The study area is bordered by timber harvesting 

units (or cutblocks) to the north (harvested 2007), northeast (harvested 1977), east 

(harvested 2004), south (harvested 2007), southwest (harvested 1992) and northwest 

(harvested 2002). 

A total of 36 dolines were documented at Site B.3 Of these, 23 were in 

“forest” settings and 13 were in “edge” settings. No dolines in cutblock settings were 

documented at Site B. A map showing the distribution of the dolines at Site B and 

the land use activities in and about the site is provided below (see Figure 5-10). 

!  

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
3 This total does not include all of the dolines encountered at Site B. Perhaps three additional dolines 
were located along the southwest boundary of the site along the cutblock edge between the river and 
road. Since the main focus of the project was forest dolines, documenting these features was a lower 
priority during fieldwork.  
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Figure 5-10 Map showing Site B. Surveyed dolines are indicated in red. The geological contact with 
Parson Bay Formation is indicated by a dashed blue line in the upper left hand portion of 
the map. Solid grey lines are roads. Known mapped caves are indicated in pink. The 
forested study area is indicated in green. Dashed black line inside the forested study 
area indicates the two-tree length (i.e., 80-m) distance from forest edges. Dolines inside 
the polygon delineated by the black dashed line were considered to be “forest dolines.” 
Dolines outside the polygon delineated by the black dashed line were considered to be 
“edge dolines.” No cutblock setting dolines were documented at Site B. Base Map 
Source: Imap BC, Version 2.0, Licenses and Permits: RESULTS Opening Polygons layer 
[Online: last accessed 06 May 2014]. Cave outlines adapted from British Columbia Cave 
Survey Collection (British Columbia Speleological Federation, 2010). 

There are at least six well-known significant caves, as well as numerous 

dolines, karst windows and springs in and around Site B. However, because the 

surficial cover and forest vegetation masks much of the underlying bedrock, at first 

glance the karst of Site B does not seem to be especially well developed on the 

surface. This impression is quickly dispelled when wind thrown trees or other 

disturbances expose the well-developed underlying epikarst, where deep grikes and 

solutionally-enlarged openings are exposed (see Figure 5-11, below). The most 

common soil in the study site area is Duric Ferro-Humic Podzol (Jungen, ca. 1978) 
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Figure 5-11 Masked by overlying sediments and forest vegetation, surface karst development at Site 
B appears subdued, yet glimpses of the underlying well-developed epikarst are 
sometimes revealed under the root masses of wind thrown trees, as shown in the photo 
above.  

Recharge of Site B is binary for the site as a whole, but autogenic among the 

documented dolines. The Memekay River forms the lower boundary of Site B. This 

river flows partly on the surface (as shown in Figure 5-12, below), but sinks below 

the riverbed in some places (see, for example Figure 5-13, below) except during 

flood conditions. 

Figure 5-12 The Memekay River, which forms the lower boundary of Site B, flows partly on the 
surface. 

!
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Figure 5-13 In other places, the Memekay River sinks below its bed, except during periods of 
flooding. 

Cave entrances are located along portions of the Memekay River (see Figure 

5-14 and Figure 5-15, below). Some of these entrances may act as swallets during 

flood conditions. 

!

Figure 5-14 Cave entrance in the riverbed at Site B. This entrance acts as a swallet during flooding 
conditions, but for much of the year the riverbed in front of this cave is dry. The subdued 
appearance of much of the surface of Site B belies the fact that the karst is well 
developed at depth.  
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Figure 5-15 View from inside the cave looking back toward the entrance depicted in Figure 5-14, 
above.  

Site B appears to be entirely underlain by Quatsino Formation limestone. 

This limestone is dipping at a shallow angle (19° to 23°) to the northwest. The strike 

is 238° - 245°. The northwestern geological contact with the overlying Lower 

Jurassic Harbledown Formation4 generally follows the course of the Memekay River 

in the valley bottom and is situated between about 450 and 480 m a.s.l. (see Figure 

5-16, below). 

Figure 5-16 Dry section of the Memekay River bed, looking toward the south - southeast 

The upper contact with the underlying Karmutsen Formation is found on the 

southeastern valley slopes between 570 m and 600 m in elevation. Estimated 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
4 Jurassic argillites, siltstones and greywacke (see, for example, Muller et al., 1974, p. 24). 
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thickness of the limestone unit at the site is 35 to 50 m (Griffiths, pers. comm., 

2014). The basement of the limestone unit (i.e. the Karmutsen Formation) is seen in 

the lower passageways of some caves at the study site (Griffiths, pers. comm., 2014). 

A cross-sectional view of the inferred structural geology at Site B is shown in Figure 

5-17 (below). 

Figure 5-17 Site B geology in cross-section, looking north. The beds are dipping at a shallow angle 
toward the northwest. 

A 3-D terrain model of Site B with the inferred structural geology shown is 

provided in Figure 5-18, below. 

Figure 5-18 Three-dimensional terrain model of Site B with inferred structural geology. Mapped 
dolines are shown in red. The blue dotted line on the surface of the model indicates the 
approximate inferred location of the geological contact between the Quatsino Formation 
limestone and the Harbledown Formation. The limestone is shown dipping to the 
northwest. Its approximate thickness in this area is about 35 to 50 m. 
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The surficial cover at Site B appears to consist mostly of “pebbly sandy to 

sandy clayey morainal materials” deposited during Pleistocene glaciation (Bourgeois 

& Townshend, 1977, p. 5; see also British Columbia Ministry of Environment, 

1972). The till blankets typically range from 2 to 6 m in depth depending on 

topographic position and slope (Bourgeois & Townshend, 1977, p. 12).  

Soil pits were dug at two different locations at Site B. Results are shown in 

Tables 5-4 and 5-5, below. 

Table 5-4 Site B soil pit data for Stop 1 

Site B Stop 1 Soil Pit - Depth Description of Layer 
0 - 10-20 cm Forest floor - mosses, liverworts, needles, cones, etc. 
10-20 cm to 80-90 cm Laminated fine sands and silt. There's a bit of clay in the silt. It's a bit impermeable. 
80-90 cm to 190 cm+ Sandy unit - glaciofluvial or glacio- sands 
 

Table 5-5 Site B soil pit data for Stop 2 

Site B Stop 2 Soil Pit - Depth Description of Layer 
0 - 10 cm Moss over pine needles and rootlets 
10 - 25 cm 60% fine organics, larger rootlets, big root 
25 - 30 cm 20% organics with 80% fine sand 
30 cm + Sandy silt 

!

5.2.3 Site C  

Site C (general location is shown in Figure 5-1) is situated on a northeast-

facing valley slope. This study site consists of a series of small benches at different 

elevations ranging between 400 and 760 m a.s.l. A total of 11 dolines were 

documented at this site – 4 dolines in “forest” settings, 5 dolines in “edge” settings, 

and 2 dolines in “cutblock” settings. Figure 5-19, below, is a photo showing the 

general setting of the site. A map of Site C is provided in Figure 5-20. 

!  
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Figure 5-19 View from Site C cutblock dolines C6 and C7 (at about 600 m a.s.l.) looking northeast. 
Site C is situated on a northeast-facing valley slope. 

Figure 5-20 Map showing Site C and the dolines selected for study. Thicker solid grey lines are 
roads. Surveyed dolines are indicated in red. Forested parts of the study area are shown 
in green. Presumed geological contacts with Karmutsen Formation volcanics are 
indicated by dashed heavy blue lines. A mapped fault is shown in red in the upper right-
hand corner. A feature presumed to be an unroofed cave is shown in the upper left-hand 
corner. This feature was surveyed by the author and P. A. Griffiths in 2013.  

Cutblocks are situated to the north of the lower portion of Site C. After 

fieldwork was completed, a new forest road was constructed through the area of 
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dolines in the upper part of the site, obliterating one of the dolines5 (see Figure 5-21 

and Figure 5-22, below). 

!  

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
5 I.e., the road was built over forest doline C8. 
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Figure 5-21 Aerial photo of Site C taken in 2007. Studied dolines are shown in red. Estimated extents 
of limestone units are delineated by dashed blue lines. Fault line is indicated by a thin 
red line. 

Figure 5-22 Aerial photo of Site C taken in 2013. Studied dolines are shown in red. Estimated extents 
of limestone units are delineated by dashed blue lines. Fault line is indicated by a thin 
red line. Note new roads and cutblocks. Timber harvesting around dolines C6 and C7 
had been completed when the thesis fieldwork commenced. This factor aided in their 
discovery since they appear to be located in a small, isolated bleb of Quatsino 
Formation limestone that is not connected (at least on the surface) either to the unit 
hosting dolines C1 – C5, or the unit hosting dolines C9 – C11. Road debris from the road 
built to the new cutblock in the upper left-hand corner of the image completely covered 
doline C8. 
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The most common soil in and around the study area is Duric Ferro-Humic 

Podzol (Chatterton & Senyk, 1980b). Like Site B, the surface expression of the karst 

at Site C is subdued, probably because of the thick surficial cover. Nevertheless, 

there is evidence that the karst may be well developed at depth. Some features in and 

around Site C may be unroofed cave passages and truncated shafts that have either 

been exposed through lowering of the surface due to solution over time and/or 

glacial scouring, but more work would be needed to confirm this. 

Recharge at Site C as a whole is binary, but only one of the dolines (C1) 

receives a very small seasonal stream of surface water. 

There are many exposures of Quatsino Formation limestone in and around 

Site C. The dolines appear to be formed in this bedrock unit, but fieldwork conducted 

at the site between late summer 2010 and October 2012 suggests that the site geology 

is mixed, with numerous joints, fractures and faults. Glacial till/morainal blanket 

cover the underlying bedrock over most of the site (British Columbia Ministry of 

Environment, 1978b). Opportunities to observe the structural geology and 

overburden are mostly confined to road cuts, streambeds and caves (see, for 

example, , below. 

 

Figure 5-23 Quatsino Formation limestone exposure in a canyon adjacent to the higher elevation 
forest dolines at Site C. 

Site C straddles the mapped contact between the Karmutsen Formation 

volcanics and the overlying Quatsino Formation limestone. This contact is situated 

between 440 m and 480 m elevation in the vicinity of the study site. The limestone 
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unit at the site is variously labeled on different maps. Site visits confirmed that the 

lower elevation dolines (designated dolines C1, C2, C3, C4 and C5) are hosted by a 

large contiguous unit of Quatsino Formation limestone. The mapped (and observed) 

contact is oriented north-northwest – south-southeast. The higher elevation dolines at 

the study site (designated C6, C7, C8, C9, C10 and C11) appear to occur in smaller, 

isolated units of Quatsino Formation limestone that are not contiguous on the surface 

with the larger unit of Quatsino Formation limestone that hosts the lower elevation 

dolines. The isolated units of limestone containing studied dolines appear to be 

isolated blebs of Quatsino Formation limestone in the Upper Karmutsen Formation 

volcanics (the estimated extent of these blebs and the other limestone units in and 

about Site C are marked on the aerial photos shown in Figure 5-22, above). For 

dolines C8, C9, C10 and C11, the host limestone bleb is situated at about 650 m a.s.l. 

Dolines C6 and C7 appear to occupy a different non-contiguous bleb situated to the 

south of the other two units at an elevation of about 600 m. 

Coarse-scale geology mapping at and around the study site generally show 

the Karmutsen Formation dipping to the northeast (Muller et al., 1974), but this was 

not confirmed in the field. Obtaining dip angles was complicated by local 

deformation of the bedding by intrusive dykes, indistinct bedding, lack of good 

surface exposures, and faulting. Observations in a cave near the study site tentatively 

suggest the dip generally follows the same orientation as the underlying Karmutsen 

Formation. The strike appears to follow the orientation of the Karmutsen contact 

(i.e., north-northwest – south-southeast). The thickness of the limestone unit at the 

site is presumed to be thin, based on the isolated limestone units within a larger 

Karmutsen Formation unit, but this is speculative at present. 

A 3-D terrain model showing the presumed structural geology at Site C is 

provided in Figure 5-24, below. 



Ramsey, C. Morphometry and Basic Ecological Characteristics of Dolines in Unlogged Temperate 
Rainforest Karst Landscapes of Northern Vancouver Island, British Columbia, Canada. 

Dissertation, University of Nova Gorica, 2014 
Chapter 5 

!

! 131 

Figure 5-24 Three-dimensional terrain model of Site C with inferred structural geology. Mapped 
dolines are shown in red. The blue dotted line on the surface of the model indicates the 
approximate inferred location of the geological contact between the Quatsino Formation 
limestone and the underlying Karmutsen Formation volcanics. The limestone is shown 
dipping to the northeast. 

Glacial till/morainal blanket cover the underlying bedrock over most of Site 

C (British Columbia Ministry of Environment, 1978b). Examples can be seen under 

the upturned root masses of trees (Figure 5-25) and at road cuts (Figure 5-26). 
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Figure 5-25 Upturned root mass near the lower elevation dolines at Site C. Boulders and cobbles in 
the surficial cover are clearly visible. 

Figure 5-26 Recent road cut near the higher elevation dolines at Site C. The thick surficial cover can 
be clearly seen here. The road was constructed after fieldwork at the site was completed, 
and now completely covers doline C8. 

!
A total of six soil pits were dug at Site C. The results are shown in Table 5-6 

to Table 5-11, below. 

Table 5-6 Site C soil pit data for Stop 1 

Site C Stop 1 Soil Pit - Depth Description of Layer 
0 - 30 cm Forest floor and roots 
30 cm - 130 cm Brown boulders in gravelly sandy weathered till 
~ 130 cm to 230 cm Brown boulders in gravelly sandy unweathered till 
~ 230 cm Bedrock 
 



Ramsey, C. Morphometry and Basic Ecological Characteristics of Dolines in Unlogged Temperate 
Rainforest Karst Landscapes of Northern Vancouver Island, British Columbia, Canada. 

Dissertation, University of Nova Gorica, 2014 
Chapter 5 

!

! 133 

Table 5-7 Site C soil pit data for Stop 2 

Site C Stop 2 Soil Pit - Depth Description of Layer 
0 - 10 cm Forest floor; 90% needles and cones with trace of weathered till 

10 cm - 40 cm Dark reddish brown soil; 60% organic material, 40% sand; sandy soil; many large and small 
roots at the top, and many smaller ones at the bottom 

40 cm - 60 cm Dark reddish brown weathered soil; less than 50% gravel; the rest is fines; sandy silt (90%) 
 

Table 5-8 Site C soil pit data for Stop 3 

Site C Stop 3 Soil Pit - Depth Description of Layer 
Surface Scattered boulders and cobbles 
0 - 11 cm Rotten wood, rootlets 
11 cm - 25 cm 20 - 25% rounded gravel; sandy silt with 10% organic matter  
25 cm hit a layer with LOTS of gravel 
 

Table 5-9 Site C soil pit data for Stop 4 

Site C Stop 4 Soil Pit - Depth Description of Layer 
Surface Moss, cones, sticks 
0 - 10 cm Rootlets, cones, needles, wood 

10 cm to 45 cm 
Near the top, dark brown predominately organic fines, 90% organic, 10% reddish brown sandy 
silt. Nearer the bottom, the fines are 50% organic, and 50% sandy silt; the colour is greyer and 
there is less than 5% gravel  

 

Table 5-10 Site C soil pit data for Stop 5 

Site C Stop 5 Soil Pit - Depth Description of Layer 
0 - 20-30 cm Forest floor 

20-30 cm to 95-105 cm Brown weathered till material, 5% cobbles and boulders, 10% or more gravel; 70-75% fines; 
sandy silt with trace organics; damp 

95-105 cm to 400 cm or more Dark grey material with more angular clasts - really dense, hard, compacted - somewhat 
impermeable; 30% gravels; 5% boulders; sandy silt 

 

Table 5-11 Site C soil pit data for Stop 6 

Site C Stop 6 Soil Pit - Depth Description of Layer 
0 - 30-40 cm Forest floor 

30-40 cm to ~95-105 cm Red-brown weathered material - 40 - 50% gravel and boulders and cobbles (of this, 50% 
gravels and 50% cobbles and boulders) 

Greater than ~95 - 105 cm Light grey unweathered till, greater than 2 m deep. We estimated the till cover here is at least 
4-5 m deep. Massive colluvial material near creek 

 

5.3 SUMMARY OF STUDY SITE ATTRIBUTES 

The main attributes of study Sites A, B and C are summarized in Table 5-12 

below. 

!  
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Table 5-12 Study Site Summary Table  

SITE CHARACTERISTIC A B C 
Number of dolines documented 38  36  11  
Elevation (m a.s.l.) 860 - 900 450 - 550 400 - 760 
Aspect S - SW NW E 

Bedrock thickness ~300 m 30 – 50 m  Uncertain; presumed 
“shallow” 

Caves present in or near site? Y Y Y 
Geological contacts associated with dolines? Y N Uncertain 

Dolines appear to be aligned with geological 
structures? 

Yes – geological 
contact Not apparent 

Dolines are possibly 
concentrated along, or 
near, geological 
contacts 

Faults observed in or near site N Y Y 
Surficial cover Morainal blanket  Morainal materials Morainal blanket  

Mapped soil type Orthic Ferro-Humic 
Podzol* 

Duric Ferro-Humic 
Podzol** 

Duric Ferro-Humic 
Podzol *** 

Mapped biogeoclimatic zone CWH  CWH  CWH  
Recharge type for site as a whole Binary Binary Binary 

Main recharge type with regard to dolines Allogenic and 
autogenic Autogenic Autogenic 

 
*Source: Chatterton & Senyk (1980a).  
**Source: Jungen, J. (ca. 1978).  
*** Chatterton & Senyk (1980b). 

5.4 SUMMARY OF DOLINES AND CONTROL POINTS BY 
SITE AND SETTING 

The numbers of dolines mapped and counted at each study site setting are 

summarized in Table 5-13. 

Table 5-13 Table summarizing the individual designations and numbers of counted dolines in 
different settings at each of the three study sites.6  

SITE “Forest” 
Dolines 

Number of 
Forest 

Dolines 

“Edge” 
Dolines 

Number of 
“Edge” 
Dolines 

“Cutblock 
Dolines 

Number of 
“Cutblock” 

Dolines 

Total 
Number of 

Dolines  
A A1 – A28 28 A29 – A33 5 A34 – A38 5 38 

B 

B1 - B7; 
B15-B16; 
B18-B19; 
B25-B36 

23 
B8 – B14; 

B17; B20 – 
B24 

13 None 0 36 

C C8 – C11 4 C1 – C5 5 C6 – C7 2 11 

 

Table 5-14, below, summarizes the numbers of control points at each study 

site setting. 

!  

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
6 Note: For some dolines only partial data sets were collected, hence numbers of dolines from each 
setting do not always equal those in these summary tables. Usually this was because field conditions 
precluded obtaining one or more categories of data at a particular doline.  
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Table 5-14 Table summarizing the individual designations and numbers of control points in 
different settings at each of the three study sites. 

SITE “Forest” 
Control Points 

Number of 
Forest Control 

Points 

“Edge” 
Control Points 

Number of 
“Edge” 

Control Points 

“Cutblock 
Control Points 

Number of 
“Cutblock” 

Control Points 

A Ac3 – Ac7 5 Ac8 1 Ac1 – Ac2; 
Ac9 3* 

B Bc1 – Bc8 8** None 0 None 0 
C Cc1 – Cc2 2 None 0 None 0 

 
*Only partial data were collected for one of these. Ac9 was not always accessible and its data logger was lost for part of the 
sampling period, having been torn down, dragged through the bush, and chewed on by animals. 
** At Site B, only eight “forest” control points were established. Of these, standing tree data were collected for all eight plots, 
while downed tree data were recorded at only six of these plots. The reason for this was that field data collection methods were 
still under development when work commenced at Site B, and the downed wood “data” for two of the plots consisted of 
sketches only. 
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Chapter 6: Study Site Morphometry 

6.1 CONSIDERATIONS FOR SELECTING 
MORPHOMETRIC PARAMETERS FOR DOLINES IN 
COASTAL BC 

Though it is possible to derive detailed morphometric data from the digital 

model dolines, a simpler approach was used here. Detailed morphometric data and 

sophisticated statistical analyses are not necessary to test the thesis hypothesis; 

moreover, detailed morphometric analyses of the study site dolines have limited 

utility for improving understanding of dolines at the regional scale if the results 

cannot be compared to those found elsewhere on Northern Vancouver Island. 

Though no doline morphometry studies have been undertaken in BC, dolines 

in the province are routinely measured (or at least have their dimensions estimated) 

during some karst inventories as well as karst field assessments (KFAs) that comply 

with standards laid out in the Karst Inventory Standards and Vulnerability 

Assessment Procedures for British Columbia (KISVAP) (Resources Information 

Standards Committee (RISC) (2003).1 However, allotted field times for karst 

inventories and KFAs typically do not allow for taking detailed measurements of 

individual features such as dolines. The usual aim of karst inventories and KFAs is to 

provide adequate ground search coverage and quick assessments of any karst 

features encountered for the purpose of devising management strategies.  

Karst inventory/KFA data are used later in this thesis to make some very 

cautious comparisons of the dimensions of the study site dolines to those 

documented elsewhere on Northern Vancouver Island.2 Using this type of data for 

comparison purposes entails: a) applying morphometric parameters equivalent to 

those typically used for karst inventories to the digital models of the study site 

dolines to obtain data sets comparable to those from existing inventories; b) 

                                                
1 Standards for KFAs (as opposed to non-KISVAP-compliant karst inventories) are provided in 
Resources Information Standards Committee (2003, pp. 27-69). Recommended personnel 
qualifications and training for undertaking KISVAP-compliant KFAs are provided in Resources 
Information Standards Committee (2003, p. 69) and in British Columbia Ministry of Forests (2003, p. 
15). Different categories of karst inventories in BC are described in Appendix C. 
2 These inventories include the Tahsish Cave/Karst Inventory (Cave Management Services, 1982); the 
Holberg area Inventory of Caves and Significant Surface Karst Features in and about Block 146 
(F.L.A19240) (Cave Management Services, 1993), and the Preliminary Evaluation of Karst 
Resources, Rumble Ridge Wind Demonstration Project, Vancouver Island British Columbia: Final 
Report (Cave Management Services/KarstCare, 2002). These inventories are described in Chapter 7. 
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understanding the methods used to acquire morphometric data from dolines in the 

inventories selected for comparison; and c) understanding the strengths and 

limitations of the inventory data sets selected for comparison.3  

The selection of the morphometric parameters used in this thesis was guided 

partly by whether a given morphometric parameter was equivalent to, or permitted 

the derivation of, parameters roughly equivalent to those typically used, or known to 

have been used, for existing karst inventories selected for comparison purposes. In 

order to provide some background and context for this approach, it is useful to 

review and critique the standards and guidelines provided by BC’s karst management 

documents for measuring and classifying dolines. 

6.2 REVIEW OF EXISTING MORPHOMETRIC CRITERIA 
AND MEASURING STANDARDS FOR DOLINES IN BC 

6.2.1 Morphometric criteria for defining/classifying dolines 

The Karst Inventory Standards and Vulnerability Assessment Procedures for 

British Columbia (KISVAP) define a sinkhole [doline] as  

a topographically closed karst depression, wider at the rim 
than it is deep. It is commonly circular or elliptical in shape with a 
flat or funnel-shaped bottom. A sinkhole can have sinuous interior 
contours, but no angular contours. For inventory purposes, a sinkhole 
must have a deepest point at least 2 m below the surrounding 
landscape, and have a width greater than 2 m. (Resources 
Information Standards Committee, 2003, p. 86).   

This KISVAP definition actually contains three morphometric 

criteria/parameters for classifying dolines. Two of these criteria/parameters are 

explicit and have specified values attached: a) “depth” (i.e., > 2 m); and b) “width” 

(i.e., > 2m). The third parameter/criterion is perhaps less obvious. In addition to 

meeting the size thresholds for diameter and depth, the KISVAP definition stipulates 

that a depression must also be “wider at the rim than it is deep” to be classified as a 

doline. What this means numerically is that regardless of its overall dimensions, a 

                                                
3 The caveats for using this approach, as well as the inventories selected for comparison, are described 
in detail in Chapter 7. Inventory selection was based on: a) public availability of the data; and b) the 
ability to interview the persons who conducted the inventories in order to ascertain or confirm the 
methods used.  
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doline must also have a diameter/height (D/H) ratio of greater than unity (i.e., 

“one”).  

The KISVAP definition for sinkholes (i.e., dolines) is problematic in several 

respects. For one thing, it imposes size thresholds in a somewhat arbitrary manner. 

Karst depressions smaller than 2 m in width and depth can function as dolines, yet 

such depressions would not be classifiable as dolines using the KISVAP definition. 

No rationale is provided for the two-meter depth- and width thresholds.4 Moreover, 

the KISVAP “width” and “depth” parameters are not explicitly defined (the potential 

problems with this are discussed later).  

The KISVAP definition’s inclusion of a diameter/height ratio parameter has 

numerous precedents in the literature (an early example is provided by Cvijič, 1893, 

pp. 24–26). Diameter/height (D/H) ratios are sometimes used as a simple means of 

classifying dolines according to corresponding simplified geometrical shapes 

(Bondesan et al., 1992, p. 5; see also Table 6-1, below). 

Table 6-1  Different diameter/height ratios likened to different objects and geometrical forms (where 
D = diameter; H = height). Source: Bondesan et al. (1992, p. 5). 

D/H RATIO Similar objects Geometrical forms 
D/H > 5 Plate Trunk of cone 
5 > D/H/ > 2 Bowl Hemisphere 
2 > D/H > 1.5 Funnel Cone 
1.5 > D/H Pit Cylinder 

 
Like the 2-m depth and width thresholds, the way the D/H ratio parameter is 

used in the KISVAP definition is somewhat arbitrary as illustrated in Figure 6-1, 

below. Essentially, by stipulating that dolines must have D/H ratios greater than one 

(“unity”), the definition is somewhat biased in favour of broader, more bowl- or 

dish-shaped dolines, while excluding narrower, more pit-shaped dolines. 

  

                                                
4 Ford et al. (1988, p. 401), for example, state that, “karst depressions (sinkholes or dolines) …range 
approximately from 1 to 1,000 m in their greatest dimension.” 
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Figure 6-1 The Karst Inventory Standards and Vulnerability Assessment Procedures for British 
Columbia (KISVAP) stipulates that a sinkhole (doline) must be “wider at the rim than it is 
deep” (Resources Information Standards Committee, 2003, p. 86). What this means in 
terms of actual numbers is that if a feature is to be classified as a sinkhole it must have a 
diameter/height (D/H) ratio >1.  Example “A”, above, shows a simplified cross-section of 
a funnel-shaped feature with a D/H ratio of 1 (being a ratio, the actual dimensions of the 
feature are irrelevant). Using the KISVAP definition above, a depression feature with 
these dimensional proportions could not be classified as a sinkhole, even if the other 
criteria (i.e., the feature was a topographically-closed karstic depression with a flat or 
funnel-shaped bottom and no angular contours) are met. By contrast, Example “B” has a 
D/H ratio of 2; a depression with these dimensional proportions could be classified as a 
sinkhole, provided the other specified criteria are met as well. Example “C” (with a D/H 
ratio of 8) could also be classified as a doline so long as the other specified criteria are 
met. 

Two limitations with diameter/height ratios are: 1) being ratios, they do not, 

in and of themselves, yield any information about actual doline dimensions; and 2) 

they can only provide a very rough approximation of doline shapes. For example, 

diameter/height ratios cannot capture variations in the degree of concavity, 

convexity, or verticality of the interior side slope profiles of dolines. A given 

diameter/height ratio therefore does not necessarily mean that a doline resembles a 

particular perfect geometric form in cross-section. Asymmetry and/or irregularity are 

often the rule (Bondesan et al., 1992). 

6.2.2 Defining doline rims 

Bondesan et al. (1992, p. 4) state that, “The upper rim, or contour, which 

determines the perimeter, enables one to define the diameter of the doline, ranging 

from a few meters to more than one kilometer.” The Karst Management Handbook 

for British Columbia (KMH) provides reasonably clear guidance on how to establish 

doline perimeters or rims. It defines the edge or “rim” of a doline [“sinkhole”] as, 

“the upper break of the slope enclosing the sinkhole” (see British Columbia Ministry 
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of Forests, 2003, p. 22 and p. 26, for example).5 This guidance is sufficient for most 

dolines, but there are always exceptions. For example, precisely delineating the 

“uphill” rim of a doline located on a slope using this guideline sometimes relies on 

judgment or guesswork. 

6.2.3 Measuring standards and guidelines for dolines in BC 

Neither of BC’s two key karst management guideline documents provides an 

unambiguous set of standards and guidelines for measuring dolines.6 “Appendix D” 

in the Karst Inventory Standards and Vulnerability Assessment Procedures for 

British Columbia (KISVAP) (Resources Information Standards Committee, 2003, 

pp. 83-94) includes a “Measurement Standards” heading. The entry under this 

heading and next to “Negative relief point features e.g., Sinkholes” in a table 

comprising Figure D1 states, “The cross-sectional area (A) is calculated as per 

Figure D2” and “The volume (V) is calculated as per figure D4” (Resources 

Information Standards Committee, 2003, p. 90). Figure D1 seems to imply that for 

inventory purposes the measuring parameters to be recorded for sinkholes (dolines) 

are cross-sectional area (A) and volume (V). Mean diameter is mentioned, but the 

fact that it does not appear under the “Measurements Standards” heading is 

potentially confusing for readers. 

This section of KISVAP does not state (but seems to imply) that deriving a 

doline’s “volume” involves selecting the geometric shape that best approximates the 

doline in question and then supplying the appropriate measurements (see, for 

example, Figure 6-2, below). Yet, this method can only offer a crude approximation 

of volume, particularly when the dolines are not of a regular shape or are situated on 

slopes. Moreover, some of the required measurements are not easily taken in the 

field. 

                                                
5 By comparison, for the purpose of establishing buffer sizes, Tasmania’s Forest Sinkhole Manual 
defines a sinkhole “edge” (i.e., the “rim”) as “outwards from where the slope exceeds 5” [i.e., 5°] or 
“at the principal upper break of slope leading into the sinkhole, providing the slope leading into the 
sinkhole remains less than 5” [i.e., 5°] (Kiernan, 2002, p. 19).  
6 The main focus of the Karst Inventory Standards and Vulnerability Assessment Procedures for 
British Columbia (KISVAP) (Resources Information Standards Committee, 2003) is assessing the 
vulnerability of karst terrain and locating, identifying, classifying and mapping individual karst 
features. The Karst Management Handbook for British Columbia (KMH) (British Columbia Ministry 
of Forests, 2003) focuses on recommended best management practices for both discrete karst features 
and karst landscapes in relation to some proposed land use – usually primary forest activities. 
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Figure 6-2 Reproduction of Figure D4 – “Geometry and Volume of Depression Features” from Karst 
Inventory Standards and Vulnerability Assessment Procedures for British Columbia 
(KISVAP) (Resources Information Standards Committee, 2003). In real life, few dolines 
actually resemble these idealized geometric shapes, so using these formulae to derive 
doline volumes can only offer a rough approximation. Volume may not be a particularly 
useful or practical morphometric parameter for inventory purposes. Source: Resources 
Information Standards Committee (2003, p. 94). 

One might ask whether volume and planimetric area are the parameters that 

best serve karst inventory purposes. For example, Bondesan et. al. (1992, p. 18) state 

that, “Computation of volume is very difficult and can be done only for very big 

dolines, using good maps, or in the presence of very regular dolines which could be 

considered as regular geometric solids.” As for planimetric area, though useful for 

mapping, this parameter does not in and of itself reveal much about the shape or 

characteristics of dolines as three-dimensional landform features. 

KISVAP’s “Appendix F” (see Resources Information Standards Committee, 

2003, p. 108) provides an example of a field card for documenting surface karst 

features. Here, “length”, “width” and “depth” are the parameters listed under the 

column heading “Dimensions”, with no further mention of planimetric areas or 

volumes. 

Length, width and depth parameters are relatively quick and easy to obtain in 

the field (provided one is equipped with a good laser distance meter and clinometer), 

but KISVAP still does not precisely define what is meant by “length”, “width” and 

“depth”, nor is a protocol for measuring them provided. 

This review shows that BC’s published standards for measuring dolines are 

somewhat ambiguous, and potentially confusing. 
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6.2.4 Why better measuring standards and guidelines are needed in BC 

Basic concepts like “length”, “width” and “depth” seem self-explanatory. 

Doesn’t it follow that such basic dimensional attributes provide sufficiently 

unambiguous parameters for describing dolines? 

In real life dolines are often irregular and asymmetrical in both planimetric 

and cross-sectional views. Asymmetry can be a reflection of preferential solution 

along a particular axis or azimuth because of factors pertaining to geological 

structures or tectonics (e.g., see Bondesan et al., 1992, p. 11) or ecological factors 

such as microclimate, soil, flora and slope/aspect (see Bárány-Kevei, 1998a). Simple 

length, width and depth measurements may not adequately capture asymmetry in 

dolines. While these broad parameters serve well enough for karst inventory 

purposes, such data would not be adequate for more sophisticated morphometric 

analyses. 

Measuring dolines becomes more complicated when they are situated in 

irregular topography such as on slopes. This is often the case with dolines on 

Northern Vancouver Island. Sperling et al. (1977, pp. 209-210) observe that, “Depth 

is a parameter difficult to define when the rim has varying elevation, especially on 

hill slopes where the upslope side of the hollow is generally longer and steeper than 

the downslope side.” This is partly why Bondesan et al. (1992, pp. 15-16) offer no 

fewer than five different and precisely defined altimetric parameters, including 

“perimeter depth”, “maximum depth” (or HMAX), “closed depression depth” (or 

HDOL), “basin depth”, and “volumetric depth.” (The differences between two of 

these parameters – HMAX and HDOL – are illustrated in Figure 6-3, below.) Similar 

arrays of precise parameters for describing different aspects of doline “length” and 

“width” and other attributes are provided as well. Some of these parameters may 

duplicate each other in dolines that are: a) perfectly symmetrical and regular in 

shape; and b) situated in perfectly flat, horizontal topography, but some of the 

different morphometric parameters are needed for the many cases in which these 

ideal conditions are not present. 
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Figure 6-3 Figure illustrating the difference between the closed depression depth (HDOL) and 
doline maximum depth (HMAX). These are only two of five “altimetric parameters” 
described by Bondesan et al. (1992). While the morphometric parameters needed to 
describe dolines for the purposes of karst inventories are simpler and much less 
detailed than those needed for morphometric research purposes, this figure illustrates in 
part why such simple and seemingly self-evident parameters such as “depth” need to be 
carefully defined in order to be a consistent and replicable means of describing features 
such as dolines. 

A few well defined and easy-to-measure morphometric parameters for 

dolines, as well as a set of protocols for obtaining those measurements, would be 

useful additions to BC’s karst management guideline documents if these documents 

should ever be revised. 

6.3 MORPHOMETRIC PARAMETERS USED IN THIS 
THESIS 

6.3.1 Criteria for selecting parameters 

The morphometric parameters selected for a given purpose depend partly on 

the questions being asked of the data and partly on what is achievable in terms of the 

time, information and resources available for a given project. 

The criteria used for selecting morphometric parameters for this thesis are: 

• The selected parameters must serve to adequately test the thesis 

hypothesis. 

• The selected parameters must be capturable by the technology, 

equipment, field time and funding available. 

• The selected parameters must allow rough comparisons between typical 

BC karst inventory data for dolines and the study site dolines. 
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• The minimum number of parameters needed to meet all of the above 

criteria should be selected. 

6.3.2 Selected parameters for this thesis 

The selected parameters for this thesis are presented in Table 6-2, below.  

Table 6-2 Selected morphometric parameters 

DOLINE MORPHOMETRIC PARAMETER Description/Definition 
Doline maximum diameter (DMAX) (after Bondesan et al., 
1992, p. 8) 

“The segment linking the two most distant points of the 
perimeter” (Bondesan et al., 1992, p. 8) 

Minor diameter (DMNR) (after Bondesan et al., 1992, p. 8) 
“The longest segment linking two points of the diameter and 
perpendicular to the maximum diameter” (Bondesan et al., 
1992, p. 8) 

Doline maximum diameter direction (DDIR) (after Bondesan 
et al., 1992, p.11) 

“The azimuth angle of the DMAX[2] to the true North (from 
0 – 180 degrees. It may be correlated to structure or tectonics 
(Bondesan et al., 1992, p. 11). 

Average diameter (DAVE) (after Bondesan et al., 1992, p. 13) 
 

“Arithmetical average of DMAX and DMNR. If the dolines 
have a very irregular border, the DAVE can be computed as 
the average of DMAX, DMNR, and the two diameters 
crossing at 45°” (Bondesan et al., 1992, p. 13). This parameter 
is likely the best equivalent for “mean diameter” or “width” 
measurements as reported in BC karst inventories, and will be 
used so in this thesis.  

Area (ADOL) (after Bondesan et al., 1992, p. 11) “Measurement of the planimetric surface bordered by the 
perimeter” (Bondesan et al., 1992, p. 11) 

Doline maximum depth (HMAX) (after Bondesan et al., 
1992, p. 15) = maximum depth 

“Difference in height between the maximum altitude of the 
perimeter and the lowest point of the depression” (Bondesan 
et al., 1992, p. 15). 

Closed depression depth (HDOL) (after Bondesan et al., 
1992, p. 10) = closed depression depth 

“Difference in height between the minimum altitude of the 
perimeter and the lowest point of the depression” (Bondesan 
et al., 1992, p. 10).  

Average depression depth (HAVE) 

A value designed to approximate average doline “depth” as 
typically estimated for karst inventory purposes in British 
Columbia. Mathematically, it is roughly equivalent to 
(HMAX + HDOL)/2  (where HMAX and HDOL are as 
defined by Bondesan et al. (1992)) 

 

Basic “length” and “width” data are captured by the doline maximum 

diameter (DMAX) and minor diameter (DMNR) parameters respectively. Average 

diameter (DAVE, equivalent to (DMAX +DMNR)/2) is a parameter often used in 

karst inventories where dolines are relatively symmetrical in planimetric view. 

ADOL is the planimetric area of the doline (i.e., the area in plan view, as defined by 

the doline rim or perimeter). The final planimetric parameter, doline maximum 

diameter direction (DDIR) measures the azimuth of the long axis of a doline; as 

Bondesan et al. (1992, p. 11) note, “It may be correlated to structure or tectonics”, or 

possibly elongation due to other factors such as microclimate, soil, flora and 

slope/aspect (e.g., see Bárány-Kevei, 1998a).  
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Selected altimetric parameters include doline maximum depth (HMAX) and 

closed depression depth (HDOL). Two different parameters are necessary for this 

because they measure two different things in the event the doline is located on a 

slope or other irregular topography. In such cases, HDOL captures the minimum 

depth, while HMAX captures the maximum depth; the degree of dissimilarity 

between these two parameters provides some measure of the asymmetry of the doline 

in a cross-sectional profile. Average doline depth (HAVE) is a parameter derived for 

the purpose of this thesis as a karst inventory equivalent for “depth”. For the study 

site dolines, HAVE is derived mathematically, using the following formula:  

HAVE =  HMAX + HDOL 
2 

6.3.3 Karst inventory equivalents 

The most frequently recorded parameters for karst inventories are “length”, 

“width” and “depth.” There can be considerable latitude in interpreting exactly what 

these terms actually mean and how the corresponding measurements are to be 

obtained. Table 6-3, below, summarizes the definitions of the morphometric 

parameter equivalents for doline measurements typically used for karst inventory 

purposes in BC.  

Table 6-3 Karst inventory data equivalent parameters 

BC KARST INVENTORY EQUIVALENT 
PARAMETERS 

NOTE: In karst inventories, these parameters are usually estimates rather 
than measurements 

1. Karst inventory data-compatible “Length” Equivalent to doline maximum diameter (DMAX), as defined by Bondesan 
et al. (1992, p. 8)  

2. Karst inventory data-compatible “Width”  
 

Equivalent to doline minor diameter (DMNR), as defined by Bondesan et 
al. (1992, p. 8) 

3. Karst inventory data-compatible “Diameter” Equivalent to average diameter (DAVE), as defined by (Bondesan et al., 
1992, p. 13)  

4. Karst inventory data-compatible “Depth”  

Equivalent to the arithmetic average of maximum depression depth 
(HMAX) and closed depression depth (HDOL), hence HAVE = (HMAX + 
HDOL)/2 (where HMAX and HDOL are as defined by Bondesan et al. 
(1992)) 

5. Karst inventory data-compatible 
“Diameter/depth ratio” Equivalent to DAVE/HAVE for the purpose of this thesis = D/H 

 
These parameters are illustrated in Figure 6-4 below. 
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Figure 6-4 Diagram illustrating equivalencies of karst inventory morphometric parameters to those 
selected for use in this thesis: A) doline maximum diameter (DMAX) is roughly 
equivalent to estimated “length”; doline minor diameter (DMNR) roughly corresponds to 
estimated “width” in karst inventory terms; B) average depression depth (HAVE - the 
arithmetic average of closed depression depth (HDOL) and maximum depression depth 
(HMAX)) corresponds approximately to estimated “depth” in the karst inventories 
discussed in Chapter 7. 
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6.4 MORPHOMETRY RESULTS FOR STUDY SITE 
DOLINES 

Morphometry results for the selected parameters obtained from digital 

models of dolines at Sites A, B, and C are summarized in the following sections. 

Raw data from dolines at these three sites are provided in Appendix E.  

6.4.1 Doline maximum diameter (DMAX) 

Frequency distribution graphs of DMAX values from dolines at study sites A, 

B, and C are provided in Figure 6-5, below. The largest composite site average 

DMAX value among the three sites was obtained at Site A. The composite site 

average DMAX value for Site A dolines was 18.51 m, as compared to 15.54 m for 

Site C dolines and 14.46 m for Site B dolines. The majority of Site A dolines (~ 

54%) had DMAX values in 10- and 20-meter size range, as did those at Site C (~ 

55%). The most common size range for DMAX values at Site B (40%) was between 

0 and 10 m. The majority of dolines from all three sites had DMAX values less than 

20 m (63% at Site A; 71% at Site B and 73% at Site C). No DMAX values exceeded 

30 m at Site C; at this site, the highest DMAX value obtained was 26.17 m (from 

doline C1). One doline at Site B (B6) had a DMAX value of 31.58 m, while at Site A 

the only doline with a DMAX value greater than 30 m was A9 (with a DMAX of 

51.67 m). The lowest DMAX values at each site were 4.99 m (Site B, doline B10), 

6.91 m (Site A, doline A30), and 7.11 m (Site C, doline C5). 
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Figure 6-5 Frequency distribution graphs showing doline maximum diameter (DMAX) (left-hand 
column) and doline minor diameter (DMNR) (right-hand column) values from dolines at 
Sites A, B and C. DMAX and DMNR value classes are expressed in meters (m). The 
number of dolines at each site for which values were obtained (n) is provided in the 
upper right corner of each graph. 

6.4.2 Doline minor diameter (DMNR) 

Frequency distribution graphs of the DMNR values from dolines at study 

sites A, B and C are provided in Figure 6-5, above. Site A had the highest composite 

average DMNR value (13.76 m, as compared to 15.54 m at Site C, and 14.46 m at 

Site B). The majority of Site A DMNR values (60%) fell between 10 and 20 m. By 

contrast, the majority of Site B DMNR values (57%) fell between 0 and 10 m.  At 

Site C, 45% of the DMNR values were between 0 and 10 m, while 36% fell between 

10 and 20 m. The highest and lowest DMNR values obtained at Site A were 25.84 m 

(from doline A9) and 6.72 m (from doline A30). The highest and lowest DMNR 

values from Site B were 24.35 m (from doline B26) and 3.11 m (from doline B10). 
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The highest DMNR value at Site C (24.04 m) was obtained from doline C11, while 

the lowest (6.18 m) was recorded at doline C5. 

6.4.3 Doline average diameter (DAVE) 

Frequency distribution graphs of DAVE values from dolines at study sites A, 

B and C are provided in Figure 6-6, below. Composite site average DAVE values 

were 16.14 m for Site A; 14.28 m for Site C, and 13.00 m for Site B. A majority of 

dolines (77% at Sites A, 82% at Site B, and 81% at Site C) had DAVE values of 20 

m or less. Among Site A dolines, 60% had DAVE values between 10 and 20 m. This 

was also the most common range for DAVE values at Site C. The majority of Site B 

dolines (~ 51%) had DAVE values in the 0 to 10 m range.  

The highest DAVE value from a single doline at any of the three study sites 

was 38.75 m (from Site A, doline A9. The lowest DAVE value for a single doline at 

Site A was 6.81 m (obtained from doline A30). The highest DAVE value from Site B 

(27.15 m) was obtained from doline B6. The lowest Site B DAVE value was 4.05 m 

(from doline B10). The highest DAVE values from Site C came from doline C1 

(24.51 m), followed by C11 (24.08 m). The lowest Site C DAVE value (6.64 m) was 

measured at doline C5. 
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Figure 6-6 Frequency distribution graphs showing average diameter (DAVE) (left-hand column) and 
planimetric area (ADOL) (right-hand column) values from dolines at Sites A, B and C. 
DAVE and value classes are expressed in meters (m). ADOL value classes are expressed 
in square meters (m2). The number of dolines at each site for which values were obtained 
(n) is provided in the upper right corner of each graph. 

6.4.4 Planimetric area (ADOL) 

Frequency distribution graphs of ADOL values from dolines at study sites A, 

B and C are provided in Figure 6-6, above. The highest composite site average 

ADOL value (213.44 m2) was associated with Site A, and the lowest with Site B 

(141.91 m2).  Site C’s average ADOL value was 156.49 m2. 

Among the three study sites, Site A had the highest ADOL value for a single 

doline (from doline A9, with an ADOL value of 1077 m2). The lowest ADOL value 

for a single doline at Site A was from A30 (35 m2). The highest ADOL values at Site 

B were obtained from dolines B2 (499 m2), B6 (440 m2), B17 (437 m2), and B26 

(424 m2). The lowest ADOL values for single dolines at Site B (11 m2 and 18 m2) 
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were obtained from B10 and B11 respectively. Unlike Sites A and B, Site C had no 

dolines with ADOL values greater than 400 m2. The highest Site C ADOL value was 

382 m2 (from doline C11) and the lowest was 31 m2 (from doline C5). The majority 

of dolines at all sites (~ 57% for Site A, 74% for Site B, and 63% for Site C) had 

ADOL values less than 200 m2. At Site B, a majority of dolines (57%) had ADOL 

values less than 100 m2. 

6.4.5 Doline maximum depth (HMAX) 

Frequency distribution graphs of HMAX values from dolines at study sites A, 

B and C are provided in Figure 6-7, below. Though Site A had the highest composite 

site average values for planimetric parameters, it consistently fell between Sites B 

and C in terms of altimetric parameters.  

The highest average HMAX value (7.69 m) was obtained from Site C doline 

data. The average HMAX values for Site A and Site B dolines were 5.74 m and 5.47 

m, respectively. The distribution of HMAX values among size ranges was similar for 

Sites A and B, with the majority of dolines at each site having HMAX values 

between 2 - 5 m. No dolines at either Site A or B had dolines with HMAX values 

greater than 15 m.  

The highest HMAX values for single dolines obtained at Site A were 14.20 m 

(doline A9) followed by 9.31 m (doline A34). The lowest HMAX values for single 

dolines at Site A were 2.34 m and 2.73 m (obtained from A7 and A31, respectively). 

At Site B, the highest HMAX values were obtained from B2 (13.09 m) and B6 

(10.41 m), while the lowest values were measured at dolines B8 and B9 (2.41 m and 

2.58 m, respectively). Site C had one doline with an HMAX value between 17 and 

18 m (C11);7 the two lowest values were 2.37 m (doline C5) and 2.62 m (doline 

C10). The distribution of the HMAX values from Site C is less skewed toward lower 

values than those of Sites A and B. Possible reasons for this will be discussed below. 

  

                                                
7 This value is attributable to the fact that this doline is located on an unusually steep slope.  
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Figure 6-7 Frequency distribution graphs showing doline maximum depth (HMAX) (left-hand 
column) and closed depression depth (HDOL) (right-hand column) values from dolines at 
Sites A, B and C. HMAX and HDOL value classes are expressed in meters (m). The 
number of dolines at each site for which values were obtained (n) is provided in the 
upper right corner of each graph. 

6.4.6 Closed depression depth (HDOL) 

Frequency distribution graphs of HDOL values from dolines at study sites A, 

B and C are provided in Figure 6-7, above. The highest composite site average 

HDOL value (2.67 m) was from dolines at Site B, followed by 2.52 m for Site A 

dolines. The lowest site average HDOL value was from dolines at Site C (1.54 m). 

91% of the dolines at Site A, 94% of the dolines at Site B, and 100% of the dolines at 

Site C had HDOL values less than or equal to 5 m.  

The lowest HDOL values among single Site A dolines were obtained from 

dolines A30 (0.73 m) and A31 (0.75 m). The 9% of Site A dolines with HDOL 

values greater than 5 m included A8 (5.68 m), A9 (6.90 m), and A27 (6.09 m). Site B 
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dolines with HDOL values greater than 5 m included B2 (6.99 m) and B18 (5.37 m), 

while the lowest HDOL values at Site B were obtained from dolines B9 (0.85 m) and 

B23 (0.94 m). The majority of Site A dolines (about 69%) had HDOL values in the 1 

- 3 m range; at Site B, about 63 % of the dolines had HDOL values in this range. By 

contrast, a majority of dolines at Site C (73%) had HDOL values in the 0 - 2 m 

range. 

6.4.7 Average depression depth (HAVE) 

Frequency distribution graphs of HAVE values from dolines at study sites A, 

B, and C are provided in Figure 6-8, below. The composite site averages for HAVE 

values for Sites A, B and C were 4.13 m, 4.07 m and 4.61 m, respectively. 71% of 

Site A dolines, 54% of Site B dolines, and 64% of Site C dolines had HAVE values 

in the 0 - 5 m range.  

Only one doline at Site A had a HAVE value greater than 10 m (doline A9; 

10.55 m). The three lowest Site A HAVE values were obtained from dolines A7 

(1.67 m), A31 (1.74 m), and A30 (1.90 m). At Site B, only doline B2 (10.04 m) had a 

HAVE value that was greater than 10 m. The lowest HAVE values at Site B were 

1.71 m and 1.80 m (from dolines B9 and B8, respectively). Although Site C had the 

highest site average HAVE value of the three study sites, 64% of Site C dolines had 

HAVE values of 5 m or less. The highest Site C HAVE value for a single doline 

(10.36 m) was obtained from doline C11; the lowest HAVE values were from C5 

and C10 (1.43 m and 1.70 m, respectively). 
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Figure 6-8 Frequency distribution graphs showing average depression depth (HAVE) (left-hand 
column) and diameter/height (D/H) ratio (right-hand column) values from dolines at Sites 
A, B and C. HAVE value classes are expressed in meters (m). D/H values, being ratios, 
are expressed only as numeric values for the purposes of this graph. The number of 
dolines at each site for which values were obtained (n) is provided in the upper right 
corner of each graph. 

6.4.8 Diameter/height (D/H) ratio 

Frequency distribution graphs of D/H values from dolines at study sites A, B 

and C are provided in Figure 6-8, above. Composite site average diameter/height 

ratio (D/H) values ranged from 4.10 (at Site A) to 3.55 (at Site C) and 3.26 (at Site 

B). These values all fell within the “bowl” or “hemisphere” range.  

In terms of the distributions of D/H values, none of the three study sites had 

dolines with D/H values within the “pit” or cylinder category. Only Site B had 

dolines with D/H values equivalent to funnel/cone shapes (i.e., dolines B10 (1.8), 

B34 (1.96) and B33 (1.99)). The highest D/H values at Site B were 7.77 (from doline 

B13), 5.69 (from doline B23), and 5.60 (from doline B26). These values correspond 
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with broad, shallow plate-shaped dolines (or what Bondesan et al. (1992, p. 5) refer 

to as “trunk of cone”). The majority of Site B doline D/H ratio values (83%) fell 

within the “bowl” or “hemisphere” range. Only one Site C doline (doline C10 – D/H 

value = 6.94) had a D/H ratio that corresponded to a plate/trunk of cone shape; the 

remainder (91%) were “bowls.” The lowest Site C D/H ratio value was 2.32 

(obtained from doline C11). 20% of Site A dolines had D/H ratio values that 

corresponded to the plate/trunk of cone shape category; the maximum values were 

obtained from dolines A7 (5.92), A3 (5.84) and A37 (5.78). The lowest Site A D/H 

ratio values were 2.67 (doline A27), 2.87 (doline A4), and 2.98 (doline A11). Like 

Site C, the majority (of Site A dolines (i.e., 80%) had D/H ratio values that 

corresponded to the bowl/hemisphere shape category. 

6.4.9 Doline maximum diameter direction (DDIR) 

Rose diagram graphs of DDIR results from dolines at study sites A, B and C 

are provided in Figure 6-9, below. 

 

Figure 6-9 Rose diagrams showing doline maximum diameter direction (DDIR) azimuth angle class 
results from dolines at Sites A, B and C. The number of dolines at each site for which 
values were obtained (n) is provided in the upper right corner of each graph. 

Since the numbers of dolines at each site are not great, it is difficult to 

identify any strong trends from these results. At Site A, the greatest number of 

dolines (i.e., 6 out of 35 dolines) fell into the north-northeast (NNE) azimuth angle 
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class, and 13 out of 35 (or 37%) fell into the combined north-northeast (NNE) and 

north-east (NE) azimuth angle classes. It is perhaps more meaningful to observe that 

the least well represented azimuth angle classes were the east (E) and west (W) 

classes. The results from Site B were similar. Given the very small number of dolines 

(i.e., 11 dolines) at Site C, it would be misleading to suggest a trend can be 

discerned, but with 3 out of 11 dolines (27%), the single dominant azimuth angle 

class at this site was west-northwest (WNW). At Site C, no dolines had azimuth 

angles corresponding to the northwest (NW) class. 

6.4.10 Cave entrances and atmospheric openings 

Among the three study sites, only three dolines (A22, B2, and C4) were 

associated bona fide cave entrances according to the Karst Inventory and 

Vulnerability Assessment Procedures for British Columbia (KISVAP) criteria.8. 

However, some dolines at Sites B and C had “atmospheric” openings to the surface 

(i.e., openings to the subsurface, but not definable as cave entrances according to 

KISVAP’s definition). These dolines included B25, B32 and C11. 

6.4.11 Surface hydrological activity 

Four dolines at Site A (A9, A17, A22 and A28) received water from one or 

more surface streams that appeared to flow year round. At Site C, one doline (C1) 

received water from a seasonally active surface streamlet with a poorly defined 

alluvial channel. None of the dolines at Site B were observed to receive surface 

flows of water, nor was any evidence of alluvial channels leading into the dolines 

observed. Two Site B dolines (B4 and B5) had areas of water seepage, soil slumping, 

and hydrophilic plants on their sidewalls.  

6.5 A GENERAL COMPARISON OF THE MORPHOMETRY 
RESULTS FROM DOLINES AT SITES A, B AND C  

The highest composite average values of all planimetric parameters (i.e., 

doline maximum diameter (DMAX), doline minor diameter (DMNR), average 

                                                
8 I.e., “Cave – a natural cavity in the earth that connects with the surface, contains a zone of total 
darkness, and is large enough to admit a human. For the purposes of cave management, this term 
should also include any natural extensions such as crevices, sinkholes, pits, or any other openings, 
that contribute to the functioning of the cave system” (Resources Information Standards Committee, 
2003, p. 72). 
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diameter (DAVE), and planimetric area (ADOL)) were obtained from dolines at Site 

A. The lowest composite average site values were obtained from dolines at Site B. 

 Overall, the size ranges for dolines at all three sites were similar – with the 

exceptions of dolines A9 and B6, for example, all DMAX values (and by extension, 

all DMNR values and all but one DAVE value (i.e., for A9 – DAVE = 38.75 m) 

were less than 30 m. As can be seen in in Figure 6-10, below, the size distributions of 

DAVE values differed between Sites A and B, with 52% of Site B dolines showing 

values between 0 and 10 m, as opposed to 36% at Site C and only 17% of Site A 

dolines. By contrast, the percent of DAVE values in the 20 to 30 m range were quite 

similar among the three sites – 20% for Site A, 17% for Site B, and 18% for Site C. 

Figure 6-10 Frequency distribution graphs (left) and pie charts (right) of average diameter (DAVE) 
values from dolines at Sites A, B and C. Frequency distribution graphs show distribution 
of size classes at 1-m size intervals. Pie charts show 10-m size classes at each site 
expressed as percentages. 
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Comparing planimetric parameter values from dolines at Site C to those of 

Sites A and B is somewhat problematic. Site C had the highest average doline 

maximum depth (HMAX) values, but the lowest average closed depression depth 

(HDOL) values. Two factors account for the high HMAX values at Site C: 1) a small 

sample size (i.e., n=11); and 2) most of the dolines are located on slopes. These 

slopes have the effect of increasing Site C DMAX, DAVE, and average depression 

depth (HAVE) values; otherwise, when viewed on the ground most of the Site C 

dolines appeared to be rather modest in size. The HDOL values are a better measure 

of the true depth of the dolines at the three sites but using HMAX as a parameter 

makes it possible to capture the effect of the slopes on doline morphometry. 

Figure 6-11, below, shows frequency distribution graphs and pie charts of the 

diameter/height (D/H) ratio values from Sites A, B and C. While the majority of 

dolines at all sites had D/H ratio values between 2 and 5 (equivalent to “bowl” or 

“hemisphere” shapes), the D/H ratio site averages suggest that the Site A “bowls”, 

while larger in the planimetric sense, are proportionally more shallow as a group than 

those at Site B and Site C (see Figure 6-11, below). Site B had the smallest dolines 

planimetrically, but they tended to be deeper in proportion to their size. Only Site B 

had dolines with D/H ratios equivalent to “funnel”/ “cone” shapes.  
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Figure 6-11 Frequency distribution graphs (left) and pie charts (right) of the diameter/height (D/H) 
ratio values from dolines at Sites A, B and C. Frequency distribution graphs show 
distribution of D/H values at numeric value intervals of 0.1. Pie charts show the different 
doline shape classes - “pits”, “funnels”, “bowls”, and “plates” - at each site expressed 
as percentages. 

6.6 SUMMARY OF STUDY SITE MORPHOMETRY 
RESULTS 

While the size ranges of the dolines at Sites A, B and C are broadly similar, 

with average diameters ranging between 4 and 40 m, the distribution of doline size 

classes differs among the three sites. Planimetrically, the Site A dolines are the 

largest and the Site B dolines are the smallest. The planimetric dimensions of the Site 

C dolines seem more impressive on paper than they actually are in the field. This is 

due mostly to the fact that a number of the dolines in this small sample are situated 
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on steep slopes; in fact, they are relatively small dolines with proportionally higher 

up-slope sides. 

Overall, most of the dolines at all three sites have diameter/height (D/H) ratio 

values equivalent to bowl or hemisphere shapes, and none of the dolines at any of the 

three sites had a D/H ratio value equivalent to pit/cylinder shapes. As with the 

planimetric parameters, however, the distribution of the D/H ratio values varied 

between sites, with more planimetrically smaller and proportionally deeper dolines at 

Site B, and more planimetrically larger but shallower dolines at Site A. 

Only three true cave entrances were observed in the dolines, one at each of 

the three sites. These were dolines A22, B2 and C4. A22 also acted as a swallet. A 

total of five dolines, including A22 received surface streams, yet only A22 had a 

discrete swallet/sinkpoint/ponor. The others (A9, A17, A28 and C1) did not have 

discrete sinkpoints; in these dolines the water simply drained away through the cover 

material. In two cases, (dolines A1 and A2), persistent standing water was observed; 

A2 tended to dry up in summer, but A1 was never seen to be completely dry during 

the period that fieldwork was conducted. 

Two dolines – B25 and B32 – had atmospheric openings that did not meet the 

Karst Inventory Standards and Vulnerability Assessment Procedures for British 

Columbia (KISVAP) criteria for caves. These consisted of openings in the cover 

material that may or may not reach bedrock or contain a zone of total darkness. 

Doline B25 has a D/H ratio of 2.35 and hence is among those dolines that are 

proportionally deep for their size.  B32 has a D/H ratio of 3.71, which is actually 

proportionally shallower than the Site B average D/H ratio value. 
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Chapter 7: Doline Morphometry Data from Three Northern 

Vancouver Island Karst Inventories 

7.1 KARST INVENTORIES AS SOURCES OF 
MORPHOMETRIC DATA – CONSIDERATIONS AND 
LIMITATIONS 

The lack of previous doline research on Northern Vancouver Island makes it 

difficult to assess the representativeness of the morphometry results from Sites A, B, 

and C for other sites on Northern Vancouver Island. At present the only other source 

of comparable data about the region’s dolines comes from karst inventories. These 

are most commonly undertaken on a contract basis for private companies – often 

forestry companies. The aim of such karst inventories is to document the location 

and general dimensions of karst features that require management consideration.  

In this chapter, morphometric data from three karst inventories are analysed. 

The purpose was to try to gain a better understanding of whether the morphometry of 

the dolines at study sites A, B, and C is typical for Northern Vancouver Island. Since 

karst inventories tend to document all of the different feature types encountered by 

fieldworkers in the inventoried area, it was necessary to first comb through the 

inventory reports to identify dolines (or features presumed to be dolines) and then 

extract or derive values for different morphometric parameters based on the reported 

dimensions. 

There are a number of potential limitations and constraints associated with 

using karst inventory data in morphometric studies. Karst inventory dimensional data 

are typically estimated rather than measured. The reported dimensional data are often 

for loosely defined “width” or “diameter” and “depth” parameters. The different 

cross-sectional shapes of dolines are not usually noted and can only be roughly 

inferred from diameter/height (D/H) ratios – if these are available, or derivable. 

Inventory morphometric data may lack precision, accuracy and consistency, and 

therefore are not ideal for use in detailed morphometric studies of dolines.1 On the 

other hand, used cautiously, with a clear understanding of these inherent limitations, 

such data may provide at least a sense of how typical the Site A, B, and C sample 

sets are in terms of general size classes. 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1 A possible fourth limitation is the natural tendency to focus more attention on larger, more 
spectacular features – especially those associated with caves. 
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Most karst inventory data are privately owned. However, the three 

inventories from Northern Vancouver Island described below were publically funded 

and undertaken by branches of the provincial government. These three inventories 

are: 1) the Tahsish Cave/Karst Inventory (Cave Management Services, 1982); 2) the 

Holberg Area Inventory of Caves and Significant Surface Karst Features in and 

about Block 146 (F.L.A19240) (Cave Management Services, 1993); and 3) the 

Preliminary Evaluation of Karst Resources, Rumble Ridge Wind Demonstration 

Project, Vancouver Island British Columbia: Final Report (Cave Management 

Services/KarstCare, 2002). The general locations of these three karst inventory sites 

relative to Sites A, B and C are shown in Figure 7-1, below. 

 

Figure 7-1 Map of Northern Vancouver Island showing the locations of thesis study sites A, B, and 
C, as well as the locations of the Tahsish, Holberg, and Rumble Ridge karst inventories 
discussed in this chapter. Areas underlain by Quatsino Formation limestone (uTrq) are 
shown in light blue. Note that owing to the coarse scale of this map, Rumble Ridge (also 
known as the Gibson Plateau) does not appear to be, but actually is, situated on 
Quatsino Formation limestone. 

The Tahsish, Holberg and Rumble Ridge karst inventories provide interesting 

glimpses of karst inventories evolving from a cave- and recreation-based focus in the 

early 1980s to a more holistic karst system-based approach in 2002. They also serve 
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to highlight some of the considerations needed to use and interpret karst inventory 

data as supplements to morphometric studies. 

7.1.1 Equivalent parameters assigned to karst inventory data 

An important factor in selecting inventories for comparison purposes in this 

thesis was the ability to confirm which measurements were obtained for dolines, as 

well as the manner in which measurements were obtained. A summary of the karst 

inventory data morphometric parameters used in this chapter and their corresponding 

equivalents are summarized in Table 7-1, below. 

Table 7-1 Karst inventory data equivalent parameters used or referred to in this chapter 

BC KARST INVENTORY EQUIVALENT 
PARAMETERS 

NOTE: In karst inventories, these parameters are usually estimates rather 
than measurements 

1. Karst inventory data-compatible “Length” Equivalent to doline maximum diameter (DMAX), as defined by Bondesan 
et al. (1992, p. 8)  

2. Karst inventory data-compatible “Width”  
 

Equivalent to doline minor diameter (DMNR), as defined by Bondesan et 
al. (1992, p. 8) 

3. Karst inventory data-compatible “Diameter” Equivalent to average diameter (DAVE), as defined by (Bondesan et al., 
1992, p. 13)  

4. Karst inventory data-compatible “Depth” 
Equivalent to the arithmetic average of maximum doline depth (HMAX) 
and closed depression depth (HDOL), hence HAVE = (HMAX + HDOL)/2  
(where HMAX and HDOL are as defined by Bondesan et al. (1992)) 

5. Karst inventory data-compatible 
“Diameter/depth ratio”  Equivalent to DAVE/HAVE for the purpose of this thesis = D/H 

 

7.2 UPPER TAHSISH RIVER DRAINAGE - TAHSISH 
CAVE/KARST INVENTORY (CAVE MANAGEMENT 
SERVICES, 1982) 

This inventory was undertaken in 1982 for the purpose of providing BC’s 

Ministry of Forests with “supporting data for the preparation of integrated resource 

management plans” for the Upper Tahsish River drainage (Cave Management 

Services, 1982. p. iii). The total extent of karst in the vicinity of the inventory sites is 

about 2 540 hectares, with an elevation range of 100 to 700 m a.s.l. Within this area, 

the inventory was designed to focus on zones of karst slated for timber harvesting. 

The area of karst covered by systematic transect ground searching during the 

inventory fieldwork is therefore ~ 120 to 140 ha, with elevations ranging from 390 to 

570 m a.s.l. As such, the Tahsish inventory should be considered only a sample of 

what is actually present in the larger contiguous karst unit (Cave Management 

Services, 1982, p. 1). Dolines were only a subsample of the karst features examined 
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and documented. During the course of the Tahsish inventory, 20 caves and 

approximately 350 surface karst features were examined, mapped and documented. 

The “depression features” catalogued in this inventory are confined to two unlogged 

proposed cutblocks – “Search Areas” AT282 and AT288 (Griffiths, pers. comm., 

2013). Together, these two search areas comprise a ground surface area of about 100 

ha, or 1 km2. The underlying bedrock of the inventory area is mostly Quatsino 

Formation limestone. The topographic setting is mostly river valley bottoms and 

lower valley slopes. The entire inventory area falls within the coastal western 

hemlock (CWH) biogeoclimatic zone.  

Surface karst features and caves were located by 100- and 50- m interval 

ground search transects, except where features were so densely clustered that 

“feature-based” investigation was deemed more practical (Cave Management 

Services, 1982, p. 11). Identified features were plotted on 1:5 000 scale maps and 

estimated mean diameters and mean depths of depression type features were 

recorded (Cave Management Services, 1982, p. 12).  

7.2.1 Historical context for the 1982 Tahsish inventory 

This inventory was carried out about 20 years before the Karst Inventory 

Standards and Vulnerability Assessment Procedures for British Columbia (KISVAP) 

(Resources Information Standards Committee, 2003) were published. The primary 

management documents or standards cited are Surveying Caves (Ellis, 1976) and 

Conventional Speleological Signs (Fabre, 1978), and the Joint Plan for Cave 

Inventory, Interpretation, and Management (United States Department of 

Agriculture, 1977). There is a strong bias toward documenting caves, as was typical 

of the time. The early history of karst management in BC centred almost exclusively 

on managing caves – and managing them for recreational purposes (see, for example, 

British Columbia Ministry of Forests, 2003, p. 1). The 1982 Tahsish Cave/Karst 

Inventory reflects this. It is therefore somewhat remarkable that this inventory 

includes any mention of dolines at all. Moreover, this inventory also includes a 

discussion of “Possible Effects of Timber Harvesting on the Cave/Karst Resource” 

(Cave Management Services, 1982, pp. 115-123) and “Surficial Activity Guidelines 

for Timber Harvesting in Karst Areas” (Cave Management Services, 1982, pp. 139-

140b). This is perhaps the first karst inventory in BC to do so. In this respect, despite 

the fact that the general focus is still cave management (i.e., as opposed to karst 
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management), the 1982 Tahsish inventory can be considered to be ahead of its time 

for coastal BC.2  

7.2.2 Strengths and limitations of the Tahsish inventory data 

Strengths of the Tahsish River Cave/Karst Inventory data set for comparison 

purposes are:  

• Its ground coverage is very good over the areas sampled.  

• Since there was no lower- or upper- size limit imposed on “depression 

features,” it is likely that the data set includes the full range of doline 

sizes within the sampled areas. 

• For “Search Area AT 282” at least, the field data include slope and 

elevation classes for each depression feature recorded.  

The total number of features recorded is 125 (87 from “Search Area AT 282” 

and 38 from “Search Area AT 288”). 

7.2.3 Constraints and limitations on using the Tahsish inventory data for 
comparison purposes  

Constraints on using this data set for comparison purposes include: 

• The mean diameter and mean depth dimensions recorded are 

estimates, and hence of unknown accuracy and precision. 

• The “depression features” recorded are not classified more 

specifically. Since the term “depression features” can potentially 

cover many possibilities, such as shafts, karst windows, solution pans 

and even large grikes, this is somewhat problematic. In some cases, it 

is possible to tell that the depression feature is definitely not a doline 

– for example, Feature 91-G-14 in Search Area AT 288 is recoded as 

having a mean diameter of 4 m, but a mean depth of 25 m, and 

Feature 115-P-5 in Search Area AT 282 has a mean diameter of 8 m, 

but a mean depth of 20 m. However, other cases are more ambiguous 

(examples include Feature 91-C-2 in Search Area AT 288 (which has 

a mean diameter of 20 m and a mean depth of 17 m) and Feature 78-

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
2 The Tahsish Cave/Karst Inventory may also have been the first instance where a digital terrain 
model involving karst was produced in BC. A careful reading of the “Acknowledgements” includes 
the statement, “L. Henkelman prepared the digital terrain models” (Cave Management Services, 1982, 
p. ii). It would be interesting to relocate those models, if they still exist.  
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G-11-1 (with a mean diameter of 6 m and an mean depth of 6 m). It is 

therefore sometimes difficult to tell exactly what kind of feature is 

being described. 

• No data are provided on the planimetric shapes of the karst 

depressions. 

• Caves were treated as a separate category of feature. It is not specified 

how many, or which of the features identified as, or presumed to be 

dolines were associated with cave entrances. 

 

In order to deal with these constraints, the following rules were adhered to:  

• Only depression features with both mean depth and mean diameter 

estimates recorded were included in the analyses. 

• Only depression features that fit the following definition were 

included in the analyses:  

A sinkhole is a topographically closed karst depression, wider 
at the rim than it is deep. It is commonly circular or elliptical in shape 
with a flat or funnel-shaped bottom. A sinkhole can have sinuous 
interior contours, but no angular contours. (Resources Information 
Standards Committee, 2003, p. 86).  

• All features meeting this definition were presumed to be dolines for 

the purposes of the analyses.  

Recall that using the Karst Inventory and Vulnerability Assessment 

Procedure for British Columbia (KISVAP) definition above entails eliminating all 

features with a diameter/height ratio less than or equal to one. As discussed in the 

previous chapter, this will have the potential effect of excluding more pit-like dolines 

from the sample. On the other hand, using this definition should also help to ensure 

that “depression features” such as grikes or shafts are not counted as dolines. 

7.2.4 Summary of limitations on the Tahsish inventory data set 

Following the rules above constrained the total sample number of potential 

dolines included in the analyses to 87 (i.e., 58 from Search Area AT282 and 29 from 

Search Area AT288). It is likely that some actual dolines were excluded in the 

process. On the other hand, the percentage of actual dolines in the remaining sample 

of “presumed dolines” included in the analyses is also unknown. Personal knowledge 
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of the area suggests that the majority of features likely are actual dolines, but a 

measure of uncertainty remains and the findings should be considered in this light.  

7.3 TAHSISH INVENTORY RESULTS  

Individual doline data for the Tahsish/Cave Karst Inventory are provided in 

Appendix F.  

7.3.1 Tahsish – average diameter (DAVE) 

Figure 7-2, below, is a frequency distribution graph for different size classes 

of reported DAVE values from the Tahsish Cave/Karst Inventory from features 

presumed to be dolines.  

Figure 7-2 Frequency distribution graph of Tahsish River Cave/Karst Inventory reported average 
diameter (DAVE) values for features presumed to be dolines (i.e., all recorded 
depression features with a diameter/depth ratio > 1). 

Of the 86 “karst depressions” presumed to be dolines, approximately 67% 

had estimated diameters between 2 - 5 m, making this the dominant size category for 

this data set. 87% of the presumed dolines had estimated diameters between 0 and 10 

m. Only five of the presumed dolines (about 7%) had estimated diameters exceeding 

20 m. The average estimated diameter for the dolines from AT282 was 5.9 m, while 

the average estimated diameter from AT288 was 4.5 m. The estimated diameters 

ranged from 2 to 26 m, with a site average of 5.34 m. 
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7.3.2 Tahsish – average depression depth (HAVE) 

A frequency distribution graph for different size classes of reported depth 

values (here deemed to be roughly equivalent to HAVE) from the Tahsish 

Cave/Karst Inventory from features presumed to be dolines is shown in Figure 7-3, 

below.  

Figure 7-3 Frequency distribution graph of Tahsish River Cave/Karst Inventory reported average 
depression depth (HAVE) values for features presumed to be dolines (i.e., all recorded 
depression features with a diameter/depth ratio > 1). 

Estimated depths of the Tahsish depression features presumed to be dolines 

ranged between 0.5 and 20 m. 72% of the Tahsish depression features had estimated 

depths between 1 and 3 m; only one feature (depression feature 102-A-2-1) was 

estimated to be 20 m in depth; no other presumed dolines exceeded this estimated 

depth. 

7.3.3 Tahsish – diameter/height (D/H) 

Figure 7-4, below, shows the distribution of calculated diameter/height (D/H) 

ratio values derived from reported dimensions of the Tahsish Cave/Karst Inventory 

features presumed to be dolines. 

!  
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Figure 7-4 Frequency distribution graph of Tahsish River Cave/Karst Inventory diameter/height 
(D/H) ratio values calculated from reported dimensions of features presumed to be 
dolines (i.e., all recorded depression features with a diameter/depth ratio > 1). 

The composite average D/H ratio values based on the estimated average 

diameters and depths for Tahsish depression features presumed to be dolines were 

2.56 in search area AT282 (equivalent to “bowl” or “hemisphere” shapes (Bondesan 

et al., 1992)) and 1.93 for presumed dolines in search area AT288 (corresponding to 

values for “funnel” or “cone” shapes according to Bondesan et al., 1992). The 

composite site average D/H ratio value was 2.35 (i.e., “bowl-shaped”). D/H ratio 

values for individual presumed dolines ranged between 1.12 and 8.33. These values 

encompass the full range of doline forms described by Bondesan et. al. (1992, p. 5), 

from pit- and funnel shapes to broader, shallower bowl- and plate-shaped 

depressions. The breakdown of the distribution of the D/H ratio values for the 

Tahsish depression features by the categories suggested by Bondesan et al. (1992) 

shows that approximately 22% of the features were pits/cylinders, ~ 23% were 

funnels/cones, 50% were bowls/hemispheres, and 5% were plates/trunks of cones. 

7.4 HOLBERG AREA – INVENTORY OF CAVES AND 
SIGNIFICANT SURFACE KARST FEATURES IN AND 
ABOUT BLOCK 146 (F.L. A19240) (1993) 

This inventory was undertaken in the Holberg area on the extreme 

northwestern end of Vancouver Island in 1993. Its purpose was to inventory karst 

features in an area either logged or slated for timber harvesting in order to aid in 

planning and management of the karst. Prior field knowledge had apparently 
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confirmed the presence of caves in this area. Managing these caves was the impetus 

for undertaking this project. 

The 124 ha area covered by this inventory ranges in elevation from 140 to 

220 m a.s.l. (Cave Management Services, 1993, p. 4). The general setting comprises 

part of the Nahwatti Plateau. The general topography is characterised by low-lying 

rounded hills. The underlying bedrock consists mostly of Quatsino Formation and 

Parson Bay Formation limestones, with a maximum thickness exceeding 1000 m, 

dipping 30 - 35° to the southwest. Surficial cover deposits of unspecified type overlie 

the bedrock to depths of up to 5 m (Cave Management Services, 1993, pp. 4-5). The 

entire project area is within the coastal western hemlock (CWH) biogeoclimatic 

zone.  

Fieldwork was limited to the area of block 146 that was underlain by 

carbonate bedrock. Work commenced with a feature-based search to identify those 

areas with higher densities of karst features, incorporating prior field knowledge of 

caves. This initial search was estimated to provide search area coverage “equivalent 

to a transect search with 50-m centerline intervals (about 40%). Where warranted, 

ground searching was locally intensified to provide near 100% coverage” (Cave 

Management Services, 1993, p. 5). Areas peripheral to the main search area were 

also examined in a limited fashion to: a) gain a better understanding of geological 

structure; and b) ascertain whether any karst features in adjacent areas to the 

proposed timber harvesting might be impacted by that activity. When features were 

located, they were assigned a number, flagged and photographed. The mean 

diameters, depths and volumes of closed depressions were estimated and recorded, 

and their locations were marked on base maps (Cave Management Services, 1993, 

pp. 4-5) 

7.4.1 Historical context for the Holberg inventory 

Like the 1982 Tahsish Inventory, the 1993 Holberg Area inventory predates 

the Karst Inventory Standards and Vulnerability Assessment Procedures for British 

Columbia (KISVAP) (Resources Information Standards Committee, 2003). The 

primary management guideline document cited in this inventory is the Cave 

Management Handbook (including Cave/Forestry Guidelines for the Vancouver 
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Forest Region) (British Columbia Forest Service, 1990),3 as well as a draft version of 

Stewardship of Cave and Karst Resources in British Columbia: a Review of 

Legislation, Policy and Management (Runka, 1992). As with the 1982 Tahsish 

inventory, the Holberg area inventory of 1993 tends to have a strong focus on 

protecting and managing caves. Nevertheless, one can begin to detect examples of 

increasing attention paid to surface karst features, including sinkholes. For example, 

not only are sinkholes recognized as a distinct type of surface karst feature, but a 

distinction is also made between “sinkholes” and “dolines”, based on physical 

dimensions. Cave Management Services (1993, Section 5.221 – no page number) 

says that, 

The dimensions of the largest dolines (>20 m diameter) are 
locally and regionally uncommon. Sinkholes (≤ 15 m in diameter) 
were not considered to be either locally or regionally significant 
because they are readily found in the remainder of F.L. A19240 and 
in many other karst areas throughout the Port McNeill Forest District 
and Vancouver Forest Region. 

Later, in Section 8, “Glossary”, under the entry “doline”, it is stated that 

dolines are “For the purposes of this inventory project, sinkholes with a mean 

diameter greater than 15 m.” 

7.4.2 Strengths of the Holberg inventory data 

Strengths of the 1993 Holberg Area karst inventory include: 

• The features have been classified as either “sinkholes” or “dolines”, 

with “dolines” denoting sinkholes with mean diameters of greater 

than 15 m. 

• In most cases, the dimensional estimates include “width”, “depth” and 

“volume” (calculated using field data and a simple formula for 

calculating the volume of cones, provided below). 

• In some cases, atmospheric openings and/or surface hydrological 

characteristics are noted. 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
3 A more recent version of this document now exists, though the Holberg area inventory predates this 
later version: 
British Columbia Ministry of Forests, 1994. Cave/Karst Management Handbook for the Vancouver 
Forest Region. Victoria, BC: British Columbia Ministry of Forests publication. 
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7.4.3 Constraints and limitations on using the Holberg inventory data for 
comparison purposes  

Limitations of the Holberg Area data set include: 

• The dimensions of the sinkholes/dolines in the data set are estimates 

and hence of unknown accuracy and precision. 

• No information is provided on the shapes of the side slope profiles. 

• The planimetric shapes of the individual dolines/sinkholes are not 

recorded. 

• “Volume” is assumed to be equivalent to a perfect inverted cone 

shape, using the formula:  

V = 1/3(0.25πD2)×B 

Where:  V = volume in m3 

  D = mean diameter in m 

  B = depth in m  

In order to deal with some of these constraints and ensure consistency with 

the Tahsish and Rumble Ridge inventory data sets as well as the data from Sites A, 

B, and C, the following rules were adhered to:  

• Only features identified as sinkholes or dolines with both mean depth 

and mean diameter estimates recorded were included in the analyses. 

• Only features identified as sinkholes or dolines that fit the following 

definition were included in these analyses:  

A sinkhole is a topographically closed karst depression, wider 
at the rim than it is deep. It is commonly circular or elliptical in shape 
with a flat or funnel-shaped bottom. A sinkhole can have sinuous 
interior contours, but no angular contours. (Resources Information 
Standards Committee, 2003, p. 86).  

Using this definition entails eliminating all features with a 

diameter/height ratio less than or equal to one (unity).  

• All features meeting this definition were presumed to be dolines for 

the purposes of these analyses. 

• Volume estimates were disregarded, since there is no means of 

determining whether, or how many of, the associated dolines were 

actually cone-shaped. 
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7.4.4 Summary of limitations of the Holberg inventory data set 

Unlike the 1982 Tahsish Cave/Karst Inventory, the 1993 Holberg area 

inventory does distinguish between sinkholes/dolines and other types of karst 

negative relief features. However, both the Tahsish and Holberg area inventories 

predate the Karst Inventory Standards and Vulnerability Assessment Procedures for 

British Columbia (KISVAP) (Resources Information Standards Committee, 2003), 

so the criteria used to classify such features are not clear. Following the rules above 

constrained the total sample number of potential sinkholes/dolines included in the 

analyses to 128 (for the purpose of this thesis, all of them are presumed to be dolines, 

and will be referred to as such henceforth). It is possible that some actual dolines 

were excluded by implementing these measures. The remaining sample is likely 

comprised of actual dolines, but a measure of uncertainty remains and the findings 

should be considered in this light.  

7.5 HOLBERG INVENTORY RESULTS 

7.5.1 Holberg – average diameter (DAVE)  

Figure 7-5, below, shows a distribution graph of reported diameter values 

(roughly equivalent to DAVE) from the 1993 Holberg area inventory for features 

presumed to be dolines.  

Estimated DAVE values for individual dolines ranged from a maximum of 40 

m to a minimum of 1 m. About 46% of the estimated doline diameters were in the 4 

to 9 m range; about 49% were in the 0 to 10 m range, 43% were in the 10 to 20 m 

range and only ~ 2% of estimated diameters exceeded 30 m (theses consisted of two 

features, designated 8-P6 and 9-P7, each with estimated diameters of 40 m). Only 

two dolines, designated “B-7” and “1-D-8-13” had diameters less than 4 m (the 

estimated widths were 3 m and 1 m, respectively). The composite site average value 

for the estimated mean diameters (“widths”) of the Holberg dolines is 10.54 m. 
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Figure 7-5 Frequency distribution graph for different size classes of reported average diameter 
(DAVE) values from the Holberg Area inventory from features presumed to be dolines. 

7.5.2 Holberg – average depression depth (HAVE) 

The distribution of the estimated average depth (HAVE) values of the 

Holberg dolines is shown in Figure 7-6, below. 

Figure 7-6 Frequency distribution graph for different size classes of reported average depression 
depth (HAVE) values from the Holberg Area inventory from features presumed to be 
dolines. 

Average depth estimates for individual dolines ranged from a maximum of 16 

m to a minimum of 0.5 m. About 76% of the Holberg dolines had estimated depths 

between 2 m and 7 m; 89% were estimated to be less than 10 m in depth. Only one 
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doline (designated “17-6B”, HAVE = 16 m) had an estimated depth greater than 15 

m. The composite site average estimated depth was 5.25 m.  

7.5.3 Holberg - Diameter/height (D/H) 

Figure 7-7, below, shows the distribution of the D/H ratio values, based on 

the reported diameter and depth estimates for the Holberg area features presumed to 

be dolines. 

Figure 7-7 Frequency distribution graph of Holberg Area Inventory diameter/height (D/H) ratio 
values calculated from reported dimensions of features presumed to be dolines (i.e., all 
recorded depression features with a diameter/depth ratio > 1). 

The composite site average D/H ratio value for the Holberg Inventory 

features presumed to be dolines is 2.1. This value corresponds to bowl-shaped 

features according to the classification scheme proposed by Bondesan et al. (1992, p. 

5), but it is very close to the deeper, more funnel-shaped end of the range. 

In terms of a breakdown of shape categories, about 16% of the Holberg 

dolines were pits/cylinders, 26% were funnels/cones, 57% were bowls/hemispheres, 

and just under 1% were plates/trunk of cones. The maximum diameter/height ratio 

value for a single doline was 6.5 (i.e., “plate-shaped”). The minimum D/H value for 

a single doline was 1.1 (corresponding to a “pit” shape). 
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7.6 RUMBLE RIDGE – PRELIMINARY EVALUATION OF 
KARST RESOURCES, RUMBLE RIDGE WIND 
DEMONSTRATION PROJECT, VANCOUVER ISLAND 
BRITISH COLUMBIA: FINAL REPORT (CAVE 
MANAGEMENT SERVICES/KARSTCARE, 2002) 

This inventory was undertaken in 2002 to provide a preliminary assessment 

of the karst resources in the project area (i.e., “Rumble Ridge”). The purpose of the 

inventory was to: a) determine the potential impacts of a proposed wind turbine 

development (the Rumble Ridge Wind Demonstration Project); b) develop impact 

mitigation strategies; and c) identify further work, if needed (Cave Management 

Services/KarstCare, 2002, p. 3).  

“Rumble Ridge” is known locally as the “Gibson Plateau.” It is in fact the 

same Gibson Plateau studied by Mills (1981), whose work was discussed in previous 

chapters. The karst area of interest is a ridge top and slopes covering about 8 km2, 

ranging in elevation from 640 to 800 m a.s.l. The project area falls within “one of the 

largest contiguous carbonate units on Vancouver Island and possibly the BC coast” 

and “one of the largest non-allogenically recharged karst units on Vancouver Island 

(and possibly the BC coast” (Cave Management Services/KarstCare, 2002, p. 4). The 

bedrock is Quatsino Formation limestone of 500 m + thickness, dipping to the 

southwest at 30 - 45°. Surficial cover consists of glacial deposits of variable 

thickness. The entire project area falls within the coastal western hemlock (CWH) 

biogeoclimatic zone. The majority of the project area was logged during the 1970s. 

At the time this inventory was conducted an estimated 8.73% (or about 72 ha) was 

covered by old growth forest (Cave Management Services/KarstCare, 2002, pp. 4-5). 

Because much of the project area had been previously logged, air photos 

were used to identify karst depressions, primarily to assist in assessing karst 

vulnerability polygons based on the density of surface karst features. About 70 

dolines were identified in this fashion (Cave Management Services/KarstCare, 2002, 

p. 11). Air photos were not used to derive morphometric parameters for dolines. It 

was estimated that the minimum size threshold for sinkholes identifiable by this 

method was 5 to 10 m, though this would vary depending on how long after timber 

harvesting the air photos were taken (Cave Management Services/KarstCare, 2002, 

p. 12). 
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Fieldwork was focused within a 25 to 50 m radius of 23 proposed wind 

turbine locations as well as areas along existing access roads and proposed 

transmission line right–of–ways (Cave Management Services/KarstCare, 2002, pp. 

8-11). Regenerating vegetation hampered visibility on the ground (Cave 

Management Services/KarstCare, 2002, p. 11). The allotted time for fieldwork was 

three days for a two-person crew (Cave Management Services/KarstCare, 2002, p. 

9). Of the surface karst features identified during fieldwork, 13 were dolines. 

Estimated mean lengths, widths or diameters, as well as depths, were recorded for 

nine of these. The dense regenerating vegetation and time constraints precluded 

examining the features for atmospheric openings in the bottoms, though in some 

cases associated surface hydrology was noted. (Cave Management 

Services/KarstCare, 2002, p. 12)  

7.6.1 Historical context for the Rumble Ridge inventory 

This inventory was conducted during the period when two of BC’s main karst 

management guideline documents were being developed. A draft version of the 

Karst Management Handbook for British Columbia (Province of British Columbia, 

2002) is cited in the inventory report, as is an earlier version of KISVAP.4 

Standardized procedures for karst polygon vulnerability assessment and 

classification of surface features were available and were used for the project. This 

project differs from the 1982 Tahsish inventory and the 1993 Holberg area inventory 

in that reconnaissance-scale karst potential mapping was available for the Rumble 

Ridge project area (i.e., Stokes, 1999). By the time the Rumble Ridge inventory was 

conducted a regulatory framework for managing karst resources in terms of both 

BC’s Forest Practices Code and the Vancouver Island Land Use Plan was evolving. 

This regulatory framework was described in the report (see Cave Management 

Services/KarstCare, 2002, pp. 6-8). Unlike the Tahsish and Holberg area inventories, 

the 2002 Rumble Ridge inventory explicitly focuses on karst systems, as opposed to 

caves. Significantly, the words “cave” or “caves” do not even appear in the 2002 

Rumble Ridge inventory title. Moreover, the guideline documents cited in the 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
4 I.e., see Resources Inventory Committee, 2001. Karst Inventory Standards and Vulnerability 
Assessment Procedures for British Columbia. Resources Inventory Committee, Victoria, B.C. 
 



Ramsey, C. Morphometry and Basic Ecological Characteristics of Dolines in Unlogged Temperate 
Rainforest Karst Landscapes of Northern Vancouver Island, British Columbia, Canada. 

Dissertation, University of Nova Gorica, 2014 
Chapter 7 

!

 178 

Rumble Ridge inventory do not focus solely on the recreation potential of caves, but 

rather on the management of karst as a hydrogeoecosystem. 

The Rumble Ridge Wind Demonstration Project was eventually abandoned 

so no further karst inventory work was undertaken in the area. 

7.6.2 Strengths of the Rumble Ridge inventory data 

Strengths of the Rumble Ridge Inventory data include: 

• The Karst Inventory Standards and Vulnerability Assessment 

Procedures for British Columbia (KISVAP) is cited as a reference 

source; hence it is likely that the features identified as “sinkholes” 

(i.e., dolines) conform to the definition in that document. 

• An attempt was made to document atmospheric openings and surface 

hydrological activity when present (though these efforts were 

frustrated by the difficult field conditions). 

• The preliminary nature of the doline data and observations is 

recognized and stated explicitly (e.g., see Cave Management 

Services/KarstCare, 2002, p. 12).  

7.6.3 Constraints and limitations on using the Rumble Ridge inventory 
data for comparison purposes  

Limitations of the Rumble Ridge Inventory data include: 

• A very small sample size. 

• Owing to the restricted visibility and limited field time, actual ground 

coverage of the overall karst unit in the project area is poor. 

• Given the restricted visibility imposed by regenerating vegetation and 

the limited field time, it is possible (or perhaps even likely) that the 

sample is skewed toward larger features, since these are easier to spot 

under such conditions. 

• Only nine of the 13 dolines examined had both mean diameter and 

depth recorded. 

• The sizes are estimates and therefore of unknown accuracy and 

precision. 

• No data are provided on the planimetric shapes of the sinkholes 

(dolines). 
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To insure consistency with the Tahsish and Holberg area inventory data sets, 

as well as the data from Sites A, B and C, the following rules were adhered to:  

• Only features identified as sinkholes with both mean depth and mean 

diameter estimates recorded were included in the analyses. 

• Only features identified as sinkholes that fit the following definition 

were included in these analyses:  

A sinkhole is a topographically closed karst depression, wider 
at the rim than it is deep. It is commonly circular or elliptical in shape 
with a flat or funnel-shaped bottom. A sinkhole can have sinuous 
interior contours, but no angular contours. (Resources Information 
Standards Committee, 2003, p. 86).  

Using this definition entails eliminating all features with a diameter/height 

ratio less than or equal to one (unity).  

 

• All features meeting this definition were presumed to be dolines for 

the purposes of these analyses. 

7.6.4 Summary of limitations on the Rumble Ridge inventory data set 

Following the rules above constrained the total sample number of 

sinkholes/dolines included in the analyses to nine (for the purpose of this thesis, all 

nine are considered to be dolines, and will be referred to as such henceforth). The 

sample is almost certainly comprised of actual dolines, but it is a very small sample 

and it is possible (and perhaps even likely) that they are a larger-than-average subset 

of the dolines present at Rumble Ridge. The results should be considered in this 

light.  

7.7 RUMBLE RIDGE INVENTORY RESULTS  

7.7.1 Rumble Ridge – average diameter (DAVE) 

Figure 7-8, below, shows the frequency distribution of the Rumble Ridge 

doline diameters (equivalent to DAVE values as defined by Bondesan et al., 1992). 

The estimated diameters of the nine Rumble Ridge inventory dolines range from 10 - 

27.5 m. The composite site average diameter is 16.61 m. Six of the nine dolines 

(about 67% of the sample) had estimated diameters between 10 - 20 m, while the 

other three (about 33% of the sample) had estimated diameters of 20 - 30 m.  
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Figure 7-8 Frequency distribution graph for different size classes of reported average diameter 
(DAVE) values from the Rumble Ridge inventory from features presumed to be dolines. 

7.7.2 Rumble Ridge – average depression depth (HAVE) 

The distribution of average depression depth (HAVE) values from the 

Rumble Ridge inventory features presumed to be dolines are shown in Figure 7-9, 

below. 

Figure 7-9 Frequency distribution graph for different size classes of reported average depression 
depth (HAVE) values from the Rumble Ridge Inventory from features presumed to be 
dolines. 

Estimated mean depths for individual Rumble Ridge dolines range from 4 - 

15 m. The composite average estimated depth is 8.2 m. Again, the small sample size 

makes the value of a detailed breakdown questionable, but in broad terms, about 
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78% of the dolines had estimated depths of less than 10 m, and 55% of the estimated 

depths were between 5 and 10 m.  

7.7.3 Rumble Ridge - diameter/height (D/H) 

The composite site average D/H ratio value from the Rumble Ridge dolines is 

2.3. Figure 7-10, below, shows the frequency distribution of individual Rumble 

Ridge doline D/H ratio values. 33% of the Rumble Ridge dolines had 

diameter/height ratios between 1.5 and 2.0. A majority of the Rumble Ridge dolines 

(67%) had D/H ratio values that corresponded to bowl/hemisphere shapes. D/H ratio 

values for the nine dolines in this small sample range from a minimum of 1.5 to 

maximum of 3.1. This range encompasses funnel- and bowl-shaped depressions, 

though 1.5 is a value that is on a classification scheme cusp and hence could 

correspond to a funnel-like pit, or a pit-like funnel. 

Figure 7-10 Frequency distribution graph of Rumble Ridge Inventory diameter/height (D/H) ratio 
values calculated from reported dimensions of features presumed to be dolines (i.e., all 
recorded depression features with a diameter/depth ratio > 1). 

7.8 COMPARISON OF THE THREE INVENTORY DATA 
SETS TO EACH OTHER  

Frequency distribution graphs and pie charts showing the percent distribution 

of different size classes of average diameter (DAVE) values from the Tahsish, 

Holberg, and Rumble Ridge dolines are shown in Figure 7-11, below.  

!  
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Figure 7-11 Frequency distribution graphs (left) and pie charts (right) of reported average diameter 
(DAVE) values from presumed dolines from the Tahsish, Holberg Area, and Rumble 
Ridge inventories. Frequency distribution graphs show distribution of size classes at 1-
m size intervals. Pie charts show 10-m size classes at each site expressed as 
percentages. 

In contrast to the Tahsish and Holberg data sets, all of the Rumble Ridge 

doline DAVE values are equal to or greater than 10 m. These larger DAVE values 

may be a reflection of Mills’ (1981, p. 86) conclusion that Rumble Ridge (also 

known as the Gibson Plateau) “is believed to be a mature karst surface. Glacial 

processes have enlarged rather than erased the landforms developed.” However, as 

noted earlier, the sample size for Rumble Ridge is small and may be biased in favour 

of larger dolines. Perhaps more confidence can be placed in the data sets from the 
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Holberg area and Tahsish inventories in this respect. A clear majority (i.e., 67%) of 

the Tahsish dolines had estimated DAVE values between 2 and 5 m. By comparison, 

the percentages of Holberg dolines with estimated DAVE values in the 0 - 5 m range 

(49%) and the 5 - 10 m range (43%) are roughly equal. The percentages of dolines 

with estimated diameters between 20 and 30 m is similar for both the Tahsish and 

Holberg; 7% and 8%, respectively. The largest reported diameters for individual 

dolines among the three inventories were 40 m for the two dolines (8-P6 and 9-P7) in 

the Holberg area. Dolines 8-P6 and 9-P7 both had estimated depths of 15 m and 

calculated D/H ratio values of 2.67. The reported dimensions for these dolines are 

the largest overall among the three karst inventories. 

For both the Holberg and Tahsish dolines, the most common single 

diameter/height (D/H) ratio value was 2.0 - 2.1 (see Figure 7-12, below). This D/H 

ratio value accounted for ~ 21% for the Tahsish dolines and 24% of the Holberg 

dolines. Only one (or just under 1%) of the Holberg area dolines had a D/H ratio 

greater than 5 (plate shapes). By contrast, about 5% of the Tahsish dolines have 

diameter/height ratios of greater than 5. The Rumble Ridge doline D/H ratio values 

all fell between 1.5 and 3.1. Hence the documented Rumble Ridge dolines had D/H 

values corresponding to funnel and bowl shapes, while the Holberg and Tahsish 

dolines had D/H values representing the full array of shapes, including pits, funnels, 

bowls and plates. Again, it is worth noting that the Rumble Ridge data set may 

reflect the limitations imposed by site conditions and time constraints, since narrow, 

deep “pits” and broad, shallow “plates” might be more difficult to spot under the 

field conditions described in the report. 

!  
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Figure 7-12 Frequency distribution graphs (left) and pie charts (right) of diameter/height (D/H) values 
from presumed dolines from the Tahsish, Holberg Area, and Rumble Ridge inventories. 
Frequency distribution graphs show distribution of D/H values at numeric value intervals 
of 0.1. Pie charts show the different doline shape classes – “pits”, “funnels”, “bowls” 
and “plates” – at each site expressed as percentages. 

7.9 COMPARISON OF THE STUDY SITE AND INVENTORY 
DATA 

The combined data from Sites A, B C and the Tahsish, Holberg and Rumble 

Ridge inventories represent a total of 304 dolines (or presumed dolines, in the case of 

the inventory data sets). Of this sample, only the 81 dolines from Sites A, B and C 

were surveyed and measured. The inventory data are based on estimates of unknown 
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accuracy and precision. Table 7-2, below, summarizes the numbers of dolines in 

each data set and indicates how the values for each parameter were obtained. 

Table 7-2 Table showing the numbers of dolines at each of the sites compared in Chapter 7. The 
table also indicates how the morphometric parameter values for dolines at each site 
were derived. 

SITE Total number of dolines with 
complete morphometry data at site Estimated Measured DAVE HAVE D/H 

A 35 0 35 M* M MC 
B 35 0 35 M M MC 
C 11 0 11 M M MC 
Tahsish (1982) 86 86 0 E E EC 
Holberg (1993) 128 128 0 E E EC 
Rumble Ridge 
(2002) 9 9 0 E E EC 

Totals 304 223 81    
Notes:  
*M – denotes values obtained by measurements from 3-D digital models 
**E – denotes values obtained by recorded field estimates from inventory data 
***MC – denotes values obtained by calculations involving measurements derived from 3-D digital models 
****EC – denotes values obtained by calculations based on field estimates 

 

Frequency distribution graphs of average diameter (DAVE) values from the 

three study sites and the three inventory sites are shown in Figure 7-13, below. While 

the total numbers of dolines vary among these data sets, the ranges of DAVE values 

are similar; the majority of dolines have average diameters of between 2 and 26 m. 

! !
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Figure 7-13 Frequency distribution graphs of average diameter (DAVE) values from Sites A, B, and C 
and the Tahsish, Holberg and Rumble Ridge inventories. 

None of the data sets contain examples of dolines with measured or estimated 

average diameters (i.e., DAVE values) greater than 50 m. Only three dolines – Site A 

doline A9 (DAVE = 38.75 m) and Holberg dolines 8-P6 and 9-P7 (in both cases, 

estimated DAVE = 40 m) – had average diameters greater than 30 m. The Rumble 

Ridge data set had no dolines in the 0 to 10 m range.5 The smallest dolines in the 

Rumble Ridge sample are all in the 10 - 20 m range. The data set with the largest 

proportion (87%) of dolines with average diameters in the 0 to 10 m range comes 

from the Tahsish Inventory. As Figure 7-14 (below) shows, the majority of average 

diameters for dolines in all six data sets are less than 20 m. Proportions of dolines 

with average diameters in the 0 - 10 m and 10 - 20 m ranges varied among sites.  

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
5 As noted previously, this sample is very small and may contain a sampling bias. 
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Figure 7-14 Pie charts of percent distribution of average diameter (DAVE) values in 10 m increments 
for dolines at Sites A, B and C, as well as values calculated from reported dimensions 
for dolines in the Tahsish, Holberg and Rumble Ridge inventories. None of the dolines in 
these six data sets had an average diameter greater than 50 m. 

Frequency distribution graphs for average depression depth (HAVE) values 

from the study site and inventory dolines are shown side-by-side in Figure 7-15, 

below. A majority of dolines (64% for the all data sets combined) had HAVE values 

of less than 5 m. 23% of the study site dolines, 28% of the inventory dolines, and 

30% of the dolines in the combined datasets had HAVE values between 5 and 10 m. 

No dolines at study sites A, B and C had HAVE values greater than 15 m, but about 

4% of the inventory dolines did. The largest HAVE value for an individual doline in 
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all of the combined data sets was 20 m (from Tahsish doline 102-A-2-1). The lowest 

HAVE values were from Holberg doline 1-D-8-13 (HAVE = 0.5 m) and Tahsish 

doline 105-E-12-6 (HAVE = 0.5 m). 

Figure 7-15 Frequency distribution graphs of average depression depth (HAVE) values for dolines at 
study Sites A B, and C, as well as estimated HAVE values from the Tahsish, Holberg and 
Rumble Ridge inventories 

Figure 7-16, below, shows the frequency distribution graphs of 

diameter/height (D/H) ratio values from the three study sites and the three karst 

inventories. Among the study sites, the distributions of D/H values are shifted toward 

the right (i.e., toward the “plate/trunk of cone end” of the graphs) compared to the 

Tahsish and Holberg data (which are more concentrated toward the left, or the 

“pit/cylinder and funnel/cone” end of the graph).  
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Figure 7-16 Frequency distribution graphs of diameter/height (D/H) ratio values for dolines at Sites 
A, B and C, as well as values calculated from reported dimensions for dolines in the 
Tahsish, Holberg and Rumble Ridge inventories. 

A majority of dolines from both the study site and inventory data sets had 

D/H values that corresponded to the bowl/hemisphere shape categories. The percent 

distributions of the shapes or forms corresponding to different D/H ratio values 

shown in Figure 7-17, below, are based on: a) the combined data from Sites A, B and 

C; b) the combined data from the Tahsish, Holberg and Rumble Ridge Inventories; 

and c) the combined data from all study sites and inventories. 
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Figure 7-17 Frequency distribution graphs (left) and pie charts showing percent distribution of 
diameter/height (D/H) ratio values from the combined data from all study sites and 
inventories (top row), the combined data from Sites A, B and C (middle row), and the 
combined data from the Tahsish, Holberg and Rumble Ridge Inventories (bottom row). 

83% of the dolines in the study site data had D/H values corresponding to 

bowl shapes. By comparison 55% of the dolines in the inventory site data had D/H 

values corresponding to the “bowls/hemispheres” shape category. “Pits/cylinders” 

are completely absent in the A, B C data, but account for 18% of the 

Tahsish/Holberg/Rumble Ridge D/H ratio values. D/H values equivalent to 

“funnels/cones” represent only 4% of the A, B and C study site data, but 25% of the 

Tahsish/Holberg/Rumble Ridge data. There are several possible explanations for 

these differences. They include: a) as a group, more of the Tahsish/Holberg/Rumble 
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Ridge dolines actually do tend to be deeper in proportion to their diameter than the 

A, B C dolines; 2) field personnel tended to over-estimate doline depths (or heights) 

in the inventory data sets; and 3) lacking standardized parameters for depth (or 

height), the distinction of the kind made between a doline’s maximum depth 

(HMAX) and its closed depression depth (HDOL) may have been overlooked. As 

noted earlier, it would be premature to assign too much meaning to this comparison; 

either it tells us something about dolines on Northern Vancouver Island, or it tells us 

something about how people on the ground perceive doline shapes and how 

accurately they can estimate doline dimensions. Both possibilities are interesting and 

would make excellent topics for future research, but at present it cannot be 

determined which one best explains the differences in the D/H ratio value 

distributions.  

Despite some differences between the study and inventory sites, it is possible 

to make some broad generalizations about the dimensions of the dolines represented 

in these data sets: 

• The majority of dolines are greater than 2 m and less than 20 m in 

average diameter (DAVE). None had a DAVE value exceeding 50 m. 

• The majority of dolines have average depression depth (HAVE) 

values of greater than 1 m and less than 10 m. 

• The majority of dolines have diameter/height (D/H) ratio values 

corresponding to bowl shapes.  

Table 7-3, below, summarizes the morphometry results for Sites A, B and C, 

as well as the results from the Tahsish, Holberg and Rumble Ridge inventories. 
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Table 7-3 Summary of the results of morphometry data from Sites A, B and C and the Tahsish, Holberg and Rumble Ridge karst inventories. 

SITE Setting Elevation (m 
a.s.l.) 

Number of 
dolines with 

data in sample 

Average 
DAVE (m) 

Range – 
DAVE (m) 

Average 
HAVE (m) 

Range – 
HAVE (m) 

Average D/H 
ratio 

Most common 
D/H 
descriptor 

Number of 
dolines with 
atmospheric 
openings 

Number of 
dolines 
receiving 
surface stream 

A Topographic 
bench 860 – 900 35 16.1 6.8 - 38.8 4.1 1.7 -10.6 4.1 Bowl 16 47 

B Valley bottom 
and sides 450 - 550 36 14.5 4.1 - 27.2 

 4.3 1.7 -10.0 3.3 Bowl 38 09 

C Valley sides 400 - 760 10 14.3 6.6 - 24.5 4.6 1.4 - 10.4 3.6 Bowl 2(?)10 111 
Tahshish12 – 
Area 282 Valley bottom 100 - 700 58 6.0 2 - 26 2.9 0.5 - 20 2.6 Bowl No data No data 

Tahsish – 
Area 288 

Valley bottom 
and sides 100 - 700 28 4.5 2 - 20 2.7 1 - 17 1.9 Funnel No data No data 

Holberg13 
Rolling 
topography 
with benches 

140 - 220 128 10.5 1.0 - 40 5.3 0.5 - 16 2.1 Bowl 4 3 

Rumble 
Ridge14 

Ridge 
top/plateau  9 16.6 10 - 27.5 8.2 4.0 - 15.0 2.2 Bowl 2 2 

 

!
 

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
6 Doline A22. 
7 Dolines A9, A17, A22, A28 (dolines A1 and A2 have at least seasonal water ponding in them) 
8 Dolines B2, B25, B32. 
9 No dolines in the sample receive surface streams. Dolines B4 and B5 have seepages and on slumping on sidewalls. 
10 Possible dolines C4 and C11. 
11 Doline C1. 
12 Source of doline and site data for Tahsish: Cave Management Services, 1982 
13 Source of doline and site data for Holberg: Cave Management Services (1993). 
14 Also known as “Gibson Plateau”, referred to in Mills (1981). Source of doline and site data source for Rumble Ridge: Cave Management Services/KarstCare (2002); Mills (1981). 
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Chapter 8: Standing Trees, Downed Wood, Soil Depths, and 

Surface Cover Materials 

8.1 OVERVIEW 

The two previous chapters presented morphometric data from different sets of 

dolines on Northern Vancouver Island. Borrowing a metaphor from Sauro (2010), 

the results presented in this chapter begin to “dress” the dolines with standing trees, 

downed wood, soil depths, and surface cover materials.  

Difficult decisions had to be made regarding which data should be included 

in this chapter. A thorough treatment of any one of the data categories could easily 

be a thesis in and of itself. In the end, it was decided to focus on providing a broad 

description of the data to obtain a general overview of what forest dolines in 

undisturbed settings on Northern Vancouver Island are like, reserving the in-depth 

treatments of these data for future research. 

8.2 STANDING TREES RESULTS 

8.2.1 Standing trees results - number of stems 

Table 8-1 and Table 8-2, below, provide summaries of the average, maximum 

and minimum numbers of stems in control plots and dolines from Sites A, B and C. 

Ranges in the number of stems for each site are also provided. Raw data are provided 

in Appendix G.  

Table 8-1 Summary of results for number of stems greater than 10 cm in diameter in control plots. 
Results from controls in all settings are combined. Note: where cutblock controls are 
included, “stems” are actually saw-cut stumps. 

CONTROL PLOTS – 
NUMBER OF STEMS 
> 10 cm diameter 

Site A (n=8) Site B (n=6) Site C (n=2) All controls (n=16) 

Average 16 19.5 30 18.9 
Max 23 28 35 35 
Min 7 15 25 7 
Range 16 13 10 28 
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Table 8-2 Summary of results for number of stems greater than 10 cm in diameter in dolines. 
Results for dolines in all settings at each site are combined. Note: where cutblock 
dolines are present, “stems” are actually saw-cut stumps. 

DOLINES – NUMBER 
OF STEMS > 10 cm 
diameter 

Site A (n=32) Site B (n=35) Site C (n=9) All dolines (n=76) 

Average 10 10 13 10.4 
Max 40 65 30 65 
Min 2 0 5 0 
Range 38 65 25 65 

 

The average number of stems among the control plots ranged from a low of 

16 at Site A to a high of 30 at Site C. The minimum number of trees in a control plot 

was 7 (at Site A).  

The average number of stems in dolines ranged from 10 (Sites A and B) to 13 

at Site C, with a minimum of nil (0) at Site B, and a maximum of 65 (also at Site B). 

Only one doline – B10 – had a stem count of nil (0). Doline B10 also had the 

smallest planimetric area (ADOL) value (i.e., 11 m2) of any of the dolines at the 

three study sites. 

Unlike the control plots, the doline ADOL values are variable in size. Figure 

8-1 (below) shows a graph of the number of stems vs. doline ADOL values (all sites 

and settings combined). Not surprisingly, the graph appears to show a tendency for 

the number of stems in a doline to vary proportionally with ADOL. 

Figure 8-1 Graph of doline planimetric areas (ADOL) in m2 versus number of stems with diameters > 
10 cm counted within ADOL (as delineated by the surveyed doline rims). Outliers B13 
and A9 are discussed briefly in the text, below.  
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The notable outlier in the graph above is doline B13 – a rather problematic 

feature consisting of a small ‘inner’ doline surrounded by a much larger and more 

poorly defined depression. The stem count plotted in this case represents the number 

of trees in the larger depression, but the ADOL value used is that of the smaller 

“inner depression.” The number of stems located in the smaller inner depression is 

about 12, which is actually a better fit with this graph. 

Doline A9 stands out because its ADOL value was so much larger than any 

of the other dolines at the three study sites. Otherwise, it cannot really be considered 

an outlier. Although A9 appears to have a slightly lower number of stems than that 

indicated by the graph slope, a portion of the area represented by A9’s ADOL value 

is occupied by two streams and their rocky beds. There is no discrete sinkpoint or 

swallet at A9 and on at least two field visits during rainstorms violent flooding was 

observed in the feature. It is possible, then, that not all of the area comprising A9’s 

ADOL value is an ideal habitat for tree survival.  

Figure 8-2 (below) shows the graph of control plot areas versus number of 

stems. In this case, all of the plot areas are 300 m2. As noted in Table 8-1, above, the 

number of stems in the control plots varied from a low of 7 to a high of 35. The 

maximum number of stems in a control plot was counted at control plot Cc1. The 

minimum number of stems was recorded at control plot Ac1.  

Figure 8-2 Graph of the 300 m2 control plots from all study sites versus number of stems with 
diameters > 10 cm counted within the plots.1  

                                                
1 The number of graphed control plots here equals 16, but six of the plots had the same numbers of 
stems (i.e., plots Ac6 and Bc1 both had 15 stems, plots Ac3 and Bc8 had 18 stems, and plots Ac5 and 
Ac7 both had 20 stems). For this reason, only 13 dots appear to be graphed since three are duplicates. 
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The main finding from these results is that like the forest control plots, almost 

all of the dolines have trees growing in them. Since the number of stems in a doline 

seems to vary with planimetric area (ADOL) to some degree, the results may give an 

approximate range of the numbers of stems greater than 10 cm diameter that might 

be expected to occur in a doline with a given ADOL value. However, the number of 

stems in a given area is not especially useful in describing the stand of trees within 

that area. In Northern Vancouver Island old growth settings, for example, such stems 

could have diameters ranging from just over 10 cm to more than 100 cm in diameter. 

Future analyses of the standing tree data from dolines at Sites A, B and C should 

extend for some distance outside doline rims and could incorporate factors such as 

tree heights, basal area, and tree species. Spatial distribution of trees within the 

dolines would be a particularly interesting avenue of research.  

While ADOL is probably the preferable parameter to use for the type of 

coarse-filter analyses undertaken here, future studies with more in-depth foci should 

probably use the actual surface areas of the dolines. The actual surface area of a 

given doline will tend to be somewhat larger than its planimetric area. The degree of 

this disparity should vary with factors such as the doline’s diameter/depth ratio. If 

one were to go further with the data and undertake detailed calculations of attributes, 

such as stem density and basal area/hectare, the use of ADOL would likely yield 

somewhat higher values than those that would be derived from calculations using the 

actual doline surface area. 

8.3 DOWNED WOOD RESULTS 

Raw data for downed wood are provided in Appendices H (percent 

coverage), I (decay classes), J (orientations), and K (presumed causes). Results for 

the different categories of downed wood data are presented below. 

8.3.1 Downed wood - percent area coverage results 

 Composite results for percent coverage by downed wood of planimetric 

areas (ADOL) of study site dolines and control plots (300 m2) are summarized in 

Table 8-3, below.  

Table 8-3 Composite percent area coverage by downed wood for study site dolines and for control 
plots. For dolines, “area” = planimetric area (ADOL). For all control plots, area = 300 m2. 



Ramsey, C. Morphometry and Basic Ecological Characteristics of Dolines in Unlogged Temperate 
Rainforest Karst Landscapes of Northern Vancouver Island, British Columbia, Canada. 

Dissertation, University of Nova Gorica, 2014 
Chapter 8 

 

 

 

197 

Table 8-3 Composite percent area coverage by downed wood for study site dolines and for control 
plots. For dolines, “area” = planimetric area (ADOL). For all control plots, area = 300 m2. 

PERCENT AREA 
OF FOREST/EDGE 
DOLINES AND 
CONTROL PLOTS 
COVERED BY 
DOWNED WOOD  

Site A Forest 
and Edge 
Dolines (n=31) 

Site B Forest 
and Edge 
Dolines (n=35) 

Site C Forest 
and Edge 
Dolines (n=7) 

Site A Forest 
and Edge 
Controls (n=6) 

Site B 
Forest and 
Edge 
Controls 
(n=6) 

Site C 
Forest and 
Edge 
Controls 
(n=2) 

Average 8.5 12.1 9.0 7.3 8.5 11.4 
Max 31.3 37.1 22.1 12.9 16.1 13.5 
Min 0.7 0 0 4.0 4.9 9.4 
Range 30.6 37.1 22.1 8.9 11.2 4.1 
 

The average percent coverage of downed wood at forest and edge control 

plots (each 300 m2 in area) ranged from a low of 4.0% at Site A forest control plot 

Ac7 to a high of 16.1% at Site B forest control plot Bc5. The greatest range of 

percent coverage of downed wood among forest and edge control plots at a single 

site (11.2 %) was recorded at Site B.  

The percent coverage results for forest and edge control plots at site A, B and 

C are illustrated graphically in Figure 8-3. 

Figure 8-3 Graph of control plot area values (m2) vs. percent area covered by downed wood (DW) in 
forest and edge control plots at Sites A, B and C. All plot sizes are circular and 300 m2 in 
area. The graph shows that percent coverage of downed wood on the plot areas ranges 
between 4 - 16%. When the data for all three sites were combined, the average percent 
coverage by downed wood for the three sites was 8.43 %. 

The graph in Figure 8-3, above shows that for the 300-m2 control plots the 

percent coverage of downed wood over that area varies between 4.0 and 16.1%.  
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One might expect that proximity to a forest edge would result in higher 

percentages of surface coverage by downed wood. Only one of the control plots 

(Ac8) was designated as an “edge” plot. Ac8 had a percent coverage of downed 

wood of 12.9%. This was the highest percent coverage by downed wood value 

among the Site A control plots. However, since it is only one plot not much can be 

made of this finding. Despite its proximity to an edge, Ac8 did not have the highest 

percent coverage when the control plot data from the three study sites were 

combined; plots Bc5 and Cc1 had higher percent coverage values (at 16.1% and 

13.5%, respectively), and both are forest control points. 

The highest composite average percent coverage value for forest and edge 

dolines was documented at Site B (12.1%). The lowest composite average percent 

coverage (7%) was at Site C. Site B dolines had the greatest range of percent 

coverage by downed wood – from 0 to 37.1%. The combined average percent 

coverage for all forest and edge dolines from Sites A, B and C was 10.3%. The 

results of the combined downed wood percent coverage data from the forest and 

edge dolines at Sites A, B and C are illustrated graphically in Figure 8-4 (below). 

Figure 8-4 Graph of forest and edge doline planimetric areas (ADOL) in m2 vs. percent area covered 
by downed wood in forest and edge control plots at Sites A, B and C. ADOL values vary 
between 11 m2 and 1077 m2.  The graph shows that percent coverage of downed wood 
among the dolines ranges between 0 and 37.1%. 
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The graph in Figure 8-4 does not indicate a clear relationship between doline ADOL 

values and percent area coverage by downed wood. 

Only three dolines (B5, A3 and B12) had percent coverage by downed wood 

values greater than 23% (the values were 37.1%, 31.3% and 28.8%, respectively). By 

contrast, the maximum percent coverage for the control plots was 16%. The graph in 

Figure 8-4 (above) shows that for most dolines in this sample, the percent surface 

coverage by downed wood in forest or edge dolines ranged between 0 and 20%, with 

an average of about 10%. 

 Table 8-4, below, summarizes the ADOL values, percent coverage by 

downed wood, and settings of the 13 dolines with percent coverage by downed wood 

values greater than the maximum percent coverage value of 16% recorded at the 

control points. 

Table 8-4 Summary of the planimetric area (ADOL) values, percent coverage by downed wood 
values, and settings of dolines with percent downed wood coverage values of greater 
than the maximum 16% value obtained from the forest/edge control plots. 

Doline (> 16% Coverage DW) (n=13) ADOL % Coverage DW Setting 
A3 145 31.3 Forest 
A29 156 17.6 Edge 
B5 138 37.1 Forest 
B6 440 18.4 Forest 
B12 72 28.8 Edge 
B15 322 16.2 Forest 
B18 142 16.8 Forest 
B19 183 20.8 Forest 
B27 180 16.7 Forest 
B30 58 17.5 Forest 
B32 55 18.8 Forest 
B34 22 17.6 Forest 
C8 115 22.1 Forest 

 

As noted previously, the majority of the dolines have ADOL values of less 

than 200 m2. The average ADOL value for all three sites (A, B and C) combined is 

175 m2. Of the 13 dolines with percent area coverage of downed wood values greater 

than 16%, only 4 (about 31%) had ADOL values greater than 175 m2. Intuitively, 

one would expect percent area coverage to be inversely proportional to ADOL, since 

a few large chunks of downed wood would cover a great deal more of the surface 

area in smaller dolines than in larger ones, but downed wood is not necessarily 

evenly distributed across forest settings. Volumes of downed wood per hectare can 

be highly variable, according to Stevens (1997). It is therefore perhaps not surprising 
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that the percent surface coverage of downed wood and ADOL values do not appear 

to be strongly related.  

When the data from dolines in similar settings from all three study sites are 

combined, the composite average percent coverage by downed wood for dolines in 

forest settings is 10%, as opposed to 9.7% for dolines in edge settings. 

8.3.2 Downed wood – decay classes results 

Decay class percentage results from Site A forest dolines, edge dolines, and 

forest control settings are presented in Figure 8-5, below. 
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Figure 8-5 Pie charts showing percentages of different decay classes of downed wood at forest 
doline settings, edge doline settings, and forest control settings at Site A. 
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Site A forest dolines and forest control plots had smaller percentages of 

Decay Class 1 downed wood (7% and 2%, respectively) than Site A edge dolines 

(31%). The percentages of decay Class 2 downed wood were similar among the three 

settings – 39% for forest dolines and edge dolines and 37% for forest controls. Decay 

Classes 1, 2 and 3, combined, account for 73% of the recorded downed wood in 

forest doline settings, 74% of the recorded downed wood in forest control settings, 

and 86% of the recorded downed wood in edge doline settings. The most notable 

finding among the Site A results is the relatively large percentage of Decay Class 1 

from the edge doline settings (as compared to the forest doline and forest control 

settings). This finding might be related to the proximity of these dolines to the edge, 

but this result is not repeated in the Site B edge doline data.  

Decay class results for Site B are shown below in Figure 8-6, below. 
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Figure 8-6. Pie charts showing percentages of different decay classes of downed wood at forest 
doline settings, edge doline settings, and forest control settings at Site B. 
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The Site B edge dolines and Site B forest control settings are similar in terms 

of their Decay Class 5 percentages (34% and 35%, respectively) compared to those 

of the Site B forest doline settings (15%). The combined percentages of Decay 

Classes 4 and 5 are 53% for Site B edge doline settings and 44% for Site B forest 

control settings, compared to 32% for Site B forest doline settings. Conversely, 49% 

of the downed wood in forest doline settings was either Decay Class 1 or 2, as 

compared to 21% at the Site B edge dolines and 38% at the Site B forest controls. 

Site B forest dolines seem to have the most even distribution of all five decay classes 

among all the different site/setting combinations. 

The decay class results for Site C are provided in Figure 8-7, below. 
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Figure 8-7 Pie charts showing percentages of different decay classes of downed wood at forest 
doline settings, edge doline settings, and forest control settings at Site C. 
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Both the Site C edge dolines and Site C forest control results showed 0% 

Decay Class 1 downed wood. Fifty percent of the downed wood at the Site C edge 

dolines was Decay Class 5, as was 53% of the downed wood at the two Site C forest 

controls; these were by far the highest percentages of Decay Class 5 wood recorded 

among the three study sites. However, with such small samples it is difficult to read 

much into these results. For the Site C forest dolines, Decay Class 1 downed wood 

accounts for only 5% of the downed wood present, but the percentages of Decay 

Classes 2, 3, 4 and 5 are very similar, ranging from 22 to 25%. Site C forest dolines 

and Site C edge dolines had the lowest percentages of Decay Class 1 downed wood 

among the three study sites, but when Decay Classes 1 and 2 are combined, the Site 

B edge dolines had the lowest combined percentage of these classes (i.e., 21%). 

8.3.3 Downed wood – orientation results 

Pie charts showing the orientations of downed wood in forest dolines, edge 

dolines, and forest controls for the three study sites are shown respectively in Figure 

8-8, Figure 8-9, and Figure 8-10, below.  
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Figure 8-8 Pie charts showing orientations of downed wood in forest dolines at Sites A, B and C.  
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Figure 8-9 Pie charts showing orientations of downed wood in edge dolines at Sites A, B and C. 
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Figure 8-10 Pie charts showing orientations of downed wood in forest control plots at Sites A, B and 
C. 
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With a few exceptions, the orientation classes for pieces of downed wood at 

all three sites are fairly evenly distributed in forest and edge dolines. Though four 

orientation classes are shown in the pie charts, the findings are more easily 

summarized by considering the two main orientations – northeast-southwest and 

northwest-southeast. General northeast-southwest orientations were observed in 53% 

of the Site A forest dolines, 58% of Site B forest dolines, and 42% of Site C forest 

dolines. Results were somewhat similar for the edge dolines; northeast-southwest 

orientations were observed for 49% of the downed wood in edge dolines at Site A, 

53% at Site B, and 50% at Site C. The remainder of the downed wood in these 

dolines is aligned in a general northwest-southeast orientation. In general, there is no 

strongly favoured orientation for downed wood in the forest dolines. 

At the Site A forest controls, 62% of the downed wood pieces showed 

general northeast-southwest orientations, compared to 64% at Site B forest controls, 

and 77% at Site C forest controls. Owing to the small number of samples, especially 

at Site C, it is unclear whether this represents a difference between the controls and 

dolines, but the northeast-southwest orientation tends to be dominant at the forest 

controls at Sites B and C also.  

8.3.4 Downed wood – “presumed cause” results  

Documented individual pieces of downed wood were assigned to one of four 

“presumed cause” categories. These categories include: 1) bole snapping (i.e., the 

tree stem breaks from natural causes at some distance above the ground surface); 2) 

rotational windthrow (i.e., the tree is up-rooted and falls; with evidence of an up-

turned root wad, often exposing the mineral soil or bedrock beneath); 3) 

indeterminate (i.e., evidence for any of the other categories of presumed causes is 

absent or ambiguous); and 4) saw cuts (i.e., clear evidence of mechanical saw cuts on 

at least one end of the downed wood piece and no other attributable cause). 

Percentages of the different “presumed cause” categories of downed wood from the 

different settings at each of the three sites are shown respectively in Figure 8-11, 

Figure 8-12, and Figure 8-13, below. 
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Figure 8-11 Pie charts showing percent distribution of presumed causes for downed wood in forest 
dolines at Sites A, B and C. 
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Figure 8-12 Pie charts showing percent distribution of presumed causes for downed wood in edge 
dolines at Sites A, B and C. 

 



Ramsey, C. Morphometry and Basic Ecological Characteristics of Dolines in Unlogged Temperate 
Rainforest Karst Landscapes of Northern Vancouver Island, British Columbia, Canada. 

Dissertation, University of Nova Gorica, 2014 
Chapter 8 

 

 

 

213 

Figure 8-13 Pie charts showing percent distribution of presumed causes for downed wood in forest 
control plots at Sites A, B and C. 
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The majority of the downed wood in or about Site A forest dolines and Site A 

forest controls was attributable to bole snapping (73% and 68% respectively). 

Rotational windthrow was relatively uncommon at Site A – 7% at Site A forest 

doline settings, 8% at edge doline settings, and 17% at forest control settings. A 

caveat on these findings is the relatively large percentage of “indeterminate” downed 

wood in and about Site A edge dolines, since it is not certain how much might have 

been downed by rotational windthrow.  

87% of the downed wood was attributable to bole snapping at Site C forest 

dolines, as compared to 77% at Site C edge dolines, and 91% at the two Site C forest 

controls.  These results contrasted with those from Site B, where bole snapping was 

attributed to 30% of the downed wood in the forested dolines, 27% of the edge 

dolines, and 9% of the forest controls. The highest percentages of rotational 

windthrow were observed at Site B in forest dolines and Site B forest control settings 

– 31% and 41%, respectively.  

The highest percentages of “indeterminate” category downed wood were 

recorded at Site A edge dolines (61%), Site B edge dolines (58%), Site B forest 

controls (50%) and Site B forest dolines (39%).  The most even distribution of 

category percentages were from Site B forest dolines.   

Two percent of the downed wood at Site C forest dolines was classified as 

“indeterminate.” For the Site C forest controls, 5% of the downed wood pieces were 

deemed to have indeterminate causes. The single instance of downed wood 

attributable to mechanical sawing among any of the sites and settings was observed 

at an edge doline at Site C. No definite evidence for rotational windthrow was 

observed in the Site C edge dolines, but 20% was of the downed wood was classified 

as “indeterminate.” 

Proportions of different “cause” categories of downed wood varied among 

the three study sites, and sometimes among different settings at the same site. Bole 

snapping was attributed as a cause for the majority of the downed wood pieces at 

Sites A and C (with the exception of Site A edge dolines). At Site B, “indeterminate 

cause” downed wood was the most abundant category across all settings (i.e., forest 

dolines, edge dolines, and forest and edge controls). The highest percentages of 

rotational windthrow were observed at the Site B forest dolines and Site B forest 

controls. Among all sites, only one piece of saw-cut downed wood was recorded. 
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Recording downed wood data in cutblock settings was difficult because of: a) 

the volume of downed wood present; and b) the narrow window of time between 

snow-free conditions and rampant growth of vegetation. It is necessary to plan 

fieldwork to take advantage of this period of time. In hindsight, the use of Unmanned 

Aerial Vehicle (UAV) technology might have facilitated downed wood data 

gathering during snow-free periods where the cutblocks were relatively recent (see 

Ramsey et al., in review). 

8.4 SOIL DEPTHS RESULTS 

Soil depth data results are summarized in Table 8-5, below. Raw soil depth 

data are provided in Appendix L. These depths should properly be regarded as 

minimum average potential depths, since it was not always possible to distinguish 

whether the steel probe used to measure them was striking bedrock or large boulders 

in the regolith.  

Table 8-5 Summary table of composite average soil depths from the drainage foci (DF), the north 
(N), east (E), south (S) and west (W) sides*, and the north (N), east (E), south (S) and west 
(W) rims** of dolines at Sites A, B and C. Control plot soil depths were taken at the 
centre of the plot, as well as at distances of 5 m and 10 m away from the centre points in 
the cardinal directions. For the purposes of this table, the composite averages of the soil 
depths measured at centre points of the control plots are listed under the heading “DF”, 
while the composite averages of the soil depths measured at points 5 m from the plot 
centres are designated by a letter corresponding to the cardinal direction away from the 
centre point (i.e., north (N), east (E), south (S) and west (W)), and a single asterisk (*). 
Similarly, composite averages of the soil depths measured at points 10 m from the plot 
centres are designated by a letter corresponding to the cardinal direction away from the 
centre point (i.e., north (N), east (E), south (S) and west (W)), and a double asterisk (**). 
The abbreviation “ND” stands for “no data.” 

 DF N* E* S* W* N** E** S** W** 
Site A Dolines 68 46 47 51 43 46 42 44 50 
Site A Controls 45 50 47 56 43 53 50 38 46 
Site B Dolines 70 49 45 43 51 41 34 37 38 
Site B Controls ND ND ND ND ND ND ND ND ND 
Site C Dolines 83 54 60 47 59 53 53 41 44 
Site C Controls 43 45 40 46 15 44 43 43 39 
Notes:  
*Sides (dolines) or 5 m from plot centre (controls) 
**Rims (dolines) or 10 m from plot centre (controls) 
 

Measurable soil cover was present on most of the rims, side slopes, and in the 

drainage foci of dolines and control points at all three study sites. The deepest 

composite average soil depths were measured in the drainage foci of dolines at all 

three sites. On doline sides and rims, the composite average soil depths were similar 

to those measured in the control plots. Composite average soil depths at control plot 

measurement points were similar, regardless of position. 
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The average depths at doline drainage foci were 68 cm for Site A, 70 cm for 

Site B, and 83 cm for Site C. For Site A, the average soil depths on the doline rims 

ranged between 42 and 50 cm, while the sides ranged between 43 and 51 cm. The 

rims of Site B dolines had average depths ranging between 34 and 41 cm, while the 

average soil depths on the sides ranged between 43 and 51 cm. The range of average 

soil depths on the rims of Site C dolines was between 41 and 53 cm, while the 

average depths for the sides ranged between 47 and 60 cm. 

The Site A control points had average soil depths ranging from 43 to 56 cm at 

a distance of five m from the plot centres and 38 to 53 cm at a distance of 10 m from 

the plot centre. At the Site A control plot centres, the average soil depth was 45 cm. 

The average plot centre depth for the two control points at Site C was 43 cm, with 

average depths ranging from 15 to 46 cm at a distance of 5 m from the plot centres 

and average depths ranging from 39 to 44 cm at a distance of 10 m from the plot 

centres.  

A qualitative observation noted during the process of obtaining soil depth 

data was that the “gritty” feel detectable through the steel probe while measuring the 

soils at the control points and on the sides and rims of the dolines was very often not 

detectable when probing in the drainage foci of the dolines at all three sites; instead, 

the cover material at the drainage foci had a softer, almost “greasy” or “organic” feel 

compared to the cover material on the doline rims and sides. It is speculated that this 

may reflect a greater concentration of organic matter at the drainage foci. 

 Figure 8-14, below, shows compasses average soil depths for north-south 

and east-west transacts of the hypothetical “average doline” described in Chapter 10. 
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 Figure 8-14 Diagram showing typical soil depths across transects of an “average” doline. Soli 
depths shown are based on composite average values for dolines at all sites. Diagram A 
shows the N-S transect. The E-W transect is shown in Diagram B. 

8.5 SURFACE COVER MATERIALS RESULTS 

A summary of the surface cover material results is provided in Table 8-6, 

below. Only the three most common surface cover materials are reported here. Raw 

surface cover data are provided in Appendix M (most prevalent surface cover 

materials by doline or control quadrants) and Appendix N (most prevalent surface 

cover materials for dolines or controls by setting). 
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Table 8-6 Summary tables of most abundant surface cover materials by quadrant for dolines and 
control points in different sites and settings. Abbreviations used to designate quadrants 
are: northeast (NE); southeast (SE); southwest (SW); northwest (NW). Abbreviations 
used for the different categories of surface cover materials are provided in the key 
following the tables. Ratios in brackets following the surface cover abbreviations 
indicate the number of quadrants where that surface cover material was the most 
abundant over the total number of those particular quadrants in that setting. For 
example, for the NE and NW quadrants in Site A forest dolines, moss (M) was the most 
abundant surface cover in 21 out of a possible 28 NE quadrants. Similarly, moss (M) was 
the most abundant surface cover in 20 out of a possible 28 NW quadrants. For Site A 
edge dolines, organic matter (OM) was the most abundant surface cover in 4 out of a 
possible 5 NE and SE quadrants, and in 3 out of a possible 5 NW quadrants, but moss 
was the most abundant surface cover in 3 out of a possible five SW quadrants. Equal 
signs (=) denote instances where a given category of surface cover material was 
dominant in an equal number of quadrants in the same setting. For example, of the five 
possible SW quadrants for Site A cutblock dolines, slash (SL) was predominate in two 
out of the five, and juvenile conifers (JC) in two out of the five, hence SL=JC (2/5).  

SITE A DOLINES Most abundant surface cover 
QUADRANTS NE SE SW NW 
Forest 28 (except for SE 
Quad, where n = 27) M (21/28) M (23/27) M (23.5/28) M (20/28) 

Edge (n=5) OM (4/5) OM (4/5) M (3/5) OM (3/5) 
Cutblock (n=5) SL (3/5) SL (3/5) SL = JC (2/5) SL (3/5) 
 
SITE B DOLINES Most abundant surface cover 
QUADRANTS NE SE SW NW 
Forest (n=21) OM (12/21) OM (11/21) OM = M (10/21) OM (11/21) 
Edge (n=13) M (8.5/13) OM (6.5/13) M (7/13) M (8/13) 
 
SITE C DOLINES Most abundant surface cover 
QUADRANTS NE SE SW SE 
Forest (n=4) OM (3/4) DW (3.5/4) M (2/4) OM = M (2/2) 
Edge (n=5) OM (3.33/5) DW = OM (2/5) M (4/5) OM (4/5) 
Cutblock (n=2) SL (2/2) SL (2/2) SL (2/2) SL (2/2) 
 
SITE A CONTROLS Most abundant surface cover 
QUADRANTS NE SE SW NW 
Forest (n=5)  M (5/5) M (5/5) M (4/5) M (5/5) 
Edge (n=1)  M (1/1) M (1/1) OM (1/1) OM (1/1) 
Cutblock (n=2)  FW = SL (1/2) FW (1/2) JC (2/2) JC  (2/2) 
 
SITE C CONTROLS Most abundant surface cover 
QUADRANTS NE SE SW NW 
Forest (n=2)  OM (2/2)  OM (2/2)  OM = M (1/2)  DW = OM (1/2)  
Key: BR = Bedrock, ES = Exposed mineral soil, CS = Unconsolidated cobbles and stones - may be moss-covered, DW = Fallen 
trees, large branches and stumps, OM = Organic matter including fine pieces of decaying wood, M = Mosses and/or liverworts, 
F = ferns, FW = Fireweed (Epilobium angustifolium), SL = Slash (downed wood with mechanical cut marks), JC = Juvenile 
regenerating conifers. 

8.5.1 Surface cover results – forest dolines  

Figure 8-15, below, shows pie charts illustrating the combined percent 

distributions of different surface cover materials at forest doline settings within the 

three study sites. 

  



Ramsey, C. Morphometry and Basic Ecological Characteristics of Dolines in Unlogged Temperate 
Rainforest Karst Landscapes of Northern Vancouver Island, British Columbia, Canada. 

Dissertation, University of Nova Gorica, 2014 
Chapter 8 

 

 

 

219 

Figure 8-15 Pie charts comparing composite percent distributions of surface cover materials ranked 
“most prevalent” for forest doline settings at study sites A, B and C. 
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For forest dolines at all three sites, the three overall most abundant categories 

of surface cover materials were “moss”2, organic matter, and downed wood.  

For all quadrants in Site A forest dolines, moss was the predominant surface 

cover material – strongly so, if one consults to the extracted data in Appendix M.3 

Moss was ranked as the most abundant surface cover in 75% of the northeast (NE) 

quadrants, 85% of the southeast (SE) quadrants, 71% of the northwest (NW) 

quadrants, and 84% of the southwest (SW) quadrants.  

For Site B forest dolines, organic matter was the most abundant surface cover 

in 57 % of the NE quadrants, and 52% of the SE and NW quadrants. Moss and 

organic matter had identical scores (48%) for the most abundant surface cover in the 

SW quadrants.  

For Site C forest dolines, organic matter was ranked the predominant surface 

cover for 75% of the NE quadrants. Organic matter and moss received equal scores 

for most abundant surface cover in 100% of the NW quadrants. Downed wood was 

ranked as the predominant surface cover for 88% the SE quadrants in Site C forested 

dolines while moss was ranked as the most abundant category in 50% of the SW 

quadrants.  

Figure 8-16 Photo of Site A forest doline A22. This image shows the surface cover materials – 
“moss”, organic matter, and downed wood – typical of forest dolines at Site A. 

                                                
2 As noted in Chapter 4, the term “moss” is used loosely here. Actual plants present could include 
other bryophytes. 
3 Note: the moss was often associated with a shrub layer of blueberry (Vaccinium sp. – probably V. 
ovalifolium or V. alaskaense), but shrub layers were not documented as part of this research. 
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8.5.2 Surface cover results – forest controls  

The three overall most abundant surface cover materials for the forest control 

plots at all three study sites were moss, organic matter, and downed wood. 

For all quadrants in Site A forest controls plots, moss was the most abundant 

surface cover material. This was true for 100% of the NE, SE, and NW quadrants, 

and 80% of the SW quadrants. 

There are only two Site C forest control points. At these points, organic 

matter ranked as most abundant in 100% the NE quadrants, 100% of the SE 

quadrants, in 50% of the SW quadrants (the co-dominant surface cover in this case 

was moss), and in 50% of the NW quadrants (where the co-dominant surface cover 

was downed wood). 

8.5.3 Surface cover results – edge dolines  

Figure 8-17 (below) shows pie charts illustrating the combined percent 

distributions of different surface cover materials at edge doline settings at the three 

study sites. 
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Figure 8-17 Pie charts comparing composite percent distributions of surface cover materials ranked 
“most prevalent” for edge doline settings at study sites A, B and C. 

For the five Site A edge dolines, organic matter was the most abundant 

surface cover material in 80% of the NE and SE quadrants, and 60% of the NW 

quadrants. Moss was predominant in 60% of the SW quadrants in Site A edge 

dolines (compared to 40% for organic matter).  
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In Site B edge dolines, moss was ranked as the predominant surface cover for 

65% of the NE quadrants, 54% of the SW quadrants, and 62% of the NW quadrants. 

Organic matter was ranked as the overall predominant surface cover for the SE 

quadrants, but not by a large margin (i.e., organic matter was ranked predominant for 

50% of the SE quadrants vs. 46% for moss). Typical examples of surface cover 

materials in Site B edge dolines are shown in Figure 8-18 and Figure 8-19, below. 

Figure 8-18 Photo showing surface cover materials in the southwest quadrant of Site B edge setting 
doline B20. The forest edge (next to an adjacent cutblock) is discernible in the 
background of this photo. 

Figure 8-19 Photo showing surface cover materials in the southeast quadrant of Site B edge setting 
doline B20. The surface cover is predominately organic matter. Some ferns are visible on 
the left-hand side of the image. 
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For Site C edge dolines, organic matter was the most abundant cover material 

in 80% the NW quadrants, 67% of the NE quadrants, and 40% of the SE quadrants 

(as compared to 40% for downed wood and 20% for moss). By contrast, moss was 

ranked as predominant in 80% of the SW quadrants of the Site C edge dolines. 

8.5.4 Surface cover results – edge controls  

At the single Site A edge control site, moss was the most abundant surface 

cover for the NE and SE quadrants while organic matter was predominant in the NW 

and SW quadrants. 

8.5.5 Surface cover results – cutblock dolines  

Figure 8-20 (below) shows pie charts illustrating the combined percent 

distributions of different surface cover materials at cutblock doline settings at study 

sites A and C. 

Figure 8-20 Pie charts comparing composite percent distributions of surface cover materials ranked 
“most prevalent” for edge doline settings at study sites A and C. 
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For the Site A cutblock dolines, slash was the predominant surface cover in 

60% of the NE, SE and NW quadrants, while slash (50%) and juvenile conifers 

(50%) were predominant in the SW quadrants.  

Figure 8-21 Photo of a portion of the west-northwest rim of cutblock doline A34, taken in late 
autumn. Visible in the photo are juvenile conifers, organic matter comprised mostly of 
the previous season’s fireweed (Epilobium angustifolium) foliage, cut and scorched 
stumps with mechanical saw cuts, and crushed limestone bedrock. These surface cover 
materials were seldom if ever observed in forest or edge settings at either controls or 
dolines. 

Only one surface cover material – slash – was recorded at the two Site C 

cutblock dolines (see Figure 8-22, below). For all quadrants in both dolines, slash 

was the most abundant surface cover material. 

Figure 8-22 Logging slash filling Site C cutblock doline C7. 



Ramsey, C. Morphometry and Basic Ecological Characteristics of Dolines in Unlogged Temperate 
Rainforest Karst Landscapes of Northern Vancouver Island, British Columbia, Canada. 

Dissertation, University of Nova Gorica, 2014 
Chapter 8 

 

 

 

226 

8.5.6 Surface cover results – cutblock controls  

For the two Site A cutblock control plots, juvenile regenerating conifers were 

predominant in 100% of the SW and NW quadrants, fireweed was most abundant in 

50% of the SE quadrants, and fireweed equaled slash (50% each) as the most 

abundant surface cover in the NE quadrants. 

Figure 8-23 Photo showing the dense foliage and characteristic purple flowers of fireweed 
(Epilobium angustifolium) growing in a recently logged setting on Quatsino Formation 
limestone on Northern Vancouver Island. Fireweed was not observed in unlogged 
settings or edge settings at the three study sites, though it was the most abundant 
surface cover material in some of the Site A cutblock control quadrants. 

8.5.7 Summary of surface cover results 

Overall, moss, organic matter, and downed wood were the most abundant 

surface cover materials among unlogged forest and edge dolines at all three study 

sites, but the relative abundance of these varied among the three study sites, and in 

some cases among quadrants within forest dolines. The most abundant surface cover 

materials in forest and edge dolines differed from those of dolines in cutblocks. The 

dominant surface cover materials in cutblock dolines were slash, juvenile conifers, 

and fireweed. 
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Chapter 9: Light Intensity (Illuminance), Snow Cover, and 

Temperature 

9.1 SITE STRATIFICATION AND METHODS 

9.1.1 Site stratification 

Data loggers capable of sensing and recording light intensity and temperature 

were deployed in six different settings at Site A only. Priority for data logger 

deployment was given to forest dolines. The remaining data loggers were spread 

among forest settings (as controls) and cutblocks (in either dolines or at control 

sites). The numbers of dolines and controls in each setting are summarized in Table 

9-1 and Table 9-2.  

Table 9-1 Table summarizing the different settings and dolines where data loggers were deployed 
at Site A. 

SITE “Forest” 
Dolines 

Number of 
Forest Dolines 

“Edge” 
Dolines 

Number of 
“Edge” 
Dolines 

“Cutblock 
Dolines 

Number of 
“Cutblock” 
Dolines 

A A1 – A28 28 A29 – A33 5 A34 – A38 5 

Table 9-2 Table summarizing the different settings and control points where data loggers were 
deployed at Site A. 

SITE “Forest” 
Control Points 

Number of 
Forest Control 
Points 

“Edge” 
Control Points 

Number of 
“Edge” 
Control Points 

“Cutblock 
Control Points 

Number of 
“Cutblock” 
Control Points 

A Ac3 – Ac7 5 Ac8 1 Ac1 – Ac2; 
Ac9 3 

 

Five dolines (i.e., A29, A30, A31, A32 and A33) and the single control point 

(Ac8) were identified as being in “edge” settings (i.e., in the forest, but within two 

tree-lengths of the forest-cutblock boundary). Of these, only one doline (A29) and 

the control point (Ac8) had data loggers installed in November of 2010. Dolines 

A30, A32 and A33 were only discovered in late summer of 2011 and had data 

loggers installed by 18 September of 2011. Doline A31 never had a data logger 

installed because of its small size. Due to the patchy coverage, the data collected at 

these “edge” settings were not analyzed or reported here, except for snow cover data 

over the winter of 2011/2012.  

It was recognized that the numbers of data loggers in the other different 

settings were not sufficient to permit robust statistical comparisons or analyses. The 
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results are presented only as general observations to assist in framing future 

hypotheses and designing future research on temperature, snow cover, and light 

regimes in dolines in BC.  

9.1.2 Sampling periods 

The data loggers were deployed almost continuously for nearly two years. 

Table 9-3, below, summarizes the sampling periods selected for analyses in this 

thesis. 

Table 9-3 Summary table showing the different sampling periods for light intensity and 
temperature data. 

Sampling Period Designation Period of time covered Sampling period duration 

A 07 November 2010 – 07 December 
2010 30 days 

B 07 December 2010 – 06 January 2011 30 days 
C 28 July 2011 – 27 August 2011 30 days 
D 01 October 2011 – 31 October 2011 30 days 
E 01 June 2012 – 01 July 2012 30 days 
F 28 July 2011 – 29 July 2011 24 hours (cloudy day) 
G 10 August 2011 – 11 August 2011 24 hours (sunny day) 

 

9.2 LIGHT INTENSITY (ILLUMINANCE) RESULTS 

All light data are presented in lux (lx). Lux is an SI unit denoting the measure 

of luminous flux per unit area (i.e., 1 lux = 1 lumen/1m2). Some selected examples of 

typical lux values are provided below in Table 9-4. 

Table 9-4 Comparison of Illuminance Values (lx) and Equivalent Examples (Source: 
http://en.wikipedia.org/wiki/lux, accessed 05 April 2013). 

ILLUMINANCE (lx) Surfaces illuminated by: 
10-4 Moonless, overcast night sky 
100 Very dark overcast day 
400 Sunrise or sunset on a clear day 

1000 Overcast day 
10,000 – 25,000 Full daylight (not direct sun) 

32,000 – 130,000 Direct sunlight 

 

Raw light intensity data for each of the different sampling periods are 

provided in Appendix O. Composite average light intensity (LAve) and composite 

average maximum light intensity (LMax) results for Site A data loggers in different 

settings are summarized by setting and sampling period in Table 9-5, below.  
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Table 9-5 Monthly composite average light (illuminance) for different settings and sampling 
periods. (N = number of data loggers; LAve = the average light intensity values (Lux) for 
all data loggers in the specified setting for the specified period of time; LMax= the average 
maximum light intensity (Lux) values for all data loggers in the specified setting for the 
specified period of time. All data loggers were positioned 1 m above ground level. 

Period A = From midnight on 07 Nov 2010 to midnight 07 Dec 2010. 
 

SETTING Period N = LAve LMax 
Forest Dolines A 26 313.34 4,815.36 
Forest Controls A 5 374.2 8094.48 
Cutblock Dolines A 3 2,261.70 70,726.36 
Cutblock Controls A 2 6,229.06 112,987.25 
 
Period B = From midnight on 07 Dec 2010 to midnight 06 Jan 2011. 
 

SETTING Period N = LAve LMax 
Forest Dolines B 27 242.56 4,282.77 
Forest Controls B 5 294.42 4,994.42 
Cutblock Dolines B 2 635.25 21,104.40 
Cutblock Controls B 2 2,143.35 86,800.55 
 
Period C = From midnight on 28 July 2011 to midnight 27 Aug 2011. 
 
SETTING Period N = LAve LMax 
Forest Dolines C 21 2,068.89 112,716.08 
Forest Controls C 4 2,344.38 122,623.05 
Cutblock Dolines C 3 23,839.10 189,216.07 
Cutblock Controls C 2 33,370.50 275,557.40 
 
 Period D = From midnight on 01 Oct 2011 to midnight 31 Oct 2011. 
 

SETTING Period N = LAve LMax 
Forest Dolines D 23 674.87 22,898.68 
Forest Controls D 5 872.4 36,855.64 
Cutblock Dolines D 3 8,188.43 185,541.97 
Cutblock Controls D 1 10,160.90 132,267.50 
 
Period E = From midnight on 01 June 2012 to midnight 01 July 2012. 
 

SETTING Period N = LAve LMax 
Forest Dolines E 25 682.57 31,392.01 
Forest Controls E 4 2,439.85 90,075.33 
Cutblock Dolines E 2 12,562.30 248,001.65 
Cutblock Controls E 1 25,131.50 198,401.30 
 
 
Period F = From midnight on 28 July 2011 to midnight 29 July 2011 (Cloudy). 
 

SETTING Period N = LAve LMax 
Forest Dolines F 25 1,118.46 4,298.69 
Forest Controls F 4 1,338.50 5,037.53 
Cutblock Dolines F 3 10,485.00 51,896.63 
Cutblock Controls F 2 14,704.55 84,045.00 
 
Period G = From midnight on 10 Aug 2011 to midnight on 11 Aug 2011 (Sunny). 
 
SETTING Period N = LAve LMax 
Forest Dolines G 25 2,182.62 40,258.93 
Forest Controls G 4 2,929.63 74,744.95 
Cutblock Dolines G 3 32,816.00 132,267.53 
Cutblock Controls G 2 47,012.80 181,867.85 
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Seasonal differences among the sampling periods were readily detectable in 

the LAve values across settings. The overall highest LAve values for all sampling 

periods and all data logger settings were obtained during Period G (i.e., a 24-hour 

sampling period from midnight on 10 Aug 2011 to midnight on 11 Aug 2011 – a 

sunny day). The highest LAve value recorded for any sampling period in any setting 

was 47,012.8 lux, recorded by data loggers in cutblock control settings during this 

period. The lowest LAve value for Period G sampling period was 2,182.62 lux, 

obtained from the forest dolines. This was also the highest LAve value obtained for 

the forest doline setting for all sampling periods.   

The overall lowest LAve values for all sampling periods and all data logger 

settings were obtained during Period B (i.e., a 30-day sampling period from midnight 

on 07 Dec 2010 to midnight 06 Jan 2011). The overall lowest LAve value for all 

sampling periods was 242.56 lux, recorded by data loggers in forest dolines during 

Period B. Partial snow cover over at least some of the data loggers during this 

sampling period is likely the main factor contributing to the low value, but it also 

reflects differences related to setting and season. The highest LAve value for Period B 

(2,143.35 lux) was recorded by the cutblock control data loggers. This was also the 

lowest recorded LAve value obtained for the cutblock control settings for any 

sampling periods, and the lowest value for all cutblock settings (i.e., either control 

points or dolines) for all sampling periods. The lowest recorded LAve value obtained 

for the cutblock control settings over all sampling periods (i.e., 2,143.35 lux – Period 

B – 07 December 2010 to 06 January 2011) is only slightly lower than the highest 

LAve value obtained for the forest doline setting data over all sampling periods (i.e., 

2,182.62 lux recorded during Period G – a 24 hour sampling period spanning a sunny 

summer day).  

In all sampling periods, the highest average illuminance values (LAve) were 

recorded in cutblock settings, while the lowest LAve values were recorded in forest 

settings. Similarly, in all sampling periods the LAve values were lower in dolines than 

they were at controls in the same settings. For the most part, the same pattern holds 

for composite average maximum light values (LMax) with the exceptions of sampling 

periods C, D and E. In Periods D and E, the highest composite LMax values (i.e., 

Period D – 185,541.97 lux; Period E – 248,001.65 lux) were associated with 

cutblock dolines and the second highest values with cutblock controls. In Period C 
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(i.e., from midnight on 28 July 2011 to midnight 27 Aug 2011), the lowest LMax value 

(122,623.05 lux) was obtained from forest controls, rather than forest dolines.  

The highest LMax value for any setting or sampling period (275,557.4 lux) was 

obtained during Period C from cutblock control data loggers. The lowest overall LMax 

value for any setting or sampling period was 4,282.77 lux, obtained from forest 

dolines in Period B (i.e., from midnight on 07 Dec 2010 to midnight 06 Jan 2011). 

This LMax value is only slightly lower than the 4,298.69 lux LMax value obtained from 

the same setting (forest dolines) in Period F (i.e., a 24-hour sampling period from 

midnight on 28 July 2011 to midnight 29 July 2011 – a cloudy day). 

9.2.1 Light Intensity (illuminance) – discussion 

The LAve values for the cutblock settings (irrespective of whether in dolines or 

at controls) were between ~ 9.4 – 16.1 times higher than those in the forested settings 

for the snow-free sampling periods. Table 9-6 compares the differences in LAve 

values between dolines and controls in different settings during the snow-free 

sampling periods. 

Table 9-6 Table comparing LAve values between dolines and controls in different settings during 
snow-free sampling periods. 

SAMPLI
NG 
PERIOD 

Forest 
Dolines 
LAve 

Cutblock 
Dolines 
LAve 

Cutblock Dolines LAve (CD) 
vs. Forest Dolines LAve  
(FD) 

Forest 
Controls 
LAve 

Cutblock 
Controls 
LAve 

Cutblock Controls LAve (CC) 
vs. Forest Controls LAve  
(FC) 

C 2068.89 23839.10 CD= 11.52FD 2344.38 33370.50 CC = 14.23FC 
D 674.87 8188.43 CD= 12.13FD 872.40 10160.90 CC = 11.65FC 
F 1118.46 10485.00 CD = 9.38FD 1338.50 14704.55 CC = 10.99FC 
G 2182.62 32816.00 CD = 15.04FD 2929.63 47012.80 CC = 16.05FC 

 

The obvious explanation for the pattern of higher LAve values in cutblock 

settings and the lower LAve values in forested settings during snow-free sampling 

periods is that the forest canopy intercepts some portion of the incoming sunlight. 

This can be seen in Figure 9-1, below. The graph shows lux values for all data 

loggers at Site A at 12:00 hours (noon) on 10 August 2011 (a sunny summer day). 
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Figure 9-1 Graph showing illuminance values for data loggers at different sites at 12:00 hours 
(noon) on 10 August 2011 (i.e., during Period G – a sunny day). Cutblock dolines and 
control points are underlined by a light brown colour, while forest dolines and controls 
are underlined by dark green. Edge dolines and controls are underlined in light green. 
Note the higher values for the data loggers in cutblock settings. The one exception is 
A12, a forested doline. This apparent anomaly may be due to A12’s data logger being in 
a sunfleck (which will be discussed in more detail below). 

Table 9-7, below, compares the differences in LAve values between dolines 

and controls in similar settings during snow-free sampling periods.  

Table 9-7 Table comparing LAve values between dolines and controls in similar settings during 
snow-free sampling periods. 

SAMPLI
NG 
PERIOD 

Forest 
Dolines 
LAve 

Forest 
Controls 
LAve 

Forest Dolines LAve (FD) 
vs. Forest Controls LAve  
(FC) 

Cutblock 
Dolines 
LAve 

Cutblock 
Controls 
LAve 

Cutblock Dolines LAve (CD) 
vs. Cutblock Controls LAve  
(CC) 

C 2068.89 2344.38 FC = 1.13FD 23839.10 33370.50 CC = 1.40CD 
D 674.87 872.40 FC = 1.29FD 8188.43 10160.90 CC = 1.24CD 
F 1118.46 1338.50 FC = 1.20FD 10485.00 14704.55 CC = 1.40CD 
G 2182.62 2929.63 FC = 1.34FD 32816.00 47012.80 CC = 1.43CD 

 

The LAve values for controls range between 1.13 and 1.43 times greater than 

those of the dolines in the same general settings. Since the methods used here do not 

permit the measurement of spatial variation among LAve and LMax values within 

dolines, it is not known whether doline self-shading might account for these lower 

LAve values. 



Ramsey, C. Morphometry and Basic Ecological Characteristics of Dolines in Unlogged Temperate 
Rainforest Karst Landscapes of Northern Vancouver Island, British Columbia, Canada. 

Dissertation, University of Nova Gorica, 2014 
Chapter 9 

 

 

 

233 

Neither the LAve nor the LMax values adequately capture the heterogeneity of 

the daily light regimes, especially those of the forested dolines during sunny days. 

The LAve values cannot do so because they are comprised of the averages of multiple 

daily averages (which include periods of darkness) from all data loggers in a given 

setting. The minimum daily values for all data loggers, irrespective of their settings, 

are always 0 during the night or during periods where the data logger is completely 

buried by snow. Since daylight lengths are the same across the study site (albeit with 

some possible minor variations among settings due to shadier conditions under forest 

canopy or in the bottom of a doline), the average values provide a reasonable general 

means of comparing overall sample period light intensity values among settings, or 

even among individual data loggers. However, average values do not provide 

information about duration and timing of varying light intensities. It is possible to 

compare the maximum values recorded by the data loggers over a given sampling 

period, but again such comparisons do not provide any information on the duration 

of those maximum values. For example, the raw data (see Table O.7.1, Appendix O) 

show that over sampling period G (i.e., a 24-hour period commencing at 00:00 hrs. 

on 10 August 2011, with sunny daytime conditions) 10 of the 25 functioning data 

loggers in forested dolines (i.e., A5, A6, A8, A9, A12, A13, A15, A16, A20 and 

A28) recorded maximum illuminance values greater than or equal to the 32,000 lux 

values associated with direct sunlight even though field observations at these sites 

and the lower LAve values suggest they are “shaded.” The likely explanation for this 

is sunflecks. Way & Pearcy (2012, p.1066) define sunflecks as “brief, intermittent 

periods of high photon flux (PFD) that can significantly improve carbon gain in 

shaded forest understories and lower canopies of trees.” Way & Pearcy (2012, p. 

1066) further note that,  

Sunflecks create a continually changing pattern of sun and 
shade patches, both within a tree canopy and on understory forest 
plants. Despite being present in any given location in these 
environments <10% of the time, sunflecks contribute 10-80% of the 
photon flux density (PFD) available for photosynthesis by understory 
plants. 

Chazdon and Pearcy (1991, p. 760) observe that, “sunflecks are a vital 

resource for light-limited understory plants.” The higher illuminance value for 
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forested doline A12 in the graph in Figure 9-1, above, represents a sunfleck, as 

shown in Figure 9-2, below: 

Figure 9-2 Graph showing illuminance values recorded by the data logger at forest doline A12 for a 
24-hour period over August 10, 2011 (i.e., Period G – a sunny day). Note the spike in 
illuminance at noon (indicated by the red arrow), which corresponds in both time of 
occurrence and lux value to the A12 value in the graph for the same time in Figure 9-1, 
above. The likely explanation for this result is that the data logger at A12 was in the path 
of a sunfleck at that time. 

The illuminance graphs in Figure 9-3, below, are from individual data loggers 

in two different settings – a forest doline and a cutblock doline. These graphs show 

how the intensity of light varies in different settings across the 15-minute sampling 

intervals throughout the day.  
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Figure 9-3 Two graphs of illuminance (light regimes) representative of different settings during a 
24-hour sampling period G (10 Aug 2011), where sunny conditions prevailed during the 
daylight hours. The top graph shows illuminance values at 15-minute intervals recorded 
by the data logger in doline A27, which is situated in a forest setting. The lower graph 
shows illuminance values at 15-minute intervals recorded by the data logger in doline 
A37, which is situated in a cutblock setting. Note the “spikiness” of the forest setting 
graph. These spikes represent sunflecks. 

 

Figure 9-5 and Figure 9-5, below, show sunflecks in a forested setting at Site 

A near doline A27, as well as inside doline A27. 
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Figure 9-4 Sunflecks in a Site A forested setting near doline A27. Sunflecks are defined as “brief, 
intermittent periods of high photon flux (PFD) that can significantly improve carbon gain 
in shaded forest understories and lower canopies of trees” (Way & Pearcy, 2012, p. 
1066).  

Figure 9-5 Sunflecks inside doline A27. Sunflecks account for the typically “spiky” appearance of 
light intensity graphs from otherwise shaded forest dolines. 

9.3 SNOW COVER RESULTS 

Raw snow cover data are provided in Appendix P. The results for snow cover 

greater than 1m for all data loggers for Winter 2010/2011 and Winter 2011/2012 are 

presented in Figure 9-6 and Figure 9-7, below. 
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Figure 9-6 Graph showing days of continuous snow cover greater than 1 m for all Site A data 
loggers for Winter 2010/11. 

Figure 9-7 Graph showing days of continuous snow cover greater than 1 m for all Site A data 
loggers for Winter 2011/12. 
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Figure 9-8, below, shows the graphs of the number of days of continuous 

snow cover greater than 1 m for 2010/11 and 2011/12 combined. 

Figure 9-8, below, combines the number of snow cover days into a single 

graph. 

Figure 9-8 Combined graph showing days of continuous snow cover greater than 1 m for all Site A 
data loggers for Winter 2010/11 and Winter 2011/2012. 

Continuous snow cover results for dolines and controls in different settings 

are summarized in Table 9-8, below. 
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Table 9-8 Continuous snow cover summary tables. N = number of data loggers; SnowAve = the 
average number of days data loggers set in the specified setting were covered with 
snow; SnowRange = the range in the number of days data loggers set at 1 meter above 
ground level in the specified setting were covered with snow in the specified setting; 
SnowMax= the maximum number of days data loggers in the specified setting were 
covered by snow; SnowMin = the minimum number of days data loggers in the specified 
setting were covered by snow. Data loggers are all 1 m above ground level. Alpha-
numeric designations of individual dolines where SnowMax and SnowMin values were 
recorded are shown in brackets. 

For Period of 2010 – 2011 
 
SNOW COVER Period N = SnowAve SnowRange SnowMax SnowMin 
All Dolines 2010 to 2011 30 90.7 199 199 (A9) 0 (A2) 
All Controls  9 60.78 147 147 (Ac9) 0 (Ac7, Ac8) 
Forest Dolines  26 88.65 199 199 (A9) 0 (A2) 
Forest Controls  4 51 20 86 (Ac6) 66 (Ac4) 
Cutblock Dolines  3 114.67 108 183 (A38) 75 (A37) 
Cutblock Controls  3 85.67 95 147 (Ac9) 52 (Ac2) 
 
For Period 2011 – 2012 
 
SNOW COVER Period N = SnowAve SnowRange SnowMax SnowMin 
All Dolines 2011 to 2012 31 116.1 161 205 (A38) 44 (A2) 
All Controls  8 64.38 196 196 (Ac9) 0 (Ac7) 
Forest Dolines  23 111.78 115 159 (A13) 44 (A2) 
Forest Controls  5 45.8 16 66 (Ac3) 50 (Ac4) 
Cutblock Dolines  4 178.25 77 205 (A35) 128 (A34) 
Cutblock Controls  2 134.5 123 196 (Ac9) 73 (Ac2) 
 

9.3.1 Continuous snow cover – dolines vs. controls 

The mean number of days of continuous snow cover greater than 1 m for all 

dolines, irrespective of settings, was 90.7 in 2010/2011 and 116.1 in 2011/2012. By 

comparison, the mean number of days of snow cover with depths greater than 1 m 

for controls in all settings was 60.78 in 2010/2011 and 64.38 in 2011/2012. These 

data suggest that periods of continuous snow cover are longer for dolines than for 

control points located away from dolines. This may not necessarily be a special 

attribute of dolines per se, but rather a characteristic of any hollow (or topographic 

low point). For example, the data logger associated with control point Ac9, which 

was located in a south-facing trough-like topographic low point in a cutblock, 

recorded some of the longest snow cover days of any data logger at the site. 

Snow cover exceeded 1 m in depth at the forest controls for an average of 51 

days in 2010/2011 and 45.8 days in 2011/2012. The cutblock controls had 

continuous snow cover in excess of 1 m for an average of 85.67 days in 2010/2011 

and 134.5 days in 2011/2012. The results from the single control data logger at the 

edge setting (Ac8) indicate that snow cover did not exceed 1 m at that point during 

2010/2011 and that snow cover greater than 1 m was present for 17 days in 
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2011/2012. For Site A, at least, significantly longer averaged periods of continuous 

snow cover were recorded in the cutblock controls compared to the forest controls – 

about 35 days longer in 2010/2011, and about 89 days in 2011/2012.  

9.3.2 Snow cover in forest dolines vs. cutblock dolines 

The mean number of days of continuous snow cover greater than 1 m in the 

bottom of forest dolines of all sizes was 88.65 in 2010/2011 and 111.78 in 

2011/2012. For cutblock dolines, the mean number of days of snow cover exceeding 

1 m was 114.67 (for 2010/2011) and 178.25 (for 2011/2012).  

Only one doline in an edge setting had a data logger installed during 

2010/2011; results show that snow cover in the bottom of that doline (A29) exceeded 

1 m for 72 days. Three more dolines in edge settings received data loggers in 2011. 

The mean numbers of days for snow cover greater than 1 m in the bottoms of the 

“edge” dolines in 2011/2012 was 62.  

9.4 TEMPERATURE RESULTS 

Raw temperature data from the different sampling periods are provided in 

Appendix Q. The composite average temperature (TAve) data from different settings 

and sampling periods is summarized in Table 9-9, below. All temperature data are 

presented in °C. 
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Table 9-9 Composite average temperature summaries for different settings and sampling periods 
See caption on figure, plus accompanying “key”, where N = number of data loggers; TAve 
= the average temperatures (°C ) for data loggers in the specified setting for the specified 
period of time; TRange = the average temperature range (°C) for data loggers in the 
specified setting for the specified period of time; TMax= the average maximum 
temperature (°C) for data loggers in the specified setting for the specified period of time; 
TMin = the average minimum temperature (°C) for data loggers in the specified setting for 
the specified period of time. Data loggers are all 1 m above ground level. 

Period A = From midnight on 07 Nov 2010 to midnight 07 Dec 2010. 
 

SETTING Period N = TAve TRange TMax TMin 
Forest Dolines A 26 -1.17 21.2 6.64 -14.55 
Forest Controls A 5 -1.25 21.63 6.86 -14.78 
Cutblock Dolines A 3 -1.54 27.3 10.81 -16.49 
Cutblock Controls A 2 -0.72 33.53 16.76 -16.77 
 
Period B = From midnight on 07 Dec 2010 to midnight 06 Jan 2011. 
 

SETTING Period N = TAve TRange TMax TMin 
Forest Dolines B 27 -1.25 12.64 3.38 -9.26 
Forest Controls B 5 -1.22 13.44 4.02 -9.42 
Cutblock Dolines B 2 -0.13 9.75 3.31 -6.45 
Cutblock Controls B 2 -0.39 21.53 13.22 -8.32 
 
Period C = From midnight on 28 July 2011 to midnight 27 Aug 2011. 
 
SETTING Period N = TAve TRange TMax TMin 
Forest Dolines C 21 10.51 16.23 20.94 4.71 
Forest Controls C 4 10.83 16.53 21.28 4.75 
Cutblock Dolines C 3 13.11 35.88 36.51 0.64 
Cutblock Controls C 2 13.64 34.06 35.39 1.33 
 
Period D = From midnight on 01 Oct 2011 to midnight 31 Oct 2011. 
 

SETTING Period N = TAve TRange TMax TMin 
Forest Dolines D 23 3.77 9.89 8.73 -1.15 
Forest Controls D 5 3.73 11.05 9.69 -1.37 
Cutblock Dolines D 3 3.95 25.65 20.93 -4.72 
Cutblock Controls D 1 4.72 27.42 22.05 -5.37 
 
Period E = From midnight on 01 June 2012 to midnight 01 July 2012. 
 

SETTING Period N = TAve TRange TMax TMin 
Forest Dolines E 25 3.33 9.40 9.60 0.23 
Forest Controls E 4 6.03 16.94 17.22 0.29 
Cutblock Dolines E 2 5.52 34.97 33.95 -1.01 
Cutblock Controls E 1 8.87 32.5 31.27 -1.23 
 
Period F = From midnight on 28 July 2011 to midnight 29 July 2011 (Cloudy). 
 
SETTING Period N = TAve TRange TMax TMin 
Forest Dolines F 25 10.11 2.96 11.55 8.59 
Forest Controls F 4 10.59 3.16 12.04 8.88 
Cutblock Dolines F 3 11.37 11.51 17.09 5.59 
Cutblock Controls F 2 11.60 11.35 17.67 6.32 
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Period G = From midnight on 10 Aug 2011 to midnight on 11 Aug 2011 (Sunny). 
 
SETTING Period N = TAve TRange TMax TMin 
Forest Dolines G 25 9.87 10.28 16.65 6.40 
Forest Controls G 4 10.31 12.87 19.14 6.27 
Cutblock Dolines G 3 13.46 29.41 32.57 5.59 
Cutblock Controls G 2 13.78 26.49 29.91 6.32 
 

9.4.1 Average temperatures (TAve) – results  

The highest TAve values for all sample periods were recorded in cutblock 

settings – either in dolines or at controls. Cutblock setting data loggers were always 

associated with the highest TAve values in any given sampling period. The two 

overall highest TAve values – 13.78 °C and 13.64 °C – were obtained from cutblock 

controls during Period G and Period C, respectively. The two lowest TAve values 

during the sample sampling periods were associated with forest dolines – 9.87 °C 

(for Period G) and 10.51 °C (for Period C). 

Table 9-10, below, compares the differences in TAve values between dolines 

and controls in different settings during the snow-free sampling periods.  

Table 9-10 Table comparing composite differences in TAve values between dolines and controls in 
different settings during the snow-free sampling periods. 

Sampli
ng 

period 

Forest 
Dolines 
TAve (°C) 

Cutblock 
Dolines TAve 

(°C) 

Cutblock Dolines TAve 
(CD) vs. Forest Dolines 

TAve (FD) 

Forest 
Controls 
TAve (°C) 

Cutblock 
Controls 
TAve (°C) 

Cutblock Controls TAve 
(CC) vs. Forest Controls 

TAve  (FC) 
C 10.51 13.11 CD = FD +2.6°C 10.83 13.64 CC = FC +2.81°C 
D 3.77 3.95 CD= FD +0.18°C 3.73 4.72 CC = FC + 0.99°C 
F 10.11 11.37 CD = FD +1.26°C 10.59 11.60 CC = FC+1.01°C 
G 9.87 13.46 CD = FD +3.59°C 10.31 13.78 CC = FC 3.47°C 

 

The differences between the forest doline and cutblock doline TAve values 

range between 0.18 and 3.59 °C during the snow-free sampling periods. These 

differences are less pronounced over Periods D and F. Period F was selected as a 

cloudy day, and Period D spanned the month of October 2011 – a period when 

weather is typically becoming cooler and cloudier. A similar pattern is seen between 

the cutblock and forest control TAve values. These ranged from 0.99°C in sampling 

Period D to 3.47°C over Period G. As with the TAve differences between forest 

dolines and cutblock dolines, the differences between forest and cutblock controls 

were least pronounced during cloudier weather.  

Table 9-11, below, compares the differences in TAve values between dolines 

and controls in the same settings during the snow-free sampling periods.  
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Table 9-11 Table comparing TAve values between dolines and controls in the same settings during 
the snow-free sampling periods. 

Sampli
ng 

period 

Forest 
Dolines 
TAve (°C) 

Forest 
Controls 
TAve (°C) 

Forest Controls TAve 
(FC) vs. Forest Dolines 

TAve (FC) 

Cutblock 
Dolines TAve 

(°C) 

Cutblock 
Controls 
TAve (°C) 

Cutblock Controls TAve 
(CC) vs. Cutblock Dolines 

TAve  (CD) 
C 10.51 10.83 FC = FD +0.32°C 13.11 13.64 CC = CD +0.53°C 
D 3.77 3.73 FC= FD -0.04°C 3.95 4.72 CC = CD +0.77°C 
F 10.11 10.59 FC = FD +0.48°C 11.37 11.60 CC = CD +0.23°C 
G 9.87 10.31 FC= FD +0.44°C 13.46 13.78 CC = CD +0.32°C 

 

The differences between TAve values at forest controls and forest dolines 

range between 0.04 and 0.48 °C for the snow-free sampling periods. In Period D 

only, the TAve value of the forest dolines exceeded that of the forest controls, but only 

by 0.04 °C. The differences between the TAve values of cutblock dolines vs. cutblock 

controls ranged between 0.23 and 0.77 °C for the snow-free sampling periods. For 

these sampling periods, the TAve values for cutblock controls were always higher 

than those of the cutblock dolines, but never by more than 0.77 °C. 

With the exception of sampling Period A, the lowest TAve values for each 

sampling period were recorded by data loggers in forested settings. With respect to 

Period A, the illuminance graphs for the sampling period suggest that the cutblock 

dolines (which had the lowest TAve values for this sampling period) were 

accumulating snow cover approaching 1 m in depth. Doline A38 was almost 

completely covered from 30 November 2010 to the end of the sampling period (7 

December 2010), while A34 and A38 show decreased light levels for the same 

period suggesting they were partially covered. This pattern is not evident among the 

graphs for the controls or most of the forested dolines (though some do show 

decreasing light levels). Hence the association of the lowest average temperature 

(TAve) values with cutblock dolines in Period A (in contrast with the pattern seen in 

the other sampling periods) is most likely due to snow cover. 

Leaving aside the Period A results, the likely explanation for the pattern of 

higher monthly TAve values in cutblocks (either in the dolines or at the two control 

sites) is that these data loggers received more light (i.e., sunlight was not intercepted 

by forest canopy). It is important to recall that the data loggers did not have solar 

shielding and that they are inside a small plastic casing. This casing protects them 

from the elements, but the temperatures they record are the temperatures inside the 

plastic casing, which are not necessarily the same as ambient air temperature, 

especially in bright sunshine.  
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The potential greenhouse effect of the data logger casings likely does skew 

the TAve results somewhat for periods when the data loggers are in sunshine. It seems 

reasonable to expect that the longer the period the data logger is in sunshine, the 

greater the amount of skewing. Nevertheless, there is not a huge difference between 

the TAve values between forest and cutblock settings, even though the cutblock 

settings received more sunlight than the forested settings. The largest differences, 

however, were detected during sunnier sampling periods. Consider, for example, the 

differences between the second highest and second lowest TAve values for the snow-

free sampling periods summarized in Table 9-12, below. 

Table 9-12 Table comparing differences between second highest and second lowest TAve values for 
forest and cutblock settings for selected sampling periods.  

 Period C* (28 July to 
27 Aug 2011)  

Period D* (01 Oct to 
31 Oct 2011) 

Period F* (28 July to 
29 July 2011 (Cloudy)  

Period G* (10 Aug to 
11 Aug 2011) (Sunny)  

Forest Dolines  L 3.77 °C L L 
Forest Controls 10.83 °C L 10.59 °C 10.31 °C 
Cutblock Dolines 13.11 °C 3.95 °C 11.37 °C 13.46 °C 
Cutblock Controls H H H H 
Difference 2.28 °C 0.18 °C 0.78  °C 3.15 °C 

 

One way to minimize the effects of sunshine on the data logger temperatures 

is to identify cloudy days, as was done in sampling Period F. For this 24-hour period, 

the difference between the maximum (cutblock controls) and minimum (forest 

dolines) TAve values is only 1.49 °C, as compared to 3.91 °C for Period G (a sunny 

day). 

Another way to evaluate the differences among settings without the potential 

skewing effects of sunshine on the unshielded data loggers is to consider only 

nighttime temperatures (i.e., after the sun has gone down and before it rises). Figure 

9-9 and Figure 9-10, below, both show temperature graphs from sampling Period C 

(28 July - 27 August of 2011). The top graph, Figure 9-9, shows average monthly 

daytime temperatures from 10:00 to 16:00 for each data logger at the site. The 

bottom graph (Figure 9-10) shows the average monthly nighttime temperatures (from 

22:00 to 04:00). During daytime, the data loggers at cutblock and edge settings show 

noticeably higher average temperatures (approximately 5 - 7 °C higher) than those of 

the forested settings, but the nighttime values are only between one and two degrees 

lower in the cutblock settings than in the forested settings. The main difference in 
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average nighttime temperatures appears to be due to the presence or absence of forest 

canopy rather than whether or not the data logger is situated in a doline. 

Figure 9-9 Average monthly daytime temperatures from Period C (28 July - 27 August of 2011). For 
this graph, sampling periods were from 10:00 to 16:00 hours. The average monthly 
daytime temperatures in the cutblock settings are about 5 - 7 °C higher than those in the 
forested settings during the daytime. 

Figure 9-10 Average monthly nighttime temperatures from 22:00 to 04:00 during Period C (28 July - 
27 August of 2011). The average monthly nighttime temperatures are lower than those in 
the forested settings, but the difference between forest and cutblock settings is only 
about 1 - 2 °C. 
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9.4.2 Temperature range (TRange) – results  

The previous section dealt with composite average temperatures among 

settings. In this section, composite average temperature ranges among settings are 

considered. Trange is used to denote the composite average temperature ranges for 

data loggers in a specified setting (e.g., forest, edge or cutblock) for a specified 

sampling period (e.g., Period A, Period B, Period C, etc.) 

The highest Trange values for snow-free sampling periods were always 

associated with cutblock settings, while the lowest Trange values were from the forest 

settings (also during snow-free sampling periods). The cutblock Trange values (from 

either cutblock dolines or cutblock controls) during snow-free sampling periods 

ranged between a high of 35.88 °C during Period C to a low of 11.35 °C in Period F. 

By contrast, forest setting Trange values (from either dolines or controls) during snow-

free settings ranged from a high of 16.53 °C in Period C to a low of 2.96 °C in Period 

F. 

Table 9-13, below, compares the differences in Trange values between dolines 

in different settings and controls in different settings during the snow-free sampling 

periods.  

Table 9-13 Table comparing differences in Trange values between dolines in different settings and 
controls in different settings during snow-free sampling periods. 

SAMPL
ING 

PERIOD 

Forest 
Dolines 
Trange 

(°C) 

Cutblock 
Dolines 
Trange 

(°C) 

Cutblock Dolines Trange 
(CD) vs. Forest Dolines 

Trange (FD) 

Forest 
Controls 
Trange 

(°C) 

Cutblock 
Controls 

Trange (°C) 

Cutblock Controls 
Trange (CC) vs. Forest 
Controls Trange (FC) 

C 16.23 35.88 CD = FD +19.65°C 16.53 34.06 CC = FC +17.53°C 
D 9.89 25.65 CD= FD +15.76°C 11.05 27.42 CC = FC +16.37 °C 
F 2.96 11.51 CD = FD +8.55°C 3.16 11.35 CC = FC+8.19°C 
G 10.28 29.41 CD = FD +19.13°C 12.87 26.49 CC = FC +13.62°C 

 

The differences in Trange values between forest and cutblock dolines over 

snow-free sampling periods varies from 8.55 °C (in Period F) to 19.65 ° (in Period 

C). In all four snow-free sampling periods, cutblock dolines had higher Trange values 

than forest dolines (in fact, it was true for all sampling periods, except for Period B). 

Similarly, the cutblock control data loggers always yielded higher Trange values than 

the forest controls for all sampling periods, irrespective of whether snow cover was 

present. For the snow-free sampling periods, the greatest difference between 

cutblock controls and forest controls was 17.53 °C in Period C, and the least 

difference was 8.18 °C (during sampling Period F).  
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Table 9-14, below, compares the differences in Trange values between dolines 

and controls in the same settings during the snow-free sampling periods.  

Table 9-14 Table comparing differences in Trange values between dolines and controls in the same 
settings during the snow-free sampling periods. 

Sampl
ing 

period 

Forest 
Dolines 
Trange 

(°C) 

Forest 
Controls 
Trange 

(°C) 

Forest Controls Trange 
(FC) vs. Forest Dolines 

Trange (FC) 

Cutblock 
Dolines 

Trange (°C) 

Cutblock 
Controls 

Trange (°C) 

Cutblock Controls Trange 
(CC) vs. Cutblock Dolines 

Trange (CD) 

C 16.23 16.53 FC = FD +0.3°C 35.88 34.06 CC = CD -1.82°C 
D 9.89 11.05 FC= FD+1.16 °C 25.65 27.42 CC = CD +1.77°C 
F 2.96 3.16 FC = FD +0.2°C 11.51 11.35 CC = CD -0.16°C 
G 10.28 12.87 FC= FD +2.59°C 29.41 26.49 CC = CD -2.92°C 

 

Forest controls always had slightly higher TRange values than forest dolines 

during the snow-free sampling periods – from 2.59 °C in Period G to 0.2 °C in 

Period F. The greatest differences in TRange values between forested dolines and 

forest controls was 7.54 °C during Period E – a result that is almost certainly due to 

the lingering snow cover in the forest dolines.  

Cutblock dolines had slightly higher TRange values than the cutblock controls 

during Periods C, F and G (the highest being 2.92 °C in Period G, and the lowest 

being 0.16 °C in Period F).  During Period D, the cutblock controls TRange value was 

higher than that of the cutblock dolines by 1.77 °C. The highest difference in TRange 

values between cutblock dolines and cutblock controls for any sampling period was 

11.78 °C (during Period B). Again, this extreme difference is almost certainly due to 

snow cover in the cutblock dolines.  

Snow cover, or the presence of snow, can affect TRange values and tends to 

supress them. As noted above, the 7.54 °C difference for between TRange values for 

forest dolines and forest controls during Period E (01 June to 01 July 2012) is likely 

due to the persistence of snow cover in the forest dolines compared to the forest 

controls. The light data from the forest control data loggers show that all but Ac6 

were uncovered prior to the start of the sampling period (Ac6 was uncovered by 04 

June 2012). By contrast, 12 out of 25 of the forest doline data loggers were snow-

covered for at least the first half of sample Period E, while 9 others were covered for 

2 - 5 days for the first part of the sample period. Even after the forest doline data 

loggers were free of snow cover, it is likely that the remaining snow in the doline 

bottoms continued to influence the temperatures for some time during Period E. The 

largest difference in TRange values between forest doline and forest control settings 
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for the periods known to be snow-free is 2.59 °C for Period G (a 24-hour period 

covering a single sunny day in August 2011).  

If only monthly average TRange values for the sample periods are considered, 

then the differences among TRange values for forest dolines and forest controls in 

snow-cover free 30-day sampling periods are equal to or less than 1.16 degrees. The 

results suggest only minor differences between temperatures at forest control sites 

and in forested dolines in general. With the exception of Period B (07 December 

2010 to 06 January 2011), the data show that TRange values are lowest for forested 

dolines, and second lowest for forest controls. These results seem to support 

observations by Chen et. al (1993) that daily differences in all microclimatic 

variables (including temperature) are lower in interior forests.  The results here show 

that forest cover is generally a more important factor in limiting TRange than whether 

or not the data logger is situated in a doline – or at least, Site A dolines.  

As noted above, the one exception to the pattern of the lowest sampled TRange 

values occurring in forested dolines occurred in Period B (i.e., from midnight on 07 

Dec 2010 to midnight 06 Jan 2011). In contrast to the pattern described above, in 

Period B, the lowest TRange values occurred in cutblock dolines and the highest TRange 

values at the two cutblock controls. Again, based on visual inspection of the 

light/temperature graphs from the individual dolines, snow cover in the cutblock 

dolines is the most likely explanation.  
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Chapter 10: Synthesis - an “Average Doline”? 

10.1 AN “AVERAGE DOLINE” BASED ON DATA FROM 
SITES A, B AND C 

In this chapter, the different types of data collected from dolines at Sites A, B 

and C are synthesized to produce a digital model of an “average doline.”1 

Why should average dolines be of interest? One reason is that the 

management of average dolines (as opposed to the management of a few exceptional 

dolines) provides a better measure of a jurisdiction’s effectiveness at managing karst 

systems as a whole. Assessing BC’s overall performance at managing karst requires 

the ability to identify average dolines. 

A second reason average dolines are important is that in BC’s current 

management approach, the level of management consideration an individual surface 

karst feature (such as a doline) receives is based partly on relative significance 

ratings for that feature. BC’s best practice guidelines recommend high levels of 

protection for exceptional dolines (see British Columbia Ministry of Forests, 2003; 

see also Appendix B). Yet, the relative significance of a doline is difficult to assess if 

the attributes of average dolines are not known. 

Clearly, BC’s current significance-based karst management guidelines for 

dolines cannot work without some understanding of the attributes of average dolines.  

What might an average doline in Northern Vancouver Island’s unlogged 

temperate rainforest karst look like? The digital model of an “average doline” in this 

chapter is based on the composite average size, shape, and ecological characteristic 

data of dolines at Sites A, B and C. Light and temperature regimes are inferred from 

data gathered at Site A. Though preliminary, this digital model provides a first 

approximation of average dolines in unlogged settings in Northern Vancouver Island 

coastal temperate rainforest.  

                                                
1 Note: the quotation marks (“ ”) around the term “average doline” in this thesis are intended to 
signify the hypothetical digital doline based on the composite averages of different data sets. In other 
words the “average doline” refers to particular synthetic digital construct based on statistically-
averaged data from dolines at Sites A, B and C only. 
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10.1.1 Size and shape of the “average doline” 

The composite average morphometric parameter values from dolines at Sites 

A, B and C serve as the morphometric parameters for the digital model of the 

“average doline.” These values are provided in Table 10-1, below.  

Table 10-1 Table summarizing composite average morphometric parameter values from measured 
dolines at Sites A, B and C. The parameters include: doline maximum diameter (DMAX), 
minor diameter (DMNR), average diameter (DAVE), maximum depression depth (HMAX), 
closed depression depth (HDOL), average depression depth (HAVE), planimetric area 
(ADOL), diameter/height (D/H) ratio and the associated D/H ratio value descriptor. 

“AVERAGE DOLINE” 
MORPHOMETRY DMAX DMNR DAVE HMAX HDOL HAVE ADOL D/H D/H 

Descriptor 
“Average doline” (based 
on composite data from 
Sites A, B, and C) 

16.36 12.56 14.53 6 2 4.17 175 3.66 Bowl 

 

Based on field observations and the composite average diameter/height (D/H) 

ratio values, most of the study site dolines were roughly bowl-shaped. Most (if not 

all) lacked the vertical or sub-vertical walls and the rocky debris deposits typically 

associated with collapse dolines (though it is possible that these are present but 

masked by regolith). Solution, as opposed to collapse, subsidence or suffosion, 

appeared to be the most common driver of doline development. For this reason, the 

digital “average doline” is reconstructed as a solution doline.  

The majority of dolines at study sites A, B and C lacked atmospheric 

openings or cave entrances and did not receive sinking surface streams or act as 

swallets, so these features and attributes are omitted from the model of the synthetic 

“average doline.”  

10.1.2 Standing tree, downed wood, canopy closure, soil depth, and surface 
cover material characteristics of the “average doline” 

Based on composite average values from the study site dolines, the digital 

“average doline” has a planimetric area (ADOL) of 175 m2. In Chapter 8, we saw 

that the number of standing tree stems with breast height diameters (DBH) greater 

than 10 cm in a doline tended to vary directly with the ADOL values of the study site 

dolines. Based on the graph shown in Figure 8-1, it was estimated that an “average 

doline” with an ADOL of 175 m2 should have 10 - 11 standing trees (each with a 

DBH > 10 cm) inside the doline’s rim.  
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Based on the study site data, about 10.3% of the “average doline’s” 

planimetric area (ADOL) should be covered by downed wood, comprised of 7 - 8 

measurable pieces with diameters greater than 10 cm and at least 1 m long, or pieces 

of shorter wood with diameters exceeding 20 cm. These pieces of downed wood 

should comprise a variety of decay classes, and be aligned in a variety of different 

orientations.  

Data collected from the study site dolines suggest that the prevalence of 

different presumed causes of downed wood might vary from site to site. For 

example, bole-snap was more common than rotational windthrow at Site C, and at 

Site A forest dolines and forest control sites. At Site B, rotational windthrow was 

more common among dolines and controls in all settings. Site A edge dolines were 

similar to Site B edge dolines in terms of their percentages of bole snapping, 

rotational windthrow, and indeterminate categories. Therefore, the prevalence of 

pieces of downed wood in the ‘bole snapping’, ‘rotational windthrow’, and 

‘indeterminate’ presumed cause categories might vary in an “average doline” model, 

depending on its location, assuming the doline is in an unlogged setting. In such 

settings, downed wood with saw cuts should be rare or completely absent. 

Table 10-2, below, shows the soil depths-to-refusal of the composite “average 

doline”.  

Table 10-2 Table showing soil depths-to-refusal for the composite “average doline.” 

“AVERAGE 
DOLINE” SOIL 
DEPTHS 

Depth to refusal (cm) 

 DF N E S W 
  Side Rim Side Rim Side Rim Side Rim 
Composite 
“average doline”  74 50 47 51 43 47 41 51 44 

 

Based on study site data, the digital “average doline” mantled with glacial till. 

Among the study site dolines, regolith depth was variable. The composite average 

depths-to-refusal for the cardinal points on the study site doline rims ranged between 

41 and 47 cm. Composite average depths-to-refusal for the cardinal points on the 

sideslopes ranged between 47 and 51 cm. The deepest depths-to-refusal (74 cm) in 

the “average doline” are assumed to be at the drainage focus (DF). Observations at 

the study site dolines show that while the soil at the rims and sides felt distinctly 
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gritty when probed with a steel rod, the soil at the DF typically had a greasy 

“organic” feel.  

Based on composite data from the three study sites, the most abundant 

surface cover material category in all four quadrants of the “average doline” model is 

“moss”. The three most prevalent ground covers in unlogged forest dolines at the 

study sites were moss, organic matter, and downed wood. It should be noted that the 

relative abundances of different categories of surface cover materials varied among 

sites, among settings within sites, and among quadrants within individual dolines. 

For example, organic matter was the second most common surface cover material for 

forest dolines when the data from the three study sites were combined, but was 

actually the most common surface cover material for Site B forest dolines. For this 

reason, as with presumed causes for downed wood, the surface cover materials in a 

digital model of an “average doline” might vary depending on the site-specific 

location it is intended to represent.  

10.1.3 Temperature, light and snow cover characteristics of the “average” 
doline” 

The composite average temperatures for Site A forest dolines over the seven 

sampling periods2 are provided in Table 10-3, below.  

Table 10-3 Composite average temperatures for Site A forest dolines over different sampling 
periods (°C). 

“AVERAGE DOLINE” TEMPERATURES Sampling periods 
 A B C D E F G 
Composite average temperature over sampling 
period – Site A Forest Dolines only 1.2 °C 1.3 °C 10.5 °C 3.8 °C 2.3 °C 10.1 °C 9.9 °C 

 

As noted in the previous chapter, most of the data logger records from forest 

dolines did not show consistent and significant differences in temperatures from 

those of the forest controls that might indicate strong temperature inversions or 

unusual plant associations. Instead, the temperature regimes of most forest dolines 

closely resembled that of the surrounding forest. 

Table 10-4, below, shows the composite average number of days of snow 

cover greater than 1 m for the Site A forest dolines.  

                                                
2 The seven sampling periods are defined in the previous chapter (see Table 9-3). 
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Table 10-4 Table showing composite average number of days of snow cover greater than 1 m with 
data logger records from Site A. 

“AVERAGE DOLINE” SNOW COVER DAYS Winter 2010 - 2011 Winter 2011 - 2012 
Composite Average – Site A Forest Dolines only 88.7 111.8 

 

Snow cover greater than 1 m for periods of up to ~ 3 - 3.5 months is a 

potentially important ecological/hydrological characteristic, at least at Site A (recall 

that no data were collected systematically at lower elevation Sites B and C). The 

length of time snow-cover greater than 1 m might be present in the “average doline” 

likely depends in part on the elevation of the site. Observations at Site A and 

elsewhere suggest that snow cover persists in forest doline drainage foci (DF) for 

some weeks after the snow in the surrounding forest has disappeared. 

Table 10-5, below, shows the composite average illuminance values for forest 

dolines at Site A.  

Table 10-5 Table showing composite average light intensity values (Lux) for Site A forest dolines 
over the different sampling periods (defined in Table 9-3). 

“AVERAGE DOLINE” LIGHT INTENSITY Sampling periods 
 A B C D E F G 
Composite Average – Site A Forest Dolines only 313 337 2068.9 674.86 682.6 1118.5 2182.6 
 
 

Based on illuminance graphs for sunny days, the “average doline” light 

regime is one of dappled light and shade, with sunflecks providing brief but intense 

periods of insolation to the forest floor.  

10.2 A DIGITAL MODEL OF AN “AVERAGE DOLINE” 

The following renderings of the “average doline” are based on the composite 

field data from Sites A, B and C discussed above. As each successive layer of data is 

applied to the model, the digital model of the “average doline” in an unlogged setting 

becomes more complete. 

The first rendering (see Figure 10-1, below) shows how the “average doline” 

might appear with all vegetation and regolith stripped away. The size and shape are 

based on the morphometric parameter values in Table 10-1, minus soil depths. 
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Figure 10-1 An interpretation of how the “average doline” might appear if it were stripped of its 
vegetation and soil. It is presumed to be a solution doline, though this cannot be known 
with certainty due to the presence of surficial cover. A human figure is provided for 
scale. 

Figure 10-2, below, shows a bare-ground model of the synthetic “average 

doline” based on the data collected in this study. All of the dolines studied were at 

least partly covered by soil/glacial till, but depths of coverage appeared to be 

shallower on the sides and rims, and deeper in the drainage foci. 

Figure 10-2 Image showing the synthetic “average doline” covered with soil/regolith. A standard-
sized human is provided for scale. The feature is mostly covered with soil. Its average 
diameter (DAVE) is 14.5 m and its average depth (HAVE) is 4.2 m. The average doline is 
generally “bowl-shaped” with a diameter/height (D/H) ratio value of 3.7. The feature is not 
associated with an atmospheric opening, cave entrance, or surface hydrological activity. 

A number of different general categories of surface cover materials were observed in 

forest dolines. The most prevalent of these among the forest dolines at the study sites 
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was “moss”. This surface cover material is applied to the model of the “average 

doline” in Figure 10-3, below. 

Figure 10-3 The “average doline” with surface cover materials added. “Moss” was the overall most 
prevalent surface cover material category for dolines in unlogged forest settings. A 
human figure is added for scale. 

The final step in modeling an “average doline” in an unlogged forest setting 

is to add standing trees and downed wood (see Figure 10-4, below). In this case, 10 

to 11 trees with breast height diameters greater than 10 cm are placed inside the 

doline rim, but more trees are added outside the rim to give some idea of a forested 

setting. Recall that the living trees are a source of organic matter, including downed 

wood. They also mediate the temperature, light and hydrological regimes in the 

doline. At least one example of a bole-snapped tree stem (a likely source for a least 

some of the downed wood in the doline) can be seen on the right-hand side of the 

model. Because the model is based on ecological characteristic data from study site 

dolines in forest settings, saw cuts are absent on the pieces of downed wood and 

stumps.  
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Figure 10-4 The picture of the “average doline” in unlogged forest settings is completed with the 
addition of standing trees and downed wood. This model differs from the study site 
dolines in unlogged settings in one important respect: the light regime. Data from the 
Site A forest dolines showed a regime characterized mostly by shade punctuated by 
sunflecks. The light regime shown in the model above more closely resembles an edge-
type setting or a doline that was clearcut up to its rim. This discrepancy is due to the 
need to show the doline as a cutaway model so that the forest canopy does not impede 
viewing. The actual forest dolines at the study sites were typically much shadier (some 
good examples of actual conditions are shown in Figure 9-4 and Figure 9-5 in the 
previous chapter). 

Bisected, the “average doline” probably looks something like the image in 

Figure 10-5, below. 

Figure 10-5 Vegetated cutaway model of the “average doline” in an unlogged setting in BC’s 
temperate rainforest karst, based on the results of this study. A human figure is 
provided for scale. 

Note the deeper soil cover in the doline bottom or “drainage focus” (DF) in 

the bisected model doline. The soil cover is slightly shaded to reflect the shallower, 
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grittier soil on the rim and sideslopes, as well as the deeper, “greasier” feeling soil at 

the DF.  

10.2.1 Limitations 

It would be premature to conclude that “average doline” is somehow a “type 

doline” for Northern Vancouver Island. At present, there is no basis for assuming 

that any aspect of the “average doline” is generalizable to any other sites on 

Vancouver Island, let alone coastal BC. Though an attempt was made to gauge the 

representativeness of the morphometry of the dolines at Sites A, B and C using the 

Tahsish, Holberg, and Rumble Ridge inventory data, the use of such inventory data 

is not without potential problems (these problems were discussed in Chapter 7). It is 

currently not known how representative the study site dolines are of unlogged forest 

dolines elsewhere on Northern Vancouver Island.  

It cannot even be safely assumed that most average dolines are located in 

unlogged old growth forest settings. The current extent to which the karst in coastal 

BC has been logged is unknown. It is possible that any doline situated in unlogged 

coast temperate karst on Northern Vancouver Island is exceptional or significant 

simply by virtue of being situated in karst in a pristine natural setting.  

For these reasons, the “average doline” model presented in this chapter must 

be regarded as a preliminary model. Its representativeness must be validated by 

future research. 



 258 

Chapter 11: Discussion 

11.1 MORPHOMETRY OF THE STUDY SITE DOLINES 

11.1.1 Testing the thesis hypothesis – differences in the sizes and shapes of 
study site dolines 

This thesis tested the following hypothesis: 

There are measurable differences in the sizes and shapes 
among dolines on Northern Vancouver Island’s temperate rainforest 
karst.  

Measurable differences in the sizes and shapes of dolines at study sites A, B 

and C can be adequately demonstrated here using only two morphometric 

parameters: average diameter (DAVE) and diameter/height ratio (D/H). 

At Site A, the minimum and maximum DAVE values were 6.81 m (doline 

A30) and 38.75 m (doline A9). Minimum and maximum DAVE values for Site B 

dolines were 4.05 m (doline B10) and 27.15 (doline B6). At Site C, the minimum 

DAVE value was 6.64 m (doline C5) while the maximum DAVE value was 24.51 m 

(doline C1).  

The dolines at study sites A, B and C also had measurable differences in 

shape. Site A dolines had D/H values ranging between 2.67 (“bowl-shaped”) and 

5.92 (“plate-shaped”). For Site B, the D/H values ranged between 1.8 (“funnel-

shaped”) and 7.77 (“plate-shaped”). D/H values at Site C ranged from a minimum of 

2.32 (“bowl-shaped”) to a maximum of 6.94 (“plate-shaped”).  

These data support the hypothesis that there are measurable differences in 

sizes and shapes among dolines in Northern Vancouver Island’s temperate rainforest 

karst. While this outcome is not surprising, the results of the research begin to 

provide some insights into the basic dimensional characteristics of at least some 

dolines in a region with little previous karst research. 

11.1.2 Similarities among study site and inventory dolines 

The thesis hypothesis emphasizes morphometric differences among dolines at 

three different temperate rainforest karst sites on Northern Vancouver Island. 

However, the similarities among the data sets are also worth considering. For 

example, most (but not all) of the dolines at study sites A, B and C had average 
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diameters (DAVE values) of less than 20 m. Most (but not all) had average depths of 

less than 5 m. Most (but not all) of the study site dolines had diameter/height ratio 

values corresponding to the “bowl-shaped” category.  

It cannot be known at present how representative the study site dolines are of 

other populations of dolines on Northern Vancouver Island. In this thesis, an attempt 

was made to gauge this by using the estimated dimensions of dolines reported in 

three karst inventories (i.e., see Chapter 7). It was found that the size ranges 

represented by the study site dolines broadly resemble those of the Tahsish, Holberg, 

and Rumble Ridge data. None of the dolines in the study site and inventory data sets 

had an average diameter (DAVE value) greater than 40 m. While the DAVE values 

of the all of study site and inventory dolines fell within the 0 - 40 m range, the 

distributions of dolines in different size classes within that range varied somewhat 

among the different inventory and study sites within that range.  

11.1.3 The study site doline dimensions in regional contexts 

With a DAVE value of 38.75 m, and an average depth (HAVE) of 10.55 m, 

A9 was the largest doline recorded at any of the thesis study sites. The largest dolines 

recorded in the inventory data sets are Holberg area dolines 8-P6 and 9-P7 (each with 

a DAVE value of 40 m). How do these dolines compare in size to some of the largest 

dolines known in coastal BC, or even on Vancouver Island?  

The “Great Depression” or “Magnum Sink,” located on Haida Gwaii, 

measures about 750 m long by 450 m wide by 150 m deep (see Figure 11-1, below). 

The dimensions of this doline approach those reported for “large” dolines on the 

international scale. However, dolines in this size range appear to be uncommon in 

coastal British Columbia. The Great Depression may be unique in this region.  
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Figure 11-1 Haida Gwaii’s “Great Depression” is perhaps the largest known doline on Canada’s west 
coast.  

The Devil’s Bath is one of the larger known dolines in the Coastal Western 

Hemlock (CWH) zone on Northern Vancouver Island.1 Mills (1981, pp. 71-72) 

identifies this water-filled, cenote-like feature as “the largest collapse doline in the 

region.” Mills (1981, p. 70) estimated the dimensions of the Devil’s Bath to be 80 m 

long by 60 m wide and approximately 45 m deep. More recent surveys (e.g., 

Ramsey, et al., in review) suggest that the actual planimetric measurements are 

closer to 120 m long by 110 m wide.  

Table 11-1, below, compares the dimensions of the Great Depression and the 

Devil’s Bath to those of A9 (the largest doline recorded among the thesis study sites) 

and 8-P61 and 9-P7, the two dolines with the largest dimensions among those 

recorded in the Tahsish, Holberg and Rumble Ridge inventory data.  

  

                                                
1 Photos of the Devil’s Bath, as well as more information about this feature are provided in Section 
R.3, Appendix R. 
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Table 11-1 Average diameter (DAVE), average depth (HAVE), and diameter/height (D/H) values of the 
three largest dolines identified from study sites A, B and C and the Tahsish, Holberg and 
Rumble Ridge inventories compared to some of the largest known dolines on coastal 
BC. The largest of these, the “Great Depression”, is located on Haida Gwaii. One of the 
larger known dolines on Northern Vancouver Island is the Devil’s Bath. 

SITE OR LOCALE Doline DAVE (m) HAVE (m) D/H 
Site A  A9 38.75 10.55 3.67 
Holberg  8-P6 40 15 2.67 
Holberg  9-P7 40 15 2.67 
Haida Gwaii “Great Depression” ~ 600 ~ 150 ~ 4 
Benson River Valley, Northern Vancouver Island Devil’s Bath 115 * 8 
 
Note: * It is difficult to assign HAVE and D/H values to the Devil’s Bath because part of the feature is submerged. The vertical 
or sub-vertical bedrock walls surrounding much of the doline lake give the impression of a roughly cylindrical shape. 
 

As Table 11-1 shows, the average diameter (DAVE) of the Great Depression 

is roughly 15 times the size of A9, the largest doline measured at the three study 

sites. The DAVE value of the Great Depression is 40 times larger, and its average 

depth is about 38 times greater than that of the synthetic “average doline” discussed 

in Chapter 10; in fact, the Great Depression has many dolines the size of the 

“average dolines” nested on its northern rim.  

By comparison, the average diameter of the Devil’s Bath is about three times 

the size of that of A9 or the average diameters of the two largest inventory dolines, 

8-P6 and 9-P7, and about 8 times that of the “average doline.” 

Based on these comparisons, the study site dolines are deemed to be of 

modest size on both international and regional scales. 

11.1.4 The effects of glaciation on doline morphometry results 

A question worth considering is why there are so few dolines of the size of 

the Great Depression or even the size of the Devil’s Bath elsewhere on Northern 

Vancouver Island, or elsewhere in coastal BC. Conversely, assuming the 

morphometry results from this research are representative for this region, why are the 

bulk of the dolines so much smaller? Could the effects of glaciation be responsible 

for differences in the dimensional attributes of individual dolines, or groups of 

dolines at particular locales? 

As noted in Chapter 2, Vancouver Island has experienced multiple episodes 

of glaciation (Yorath & Nasmith, 1995). It is reasonable to assume that some, or all 

of these episodes have had a significant impact on the development of the karst. Ford 

(1987) points out that glaciation can have four basic types of effects on karst 

systems: 1) destructive or deranging; 2) inhibitive; 3) preservative; and 4) 
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stimulative. Some of these effects tend to counteract each other, a problem that 

would likely be compounded where multiple episodes of glaciation have occurred.  

Recall that Mills (1981, p. 86), one of the very few authors to address dolines 

on Northern Vancouver Island, concluded that the Gibson Plateau (also known as 

“Rumble Ridge”) was “a mature karst surface” where “[g]lacial processes have 

enlarged rather than erased the landforms developed,” while in the Benson River 

Valley, glacial processes had more intensively eroded the landforms, which would 

presumably result in smaller dolines. In other words, Mills (1981) postulated that the 

primary effect of glaciation was stimulative for the higher elevation Gibson Plateau 

dolines (via the channeling of melt waters) and destructive for the lower elevation 

Benson River dolines.  

It is tempting to generalize Mills’ (1981) interpretation of the influence of 

glaciation on the karst development of the Gibson Plateau and the Benson River to 

other locales. Following this reasoning, one might expect to find a pattern of doline 

dimensions varying directly with elevation on Northern Vancouver Island. In 

general, the study site doline results do seem to follow this pattern, with more larger 

sized dolines at Site A (the highest elevation site) and more smaller dolines at Site B 

(the lowest elevation site). Nevertheless, it would be premature to conclude that 

differences in doline dimensions among the study sites can be attributed wholly, or 

even partly, on the effects of glaciation alone. There are still too many variables, 

unknowns and potential confounding factors to support such a conclusion. 

It is possible, for example, that glaciation could have a stimulative effect on 

some Northern Vancouver Island dolines, but that thick till deposits subsequently 

filled, masked or partially suppressed the surface expression these features (a 

possibility suggested by Ford, 1987). In such cases, the dominant effect (or opposing 

effects) of multiple episodes of glaciation might not be readily discernable, aside 

from the presence of the till deposits themselves.  

Till deposits were observed at all three study sites in this thesis. The tendency 

of these till deposits to mask or suppress the surface expression of the karst is most 

pronounced at Site B. The Site B dolines (which are typically of modest size) do not 

seem to “fit” with the degree of karstification at depth, as evidenced by the 

dimensions of the many well-developed cave systems below the surface. As noted 

below, one gets the sense that the Site B dolines are in the process of evacuating the 
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overlying till cover. If this is correct, then the modest dimensions of many of the 

dolines may be misleading. We do not know what is underneath the till. It would 

therefore be premature to generalize Mill’s (1981) conclusions about the role of 

glaciation on karst development at the Benson River valley to Site B and conclude 

that the small size of many of the Site B dolines is due to intensive glacial erosion. 

Till deposits also mantle much of Site C, rendering interpretation of the site 

more difficult. As noted below, it is suggested that the dominant control on doline 

development at Site C may be surface lowering. If this interpretation is correct, it is 

still uncertain whether the surface lowering was effected simply by solutional 

denudation or whether it was accelerated by glacial erosion.  

Glaciation has likely had a profound role in shaping much of the karst on 

Northern Vancouver Island, but sorting out its effects on dolines at particular locales 

is a complex problem. Future doline morphology and morphometry research in this 

region will certainly require much more in-depth consideration of the impacts of 

glaciation at both regional and site-specific scales.  

11.1.5 Dominant processes or controls on doline formation at Sites A, B and 
C 

Glaciation is only one factor that may have influenced the surface expression 

of the dolines at Sites A, B and C. At Site A, for example, most, if not all of the 

dolines are situated along a geological contact with intrusive volcanic rocks upslope. 

Recharge for the dolines (though not necessarily for the site as a whole) seems to be 

predominately allogenic. Hence, the dominant process controlling the development 

of the Site A dolines appears to be solution2 as water from the non-carbonate areas 

upslope crosses the geological contact and sinks.  

The structural geology of Site A is relatively easy to interpret because there is 

still plenty of bedrock visible and the karst is well developed and well expressed on 

the surface. The situation is quite different at Site B. Of the three thesis study sites, 

Site B occupies the lowest elevation and is located in or near a valley bottom. 

Recharge is primarily autogenic. All of the Site B study area is situated on Quatsino 

Formation limestone, which is known to be well developed at depth (i.e., there are 

                                                
2 i.e., solution, as opposed to collapse, suffosion or subsidence. 
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numerous mapped caves in the area). Nevertheless, the surface expression of the 

karst over much of Site B is subdued, perhaps because of overlying sediments/tills.  

As noted earlier, the dominant process controlling the surface expression of 

dolines at Site B appears to be evacuation of overlying sediments into the epikarst. 

Evidence contributing to this impression included examples of slumping or failing 

side slopes in a number of dolines (including dolines B5, B18, B25 and B26; see, for 

example, Figure 11-2, below) and an absence of visible bedrock on doline 

sideslopes. The fact that at least some of the Site B dolines were noticeably funnel-

shaped (this was less often observed at Sites A and C) contributed to an 

interpretation of a site where evacuation of surficial cover is the dominant process. 

 

Figure 11-2 Soil profile at Site B doline B4 caused by seepage and slumping of surficial cover. This 
type of slumping or side slope failure was observed in several dolines at Site B and may 
indicate sediments are being evacuated to the subsurface. 

Site C was the most difficult site to interpret in terms of identifying the 

primary control driving doline development. Like Site B, bedrock at Site C was 

seldom visible due to thick blankets of surficial till cover. Where bedrock was visible 

(i.e., in watercourses and in road cuts near, but not at, the locations of the dolines), 

the geology consisted of Quatsino Formation limestone mixed with volcanics. 

Dolines C6 and C7 appeared to be outside the contiguous limestone unit, and it was 

not clear whether dolines C8 to C11 were in the same contiguous unit as dolines C1 

to C5. Two of the dolines (C1 and C11) appeared to be unroofed shafts, and a large 

feature that appeared to be an unroofed cave was observed nearby. It is tentatively 
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suggested that surface lowering – either by solution or glacial erosion, or a 

combination of the two – may be the dominant control (or controls) for the dolines at 

Site C, but more work will be needed to fully understand this small but complex site. 

11.2 BASIC ECOLOGICAL CHARACTERSISTICS OF STUDY 
SITE DOLINES 

In the previous section, the morphometry results from the study site dolines 

were discussed. The section below deals with the ecological characteristic results 

from the study site dolines. 

11.2.1 Standing trees 

All but one study site doline (and all of the control plots) had one or more 

tree stems or cut stumps either inside of, or intersecting, the surveyed doline rim or 

plot boundary. The results show that tree cover is an important basic ecological 

characteristic of dolines in BC’s temperate rainforest karst. The results also show 

that the number of stems in a doline tends to vary directly with the doline planimetric 

areas (ADOL).  

The numerous linkages between forest cover and karst were discussed in the 

literature review. Forest cover is directly and/or indirectly related to many other 

basic ecological characteristics in dolines including light and temperature regimes, 

snow cover, the presence of downed wood, soil depths and the types of surface cover 

materials present. A more detailed treatment of the standing tree data from the three 

study sites would be therefore well warranted in the future. Such research would be a 

necessary prerequisite to modeling surface hydrological inputs in forest dolines.  

11.2.2 Downed wood 

Almost all of the dolines (and all of the control plots) had some downed 

wood within the surveyed doline rims or plot boundaries. For forest and edge 

dolines, the percent coverage of surface area by downed wood ranged between 0 and 

20% (with an average of about 10%). No clear relationship between doline ADOL 

values and percent surface coverage by downed wood was apparent.  

Though the proportions of different decay classes of downed wood in dolines 

varied among the different sites and settings, a mixture of different decay classes was 

typically represented. In forest and edge dolines, the different orientation classes of 
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downed wood were fairy equally represented across different sites and different 

settings.  

Proportions of different “presumed cause” categories of the downed wood 

were more varied among sites and settings. Except for the edge dolines at Site A, 

most of the downed wood in Site A and the Site C dolines was attributable to bole 

snapping. Downed wood of “indeterminate cause” was the most abundant category at 

Site B across all settings. Among control plots and dolines in the forest and edge 

settings of all three sites, only one piece of downed wood attributed to saw-cuts was 

recorded. 

The downed wood data presented in this thesis are composite percentages for 

settings at each study site. These data therefore do not reflect the variability of the 

downed wood data among individual dolines at the same site. For example, downed 

wood can be entirely absent in some dolines (an example being Site C edge doline 

C5) and plentiful in others (e.g., Site B edge doline B13).  

The orientation results provided in this thesis also do not distinguish between 

the orientations of different decay classes.3 An investigation of possible relationships 

among orientation, decay class, and presumed cause could be an interesting topic for 

future research. It might be possible to use the decay class data in conjunction with 

orientation data to identify historical windthrow events in and around dolines (i.e., 

such as the one depicted in Figure 11-3 and Figure 11-4). One might also expect such 

studies to show that the number of “indeterminate cause” cases would increase 

proportionally with decay class.  

No downed wood data are available for Site A cutblock dolines, two Site B 

forest controls, and the two Site C cutblock dolines. In most cases, this is because 

there was either too much downed wood to document using the field methods 

described in Chapter 4, or because conditions on the ground made it too difficult to 

document the downed trees on the ground using these field methods in the time 

available. For example, Site A cutblock dolines and Site A cutblock controls were 

either fully or partially covered by snow during field visits early in the year. 

Fireweed (Epilobium angustifolium) then grew up and very quickly obscured the 

downed wood again, making accurate and complete surveys very difficult and time-

consuming. Had an unmanned aerial vehicle (UAV) equipped with a high-resolution 

                                                
3 These data were not analysed or reported here, but the raw data have been included in Appendix I. 
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camera been available during fieldwork, this problem might have been easily solved 

(see, for example, Ramsey et al. (in review)). This technology was only acquired 

after fieldwork was finished. An example of its potential effectiveness in 

documenting downed wood at karst features in recently logged cutblock settings is 

provided in Figure 11-3 and Figure 11-4, below. 

Figure 11-3 Downed wood at a karst feature on Northern Vancouver Island. The old growth forest 
around a small karst window was logged ca. 2010. A 20 – 30 -m standing timber reserve 
with 100% retention was left around the feature as a management measure. The map 
above, based on a survey conducted on 06 October 2011, shows that many of the trees 
in the reserve had begun to blow down. Two of the barriers to documenting such 
features (or collecting data for future study) are that such work is: 1) time-consuming; 
and 2) unsafe. Moving about this site to survey the downed wood was difficult and 
hazardous. Surveying and mapping the downed wood and road edge using the same 
methods used for documenting dolines in this thesis took 2 person-days in the field. 
Source: Ramsey et al. (in review). 
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 Figure 11-4 Aerial photo of the same feature depicted in Figure 11-3, above, taken with a high-
resolution camera mounted on an unmanned aerial vehicle (UAV). Obtaining this high-
resolution UAV-assisted photograph took 3 - 5 minutes. The surveyed and mapped 
downed wood is superimposed in the image in yellow. The downed wood represents the 
remains of a standing timber reserve around a karst feature where post-harvest 
windthrow has occurred. Most of downed wood is Decay Class 1, and most of it aligned 
roughly northwest to southeast. As well, most of the downed wood was clearly 
attributable to rotational windthrow, as evidenced by upturned root masses that exposed 
the underlying epikarst. The decay class composition, orientations, and “presumed 
causes” of downed wood in this example differ from those observed in unlogged dolines 
at Site A, B or C. Source: Ramsey et al. (in review). 

As with the standing tree data, the method for estimating percent coverage by 

downed wood in dolines used planimetric areas (ADOL), rather than actual doline 

surface areas. In most cases, this likely resulted in higher percent coverage values 

than would be the case if the dolines’ actual surface areas were used. While using 

ADOL is likely adequate for the purposes of this thesis, more detailed future 

analyses of standing tree, downed wood, and surface cover material data should 

probably use actual surface area rather than ADOL.  

In documenting downed wood for this research, the resting slopes of the 

downed wood pieces were not measured or recorded. Doing so was sometimes 

problematic in any case, since for the higher decay classes at least, the wood loses 

rigidity and sags, conforming to the shape of the ground. Hence, some degree of 
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distortion of the higher decay classes of downed wood is likely present in the digital 

models. 

11.2.3 Soil depths 

The greatest soil depths occurred at the drainage foci of the dolines at all 

three sites. The maximum depth the steel probe could measure was 100 cm, yet the 

soil depths at the drainage foci often exceeded this. This limitation means that the 

composite average depths of soil reported for the drainage foci of dolines at each site 

are likely lower than the actual composite average depths.    

Though the method used to measure soil depths was simple and somewhat 

imprecise, it did provide a rough idea of the possible minimum depth of the cover 

material overlying the epikarst. As noted previously, the caveat is that this method 

can easily be confounded by the presence of large rocks or boulders in the tills 

overlying all three sites. In order to get around this problem several different ideas 

were investigated, including the use of coring devices or augers. Time, budget and 

logistical constraints overruled the use of these methods, but they should definitely 

be employed in future studies if possible. 

The observation of deeper deposits of “organic” soil with a “greasy” feel in 

doline bottoms seems to accord with preliminary findings by Stokes et al. (2008). 

The somewhat conical shape of a doline might tend to promote such concentrations, 

either rapidly (in the case of sections or chunks of rotting boles from fallen trees 

spanning the dolines rolling down the sides and settling in the bottoms) or more 

slowly as a natural process of sediment transfer as suggested by Williams (1985) and 

others. On the other hand, Habič (2014, pers. comm.) reports observing 

concentrations of limestone clasts in the bottoms of forested dolines in Slovenia, so 

the concentrations of finer sediments (organic or otherwise) observed in forest 

dolines on Northern Vancouver Island is not necessarily universal and may warrant 

further investigation.  

11.2.4 Surface cover materials 

Moss, organic matter and downed wood were the most abundant surface 

cover materials for either dolines or control plots in forest and edge settings at all 

three study sites. Moss predominated strongly in forest settings across Site A. 

Organic matter was more often predominant at Site A edge settings. Organic matter 
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was also the most abundant surface cover material at Sites B and C in both forest and 

edge settings. Where moss was ranked the predominant surface cover material at 

Sites B and C, organic matter was often a close second.  

At first glance, the increased predominance of organic matter at Site A edge 

settings (as compared to Site A forest settings) might seem to be related to the 

proximity of the edge, and edge effects, but the results for Site B seem to show the 

opposite (i.e., organic matter is more frequently the dominant surface cover material 

in the forested settings than in the edge settings). There is a danger in reading too 

much into these results in any case because: a) the number of sampling points in 

edge settings at all three sites is small; and b) because multiple factors could be at 

work. For example, Site A is at the highest elevation of all three study sites and it is 

situated on a south- to southwest-facing sloping bench. Sites B and C are both 

situated on slopes in valleys; Site B is northwest facing, while Site C faces east. 

These factors and more could be responsible for the differences in surface cover 

materials between sites.  

The three most common surface cover materials in all logged settings were 

slash, fireweed and juvenile regenerating conifers. For all cutblock dolines, the 

predominant surface cover material was slash. At Site C, the two cutblock dolines 

were filled with slash. This cutblock had been harvested in 2010 and the field data 

were gathered in 2011. It is possible that there has not been sufficient time for 

fireweed and juvenile regenerating conifers to become established in this case. 

By contrast, the Site A cutblock dolines were situated in an area harvested in 

1997, hence conifers and other vegetation had about 14 years to regenerate. Slash is 

still the predominant surface cover material in most of the quadrants in the Site A 

cutblock dolines, but it is mixed with fireweed and juvenile regenerating conifers.  

The methods used here revealed gross differences among the categories of 

surface cover materials of dolines in the forest and edge settings, and those in the 

cutblock settings. More research is needed to refine knowledge of doline surface 

cover materials in forest and edge settings as well as in post-harvest cutblock settings 

at different stages of regeneration. It is unlikely that the surface cover materials 

present in dolines under forest canopies in an advanced state of regeneration would 

resemble either those in unlogged forested settings or those recently harvested. The 

presence, absence and relative abundance of fireweed and regenerating conifers must 
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vary with regard to how recently the setting was logged – for example, slash might 

be expected to be present immediately in the wake of timber harvesting in a cutblock 

setting. Thick stands of fireweed and juvenile regenerating conifers might take more 

time to become well established.  

11.2.5 Light 

Forest canopies attenuate incoming solar radiation (e.g., see Smith, 1996, pp. 

100-102, and many others) so it is not surprising that overall illuminance was found 

to be substantially higher in the Site A cutblock settings than in the forested settings. 

The LAve values for dolines in either setting ranged between 1.1 and 1.4 times lower 

than those of the controls in the same settings during the snow-free periods. This 

range is liable to be much more variable among individual dolines, since the LAve 

values are composite averages. The light intensity graphs show that the light regime 

for the Site A forested dolines is one of dappled sunlight and shade. The presence of 

sunflecks appears to be an important characteristic of the forested doline light regime 

in unlogged settings. Light regimes may vary between extremes during post-harvest 

regeneration in logged dolines, beginning with conditions similar to those found in 

the Site A cutblock settings. As time passes, conditions darker and less variable than 

those found in Site A forest settings may occur as forest regeneration advances. 

Future research is needed to confirm whether this is so. 

11.2.6 Snow cover 

Though the temperate rainforests of Northern Vancouver Island are better 

known for rain than snow, dolines in some unlogged forested coastal western 

hemlock (CWH) settings may experience continuous snow cover for several months 

each year. Of the three study sites considered in this research, Site A is situated at the 

highest elevation (i.e., about 860 to 900 m a.s.l.). Many of Northern Vancouver 

Island’s CWH dolines occur at lower elevations, so the snow cover results for Site A 

are not necessarily representative of all dolines in all CWH settings. Nevertheless, 

snow cover for several months a year appears to be an important characteristic of at 

least some dolines in unlogged CWH settings. Inexpensive light- and temperature-

sensing data loggers can be an effective means of recording snow cover in these 

dolines. Knowledge of the state of snow cover in dolines is essential for interpreting 

the temperature data recorded by such devices. 
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For Site A, at least, the average time period where snow depths greater than 1 

m were present in forest dolines was about 87 days during the winter of 2010/2011 

and about 112 days during the winter of 2011/2012 – a range of between 3-4 months. 

Site A is, of course, situated at the highest elevation of the three study sites used for 

this thesis. It would be interesting to compare snow cover data at Site A with those 

from lower elevation sites like Sites B and C. Perhaps it will be possible to study this 

in the future by adapting the methods used here. 

It is unknown how much significance should be attached to the differences in 

the mean number of days of snow cover between dolines and controls in these three 

settings because the sample sizes for dolines and controls, cutblock and edge settings 

are too small. A single data logger in such settings can potentially skew the results – 

sometimes significantly. For example, as noted earlier, the cutblock control data 

logger at Ac9 recorded some of the longest periods of snow cover of any data logger 

at Site A for both 2010/2011 and 2011/2012 winters. If these results are omitted on 

the grounds that this data logger was situated in a topographic low point, then the 

average snow cover days for all control point data loggers becomes 400 days/8 data 

loggers = 50 days (as opposed to 60.78 days with data from control point Ac9 

included); likewise, for 2011/2012, the results would be 319 days/7 data loggers = 

45.57 days (as opposed to 64.38 days, with data from Ac9 included). The snow cover 

data from doline A38 has a similar effect on the results for cutblock dolines in both 

2010/2011 and 2011/2012. 

A lesson learned concerning the use of data loggers on fiberglass rods under 

snow cover is that the weight of the snow pack can sometimes cause the tie-straps 

used to attach the data logger to the rod to break or stretch. To avoid this during the 

second winter deployment, two tie-straps, plus a thick wrapping of the rod below the 

data logger with duct tape seemed to solve the problem. 

11.2.7 Temperature 

Composite average monthly temperatures and temperature ranges were 

higher in cutblock settings than in forested settings. Composite average temperatures 

and composite average temperature ranges during snow-free sampling periods were 

more strongly influenced by the presence of forest canopy than whether or not a data 

logger was situated in a doline.  
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For the snow-free sampling periods, the average temperatures in the forest 

settings were cooler than those of the cutblock settings. The temperature ranges of 

the forest settings were not as great as those of the cutblock settings. Average 

temperature differences between forest and cutblock settings were least pronounced 

during cloudy sampling periods.  

The results seem to suggest that differences in average temperatures and 

temperature ranges may exist between the Site A dolines and Site A controls in the 

same settings, but these differences appear to be negligible when the results are 

converted to composite averages. A limitation of this work is that the use of 

composite averages tends to mask differences in temperature (and light) regimes 

among individual dolines. Yet the temperature graphs from individual dolines over 

the snow-free summertime sampling Period C (i.e., 28 July 2011 - 27 August 2011), 

for example, do not show much variation among individual dolines (with the 

possible exceptions of doline A18 and A22). 

 A final conclusion is that snow cover is a potential confounding factor that 

must be considered when interpreting temperature data in some dolines in coastal 

BC. Use of data loggers with both light and temperature sensing capabilities can 

assist in identifying periods of snow cover in temperature graphs. 

11.2.8 The question of doline microclimates 

The results of the research undertaken for this thesis did not resolve the 

question of how large a Northern Vancouver Island doline must be to generate a 

distinctive microclimate4. All of the study site dolines are below the size threshold of 

those found to have distinctive species gradients vegetation elsewhere (see Bátori et 

al., 2012). However, two Site A dolines (A18 and A22) registered notably cooler 

temperatures then those recorded outside of the dolines in the surrounding forest 

(relative humidity data were not collected).  

A18 and A22 are among the largest dolines at Site A, though not the largest 

(see Table 11-2, below). They are both in the top 19% of the combined study site 

data in terms of their average diameter (DAVE) values, and in the top 19% of study 

                                                
4 Recall the Karst Management Handbook for British Columbia (British Columbia Ministry of 
Forests, 2003, p.26) definition: “Sinkholes large enough to create their own microclimate… support 
distinct vegetation with an obvious species gradient down the sideslope, or exhibit a distinctive 
temperature and relative humidity gradient.” 
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site dolines in terms of their average depth (HAVE) values. Both also have 

diameter/height (D/H) ratio values that are within the “bowl/hemisphere” range.  

Doline A22 had a cave entrance and received sinking streams. It is possible 

that the cave entrance and/or sinking streams could explain the cooler temperatures 

recorded in A22, but A18 had neither a stream (or streams) nor any visible 

connections to the subsurface. Like A22, the largest Site A doline, A9, did receive at 

least two sinking streams, though it lacked a discrete sinkpoint in the form of an 

atmospheric opening or cave entrance. Despite these factors, the data logger results 

from doline A9 do not show lower temperatures than the surrounding forest. These 

limited results seem to suggest that size attributes alone may not always be reliable 

indicators for the presence or absence of distinctive temperature regimes in 

individual dolines. Other factors, such as the presence of atmospheric openings, 

sinking streams, or snow could also moderate temperatures in dolines. 

Table 11-2 Morphometric parameter values for dolines A18 and A22, where temperatures 
consistently cooler than those in the surrounding forest were detected. The values for 
the largest Site A doline (A9) and the composite average values for Site A dolines are 
included for comparison. Parameters include diameter/height (D/H), doline maximum 
diameter (DMAX), minor diameter (DMNR), average diameter (DAVE), maximum 
depression depth (HMAX), closed depression depth (HDOL), average depression depth 
(HAVE) and planimetric area (ADOL). Presence/absence of atmospheric openings, cave 
entrances, and visible hydrological activity are also included. 

ATTRIBUTE A18 A22 A9 Composite Average from Site A 
D/H 4.27 (Bowl) 3.63 (Bowl) 3.67 (Bowl) 4.10 (Bowl) 
DMAX (m) 24.38 28.01 51.67 18.51 
DMNR (m) 20.23 20.02 25.84 13.76 
DAVE (m) 22.31 24.01 38.75 16.14 
HMAX (m) 7.17 8.46 14.20 5.74 
HDOL (m) 3.30 4.78 6.90 2.52 
HAVE (m) 5.23 6.62 10.55 4.13 
ADOL (m2) 339 373 1077 213 
Atmospheric opening? No No No No 
Known cave entrance in 
doline? No Yes No No 

Visible hydrological activity 
(specify) No Yes* Yes* No 

Note: *Both A22 and A9 had two streams; at least one was running in each doline during every site visit. 

11.3 IMPLICATIONS FOR BC’S CURRENT DOLINE 
MANAGEMENT FRAMEWORK  

While BC’s actual on-the-ground management of dolines usually does not 

match the standards set by other jurisdictions like Southeast Alaska or Slovenia, the 

Province’s published management guidelines for dolines do compare favorably with 
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those of other jurisdictions.5 Nevertheless, there are some areas where these 

guideline documents could benefit from revisions (some examples are discussed in  

Appendix S). The results of the research done in this thesis reveal some areas of 

BC’s karst management framework for dolines that deserve consideration if revisions 

of the guideline documents are ever undertaken. 

11.3.1 The “Un-dolines” 

The Karst Inventory Standard and Vulnerability Assessment Procedures for 

British Columbia (KISVAP) state that a sinkhole is,  

a topographically closed karst depression, wider at the rim 
than it is deep…For inventory purposes, a sinkhole must have a 
deepest point at least 2 m below the surrounding landscape, and have 
a width greater than 2 m (Resources Information Standards 
Committee, 2003, p. 86).  

As noted in Chapter 6, this definition contains three morphometric 

parameters: 1) depth equal to or greater than 2 m; 2) width greater than 2 m; and 3) 

diameter/height (D/H) value greater than 1 (unity). By this definition, a karstic 

depression with, say, an average diameter of 20 m and a depth of 2 m would qualify 

as a doline for inventory purposes. Such a doline would have a diameter/height 

(D/H) ratio value of 10. In other words, this “sinkhole” would be an extremely 

shallow, plate-like doline – even more so than the most plate-like of dolines 

measured at Sites A, B and C.  

Two examples of study site dolines that meet KISVAP’s D/H ratio criterion 

(B13, with a D/H ratio value of 7.78; and C10 with a D/H ratio value of 6.94) are 

shown in Figure 11-5, below.  

                                                
5 See Appendix R, Section 2. 
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Figure 11-5 Bare earth models of dolines B13 (diameter/height (D/H) ratio = 7.78) (A) and C10 (D/H 
ratio = 6.94) (B) with a human figure shown for scale. Both of these depressions meet the 
Karst Inventory Standards and Vulnerability Assessment Procedures for British 
Columbia (KISVAP) D/H ratio value criterion since both have D/H values >1 (Resources 
Information Standards Committee, 2003, p. 86). Depressions with diameters less than 2 
m are not considered dolines for inventory purposes, even if their D/H values fall within 
the pit-, funnel-, or bowl-shape range. Of the two dolines above, only B13 also meets 
KISVAP’s “depth” criterion, assuming “depth” means average depth (HAVE) rather than 
closed depression depth (HDOL). If “depth” in the KISVAP definition is interpreted to 
mean HDOL, then neither B13 nor C10 fit the KISVAP definition for dolines. 

On the ground, doline B13 in particular appeared so modest and plate-like 

that the author was tempted to exclude it from the sample. Yet B13 meets both the 

KISVAP definition D/H criterion and the KISVAP definition depth criterion (if 

“depth” is interpreted to mean average diameter (HAVE)).  

When the data sets from Sites A, B and C, plus those from all three inventory 

sites are combined, about 15% of the dolines have HAVE values less than 2 m. 

These dolines do not meet the KISVAP definition depth criterion for sinkholes. The 

author did not hesitate to include seven dolines that fail to meet the KISVAP 

definition depth criterion for sinkholes among the study site sample.6 Bare earth 

renderings of these dolines are provided in Figure 11-6, below.  

  

                                                
6 These dolines are A7, A30, A31, B8, B9, C5 and C10. 
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Figure 11-6 Bare earth renderings of study site dolines with average depth (HAVE) values < 2 m. The 
dolines are A7 (A), A30 (B), A31 (C), B8 (D), B9 (E), C5 (F), and C10 (G). Human figures 
are included for scale. Because their HAVE values are less than 2 m, these features do 
not meet the Karst Inventory Standards and Vulnerability Assessment Procedures for 
British Columbia (KISVAP) dimensional criteria for sinkholes because they have 
“depths” of less than 2 m (see Resources Information Standards Committee, 2003, p. 
86). The key dimensions of these dolines (average diameter (DAVE), average depth 
(HAVE), and diameter/height (D/H) ratio values are summarized in Table 11-3, below. 
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Table 11-3, below, summarizes the dimensions of the dolines depicted in 

Figure 11-6, above. 

Table 11-3 Key dimensions of dolines A7, A30, A31, B8, B9, C5 and C10. Morphometric parameters 
include average diameter (DAVE), average depth (HAVE), and diameter/height (D/H) ratio 
values. 

DOLINE DAVE (m) HAVE (m) D/H Ratio 
A7 9.88 1.67 5.92 

A30 6.81 1.90 3.58 
A31 9.14 1.74 5.25 
B8 8.36 1.80 4.64 
B9 6.52 1.71 3.81 
C5 6.64 1.43 4.64 

C10 11.79 1.70 6.94 

 

Note that KISVAP’s sinkhole definition does not explicitly define “depth” as 

a morphometric parameter. The implications of this are interesting. If the term 

“depth” refers to closed depression depth (HDOL) rather than average depth 

(HAVE), then 40% of the Site A dolines (including A1, A3, A4, A7, A12, A14, A15, 

A20, A21, A23, A24, A25, A30 and A31), 34% of Site B dolines (including B5, B8, 

B9, B10, B11, B13, B16, B20, B21, B23, B24 and B32) and about 73% of Site C 

dolines (C2, C3, C4, C5, C6, C7, C8 and C10) would not meet the KISVAP 

definition for dolines to be counted for inventory purposes. Bare earth renderings of 

selected examples of these features are provided in Figure 11-7, below. 
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Figure 11-7 A selection of bare earth renderings of study site dolines that do not meet the existing 
Karst Inventory Standards and Vulnerability Assessment Procedures for British 
Columbia (KISVAP) criteria for features classified as dolines for inventory purposes if 
the stated “depth” criterion is interpreted to mean features with a closed depression 
depth (HDOL) value > 2 m (see Resources Information Standards Committee, 2003, p. 
86). The dolines depicted above are A1 (A), A3 (B), A4 (C), A7 (D), A12 (E), A14 (F), A15 
(G), A20 (H), A21 (I), A23 (J), A24 (K), A25 (L), A30 (M), A31 (N). 

From the discussion above, it is apparent that the current KISVAP definition 

for “sinkholes” excludes some features that are clearly well-formed dolines, and 

includes others that are questionable. The definition for sinkholes used in the Karst 

Management Handbook for British Columbia (KMH) (British Columbia Ministry of 

Forests, 2003, p. 64) is better, but still contains the problematic stipulation that the 
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width of a dolines’ rim must be greater than its depth (i.e., its D/H ratio value must 

be greater than 1 (unity)): 

Sinkhole: a topographically closed karst depression, wider at 
the rim than it is deep; commonly of a circular or elliptical shape, 
with a flat or funnel-shaped bottom. 

The slightly modified version of the KMH definition below would solve the 

problem:  

Sinkhole: a topographically closed karst depression, usually 
wider at the rim than it is deep; commonly of a circular or elliptical 
shape, with a flat or funnel-shaped bottom. 

To ensure consistency between BC’s two main karst management guideline 

documents, this revised definition should replace the sinkhole definitions in the 

current versions of the Karst Management Handbook for British Columbia (KMH) 

(British Columbia Ministry of Forests, 2003, p. 64) and the Karst Inventory 

Standards and Vulnerability Assessment Procedures for British Columbia 

(Resources Information Standards Committee, 2003, p. 86).  

11.3.2 “Two-sizes-fit-all” standing timber reserves? 

The current standing timber reserve widths for dolines recommended by BC’s 

current published guidelines rely on a “two sizes fit all” approach, predicated on 

whether or not a doline has a distinctive microclimate and/or encloses a significant 

cave entrance.  

While the recommended one- or two-tree-length standing timber reserves are 

probably adequate for managing dolines in the size range represented by the study 

site and inventory dolines, the Karst Management Handbook for British Columbia 

(British Columbia Ministry of Forests, 2003) does not necessarily provide for reserve 

widths proportional to dolines of greater size. The problem with this is illustrated 

using some examples of actual dolines. 

A one-tree-length windfirm standing timber reserve might be more than 

adequate to protect a doline in the size range of an “average” doline like A5 (see 

Figure 11-8, below).  
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Figure 11-8 Bare earth rendering of doline A5 with a one-tree-length standing timber reserve 
boundary extending outward for ~ 40 m from the doline rim. A black line indicates the 
reserve boundary, and a single 40-m high tree is included for scale. Doline A5 has 
dimensions similar to those of the “average doline” discussed in a previous chapter. 
Like the “average doline”, A5 lacks a cave entrance and does not receive flowing water 
on the surface. If an assessor ranks A5 as a significant surface karst feature based on its 
hydrological and connectivity attributes as a doline, then the reserve size shown, plus 
an adjacent management zone large enough to protect the reserve from windthrow, 
would be in accordance with the best practices recommended in the Karst Management 
Handbook for British Columbia (KMH) (British Columbia Ministry of Forests, 2003). In 
this case, the reserve might be more than adequate to the task, though it should be 
assumed that the zone of influence of the doline’s subsurface hydrology and sediment 
transfer capacity likely extends for some distance beyond the surface expression of the 
doline’s rim (see, for example, Schwartz & Schreiber, 2009).  

A two-tree-length reserve is the maximum size explicitly recommended in the 

Karst Management Handbook for British Columbia (British Columbia Ministry of 

Forests, 2003) for this category of doline,7 but a reserve of this size might be 

inadequate, or close to the threshold of what is required to achieve the published 

management objectives for the Devil’s Bath (see Figure 11-9). 

  

                                                
7 Foresters are of course at liberty to provide larger reserves, but in actual practice even the minimum 
reserves recommended in the Karst Management Handbook for British Columbia are seldom used.  
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Figure 11-9 Bare earth rendering of the Devil’s Bath, with a two-tree-length standing timber reserve 
boundary extending ~ 80 m outward from the feature’s rim. A black line delineates the 
feature’s rim. A red line delineates the perimeter of the standing timber reserve 
boundary. A single 40-m high standing tree is included for scale. As noted in the 
previous chapter, the Devil’s Bath is a significant surface karst feature. A standing 
timber reserve of the width shown here, plus an adjacent wind firm management zone to 
protect the reserve from windthrow, would conform to the recommended best practices 
for such features in the Karst Management Handbook for British Columbia (KMH) (British 
Columbia Ministry of Forests, 2003).  

A two-tree-length reserve (the maximum size explicitly recommended in the 

Karst Management Handbook for British Columbia (British Columbia Ministry of 

Forests, 2003)) may be inadequate to achieve the Handbook objectives for 

exceptionally large dolines like the Great Depression (see Figure 11-10). This 

exceptional feature has many dolines the size of the “average doline” (described in 

Chapter 10) nested on its rim. 
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Figure 11-10 Bare earth rendering of the Great Depression, the largest known doline in coastal BC. 
Based on its rarity and dimensional characteristics alone (and likely other significance 
criteria as well), the Great Depression is classified as a significant surface karst feature 
and is large enough to generate its own microclimate. For features of this classification 
the Karst Management Handbook for British Columbia (KMH) (British Columbia Ministry 
of Forests, 2003) recommends a two tree-length standing timber reserve plus an 
adjacent management zone large enough to protect the reserve from windthrow. A red 
line extending about 80 m outward from the doline rim indicates a reserve boundary of 
this width. A single 40-m high tree is shown for scale on the lower left-hand side of the 
reserve’s outer perimeter. In the case of the Great Depression, this size of reserve seems 
barely adequate, given the feature’s size and importance. 

At present much more basic research would be needed to link the 

effectiveness of given standing timber sizes to provide adequate protection of 

particular values. In any case, the issue is academic. Even highly significant dolines 

in BC, like the Devil’s Bath, do not necessarily receive adequate reserves. The 

majority of BC dolines, irrespective of their size or significance, are clearcut or “high 

stumped” (see Figure 11-11, below; see also Appendix R). 
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Figure 11-11 “High-stumping” or “stump-henging”, shown in the image above, is an example of 
doline management under BC’s results-based system. Trees are high-stumped around 
the doline in a clearcut setting. The effectiveness of this management strategy in terms 
of protecting the integrity and function of dolines has not yet been demonstrated. 

11.3.3 What is a dimensionally significant doline on Northern Vancouver 
Island? 

The Karst Management Handbook for British Columbia (British Columbia 

Ministry of Forests, 2003) recommends best practices for dolines vary depending in 

part upon the “significance” rating assigned to individual dolines (this system is 

described in Appendix B, and critiqued in Appendix S). As noted in Chapter 1, in 

BC’s current management framework for dolines, there is a tendency to equate 

doline size with doline significance (see also Appendix S). This begs the question: 

what is a dimensionally significant doline in coastal BC? 

Less than 1% of the 304 dolines in the combined Tahsish, Holberg, Rumble 

Ridge and the study Site A, B and C data sets had average diameters equal to or 

greater than 40 m. Hence, dolines with average diameter (DAVE) values equal to or 

greater than 40 m are certainly dimensionally significant for Northern Vancouver 

Island at least. 
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The results from Sites A, B and C and the three inventory data sets suggest 

that the majority of dolines at these locales (81% and 91%, respectively) have 

average diameters under 20 m. It could therefore also be argued that any doline with 

an average diameter of 20 m or greater is dimensionally significant. The DAVE 

value of the digital model “average doline” (i.e., 14.5 m), which was based on the 

combined data from Sites A, B and C, falls below this threshold.  

Perhaps diameter is not the only dimension that should be considered, since a 

20-m-diameter, or even a 40-m-diameter doline could also be very shallow. On the 

other hand, identifying a threshold for dimensionally significant depths for 

management purposes is more difficult. It is diameter, rather than depth, that usually 

delineates the “area of interest” in relation to surface activities and the surface 

expression of dolines.  

At some point, however, these numbers become irrelevant. A far more 

important question is whether routine clearcutting of dolines of any size is a sound 

practice in terms of karst management. Given their inherent hydrological and 

sediment transfer function, it does not seem possible to reconcile the practice of 

clearcutting8 dolines with ecosystem-based objectives listed in the Karst 

Management Handbook of British Columbia (see British Columbia Ministry of 

Forests, 2003, p. 13; for ease of reference, these objectives are also reproduced in 

Appendix A, Section A.2). Single stem selection harvesting, which maintains 85% 

intact forest cover over the broader karst landscape (as practiced in Slovenia) seems 

to be a more rational and effective approach for achieving the Karst Management 

Handbook of British Columbia management objectives for karst in general, and for 

dolines in particular. 

                                                
8 Note that the practice of “high stumping” (depicted in Figure 11-11 and discussed in Appendix R) is 
essentially clearcutting that leaves a ring of higher stumps around the doline rim. The effectiveness of 
high stumping in terms of achieving the stated objectives for karst in The Karst Management 
Handbook for British Columbia (i.e., see British Columbia Ministry of Forests, 2003, p. 13) has not 
been demonstrated. 
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Chapter 12: Conclusions and Directions for Future 

Research 

 Eighty-five dolines from three different study sites in temperate rainforest 

karst settings on Northern Vancouver Island were identified, mapped, and surveyed. 

The survey data were used to create digital three-dimensional models of each doline 

from which morphometric data could be derived. Basic ecological characteristics of 

these dolines were recorded, including data on standing trees, downed wood, soil 

depths, surface cover materials, light, temperature and snow cover.  

The research set out to test a single fundamental hypothesis: 

There are measurable differences in the sizes and shapes 
among dolines on Northern Vancouver Island’s temperate rainforest 
karst.  

In addition to testing this hypothesis, the overarching objective of this 

research was to answer three questions: 

• What are these dolines like?  

• How much do they vary?  

• Do the research results suggest any revisions or recommendations for 

improving or refining BC’s existing karst management guideline 

documents1 with respect to dolines? 

12.1 TESTING THE THESIS HYPOTHESIS 

Morphometry results from the study site dolines support the thesis 

hypothesis. Measurable differences were found among dolines at all three study sites 

for all of the morphometric parameters used. For example, the average diameters 

(DAVE) of the largest study doline was nearly 10 times greater than the DAVE of 

the smallest study site doline. Measurable differences were found among the other 

parameters as well. 

The results also showed that there were measurable differences in doline 

shapes. Diameter/height (D/H) ratio values among the study site dolines ranged 

                                                
1 i.e., the Karst Management Handbook for British Columbia (KMH) (British Columbia Ministry of 
Forests, 2003) and Karst Inventory Standards and Vulnerability Assessment Procedures for British 
Columbia (KISVAP) (Resources Information Standards Committee, 2003). 
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between a maximum of 7.77 (“plate-shaped”) and a minimum of 1.80 (“funnel-

shaped”). The majority of the dolines had D/H ratio values corresponding to the 

“bowl-shaped” category. 

All of the DAVE values for the study site dolines fall within the 4 m to 40 m 

range. A majority of dolines at the study sites had average diameters of less than 20 

m, and average depths (HAVE) of less than 5 m. Distributions of different size 

classes of dolines within these general size ranges varied among the three study sites.  

A majority of study site dolines lacked cave entrances or atmospheric 

openings. Most did not receive flowing water on the surface or act as swallets. 

The sizes and shapes of study site dolines were generally similar to those 

reported in three karst inventories from other locales in the coastal western hemlock 

(CWH) biogeoclimatic zone on Northern Vancouver Island. These similarities 

suggest, but do not conclusively prove, that the size ranges of the study site dolines 

may be typical for dolines on Northern Vancouver Island. 

In a regional context, the maximum average diameter (DAVE) obtained from 

a study site doline is about 15 times smaller than that of the largest known doline on 

the BC coast, and about three times smaller than one of the larger known dolines on 

Northern Vancouver Island. On an international size scale, the largest of the study 

site dolines could be classified as “small” (e.g., see Mihevc, 1998, p. 69). Examples 

of dolines that could be classified as “large” (e.g., the Great Depression) and 

“medium” (e.g., the Devil’s Bath,) on an international scale are known on the BC 

coast, but they appear to be relatively rare. More research is needed to understand 

why so few large and medium sized dolines occur in coastal BC. The effects of 

glaciation may be one factor that accounts for their relative rarity, as well as their 

presence in some locales and absence in others. 

12.2 BASIC ECOLOGICAL CHARACTERISTICS 

In terms of basic ecological characteristics, the research found that the study 

site dolines in unlogged settings: 

• were tree-covered – the number of stems tended to vary in direct 

proportion to a doline’s planimetric area (ADOL) . 

• had between 0 and 20% of their planimetric area covered by downed 

wood.  
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• had downed wood of different decay classes, and oriented in a variety 

of directions  

• were predominately soil-covered, with the greatest soil depths-to-

refusal in the drainage foci. 

• had “moss” as the most abundant category of surface cover material 

(though organic matter and downed wood were also abundant, or even 

predominant in some cases).  

Additionally, it was found that most forest dolines at Site A: 

• had temperature regimes similar to that of the surrounding forest. 

• had light regimes similar to that of the surrounding forest. 

• were snow-covered up to several months each year during the 

monitoring period. 

12.3 THE MORPHOMETRY AND ECOLOGICAL 
CHARACTERISTICS OF AN “AVERAGE DOLINE” IN 
AN UNLOGGED SETTING ON NORTHERN 
VANCOUVER ISLAND 

The results of the thesis research made it possible to begin to characterize 

typical dolines in these settings. To do this, all of the study site morphometric and 

ecological characteristic data were compiled and averaged. They were then used to 

create a synthetic digital model of an “average doline.” The purpose of doing this 

was two-fold: 1) to gain a better sense of what average dolines in unlogged settings 

on Northern Vancouver Island’s temperate rainforest karst might be like; and 2) to 

provide a preliminary benchmark for identifying “significant” dolines within BC’s 

existing karst management framework. 

Based on the study site data, the digital model “average doline” is a bowl-

shaped feature with an average diameter (DAVE) of about 14.5 m and an average 

depth (HAVE) of about 4.2 m.  

The research results for the basic ecological characteristics showed that the 

“average doline” is tree-covered, and has about 10% of its surface covered by 

downed wood (though most of the surface area is moss-covered). Beneath the moss, 

gritty soil with an average depth of 40 - 50 cm is present on the doline sides and 

rims. At the drainage focus, the soil is deeper and has a greasy “organic” texture and 

feel.  
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The temperature and light regimes of the average doline closely resemble 

those of the surrounding forest. The light regime is shady with intense sunflecks 

appearing for brief periods during sunny days. The temperature is generally cooler 

than that of adjacent areas lacking forest canopy, and the temperature range over the 

day is less extreme than that of open areas. Snow cover greater than one meter may 

linger in the bottom of the doline for several months of the year. 

More research is needed to assess the representativeness of this “average 

doline” for Northern Vancouver Island. At present, this digital model must not in any 

way be considered to be some sort of “type doline” for this region. For example, 

future research may show that a representative “type doline” on Northern Vancouver 

Island is actually located in a clearcut setting.  

12.4 SPECIFIC RECOMMENDATIONS FOR FUTURE 
DOLINE MANAGEMENT IN BC  

The different categories of morphometric and ecological characteristic data 

from the study site dolines, discussed above, provided some answers to two of the 

three questions that comprise the overarching research objective: 1) What are dolines 

in unlogged temperate rainforest karst on Northern Vancouver Island like?; and 2) 

How much do these dolines vary?  

The research also assisted in answering the third question that comprised part 

of the research objective: 

• Do the research results suggest any revisions or recommendations for 

improving or refining BC’s existing karst management guideline 

documents with respect to dolines? 

A review of doline management strategies from other jurisdictions (see 

Appendix R) shows that while BC’s published recommended best practice guidelines 

for some dolines equaled or exceeded those from other jurisdictions with temperate 

rainforest karst where the main approach to forestry involves clearcutting, the actual 

on-the-ground management practices for dolines typically do not resemble those 

recommended in the Province’s published best practice guidelines. 

Six recommendations for improving doline management in BC are suggested 

below. They include: 1) adopt the term “doline” to avoid the potential confusion and 

ambiguities associated with the term “sinkhole”; 2) revise the Karst Inventory 

Standard and Vulnerability Assessment Procedures for British Columbia (KISVAP) 
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and the Karst Management Handbook for British Columbia (KMH) definitions for 

sinkholes (i.e., dolines); 3) omit the KISVAP “significance” criteria as the primary 

basis for managing dolines and establish default minimum buffers/reserves for all 

dolines; 4) develop explicit guidelines/inventory standards for measuring/describing 

dolines; 5) develop a BC-based doline manual and training materials; 6) conduct the 

necessary doline research to develop appropriate and scientifically supported doline 

management strategies. 

12.4.1 Recommendation #1: Adopt the term “doline” in lieu of “sinkhole” 

Some reasons for this recommendation were previously discussed in Chapter 

1. These reasons included: 

• the ambiguity arising from the common use of the term “sinkhole” to 

describe depression features of non-karstic origin;  

• the tendency to associate the term “sinkhole” with collapse; and  

• by extension, the tendency to frame management considerations as 

exclusively safety or engineering problems.  

The term “doline” is preferable because it refers specifically to depression 

features of karstic origin and does not necessarily carry the same collapse 

connotations that the term “sinkhole” does. The emphasis on collapse as the main 

driver of doline development in this region may be misplaced. Observations of 

dolines at the three study sites, and of dolines elsewhere on Northern Vancouver 

Island, suggest that solution, rather than collapse, may be the dominant mechanism 

of deveopment for the majority of dolines, though more research would be needed to 

confirm this. 

12.4.2 Recommendation #2: Revise the Karst Inventory Standard and 
Vulnerability Assessment Procedures for British Columbia 
(KISVAP) and the Karst Management Handbook for British 
Columbia (KMH) definitions for sinkholes (i.e., dolines)  

The definitions for the term “sinkhole” (doline) in the current versions of the 

Karst Inventory Standard and Vulnerability Assessment Procedures for British 

Columbia (KISVAP) (see Resources Information Standards Committee, 2003, p. 86) 

and the Karst Management Handbook for British Columbia (KMH) (see British 

Columbia Ministry of Forests, 2003, p. 64) should be revised. As discussed in 
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Chapter 11, these definitions both stipulate that the width of a dolines’ rim must be 

greater than its depth (i.e., its D/H ratio value must be greater than 1 (unity)). This 

stipulation is problematic because in practice it: a) excludes some features that 

should definitely be classified as dolines; b) includes other features that are not 

definite dolines. The KISVAP definition also arbitrarily excludes definite dolines 

with widths and/or depths less than 2 m.  

To resolve these problems, and to promote consistency between BC’s two 

main karst guideline documents, it is recommended that the definitions for 

“sinkhole” (doline) in the Karst Management Handbook for British Columbia (see 

British Columbia Ministry of Forests, 2003, p. 64) and the Karst Inventory Standard 

and Vulnerability Assessment Procedures for British Columbia (KISVAP) (see 

Resources Information Standards Committee, 2003, p. 86) be replaced with the 

following revised definition:  

Sinkhole (doline): a topographically closed karst depression, 
usually wider at the rim than it is deep; commonly of a circular or 
elliptical shape, with a flat or funnel-shaped bottom. 

12.4.3 Recommendation #3: Establish default minimum reserve sizes for all 
dolines.  

Dolines function as “input features” within karst systems (Ford & Williams, 

1989). For this reason alone, all dolines should be considered significant surface 

karst features and should be managed with reserves adequate to protect these 

inherent functional qualities. The Karst Inventory Standards and Vulnerability 

Assessment Procedure for British Columbia (KISVAP) “significance” criteria and 

the vulnerability classification rating for the broader karst landscape surrounding a 

given doline should only be used to make appropriate adjustments of reserves to 

protect any other associated values addressed by KISVAP criteria on a case-by-case 

basis.  

12.4.4 Recommendation #4: Develop explicit guidelines/inventory standards 
for measuring/describing dolines 

BC guidelines should offer clearer measurement protocols and standardized 

morphometric parameters for dolines. Measurement protocols and morphometric 

parameters should be:  
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• Unambiguous;  

• easy to perform in the field; 

• replicable (within some pre-defined limits of accuracy and precision); 

and 

• designed to use a minimum number of parameters to capture the most 

important attributes of dolines. 

12.4.5 Recommendation #5: Develop a BC-based doline manual and 
training materials 

Many persons tasked with managing karst in BC are unfamiliar with dolines. 

Some common misconceptions about dolines include: 

• only dolines that receive surface streams are “active”; 

• only big dolines with atmospheric openings or cave entrances are 

significant to warrant special management consideration;  

• all dolines are products of collapse; 

• The only management concern for dolines on Northern Vancouver 

Island is protecting workers and equipment from collapse hazards.  

A “made in BC” doline manual similar to that published by Tasmania’s 

Forest Practices Board (i.e., see, for example, Kiernan, 2002) would do much 

toward: a) dispelling some of the erroneous notions about dolines; and b) promoting 

more informed and comprehensive management of these features, based on, and 

tailored to, local conditions. A short training course, based on such a manual, would 

help to promote better understanding of dolines among resource professionals, and 

by extension, better management of dolines. 

12.4.6 Recommendation #6: Conduct BC-based karst research in general 
and doline research in particular 

The lack of karstological research in BC poses problems in terms of 

developing scientifically supported management and monitoring strategies for 

dolines. At present, perhaps the single most pressing research questions are: 1) What 

is the current status of the Province’s karst estate?; and 2) How much of it remains 

unlogged and undisturbed by other human land use in different biogeoclimatic zones 

across British Columbia? As noted in Chapter 1, the BC government itself has stated 

that, “You can’t manage what you don’t measure” (British Columbia Ministry of 
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Forests, Mines and Lands, 2010, p. 232). If BC is serious about managing karst 

resources, including dolines, it is time to put that statement into practice. 

12.5 WHAT IS THE SIGNIFICANCE OF THIS RESEARCH? 

This thesis research is the first systematic study of dolines in coastal BC. This 

research is significant because it makes it possible to: 

• begin to describe and talk about Northern Vancouver Island dolines in 

quantifiable terms; 

• visualize what typical dolines in unlogged settings on Northern 

Vancouver Island might be like; 

• begin to identify, in quantifiable terms, different attributes that can 

make dolines “significant” within BC’s current karst management 

framework; 

• better assess the applicability of international doline research to 

dolines on Northern Vancouver Island; and 

• frame new hypotheses about dolines on Northern Vancouver Island 

based on systematic field observations and improve the design of 

future doline research. 

12.6 FUTURE RESEARCH 

The research in this thesis aimed to provide a broad overview of dolines on 

Northern Vancouver Island. Given the broad scope of the research, it was not 

possible to give a detailed treatment to any of the study site doline data sets. This 

means that the utility of some of the data is not exhausted. For example, more 

detailed analyses of the morphometric and standing tree data are possible. Analyses 

of the spatial distribution of trees within dolines might be an interesting line of future 

research. 

Because of the length of the thesis, some of the data collected at the study site 

dolines were never analysed. Examples include: a) canopy gap photos from all study 

site dolines and control plots; and b) a data logger array set up in doline A27 for 

about 10 days in August of 2012. During this period temperature and light data were 

recorded at different elevations above and below ground along cardinal direction 
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transects inside the doline by 70 data loggers. Analyses of these data would be 

logical extensions of the work presented in this thesis. 

Future research could build upon, or expand knowledge of, the study site 

dolines along different avenues of inquiry, such as high-resolution botanical and 

invertebrate surveys. These studies should address not only the presence, absence, 

and relative abundances of surface cover materials and flora, but also their spatial 

and temporal distribution within dolines. More detailed structural geology, surficial 

cover, and bedrock mapping of the study sites, as well as soil analyses across doline 

transects and surface cover material distribution mapping would also be useful.  

Since their basic morphometry is already known, the study site dolines could 

be used to test the ability of field personnel to measure specified morphometric 

parameters for inventory and assessment purposes. Conversely, if a new set of 

revised, well-defined parameters was ever developed for BC’s karst guideline 

documents, the study site dolines could be used for field testing parameters and 

protocols for: a) ease of measurement; b) replicability; or c) testing people’s ability 

to estimate parameters (i.e., to better assess the utility of estimated karst inventory 

data for use in morphometric work).  

When Light Detection and Ranging (“LiDAR”) coverage and other remote 

sensing data become available for the study sites, an interesting line of inquiry would 

be to compare them to the ground-based survey data to assess the differences. An 

advantage of using the study sites for this purpose is that the ground-truthing is 

already done. 

The research undertaken during this thesis provides a very general overview 

of a small sample of dolines in the temperate rainforest karst of coastal BC. Many 

questions about these features and the karst in general remain unanswered. The scope 

for future karst research in this region of British Columbia is almost limitless. 
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Figure B-1! For dolines classified as “significant surface karst features” the Karst Management Handbook For British 
Columbia recommends a minimum one-tree-length reserve plus adjacent windfirm management zone (British 
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Figure B-2! ! For a) dolines classified as “significant surface karst features” and large enough to generate their own 
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British Columbia recommends a minimum two-tree-length reserve plus adjacent windfirm management zone 
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Figure B-3! Recommended best practices for clusters of minor surface karst features in the Karst Management Handbook 
for British Columbia (See British Columbia Ministry of Forests, 2003, pp. 46-47). Though the feature in the 
illustration above is labeled a grike (indicating a cluster of grikes), the same treatment would be recommended 
for a cluster of small dolines (i.e., dolines with greatest dimensions < 5 m) classified as “minor surface karst 
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Figure D-1! A field card for collecting doline survey data (note that data entry tables are abbreviated in this image). The 
alphanumeric doline identifier (e.g. “A27” or “B12”) is entered in the upper left next to the survey date. Next, 
survey data from a series of eight profiles corresponding to the cardinal and sub-cardinal points are entered. 
Each profile begins at the doline drainage focus (DF) to some point beyond the surveyed rim. Finally, the 
doline rim is surveyed from a flagged or staked point on the north rim. This fixed point also served as the tie-
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Figure D-2! Standing tree field data card. The alphanumeric doline or control designation is entered in the upper left. The 
date of survey, time of survey, and surveyor name are recorded next. Data for each tree in or around each 
doline are entered from left to right. The first category of data entered is the reference point from which the 
tree position data are collected. In most cases, this was the flagged or staked point on the doline’s north rim, 
but sometimes the drainage focus (DF) was used. The “Tree Inside” category was the surveyor’s estimate of 
whether or not the tree being surveyed was inside or outside of the doline (the usefulness of this category was 
debatable, since it was ultimately the modeled rim that determined whether the tree would be counted in or 
out, hence this category would probably be omitted in future versions of the card). Next, distance, azimuth 
and slope of the base of the tree from the reference point are entered. The breast height diameter (DBH) was 
measured with either a monocular or derived from circumference obtained using a tape measure and 
converted into diameter during data entry. Tree species (if discernable) and whether or not the tree was a snag 
or stump were entered next. If the “tree” was a snag or stump, its dimensions and wildlife tree class (under the 
heading “stump decay class”) were entered in the last three corresponding columna. The reference card used 
for determining the “stump decay class” category is reproduced below in Figure D-3. .................................. D-2!

Figure D-3! Wildlife tree reference card used to estimate “stump decay class” in Standing Tree Field cards. Source: British 
Columbia Ministry of Environment, Lands and Parks & British Columbia Ministry of Forests Research 
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Figure D-4! A downed wood field data card. The alphanumeric doline or control designation is entered in the upper left. 
The date of survey, time of survey, and surveyor name are recorded next. Data for each piece of downed 
wood in or around each doline or control are entered from left to right. The first category of data entered is the 
reference point from which the downed wood position data is collected. In most cases, this reference was the 
flagged or staked point on the doline’s north rim, but sometimes the drainage focus (DF) was used. The 
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Decay Class. This was determined using the reference card below (see Figure D-5). ..................................... D-4!

Figure D-5! ! Reference card used to estimate decay classes for downed wood. Source: British Columbia Ministry of 
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Figure D-6! Field card for recording surface cover materials. The alphanumeric identifier for the doline or control was 
entered in the upper left-hand corner of the card, along with the date the data were collected. For each 
quadrant of each doline (i.e., northeast (NE), southeast (SE), southwest (SW), southeast (SE)), the estimated 
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“other”, along with the estimated percentage of the doline area covered by that material. In most cases, digital 
photographs were taken of each quadrant for reference purposes; the image number(s) of these photographs 
were recorded under the heading “Photo ID”. Soil depth data were also recorded on this card using a simple 
table, but this section of the card is not reproduced here. ................................................................................. D-6!

Figure R-1! ! Recommended best practices for dolines (“sinkholes”) 1) enclosing significant cave entrances (British 
Columbia Ministry of Forests, 2003, pp. 22-23); or 2) “large enough to create their own microclimate” (see 
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British Columbia Ministry of Forests, 2003, p. 26-27). The doline has a wind-irm two-tree-length (~ 80-m) 
standing timber reserve, as measured outward from the doline rim (marked with an arrow labeled “RZ”). An 
adjacent management zone (marked with an arrow labeled “MZ” is of sufficient size and configuration to 
protect the reserve from windthrow. ................................................................................................................. R-2!

 Figure R-2! Diagram showing recommended best management practices for a doline classified as a “significant surface 
karst feature”, but not enclosing a significant cave entrance and/or not large enough to generate its own 
microclimate. The management strategy consists of a 1-tree-length (~ 40 m) windfirm standing timber reserve 
(shown by the red arrow labeled “RZ”) as measured outward from the doline’s rim, plus an adjacent 
management zone (indicated by the yellow arrow labeled “MZ”) of sufficient size and design to protect the 
reserve from windthrow (British Columbia Ministry of Forests, 2003, p. 26). ................................................ R-4!

Figure R-3! Typical examples of the management of BC dolines not classified by foresters as significant surface karst 
features. The photos above show: A) a larger-than-“average” logged doline on northeastern Vancouver Island; 
B) a smaller-than-“average” logged doline on north-central Vancouver Island; C) and D) larger-than-
“average” logged dolines on northwestern Vancouver Island; E) and F) “average”-sized dolines on a northern 
Gulf Island. Actual management involves clearcutting, irrespective of a doline’s relative size. ..................... R-5!

Figure R-4! Tasmania’s Forest Sinkhole Manual specifies buffer or exclusion zone widths for dolines located on slopes. 
Tasmania’s system is based on riparian buffers in recognition of the hydrological functions and sediment 
transport capacities of dolines. No doline receives less than Class 4 stream protection under this system 
(Kiernan, 2002, p. 21). Source: Kiernan (2002, p. 23). .................................................................................... R-7!

Figure R-5! Montage of images from the Devils Bath, a large cenote-like feature on Northern Vancouver Island. A) 
Aquatic plants growing near the east wall of the Devil’s Bath. Bedding is visible in the background. B) A 
sundew plant (probably Drosera rotundifolia) growing on one of the floating logs in the Devil’s Bath. The 
bedrock walls of the feature are reflected in the water near the top of the frame. C) A small but diverse plant 
community growing on another log floating in the Devil’s Bath. D) Bedrock walls of the northeast end of the 
Devil’s Bath. The forest on this side of the Bath was clearcut in the 1980s. Only about 9.7% of the natural 
area surrounding this feature remains intact today. E) Bedding on the western wall of the Devil’s Bath. 
Though interesting from a structural geology perspective, the mirror-image reflections of these features in the 
still waters of the Bath also contribute to the high aesthetic value of the feature. F) The Devil’s Spring. Water 
exits the Devil’s Bath system via this spring and enters the Benson River. ................................................... R-11!

Figure R-6! Aerial view of the Devil’s Bath showing part of the 2012 clearcut harvesting on this regionally significant 
feature’s rim. The viewing platform, installed in 1997, and refurbished in 2009 with the addition of an 
interpretive sign kiosk, is marked. Source: Ramsey et al. (in review). ........................................................... R-12!

Figure R-7! ! Typical examples of actual doline management on Northern Vancouver Island. .......................................... R-13!
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A-1 

Appendix A: Overview of Karst Management in BC  

A.1 ORIGINS OF KARST MANAGEMENT IN BC 

BC’s karst management originated and evolved mainly in relation to forestry 

on Northern Vancouver Island. This “forestry bias” remains evident in the province’s 

key karst management guideline documents and legally supported orders for karst 

features.  

Forest cover removal on karst in BC is a relatively recent phenomenon – 

much of it has occurred within the last one hundred years (Vyse et al., 2010; see also 

Griffiths & Ramsey, 2006). Prior to 1997, no special consideration was given to 

managing the province’s karst resources.1 

In an address to the attendees of the 13th National Karst and Cave 

Management Symposium in Bellingham, Washington, the Deputy Chief Forester of 

British Columbia observed that,  

… our historical cave and karst management in B.C. may not 
have been exemplary, due to a former lack of awareness about the 
ecological significance of these environments . . . . We are now 
moving to ensure that these resources take their rightful place in the 
consideration and careful management of all forest values and 
resources (Beedle, 1997, pp. 20-21). 

A.2 KEY KARST MANAGEMENT GUIDELINE DOCUMENTS 

In 1997, the BC government stated its intention to embark on an ambitious 

series of initiatives aimed at improving its performance in karst resource 

stewardship, including the development of karst management guidelines, karst 

inventory standards, and to “undertake high priority research” (Beedle, 1997, p. 20). 

While not all of the 1997 initiatives were fully realized, the province did eventually 

develop and publish a set of voluntary standards and guidelines for inventorying and 

                                                
1 Karst caves were somewhat of an exception. As British Columbia Ministry of Forests, (2003, p.1) 
explains, “Karst management in British Columbia has traditionally focused on the management of 
caves, particularly with regard to recreational use. In recent years … the focus has expanded to 
consider the entire karst ecosystem – both surface and subsurface components. Karst is now 
recognized as a valuable, non-renewable resource that can be highly sensitive to disturbance”. 
Despite this historical tendency to focus on caves (as opposed to karst systems), BC lacks effective 
cave protection legislation. A limitation of the Government Actions Regulation (GAR) karst orders 
described below is that while they provide some form of legal protection for all karst caves and other 
specified categories of karst resource features, they only do so in relation to primary forestry activities 
such as timber harvesting. 
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determining the relative significance of karst resources (i.e., the Karst Inventory 

Standards and Vulnerability Assessment Procedures for British Columbia (KISVAP) 

(Resources Information Standards Committee, 2003)). Recommended best practice 

guidelines for conducting primary forestry activities on karst in the form of the Karst 

Management Handbook for British Columbia (KMH) (British Columbia Ministry of 

Forests, 2003) were published in 2003. BC’s Ministry of Forests2 continues to be the 

branch of government with the most capacity to deal with issues related to karst, 

though awareness of the need to manage karst as a resource is gradually spreading to 

other sectors.  

The KMH was developed with input from karst scientists and the forest 

industry. It attempts to use an “ecosystem” approach to karst management while 

avoiding significant impacts to timber supply and operational cost increases (British 

Columbia Ministry of Forests, 2003, p. 13). Its stated objectives are: 

• Maintain the capability of karst landscapes to regenerate healthy 
and productive forests after harvesting; 

• Maintain the high level of biodiversity associated with karst 
ecosystems, including surface and subsurface habitats; 

• Maintain the natural flows and water quality of karst hydrological 
systems; 

• Maintain the natural rates of air exchange between surface and 
subsurface; 

• Maintain and protect significant surface karst features (e.g., 
sinkholes, sinking streams, springs, and cave entrances) and 
subsurface karst resources (e.g., caves underground streams, and 
subterranean fauna); and 

• Provide recreational opportunities where appropriate (British 
Columbia Ministry of Forests, 2003, p. 13)  

The KMH is not a legally supported document. It is a set of voluntary 

recommended best practice guidelines, “intended to assist in the development of 

appropriate management practices when conducting forest operations on karst 

terrain” (British Columbia Ministry of Forests, 2003, p. iii). 

                                                
2 The names of government departments have changed through time, reflecting changes in 
government administrations and policy. For example, through the last decade or so, “BC Ministry of 
Forests” has evolved into “BC Ministry of Forests and Range” and most recently into the “BC 
Ministry of Forests, Lands and Natural Resource Operations.” 
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A.3 GOVERNMENT ACTIONS REGULATION (GAR) 
ORDERS FOR KARST 

At present, the only specific legal mechanisms for protecting karst in BC are 

Government Actions Regulations (GAR) orders (Government Actions Regulation 

(GAR), 2004). The GAR orders identify certain specified surface or subsurface 

elements of karst systems as “karst resource features” to be protected. Though 

wording varies somewhat among the GAR orders, the specified elements to date 

typically include caves, as well as “important features or elements” within karst 

terrain classified as having high or very high vulnerability. All of the orders include 

“significant surface karst features.” Dolines are not specifically identified in any 

existing GAR order. However, if the case can be made that dolines, or at least some 

dolines, are “significant surface karst features,”3 then those dolines would be subject 

to the GAR orders.  

Once such categories of elements of karst systems are “identified” by a GAR 

order, they are subject to the Forest Planning and Practices Regulation, Section 

70(1), which requires that forest agreement holders do not “damage or render 

ineffective” the identified resource features (Forest Planning and Practices 

Regulation, 2004). The GAR orders are limited to: a) impacts to karst caused by 

primary forest activities;4 and b) the forest districts that have made the orders. 

Since 2006, six of BC’s forest districts have identified certain categories of 

karst resource features for this limited form of legal protection under GAR orders. 

These forest districts include: 1) Haida Gwaii (Order to Identify Karst Resource 

Features for the Queen Charlotte Islands Forest District, 2006); 2) Campbell River 

(Order to Identify Karst Resource Features for the Campbell River Forest District, 

2007); 3) North Island – Central Coast (Order to Identify Karst Resource Features 

for the North Island – Central Coast Forest District, 2007); 4) Sunshine Coast 

(Order to Identify Karst Resource Features for the Sunshine Coast Forest District, 

2010); 5) South Island (Resource Feature Order, 2009); and 6) Chilliwack (Order to 

                                                
3 Arriving at a significance classification is problematic, and is discussed in greater detail in Appendix 
B. 
4 Other land use activities that might adversely impact karst features are not covered by the GAR 
orders. 
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Identify Karst Resource Features in the Chilliwack Forest District, 2010). All six of 

the forest districts with GAR orders for karst are located in coastal BC.5  

In 3 of 6 forest districts with karst GAR orders (i.e., Campbell River, 

Chilliwack and North Island-Central Coast), district managers have stated in 

rationale documents that adherence to the Karst Management Handbook for British 

Columbia (KMH) and the Karst Inventory Standards and Vulnerability Assessment 

Procedures for British Columbia (KISVAP) can be relied upon for guidance in 

complying with GAR orders for karst (see the Determination Rationale for the May 

30, 2007, Order to Identify Karst Resource Features for the Campbell River Forest 

District, p. 4; Determination Rationale for the Order to Identify Karst Resource 

Features in the Chilliwack Forest District, 2010, p. 3; Determination Rationale for 

the Order to Identify Karst Resource Features for the North Island – Central Coast 

Forest District, 2007, p. 3). Rationales from two of these three districts (Campbell 

River and Chilliwack) also mention professional reliance in conjunction with their 

references to these documents. 

A.4 CURRENT KARST MANAGEMENT REGIME 

A.4.1 Forest and Range Practices Act (FRPA) 

Prior to 2004, BC practiced a highly prescriptive approach to forestry in 

which government directly oversaw and approved proposed forestry activities. In 

2004, the BC Government introduced the Forest and Range Practices Act (FRPA) 

(see Forest and Range Practices Act, 2004). The stated goals of FRPA were to 

reduce administration and improve forest industry competitiveness. Under the FRPA 

regime, the BC Government does not tell forest companies how to practice, or 

approve their site plans in advance. Instead, Government sets management objectives 

for eleven different resource values.6 It is the forest industry’s responsibility to 

achieve these by employing science-based management strategies. The effectiveness 

of these management strategies was to be judged by outcomes or results rather than 

adherence to prescriptive strategies or guidelines (Bradford et al., 2005). The results 

of effectiveness evaluations and monitoring were intended to then inform future 
                                                
5 The study sites described in this thesis are located in two of the six forest districts with GAR orders 
for karst: North Island - Central Coast (Site A) and Campbell River (Sites B and C). 
6 These resource values include soils, timber, forage and associated plant communities, wildlife, 
biodiversity, fish, water, resource features, recreational resources, visual quality and cultural heritage 
resources. Karst is listed as a subset of the “resource features” values category. 



 

 

A-5 

management systems and management plans as part of an “adaptive management 

program” (e.g., see British Columbia Ministry of Forests, Lands, and Natural 

Resource Operations, 2008, p. 2; see also Bradford et al., 2005; Houde et al., 2005; 

Lindenmayer et al., 2000). 

A.4.2 FRPA: Resource Stewardship Monitoring (RSM), Forest and Range 
Evaluation Program (FREP), and “effectiveness evaluations” 

The effectiveness of management strategies (including management 

strategies for karst) was to be monitored and evaluated via “effectiveness 

evaluations”7 conducted in the field as part of a Resource Stewardship Monitoring 

(RSM) program by the BC Ministry of Forests and Range. Data and results gathered 

though RSM effectiveness evaluations were intended to inform future management 

decision makers in both industry and government as part of a continuous 

improvement cycle (British Columbia Ministry of Forests and Range, 2007). The 

RSM monitoring is conducted under the auspices of the Forest and Range Evaluation 

Program (FREP). FREP’s stated mandate is: 

… to ensure that scientifically based and peer-reviewed 
protocols are developed through collaborative efforts with existing 
scientifically based evaluation initiatives and stakeholder 
involvement. The intent is to determine if government-stated 
objectives for FRPA resource values are being achieved (British 
Columbia Ministry of Forests and Range, 2007). 

The protocol for collecting effectiveness evaluation indicator data for karst 

was completed in 2009. During FREP karst effectiveness evaluations, data are 

collected on a series of “indicators” for different feature categories as well as for the 

broader karst landscape. In the case of “sinkholes” (dolines), the FREP indicators 

are:  

1. Retention of standing trees in and around the doline;  

2. Up-rooted windthrown trees in and around the doline;  

3. Soil disturbance; 

                                                
7 “Effectiveness evaluation/monitoring” is defined as,  
A Forest and Range Evaluation Program activity that determines whether policies or practices are 
meeting desired objectives based on evidence of outcomes. These evaluations are used to assess the 
impacts of operational activities on specific resource values (e.g., assessing post-harvest stand 
structure and comparing it to baseline data for that ecosystem) (British Columbia Ministry of Forests, 
Lands, and Natural Resource Operations, 2008, p. 29). 
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4. Introduced materials (i.e., logging slash and/or road construction 

materials); and 

5. Burning.  

Two additional indicator questions, regarding changes to shade levels and 

changes to native lower plant community (i.e., evidence of desiccation or presence of 

invasive plants), are considered for dolines likely to have distinct microclimates (see 

British Columbia Forest and Range Evaluation Program, 2009, pp. 5-9).  

A.4.3 FRPA: role of professional reliance 

Under FRPA, the RSM evaluations may be seen as a form of “quality 

control” to keep industry, government, and the public informed as to the general state 

of forest practices. However, RSM monitoring is a reactive (as opposed to proactive) 

form of quality control. One form of proactive quality control under FRPA is 

professional reliance – the notion of relying on the advice or opinion of qualified 

professionals in order to achieve compliance with existing regulations or effective 

management strategies for particular resource values:  

Professional reliance is an important aspect of the legal 
framework for forest and range management. The shift from a focus 
and dependence on government approval of several types of detailed 
plans to a more results-based, tenure holder driven approach is 
predicated on the assumption that society can and should rely on the 
resource management professions. In making this shift, the 
Legislature’s expectations are centred on rigorous standards of 
conduct, competence and accountability, as demonstrated by 
compliance with a strict ethical code, dedication to professional 
principles, and the requisite expertise to carry out the work 
(Professional Reliance Task Force, 2006, p. 6; see also British 
Columbia Ministry of Forests, Lands, and Natural Resource 
Operations, 2008, p. 78). 

It should be noted that membership in a registered professional association is 

not a guarantee that an individual in BC has any background or experience with 

karst, or for that matter karst management, so the notion that a registered 

professional is automatically competent to undertake such work is false. Most 

registered professional associations include stipulations about practicing within the 

limits of one’s area of expertise as part of their Codes of Ethics. Ideally, this should 

effectively discourage members from undertaking karst management work unless 

they have obtained the requisite training and qualifications. How, then, can 
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Government’s expectations of “rigorous standards of conduct, competence and 

accountability, as demonstrated by compliance with a strict ethical code, dedication 

to professional principles, and the requisite expertise to carry out the work” be met 

with respect to managing karst?  

The BC Government has published recommended qualifications and training 

for undertaking karst field assessments in BC. These include completion of the three-

day Resources Information Standards Committee (RISC) Karst Field Assessment 

Training Course (as stated in British Columbia Ministry of Forests, 2003, p. 15). 

Additional guidelines on recommended qualifications and training are provided in 

the Karst Inventory Standards and Vulnerability Assessment Procedures for British 

Columbia (KISVAP) (see Resources Information Standards Committee, 2003, p. 69).  

A.4.4 FRPA: current status of karst monitoring under the RSM/FREP 
program 

To date, a handful of Forest and Range Evaluation Program (FREP) karst 

evaluations have been conducted. The data have not being publicly reported to date. 

The effectiveness of current forest practices at managing dolines, or other aspects of 

karst is unknown at present.  

A.5 SUMMARY 

Vyse et al. (2010, p. 130) note that, “Forest policy changes are still in a state 

of flux; further changes can be expected in response to the current economic, social, 

and political realities”. It remains to be seen how these factors will shape karst 

management in BC.  
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Appendix B: BC’s Recommended Best Practice 
Guidelines for Dolines  

B.1 DOLINES: DEFINITION AND CATEGORIES  

Sinkholes (dolines) are categorized as “negative relief point features” in the 

Karst Inventory Standards and Vulnerability Assessment Procedures for British 

Columbia (KISVAP) (see Resources Information Standards Committee, 2003, p. 86). 

In this key guideline document a “sinkhole” (doline) is defined as, 

…a topographically closed karst depression, wider at the rim 
than it is deep. It is commonly of a circular or elliptical shape with a 
flat or funnel-shaped bottom. A sinkhole can have sinuous interior 
contours, but no angular contours. For inventory purposes, a sinkhole 
must have a deepest point at least 2 m below the surrounding 
landscape, and have a width greater than 2 m. A shakehole is a 
variant of a sinkhole, and is formed by solution, subsidence, or 
compaction in loose drift or alluvium overlying beds of limestone. An 
uvala is a large karst depression with a rugged bottom, often formed 
by coalescent sinkholes. It may contain other smaller nested features. 
For example, the host uvala may contain a karst stream that 
eventually sinks at a swallet (Resources Information Standards 
Committee, 2003, p. 86). 

B.2 KARST VULNERABILITY AND SIGNIFICANCE 
CLASSIFICATION FOR DOLINES 

The Karst Management Handbook for British Columbia (KMH) (British 

Columbia Ministry of Forests, 2003) provides different management objectives and 

recommended best practice guidelines for different categories of dolines (and other 

categories of karst features) based partly on: 1) the vulnerability rating of the 

surrounding karst landscape; and 2) the “significance” of the doline based on ratings 

of 10 different attributes or values. Different sizes of standing timber reserves8 are 

recommended for three categories of dolines, based on: 

• Whether the doline is classified as “significant” according to the KISVAP 

significance classification procedure; 

                                                
8 The KMH recommends that all karst reserves exclude: 1) roads and skid trails, 2) the felling of trees 
except for those posing safety hazards or risks to forest health; and 3) activities or substances (for 
example fueling vehicles or the use of herbicides) that could contaminate the reserve (see British 
Columbia Ministry of Forests, 2003, p. 29). 
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• Whether the doline is large enough to generate its own microclimate (see 

British Columbia Ministry of Forests, 2003, p. 26); or 

• Whether the doline encloses a significant cave entrance. 

The components that make up this rather complex system for managing 

dolines are described below. 

B.2.1 Karst vulnerability  

Karst vulnerability is assessed using a “four-step procedure” described in 

detail in Karst Inventory Standards and Vulnerability Assessment Procedures for 

British Columbia (KISVAP) (see Resources Information Standards Committee, 2003 

– see pp. 66-67). Main factors considered in assessing karst vulnerability in this step-

wise procedure include major epikarst development and sensitivity (Resources 

Information Standards Committee, 2003, pp. 46-52); surface karst sensitivity, feature 

density (Resources Information Standards Committee, 2003, pp. 52-56), and 

subsurface karst potential (Resources Information Standards Committee, 2003, pp. 

63-64). These factors may be modified by considerations such as soil thickness and 

texture, surface “roughness” and the presence of unusual or rare plants. The four-step 

procedure produces ratings of “Low Vulnerability”, “Moderate Vulnerability”, “High 

Vulnerability”, or “Very High Vulnerability” karst landscapes.  

The best practice guidelines recommend that karst polygons with “Very High 

Vulnerability” ratings be excluded from primary forestry activities. Therefore, 

irrespective of its individual significance rating, any doline in a polygon of Very 

High Vulnerability karst will be protected because the area is deemed to be off-

limits.  

For dolines situated in karst landscape polygons of “Low”, “Moderate”, or 

“High” vulnerability ratings, the degree of protection or recommended management 

measures the doline will receive depends more heavily on a doline’s individual 

significance rating. 

B.2.2 The KISVAP procedure for determining the significance of dolines 

The procedure used for determining the significance of surface karst features, 

described in KISVAP (Resources Information Standards Committee, 2003, pp.78-

82), utilizes 10 different criteria, including visual quality, scientific and educational 

values, archaeological, cultural, and historical values, recreational and commercial 
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values, rarity and abundance, geological values, biological values, dimensional 

characteristics, hydrology and connectivity. Each of these criteria are evaluated 

qualitatively and assigned a “significance potential rating” of low, moderate, or high. 

The protocol states that if any one criterion is rated as “high”, or, if two or more 

criteria are rated “moderate” and any of the other criteria are unknown, the overall 

significance rating of the feature is “potentially high”. However, the final overall 

significance rating is based on the field worker’s local knowledge, experience and 

judgment (Resources Information Standards Committee, 2003, p. 81).  

B.3 MANAGEMENT OBJECTIVES AND RECOMMENDED 
BEST MANAGEMENT PRACTICES  

In BC’s published karst management guideline documents, the KISVAP 

significant ratings play a large role determining the minimum level of management a 

given doline should receive. The recommended best practices consist of leaving 

reserves consisting of standing trees around some dolines in order to achieve the 

stated management objectives. The minimum recommended widths of these reserves 

vary according to whether a doline is large enough to generate its own microclimate 

(British Columbia Ministry of Forests, 2003, p. 26). 

B.3.1 Dolines classified as “significant surface karst features” 

For dolines classified as “significant surface karst features” according to 

KISVAP criteria, the Karst Management Handbook for British Columbia (KMH) 

(British Columbia Ministry of Forests, 2003, p. 26) specifies four management 

objectives:  

1) protecting the features from physical damage;  

2) maintaining any associated microclimatic or habitat/biodiversity conditions;  

3) preventing soil erosion and sediment transfer into subsurface openings or 

caves; and  

4) maintaining some measure of aesthetic or recreational values (if these values 

are deemed significant).9  

                                                
9 Of these four management objectives, only the first three routinely apply to dolines unless the doline 
is associated with a large cave entrance or swallet.  
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To achieve the management objectives stated above for dolines classified as 

“Significant Surface Karst Features,” the KMH recommends the following 

management practices: 

• A standing timber reserve10 of at least one tree-length11 wide extending 

outward from the doline’s rim. If the doline has some exceptional quality 

such as a high recreational- or aesthetic value, for example, it might be 

recommended that the size or design of the reserve be adjusted to preserve or 

provide enhanced protection for that quality; and 

• An adjacent management zone of sufficient size and appropriate design to 

protect the standing timber reserve from windthrow. (British Columbia 

Ministry of Forests, 2003, p. 26). 

This recommended management approach is illustrated in Figure B-1, below. 

  

                                                
10 Recommended reserve sizes should be considered default minimum sizes, which may need to be 
modified as needed, depending on local site conditions. For example, the KMH recommends that 
where windthrow potential is severe, reserve designs should be based on windthrow assessments (see 
British Columbia Ministry of Forests, 2003, p. 21). For reserves located on slopes, the KMH 
recommends extending the reserve boundaries upslope to address the increased potential for soil 
erosion and slumping (British Columbia Ministry of Forests, 2003, p. 21). 
11 The KMH defines a “tree-length” as “the average height of the dominant and co-dominant trees at 
100 years” (British Columbia Ministry of Forests, 2003, p. 22). In coastal BC, one tree-length equals 
about 40 meters. 
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Figure B-1 For dolines classified as “significant surface karst features” the Karst Management 
Handbook For British Columbia recommends a minimum one-tree-length reserve plus 
adjacent windfirm management zone (British Columbia Ministry of Forests, 2003, pp. 26-
27). 

B.3.2 Dolines classified as “significant surface karst features” and large 
enough to generate their own microclimates12 

Recognizing that “sinkholes large enough to create their own microclimate” 

are often associated with high biodiversity and habitat values, a higher level of 

protection is recommended for these dolines: a two tree-length (~ 80 m wide) reserve 

surrounded by a management zone “of sufficient size and appropriate design to 

protect the standing timber reserve from windthrow” (British Columbia Ministry of 

Forests, 2003, p. 26). This approach, illustrated in Figure B-2, below, provides the 

same level of protection recommended for significant cave entrances, including those 

that may be enclosed by dolines, the difference being that in this case, a cave 

entrance need not be present.  

                                                
12 “I.e., support distinct vegetation with an obvious species gradient down the sideslope, or exhibit a 
distinctive temperature and relative humidity gradient” (British Columbia Ministry of Forests, 2003, 
p. 26). 
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The KMH does not provide morphometric or morphologic guidelines to 

identify “sinkholes large enough to create their own microclimate.” A paragraph in 

KISVAP seems to imply that sinkholes of greater than 20 m in diameter are “large” 

and may have their own microclimates (see Resources Information Standards 

Committee, 2003, p. 82). Since no basic research had been conducted on either 

doline morphometry or doline microclimates in BC at the time, and since no 

supporting literature is cited, the basis for this 20 m threshold is uncertain. 

 

Figure B-2 For a) dolines classified as “significant surface karst features” and large enough to 
generate their own microclimates; or b) dolines enclosing “significant cave entrances”, 
the Karst Management Handbook For British Columbia recommends a minimum two-
tree-length reserve plus adjacent windfirm management zone (see British Columbia 
Ministry of Forests, 2003, pp. 22-23; pp. 26-27). 

B.3.3 Dolines enclosing significant cave entrances 

If a “significant cave entrance” is enclosed by a doline, for management 

purposes “the rim or edge of the doline as defined by the upper break of the slope 

enclosing the sinkhole” is treated the cave entrance (British Columbia Ministry of 

Forests, 2003, p. 22). The management objectives for protecting the cave entrance 

are: 

1) Maintaining the natural water flow, air flow, air temperature, relative 
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humidity and level of shading within the range of natural variability to protect 

subsurface habitat conditions and cave processes; 

2) Maintaining stable habitat conditions for flora and fauna in and around the 

cave entrance; 

3) Preventing logging debris from entering the cave entrance; and 

4) Preserving a measure of aesthetic value or recreational experience (if 

applicable). 

The recommended best management practice is a minimum two-tree-length 

reserve extending outward from the rim of the doline, plus a management zone “of 

sufficient size and appropriate design to protect the standing timber reserve from 

windthrow” (British Columbia Ministry of Forests, 2003, pp. 22-23). As noted 

earlier, this approach is identical to the approach recommended for dolines classified 

as “significant surface karst features” and large enough to generate their own 

microclimates, depicted in Figure B-2, above. 

B.3.4 Dolines not enclosing significant cave entrances or not classified as 
significant surface karst features, but with greatest dimensions 
exceeding five meters 

Dolines in this “intermediate” category are probably the most numerous type 

in coastal BC. They are generally smaller than the categories of dolines discussed 

above, but larger than dolines defined as “minor surface karst features”, described 

below. For dolines that do not enclose significant cave entrances and are not 

classified as significant surface karst features, or significant karst features large 

enough to generate their own microclimates, the KMH does not provide specific 

management objectives. It does, however, provide recommended best management 

practices based on the vulnerability classification of the surrounding terrain (see 

British Columbia Ministry of Forests, 2003, pp. 46-47). The recommended best 

management practices for dolines in this category that are located in areas of 

moderate or high vulnerability karst terrain may be summarized as: 

1) Avoid disturbing doline sideslopes;  

2) Attempt to minimize soil disturbance to prevent soil erosion in and around 

dolines; 

3) Clean out introduced debris if it can be done without causing further 

disturbance; 
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4) Avoid altering the natural hydrology of dolines by diverting road run off or 

ditch water into the features; 

5) Avoid constructing skid trails through or across dolines; 

6) Avoid fueling and servicing machinery near dolines. 

Standing timber reserves are not among the recommended best management 

practices for dolines in this category located in low-, moderate- or high-vulnerability 

karst terrain.13  

B.3.5 Dolines classified as “minor surface karst features” 

The KMH classifies surface karst features (including sinkholes) with greatest 

dimensions of less than five meters as “minor surface karst features” (British 

Columbia Ministry of Forests, 2003, p. 46). As with sinkholes not classified as 

significant, standing timber reserves are not among the recommended best 

management practices for dolines in this category (British Columbia Ministry of 

Forests, 2003, p. 46). Where minor surface karst features occur in clusters, the KMH 

suggests treating the cluster as a large single feature or unit, for which the 

recommended best practices include practices such as avoiding them during skid trail 

construction, falling and yarding trees away from them, removing introduced logging 

debris, and retaining any non-merchantable vegetation in and around the features 

(British Columbia Ministry of Forests, 2003, p. 46). This recommended best practice 

approach is illustrated in Figure B-3, below. 

 

                                                
13 There are no recommended best management practices for dolines of any category or size if they 
are located in areas rated as having “very high vulnerability” karst terrain. This is because the KMH 
recommends that, “very high vulnerability areas be excluded from harvesting” (British Columbia 
Ministry of Forests, 2003, p. 36). 
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Figure B-3 Recommended best practices for clusters of minor surface karst features in the Karst 
Management Handbook for British Columbia (See British Columbia Ministry of Forests, 
2003, pp. 46-47). Though the feature in the illustration above is labeled a grike (indicating 
a cluster of grikes), the same treatment would be recommended for a cluster of small 
dolines (i.e., dolines with greatest dimensions < 5 m) classified as “minor surface karst 
features.”  
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Appendix C: Karst Inventories in BC 

The purpose of this appendix is to describe the different categories of karst 

inventories in BC. There are two main categories of inventories in this province: 1) 

inventories that comply with the standards and guidelines described in the Karst 

Inventory Standards and Vulnerability Assessment Procedures for British Columbia 

(KISVAP) (Resources Information Standards Committee, 2003); and 2) inventories 

that do not comply with KISVAP.  

C.1 KARST INVENTORIES THAT COMPLY WITH KISVAP 

KISVAP (Resources Information Standards Committee, 2003) provides 

standards and guidelines for conducting karst inventories in BC at three different 

geographical scales: 

• Reconnaisance-level inventories (1:250 000 map scale) 

• Planning-level inventories (1:20 000 - 1:50 000 map scale) 

• Operational-level inventories (1:5 000 - 1:10 000 map scale) 

C.1.1 Reconnaissance-level inventories and maps 

Reconnaissance-level karst inventories can be provincial in scope, and are 

generally carried out at the 1:250 000 map scale. They consist of office-based 

analyses of criteria such as proportion of soluble bedrock types, bedrock attributes 

such as chemical purity, lithology, bedrock unit thickness, and topographic position. 

The object of conducting reconnaissance-level inventories is to predict the “karst 

potential” by using algorithms to: a) identify landscape polygons likely to host karst; 

and b) to rank each polygon according to a predicted intensity of karst development 

(i.e., in rankings of low (L), moderate (M) or high (H)). Currently, reconnaissance-

level karst inventories have been conducted and are available for 87 National 

Topographic Series (NTS) map sheets covering 100% of the province, including 

100% of the study area (Northern Vancouver Island) (see Stokes, 1999; Resources 

Information Standards Committee, 2003). 

C.1.2 Planning-level karst inventories and maps 

There are two kinds of planning-level karst inventories. Regional-level 

planning inventories are intended to confirm the presence of karst and determine its 
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extent in areas where its presence is suspected but not confirmed. If karst is found to 

be present, the inventory will also assess whether further inventory work is needed, 

pending potential land use activities or other needs, such as predicting timber supply. 

Detailed planning-level inventories are undertaken in areas where the presence of 

karst is already confirmed, for the purpose of identifying, assessing and stratifying 

polygons within the known karst unit in terms of “karst vulnerability potential”.14 

Both types of planning-level inventories are designed to be used at the 1:20 000 - 

1:50 000 scale and may locate and identify “major” surface karst features, including 

dolines. Currently, only two planning- level karst inventories/maps have been carried 

out in BC. These were both completed on Northern Vancouver Island by Western 

Forest Products, Inc., (or its predecessors), for two of their five Tree Farm Licenses 

(TFLs) – TFL 19 and TFL 37, plus some Forest License areas linked to the 

operations of the TFL 37 license holder.15 

C.1.3 Operational-level karst inventories: karst field assessments (KFAs)  

Karst field assessments (KFAs) are the most detailed inventories, but they are 

also the most limited in spatial scale – 1:5 000 - 1:10 000. KFAs are “operational-

scale” and are usually undertaken in order to assess the delineate and assess the 

vulnerability of various karst polygons that may be affected – either directly or 

indirectly – by some aspect of a proposed land use. Other tasks associated with 

KFAs include identifying and evaluating the significance of any karst features that 

may be present, and recommending specific appropriate management strategies for 

both discrete features and the broader karst landscape. Conducting KFAs, or 

identifying the need for a KFA, is often the responsibility of the proponent of the 

proposed development and the KFA report. Any data contained in a KFA belongs to 

the proponent who paid for it, even when a proposed project is carried out on public 

land.  

A minimum recommended qualification for conducting KFAs includes 

completion of the three-day Resources Information Standards Committee (RISC) 

Karst Field Assessment Training Course (see British Columbia Ministry of Forests, 
                                                
14 “Karst vulnerability is defined as “the susceptibility of a karst ecosystem to change, and is 
considered to be a function of its inherent characteristics and sensitivity”” (Resources Information 
Standards Committee, 2003, p. 3). As noted previously, karst vulnerability is assessed using a 
standard “four-step” protocol described in KISVAP (Resources Information Standards Committee, 
2003, pp. 66-67). 
15  Such inventories have not been undertaken for TFL 39, TFL 47, and TFL 6. 
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2003, p. 15). The Karst Inventory Standards and Vulnerability Assessment Procedure 

for British Columbia (KISVAP) provides some additional recommended guidelines 

(see Resources Information Standards Committee, 2003, p. 69). 

C.2 KARST INVENTORIES THAT DO NOT COMPLY WITH 
KISVAP 

For the purpose of this thesis, the term “Karst Field Assessment” (or its 

abbreviation KFA) refers specifically to karst inventories at the 1:5 000 - 1:10 000 

scale that are compliant with KISVAP standards. It should be noted that not all 1:5 

000 - 1:10 000 scale karst inventories conducted in BC comply with KISVAP 

standards, though KISVAP and the Karst Management Handbook for British 

Columbia (KMH) (British Columbia Ministry of Forests, 2003) may be cited as a 

reference in non-KISVAP-compliant karst inventory reports.  

In some cases, karst inventories pre-date KISVAP (examples include the 

1982 Tahsish karst inventory and the 1993 Holberg area inventory, both discussed in 

Chapter 7). In these cases, unless the inventory report explicitly states the methods 

used, it may not be possible to ascertain whether the data were collected and reported 

in a systematic, standardized way, or to gauge the accuracy of the results. In other 

cases, the recommended minimum training and other qualifications for conducting 

karst field assessments16 may not have been adhered to. The quality of non-KISVAP-

compliant karst inventories (as opposed to KISVAP-compliant KFAs) can therefore 

be highly variable. These factors can pose additional complications for researchers 

who might wish to use inventory data sets (some of the potential problems are 

described in Chapter 7). Karst inventories that do not comply with KISVAP are 

probably most commonly undertaken at the operational (1:5 000 - 1:10 000) scale.  

                                                
16 As noted in Appendix A, the minimum qualification guidelines for undertaking KFAs state in part, 
that, “Karst field assessments should be carried out by personnel who have successfully completed the 
RISC Karst Field Assessment Training Course (RISC 2003)” (see British Columbia Ministry of 
Forests, 2003, p. 15). In addition to completing this three-day long course, other recommended 
minimum qualifications include appropriate combinations of post-secondary education, experience, 
and skills, which are discussed in greater detail in KISVAP (Resources Information Standards 
Committee, 2003, p. 69). 
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Appendix D: Field Cards 

This appendix consists of reproductions of the standardized forms and 

reference cards designed for this thesis and used to collect different categories of 

field data. An identical set of cards was used for each doline and control point, 

except that the doline survey card (see Figure D-1) was omitted for control points.17 

D.1 DOLINE SURVEY FIELD CARD 

 

Figure D-1 A field card for collecting doline survey data (note that data entry tables are abbreviated 
in this image). The alphanumeric doline identifier (e.g. “A27” or “B12”) is entered in the 
upper left next to the survey date. Next, survey data from a series of eight profiles 
corresponding to the cardinal and sub-cardinal points are entered. Each profile begins at 
the doline drainage focus (DF) to some point beyond the surveyed rim. Finally, the doline 
rim is surveyed from a flagged or staked point on the north rim. This fixed point also 
served as the tie-in point for the dolines in the site surveys. 

  

                                                
17 In hindsight, it would have been better to fill out the doline survey field cards for control plots as 
well as for dolines. The control plot “rims” would be equivalent to a circle with a radius of 9.77 m 
outward from the plot centre. The plot profiles could then be surveyed exactly as was done for the 
study site dolines. 
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D.2 STANDING TREE DATA FIELD CARD 

Figure D-2 Standing tree field data card. The alphanumeric doline or control designation is entered 
in the upper left. The date of survey, time of survey, and surveyor name are recorded 
next. Data for each tree in or around each doline are entered from left to right. The first 
category of data entered is the reference point from which the tree position data are 
collected. In most cases, this was the flagged or staked point on the doline’s north rim, 
but sometimes the drainage focus (DF) was used. The “Tree Inside” category was the 
surveyor’s estimate of whether or not the tree being surveyed was inside or outside of 
the doline (the usefulness of this category was debatable, since it was ultimately the 
modeled rim that determined whether the tree would be counted in or out, hence this 
category would probably be omitted in future versions of the card). Next, distance, 
azimuth and slope of the base of the tree from the reference point are entered. The 
breast height diameter (DBH) was measured with either a monocular or derived from 
circumference obtained using a tape measure and converted into diameter during data 
entry. Tree species (if discernable) and whether or not the tree was a snag or stump 
were entered next. If the “tree” was a snag or stump, its dimensions and wildlife tree 
class (under the heading “stump decay class”) were entered in the last three 
corresponding columna. The reference card used for determining the “stump decay 
class” category is reproduced below in Figure D-3. 
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D.3 WILDLIFE TREE CATEGORIES 

Figure D-3 Wildlife tree reference card used to estimate “stump decay class” in Standing Tree Field 
cards. Source: British Columbia Ministry of Environment, Lands and Parks & British 
Columbia Ministry of Forests Research Branch, 1998.18 

  

                                                
18 See British Columbia Ministry of Environment Lands and Parks & British Columbia Ministry of 
Forests Research Branch, 1998. Field Manual for Describing Terrestrial Ecosystems. Land 
Management Handbook Number 25. Victoria: Crown Publications. Section 6, “Tree Attributes for 
Wildlife”, p. 9, Figure 6.1 “Visual appearance codes for wildlife trees”. 
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D.4 DOWNED WOOD DATA FIELD CARD 

 

Figure D-4 A downed wood field data card. The alphanumeric doline or control designation is 
entered in the upper left. The date of survey, time of survey, and surveyor name are 
recorded next. Data for each piece of downed wood in or around each doline or control 
are entered from left to right. The first category of data entered is the reference point 
from which the downed wood position data is collected. In most cases, this reference 
was the flagged or staked point on the doline’s north rim, but sometimes the drainage 
focus (DF) was used. The “Segment” category intended to determine whether an 
individual piece of downed wood was a fragment of a single tree. (This category proved 
to be confusing and of limited usefulness, and hence would probably be omitted in 
future versions of the card). Next, distance, azimuth and slope of an end of the downed 
wood piece from the reference point are entered. The length-wise directional orientation 
of the piece from this point was entered next. The length of the piece was recorded. The 
surveyor then attempted to determine whether the surveyed end of the piece of downed 
wood was the stump end (or entered “indeterminate” if this was not discernable. 
Whether or not the piece of downed wood was a product of rotational windthrow was 
also noted, if discernable). The breast height diameter (DBH) entered under the next 
category heading actually did not measure DBH, but rather the cross-sectional diameter 
of the piece. The final category of data entered was Decay Class. This was determined 
using the reference card below (see Figure D-5). 
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D.5 DOWNED WOOD DECAY CLASS CARD 

 

Figure D-5 Reference card used to estimate decay classes for downed wood. Source: British 
Columbia Ministry of Environment, Lands and Parks & British Columbia Ministry of 
Forests Research Branch (1998).19 

  

                                                
19 See British Columbia Ministry of Environment, Lands and Parks & British Columbia Ministry of 
Forests Research Branch, 1998. Field Manual for Describing Terrestrial Ecosystems. Land 
Management Handbook Number 25. Victoria: Crown Publications. Section 7, “Coarse Woody 
Debris”, p. 9, Table 7.1.  
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D.6 SURFACE COVER MATERIAL CARD 

Figure D-6 Field card for recording surface cover materials. The alphanumeric identifier for the 
doline or control was entered in the upper left-hand corner of the card, along with the 
date the data were collected. For each quadrant of each doline (i.e., northeast (NE), 
southeast (SE), southwest (SW), southeast (SE)), the estimated percentages of different 
surface cover materials were entered. If a surface cover material (or materials) other than 
those among the listed categories above was/were predominate, they were identified 
under the heading “other”, along with the estimated percentage of the doline area 
covered by that material. In most cases, digital photographs were taken of each 
quadrant for reference purposes; the image number(s) of these photographs were 
recorded under the heading “Photo ID”. Soil depth data were also recorded on this card 
using a simple table, but this section of the card is not reproduced here. 
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Appendix E: Sites A, B, and C: Morphometry Data  

E.1 MORPHOMETRIC PARAMETER ABBREVIATIONS AND 
DEFINITIONS 

Table E-1  Morphometric parameter abbreviations and definitions. 

ABBREVIATIONS Definitions 

DMAX Doline maximum diameter - “The segment linking the two most distant points of the 
perimeter” Bondesan et al., 1992, p. 8) 

DMNR Minor diameter - “The longest segment linking two points of the diameter and perpendicular 
to the maximum diameter” (Bondesan et al., 1992, p. 8) 

DAVE 
Average diameter - Arithmetical average of DMAX and DMNR. If the dolines have a very 

irregular border, the DAVE can be computed as the average of DMAX, DMNR, and the two 
diameters crossing at 45° (Bondesan et al., 1992, p. 13). 

DDIR 
Doline maximum diameter direction - “The azimuth angle of the DMAX[2] to the true North 
(from 0 – 180 degrees. It may be correlated to structure or tectonics (Bondesan et al., 1992: 

p.11). 

ADOL  “Measurement of the planimeteric surface bordered by the perimeter” (Bondesan et al., 
1992, p. 11). 

HMAX Doline maximum depth - “Difference in height between the maximum altitude of the 
perimeter and the lowest point of the depression” (Bondesan et al., 1992, p. 15).  

HDOL Closed depression depth - “Difference in height between the minimum altitude of the 
perimeter and the lowest point of the depression” (Bondesan et al., 1992, p. 15).  

HAVE Average depth. HAVE = "Depth"= (HMAX + HDOL)/2 
D/H Diameter/depth ratio = DAVE/HAVE 
 
Approximate Morphometric Equivalencies: 
 

• “LENGTH” is equivalent to DMAX, as defined by Bondesan et al. (1992) 
• “WIDTH” is equivalent to WMAX, as defined by Bondesan et al. (1992) 
• Inventory data does not always include “LENGTH” and “WIDTH”; often, only “DIAMETER” is supplied. 

DIAMETER is equivalent to (DMAX + DMNR)/2 or DAVE, as defined by Bondesan et al. (1992) 
• “DEPTH” is equivalent to (HMAX + HDOL)/2 (where HMAX and HDOL are as defined by Bondesan et al. 

(1992)). I have named this parameter "HAVE" (“average depth”). 

 

E.2 SITE A  

Table E-2  Site A: Morphometric data for individual dolines.20 

DOLINE DMAX DMNR DAVE DDIR ADOL HMAX HDOL HAVE D/H DESCRIPTO
R 

A1 18.77 17.90 18.33 35 222 6.08 1.89 3.98 4.61 Bowl 
A2 ND ND ND ND ND ND ND ND ND ND 
A3 16.85 12.38 14.61 14 145 3.50 1.51 2.5 5.84 Plate 
A4 10.89 7.03 8.96 26 60 4.38 1.86 3.12 2.87 Bowl 
A5 17.63 10.58 14.10 298 148 4.30 2.85 3.57 3.95 Bowl 
A6 10.55 10.02 10.28 307 78 3.94 2.08 3.01 3.42 Bowl 
A7 11.78 7.98 9.88 300 70 2.34 1.01 1.67 5.92 Plate 
A8 27.72 21.35 24.53 329 456 8.20 5.68 6.94 3.54 Bowl 
A9 51.67 25.84 38.75 278 1077 14.20 6.90 10.55 3.67 Bowl 
A10 10.98 9.60 10.29 317 84 3.54 2.16 2.85 3.61 Bowl 
A11 11.20 10.46 10.83 43 90 4.49 2.79 3.64 2.98 Bowl 
A12 14.57 9.82 12.20 25 108 3.04 1.30 2.17 5.62 Plate 
A13 26.68 16.66 21.67 2 361 8.77 2.22 5.49 3.95 Bowl 
A14 14.22 11.09 12.65 8 116 5.28 1.12 3.2 3.95 Bowl 

                                                
20 “ND” stands for “no data”. 
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A15 20.73 18.89 19.81 356 292 5.71 1.48 3.59 5.52 Plate 
A16 18.65 11.97 15.31 19 153 4.91 3.12 4.01 3.82 Bowl 
A17 20.08 16.75 18.42 268 250 6.98 2.85 4.92 3.74 Bowl 
A18 24.38 20.23 22.31 329 339 7.17 3.30 5.23 4.27 Bowl 
A19 8.04 7.92 7.98 51 47 3.17 2.02 2.59 3.08 Bowl 
A20 8.84 7.97 8.40 353 52 3.44 1.20 2.32 3.62 Bowl 
A21 14.87 11.35 13.11 343 116 4.84 1.42 3.13 4.19 Bowl 
A22 28.01 20.02 24.01 344 373 8.46 4.78 6.62 3.63 Bowl 
A23 19.36 7.36 13.36 66 118 3.20 1.50 2.35 5.69 Plate 
A24 18.25 12.45 15.35 40 157 5.84 1.66 3.75 4.09 Bowl 
A25 11.95 11.07 11.51 334 90 4.65 1.05 2.85 4.04 Bowl 
A26 16.30 11.84 14.07 23 142 4.37 2.46 3.41 4.13 Bowl 
A27 20.96 18.51 19.73 39 317 8.67 6.09 7.38 2.67 Bowl 
A28 20.41 17.81 19.11 55 277 8.23 4.22 6.22 3.07 Bowl 
A29 17.89 13.37 15.63 65 156 4.13 2.21 3.17 4.93 Bowl 
A30 6.91 6.72 6.81 295 35 3.08 0.73 1.9 3.58 Bowl 
A31 10.72 7.57 9.14 321 62 2.73 0.75 1.74 5.25 Plate 
A32 26.77 15.71 21.24 324 280 9.23 3.49 6.36 3.34 Bowl 
A33 19.79 19.58 19.68 5 256 9.16 2.67 5.91 3.33 Bowl 
A34 26.54 20.87 23.70 305 388 9.31 2.74 6.02 3.94 Bowl 
A35 21.43 16.04 18.73 24 252 7.12 2.20 4.66 4.02 Bowl 
A36 ND ND ND ND ND ND ND ND ND ND 
A37 23.65 17.06 20.35 29 307 4.45 3.11 3.78 5.78 Plate 
A38 ND ND ND ND ND ND ND ND ND ND 

E.3 SITE B 

Table E-3  Site B: Morphometric data for individual dolines. 

DOLINE DMAX DMNR DAVE DDIR ADOL HMAX HDOL HAVE D/H DESCRIPTO
R 

B1 21.21 18.58 19.90 71 267 5.51 3.20 4.36 4.56 Bowl 
B2 28.96 21.25 25.11 24 449 13.09 6.99 10.04 2.5 Bowl 
B3 10.46 7.56 9.01 349 68 4.02 2.01 3.01 2.99 Bowl 
B4 21.91 14.86 18.39 313 210 9.82 2.22 6.02 3.06 Bowl 
B5 15.62 11.32 19.13 323 138 7.06 1.96 4.51 4.24 Bowl 
B6 31.58 22.72 27.15 327 440 10.41 2.90 6.65 4.08 Bowl 
B7 8.91 8.40 8.66 64 57 4.65 2.55 3.60 2.41 Bowl 
B8 9.17 7.55 8.36 347 51 2.41 1.18 1.80 4.64 Bowl 
B9 6.63 6.40 6.52 319 25 2.58 0.85 1.71 3.81 Bowl 
B10 4.99 3.11 4.05 350 11 3.05 1.44 2.25 1.8 Funnel 
B11 5.41 4.70 5.06 49 18 3.14 1.42 2.28 2.22 Bowl 
B12 12.39 7.00 9.70 358 72 3.73 3.15 3.44 2.82 Bowl 
B13 22.68 20.96 21.82 10 312 4.05 1.57 2.81 7.77 Plate 
B14 ND ND ND ND ND ND ND ND ND ND 
B15 22.37 21.92 22.15 298 322 8.55 4.14 6.34 3.49 Bowl 
B16 6.55 5.88 6.22 4 27 3.37 1.95 2.66 2.34 Bowl 
B17 29.68 20.35 25.02 321 437 9.91 4.59 7.25 3.45 Bowl 
B18 14.87 12.42 13.65 59 142 6.49 5.37 5.93 2.3 Bowl 
B19 18.49 14.39 16.44 47 183 8.65 4.48 6.57 2.5 Bowl 
B20 9.27 8.27 8.77 292 55 4.32 1.78 3.05 2.88 Bowl 
B21 8.76 7.54 8.15 39 51 5.11 1.42 3.27 2.49 Bowl 
B22 22.74 12.18 17.46 342 212 4.95 2.51 3.73 4.68 Bowl 
B23 17.21 11.25 14.23 23 148 4.07 0.94 2.50 5.69 Plate 
B24 12.76 10.48 11.62 348 104 3.63 1.81 2.72 4.27 Bowl 
B25 7.11 5.48 6.30 359 29 3.19 2.18 2.68 2.35 Bowl 
B26 27.87 24.35 26.11 24 424 6.75 2.57 4.66 5.6 Plate 
B27 22.97 8.90 15.94 54 180 6.48 3.71 5.09 3.13 Bowl 
B28 10.21 9.15 9.68 6 71 6.18 3.29 4.74 2.04 Bowl 
B29 8.96 8.41 8.69 63 54 5.72 2.75 4.23 2.05 Bowl 
B30 9.72 9.03 9.38 84 58 5.30 3.83 4.57 2.05 Bowl 
B31 9.35 8.13 8.74 347 59 3.32 2.63 2.97 2.94 Bowl 
B32 10.38 7.27 8.83 42 55 3.45 1.32 2.38 3.71 Bowl 
B33 7.56 7.41 7.49 30 43 4.80 2.74 3.77 1.99 Funnel 



 

 

E-3 

B34 5.94 5.00 5.47 56 22 3.49 2.09 2.79 1.96 Funnel 
B35 11.21 9.54 10.38 53 83 4.76 3.45 4.10 2.53 Bowl 
B36 12.19 10.89 11.54 22 92 5.60 2.56 4.08 2.83 Bowl 

E.4 SITE C 

Table E-4  Site C: Morphometric data for individual dolines. 

DOLINE DMAX DMNR DAVE DDIR ADOL HMAX HDOL HAVE D/H DESCRIPTO
R 

C1 26.17 22.86 24.51 348 370 13.87 2.58 8.22 2.98 Bowl 
C2 9.33 8.79 9.06 73 53 4.20 1.45 2.82 3.21 Bowl 
C3 13.97 11.42 12.69 281 125 6.90 1.29 4.09 3.1 Bowl 
C4 10.59 8.53 9.56 360 67 4.31 0.74 2.52 3.79 Bowl 
C5 7.11 6.18 6.64 299 31 2.37 0.49 1.43 4.64 Bowl 
C6 10.50 9.12 9.81 16 59 5.98 1.22 3.60 2.73 Bowl 
C7 17.74 17.42 17.58 16 201 9.43 0.84 5.13 3.43 Bowl 
C8 14.90 11.10 13.00 296 115 6.23 1.99 4.11 3.16 Bowl 
C9 22.26 14.50 18.38 290 219 11.34 2.16 6.75 2.72 Bowl 
C10 14.28 9.31 11.79 55 101 2.62 0.78 1.70 6.94 Plate 
C11 24.13 24.04 24.08 1 382 17.33 3.39 10.36 2.32 Bowl 
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Appendix F: Tahsish, Holberg and Rumble Ridge: 
Morphometry Data 

F.1 MORPHOMETRIC PARAMETER ABBREVIATIONS AND 
DEFINITIONS 

Table F-1  Morphometric parameter abbreviations and definitions. 

ABBREVIATIONS Definitions 

DMAX Doline maximum diameter - “The segment linking the two most distant points of the 
perimeter” Bondesan et al., 1992, p. 8) 

DMNR Minor diameter - “The longest segment linking two points of the diameter and perpendicular 
to the maximum diameter” (Bondesan et al., 1992, p. 8) 

DAVE 
Average diameter - Arithmetical average of DMAX and DMNR. If the dolines have a very 
irregular border, the DAVE can be computed as the average of DMAX, DMNR, and the two 
diameters crossing at 45° (Bondesan et al., 1992, p. 13). 

DDIR 
Doline maximum diameter direction - “The azimuth angle of the DMAX[2] to the true North 
(from 0 – 180 degrees. It may be correlated to structure or tectonics (Bondesan et al., 1992: 
p.11). 

ADOL  “Measurement of the planimeteric surface bordered by the perimeter” (Bondesan et al., 
1992, p. 11). 

HMAX Doline maximum depth - “Difference in height between the maximum altitude of the 
perimeter and the lowest point of the depression” (Bondesan et al., 1992, p. 15).  

HDOL Closed depression depth - “Difference in height between the minimum altitude of the 
perimeter and the lowest point of the depression” (Bondesan et al., 1992, p. 15).  

HAVE Average depth. HAVE = "Depth"= (HMAX + HDOL)/2 
D/H Diameter/depth ratio = DAVE/HAVE 
 
Approximate Morphometric Equivalencies: 
 

• “LENGTH” is equivalent to DMAX, as defined by Bondesan et al. (1992) 
• “WIDTH” is equivalent to WMAX, as defined by Bondesan et al. (1992) 
• Inventory data does not always include “LENGTH” and “WIDTH”; often, only “DIAMETER” is supplied. 

DIAMETER is equivalent to (DMAX + DMNR)/2 or DAVE, as defined by Bondesan et al. (1992) 
• “DEPTH” is equivalent to (HMAX + HDOL)/2 (where HMAX and HDOL are as defined by Bondesan et al. 

(1992)). I have named this parameter "HAVE" (“average depth”). 

F.2 1982 TAHSISH INVENTORY MORPHOMETRY DATA 

Table F-2  1982 Tahsish Inventory: mmorphometric data for individual features presumed to be 
dolines. 

DOLINE DAVE HAVE D/H 
89-C-3-1 2 1 2 
89-C-3-2 3 1 3 
89-C-5 3 2 1.5 
89-D-1 4 2 2 
102-A-1-1 25 18 1.4 
102-A-1-2 20 10 2 
102-A-2-1 26 20 1.3 
102-A-2-2 20 17 1.18 
102-A-8 6 3 2 
103-B-13-1 4 2 2 
103-B-13-2 3 2 1.5 
103-F-12 8 1 8 
103-G-5-1 3 1 3 
103-G-5-2 2 1 2 
103-J-13 2 1 2 
103-J-14/15 2.5 2 1.25 
103-O-13/14/15 3 1 3 
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DOLINE DAVE HAVE D/H 
103-P-14 2 1 2 
103-P-15 4 1 4 
104-D-4 5 4 1.25 
104-N-5-1 4 1 4 
104-O-2 5 4 1.25 
104-P-2-1 7 2 3.5 
104-P-2-2 5 2 2.5 
105-E-12-2 4 1 4 
105-E-12-4 2 1.5 1.33 
105-E-12-5 2 1 2 
105-E-12-6 2 0.5 4 
105-L-5 3 2 1.5 
105-N-4 3 2 1.5 
112-N-4 2.5 1.5 1.67 
113-A-5/12-2 2 1 2 
113-B-12-1 3 1 3 
113-B-12-2 2 1.5 1.33 
113-C-12-1 2 1 2 
113-D-12 4 1 4 
113-G-12-1 15 2 7.5 
113-G-12-2 2 1 2 
113-H-12 3 1 3 
113-I-1-1 7 5 1.14 
113-I-3 8 5 1.6 
113-J-5 10 4 2.5 
113-J-6 8 5 1.6 
113-J-13-2 3 1 3 
113-K-1 10 4 2.5 
113-N-4 5 2 2.5 
113-P-5 5 1 5 
114-G-13-1 3 1 3 
114-L-5 4 3 1.33 
114-L-12 4 3 1.33 
114-N-12 3 2 1.5 
128-I-6 5 3 1.67 
129-L-5 4 2 2 
129-L-6 25 3 8.33 
129-L-11 2 1.5 1.33 
129-L-13-2 5 2 2.5 
129-M-5 8 2 4 
129-N-6 3 1 3 
78-A-3-1 4 2.5 1.6 
78-G-2-2 7 4 1.75 
78-G-6-1 10 6.5 1.54 
78-G-6-2 5 3 1.67 
78-G-11-2 2 1.5 1.33 
78-G-14/15-1 3 2 1.5 
79-A-5/6 2 1.5 1.33 
90-G-16-1 4 1 4 
90-G-16-2 4 1 4 
90-I-5-2 2 1 2 
90-I-5-3 2 1 2 
90-I-5-4 2 1 2 
90-I-12 3 2 1.5 
90-K-4-1 3 2 1.5 
90-K-4-2 3 1 3 
90-L-8 5 3 1.67 
90-P-12/11 3 2 1.5 
90-P-12 4 1 4 
91-B-4 3 2 1.5 
91-C-2 20 17 1.18 
91-F-4 10 5 2 
91-I-5/12 3 2 1.5 
91-I-13 3 1 3 
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DOLINE DAVE HAVE D/H 
91-J-12 5 3 1.67 
91-P-3 4 2 2 
91-P-13-1 3 2.5 1.12 
91-P-13-2 3 2.5 1.12 
91-P-13-3 3 2.5 1.12 

F.3 1992 HOLBERG INVENTORY MORPHOMETRY DATA 

Table F-3  1992 Holberg Inventory: morphometric data for individual features presumed to be 
dolines. 

DOLINE DAVE HAVE D/H 
44 - Bear Pit 17.5 7.5 2.33 
G-4A 15 8 1.88 
45 - Cam Shaft 15 10 1.5 
48 - G1 12 7 1.7 
G2 8 4 2 
47 - Sec. Sinkhole 10 6 1.67 
1-A-25-2 22.5 10 2.25 
1-A-14-11 8 5 1.6 
1-C-14-3 6 2 3 
1-D-9-4 5 1.5 3.33 
1-A-25-16 5 4 1.25 
1-A-25-21 5 4 1.25 
1-C-5-1 5 4 1.25 
1-C-9-7 4 2 2 
1-D-8-13 1 0.5 2 
2-C-8-22 7.5 4.4 1.7 
2-A-16-15 4 3 1.33 
2-C-8-14 6 3 2 
8 - P6 40 15 2.67 
9 - P7 40 15 2.67 
1019 25 15 1.67 
1023 25 10 2.5 
17 - 6B 25 16 1.56 
1022 20 10 2 
35B 20 10 2 
49B 20 5 4 
K-15 20 10 2 
1011 18 5 3.6 
K-2 18 6 3 
Z-1 18 6 3 
1006 17.5 8 2.19 
11B 17.5 7 2.5 
1015 16 6 2.67 
24 - 46B 12.5 10 1.25 
23 - 44B 10 6 1.67 
1004 15 5 3 
42B 15 5 3 
A-1 15 5 3 
A-4 15 6 2.5 
K-4 15 10 1.5 
KG-4 15 10 1.5 
P-5 15 9 1.67 
X-1 15 5 3 
31 - X-6 15 6 2.5 
48B 14 4 3.5 
51B 15 6 2.5 
P-2 14.5 9 1.61 
31B 13 2 6.5 
1024 12.5 8 1.56 
1012 12 5 2.4 
21 - 10B 12 5 2.4 
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DOLINE DAVE HAVE D/H 
AB-7 12 6 2 
AB-8 12 6 2 
AB-9 12 6 2 
41 - B-10 12 10 1.2 
10 - W1 12 5 2.4 
30 - X-8 12 6 2 
Z-7 12 7 1.71 
AB-4 11.5 6 1.97 
AB-6 11.5 8 1.44 
AB-5 11 6 1.83 
K-8 11 7 1.57 
1007 10 5 2 
1008 10 5 2 
26 - 1018 10 6 1.67 
1020 10 4 2.5 
16B 10 4 2.5 
17B 10 5 2 
21B 10 3 3.33 
38B 10 5 2 
4B 10 3 3.33 
B-3 10 3 3.33 
B-9 10 3 3.33 
29 - PM-2 10 3.5 2.86 
Z-24 10 6 1.67 
28B 9 5 1.8 
1001 8 5 1.6 
1003 8 4 2 
12B 8 4 2 
13B 8 3 2.67 
14B 8 3 2.67 
25B 8 2 4 
15 - 2B 8 5 1.6 
32B 8 6 1.33 
52B 8 4 2 
B-1 8 4.5 1.78 
B-2 8 5 1.6 
6 - K-11 8 5 1.6 
P-3 8 5 1.6 
P-4 8 4 2 
P-8 8 4 2 
GX-2 8 5 1.6 
43B 7.5 5 1.5 
45B 7.5 2 3.75 
1005 7 4 1.75 
36B 7 6 1.17 
KG-7 7 5 1.4 
Z-3 7 3.5 2 
GX-3 7 3 2.33 
50B 6.5 4 1.63 
1009 6 5 1.2 
15B 6 2 3 
AB-3 6 5 1.2 
B-4 6 3 2 
7 - K12 6 4 1.5 
K3 6 4 1.5 
1010 5 4 1.25 
1021 5 4 1.25 
3B 5 2 2.5 
AB-1 5 4 1.25 
P-9 5 2.5 2 
X-7 5 2.5 2 
GX-1 5 2 2.5 
K-9 5 4 1.25 
18B 4 3 1.33 
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DOLINE DAVE HAVE D/H 
24B 4 2 2 
32Ba 4 2 2 
B-12 4 3 1.33 
B-13 4 2 2 
B-6 4 2 2 
X-4 4 2 2 
32 - Z-2 4 2 2 
GX-4 4 2 2 
K-10 4 3 1.33 
B-7 3 1 3 
G-7 12 5 2.4 
AK-1 10 7 1.43 
AK-2 9 8 1.13 

F.4 2002 RUMBLE RIDGE INVENTORY MORPHOMETRY 
DATA 

Table F-4  2002 Rumble Ridge Inventory: morphometric data for individual dolines. 

DOLINE DAVE HAVE D/H 
SH1/K4 22.5 15 1.5 
SH2 11 4.5 2.4 
SH3/K2 16.5 6 2.75 
SH4/K1 22.5 15 1.5 
SH7 27.5 9 3.1 
SH8/K3 10 4 2.5 
SH9/CA3 15 7 2.1 
SH12 11 7 1.6 
SH13 13.5 6 2.25 
SH1/K4 22.5 15 1.5 
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Appendix G: Sites A, B and C: Standing Trees – Number 
of Stems  

G.1 NOTES ON STANDING TREE DATA 

The wildlife tree data were not used or applied in this exercise. All trees were 

assumed to be living trees. The number of stems in dolines or control plots were 

counted manually using a plan view rendering of each doline rim or control plot 

boundary with the standing trees shown. Stems were counted as "in" if any portion of 

the stem was within a doline rim/control plot boundary or intersecting it. 

G.2 SITE A 

G.2.1 Site A Dolines – number of stems 

Table G-1  Site A dolines – number of stems. 

Doline 
ADOL 
(m2) 

# 
Stems 

A1 222 12 
A3 145 6 
A4 60 4 
A5 148 6 
A6 78 3 
A7 70 6 
A8 456 21 
A9 1077 40 
A10 84 5 
A11 90 8 
A12 108 6 
A13 361 15 
A14 116 8 
A15 292 17 
A17 250 12 
A18 339 17 
A19 47 2 
A20 52 5 
A21 116 7 
A22 373 14 
A23 118 6 
A24 157 6 
A25 90 6 
A26 142 9 
A27 317 14 
A28 277 14 
A29 156 12 
A30 35 5 
A31 62 7 
A32 280 14 
A33 256 13 
A34 388 9 
A35 252 7 
A37 307 7 
    
n = 34 34 
AVERAGE 215 10 
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MAX 1077 40 
MIN 35 2 

G.2.2 Site A Controls – number of stems 

Table G-2  Site A control plots - number of stems. 

Control ADOL 
(m2) 

# 
Stems 

Ac1 300 7 
Ac2 300 12 
Ac3 300 18 
Ac4 300 10 
Ac5 300 20 
Ac6 300 15 
Ac7 300 20 
Ac8 300 23 
Ac9 300 ND 
    
n = 9 8 
AVERAGE 300 16 
MAX 300 23 
MIN 300.00 7.00 

 

G.3 SITE B 

G.3.1 Site B Dolines – number of stems 

Table G-3  Site B dolines - number of stems. 

Doline  
ADOL 
(m2) 

# 
Stems 

B1 267 25 
B2 449 19 
B3 68 6 
B4 210 16 
B5 138 5 
B6 440 25 
B7 57 9 
B8 51 8 
B9 25 4 
B10 11 0 
B11 18 1 
B12 72 4 
B13 312 65 
B14   33 
B15 322 13 
B16 27 2 
B17 437 23 
B18 142 7 
B19 183 8 
B20 55 6 
B21 51 5 
B22 212 8 
B23 148 12 
B24 104 9 
B25 29 1 
B26 424 29 
B27 180 8 
B28 71 4 
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B29 54 3 
B30 58 4 
B31 59 4 
B32 55 2 
B33 43 3 
B34 22 2 
B35 83 2 
B36 92 7 
    
n = 35 36 
AVERAGE 142 11 
MAX 449 65 
MIN 11 0 

G.3.2 Site B Controls – number of stems 

Table G-4  Site B control plots - number of stems.  

Control 
ADOL 
(m2) 

# 
Stems 

Bc1 300 15 
Bc2 300 21 
Bc3 300 28 
Bc4 300 ND 
Bc5 300 19 
Bc6 300 ND 
Bc7 300 16 
Bc8 300 18 
   
n = 8.00 6.00 
AVERAGE 300.00 19.50 
MAX 300.00 28.00 
MIN 300.00 15.00 

 

G.4 SITE C 

G.4.1 Site C Dolines – number of stems 

Table G-5  Site C dolines - number of stems. 

Doline  
ADOL 
(m2) 

# 
Stems 

C1 370 12 
C2 53  
C3 125 10 
C4 67  
C5 31 5 
C6 59 5 
C7 201 18 
C8 115 9 
C9 219 16 
C9.5 ND ND 
C10 101 8 
C11 382 30 
    
n = 11 9 
AVERAGE 156 13 
MAX 382 30 
MIN 31 5 
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G.4.2 Site C Controls – number of stems 

Table G-6  Site C control plots - number of stems. 

Control 
ADOL 
(m2) 

# 
Stems 

Cc1 300 35 
Cc2 300 25 
   
n = 2.00 2.00 
AVERAGE 300.00 30.00 
MAX 300.00 35.00 
MIN 300.00 25.00 
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Appendix H: Sites A, B, and C: Downed Wood - Percent 
Coverage  

H.1 SITE A 

H.1.1 Site A Dolines – percent coverage by downed wood 

Table H-1  Raw data used to derive percent coverage of dolines by downed wood by the “pixel 
method” for Site A dolines (forest and edge settings combined). 

Doline or 
Control 

ADOL 
(m2) 

# PIXELS for 
ADOL 

# PIXELS for Downed 
Trees 

Percent of ADOL Covered by Downed 
Wood (%) 

SITE A         
A1 222 116236 10633 8.0 
A3 145 70681 35862 31.3 
A4 60 130021 7726 5.5 
A5 148 77713 9620 10.2 
A6 78 159712 5144 3.1 
A7 70 151671 1685 1.1 
A8 456 233150 16287 6.4 
A9 1077 144316 19512 11.7 
A10 84 155296 17819 10.1 
A11 90 185772 3181 1.6 
A12 108 222758 25076 10.0 
A13 361 174429 16468 8.5 
A14 116 223544 23216 9.0 
A15 292 130278 20007 13.0 
A17 250 118206 13060 9.7 
A18 339 178145 7346 3.9 
A19 47 89972 10490 10.2 
A20 52 98843 8849 7.7 
A21 116 243010 7820 3.0 
A22 373 196852 8709 4.2 
A23 118 180024 1415 0.7 
A24 157 83146 14230 13.3 
A25 90 158785 27248 14.4 
A26 142 76544 6293 6.9 
A27 317 168186 9787 5.4 
A28 277 143060 7990 5.1 
A29 156 68896 16837 17.6 
A30 35 72067 2460 3.2 
A31 62 123207 6248 4.5 
A32 280 141634 11635 7.3 
A33 256 113844 24654 15.9 
      
n= 31 31 31 31.0 
AVERAGE 206 142903 12816 8.5 
MAX 1077 243010 35862 31.3 
MIN 35 68896 1415 0.7 
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H.1.2 Site A Controls – percent coverage by downed wood 

Table H-2  Raw data used to derive percent coverage of control plots by downed wood by the “pixel 
method” for Site A controls (forest, edge and cutblock settings combined). 

CONTROL ADOL 
(m2) 

# PIXELS for 
ADOL 

# PIXELS for Downed 
Trees 

Percent of ADOL Covered by Downed 
Wood (%) 

Ac1 300 163847   
Ac2 300 164801   
Ac3 300 156792 8677 5.1 
Ac4 300 155114 11051 6.5 
Ac5 300 156485 7748 4.6 
Ac6 300 147383 18070 10.7 
Ac7 300 158547 6797 4.0 
Ac8 300 143061 21867 12.9 
Ac9 300 ND   
     
n = 9 8 6 6 
AVERAGE 300 152897.0 12368.3 7.3 
MAX 300 158547.0 21867.0 12.9 
MIN 300.00 143061.0 6797.0 4.0 

 

H.2 SITE B 

H.2.1 Site B Dolines – percent coverage by downed wood 

Table H-3  Raw data used to derive percent coverage of dolines by downed wood by the “pixel 
method” for Site B dolines (forest and edge settings combined). 

DOLINE  ADOL 
(m2) 

# PIXELS for 
ADOL 

# PIXELS for Downed 
Trees 

Percent of ADOL Covered by Downed 
Wood (%) 

SITE B     
B1 267 148652 0 0.0 
B2 449 237535 11569 4.6 
B3 68 140760 7786 5.1 
B4 210 111311 14755 11.5 
B5 138 61549 40355 37.1 
B6 440 61254 14406 18.4 
B7 57 114068 3458 2.8 
B8 51 102665 8634 7.6 
B9 25 56944 3666 6.0 
B10 11 20616 2900 12.3 
B11 18 32286 3832 10.1 
B12 72 103944 43616 28.8 
B13 312 210857 36286 14.4 
B15 322 149189 29206 16.2 
B16 27 59191 291 0.5 
B17 437 214483 20032 8.4 
B18 142 74959 16193 16.8 
B19 183 80293 22743 20.8 
B20 55 106817 9228 7.8 
B21 51 93188 14060 12.6 
B22 212 105709 12864 10.1 
B23 148 72267 6408 7.3 
B24 104 210764 12766 5.7 
B25 29 50011 7541 12.4 
B26 424 211213 28351 11.6 
B27 180 83567 16876 16.7 
B28 71 127539 19958 13.2 
B29 54 92523 17800 15.9 
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DOLINE  ADOL 
(m2) 

# PIXELS for 
ADOL 

# PIXELS for Downed 
Trees 

Percent of ADOL Covered by Downed 
Wood (%) 

B30 58 106045 22637 17.5 
B31 59 115020 10112 7.9 
B32 55 97167 22577 18.8 
B33 43 82844 11278 11.8 
B34 22 40129 8736 17.6 
B35 83 169100 9073 5.0 
B36 92 181014 17723 8.8 
     
n = 35 35 35 35.0 
AVERAGE 142 112156 15078 12.1 
MAX 449 237535 43616 37.1 
MIN 11 20616 0 0.0 

H.2.2 Site B Controls – percent coverage by downed wood 

Table H-4  Raw data used to derive percent coverage of control plots by downed wood by the “pixel 
method” for Site B controls. 

CONTROL ADOL 
(m2) 

# PIXELS for 
ADOL 

# PIXELS for Downed 
Trees 

Percent of ADOL Covered by Downed 
Wood (%) 

Bc1 300 158309 8256 4.9 
Bc2 300 156560 10080 6.0 
Bc3 300 153465 11570 6.9 
Bc4 300 ND ND  
Bc5 300 139241 ND 16.1 
Bc6 300 ND ND  
Bc7 300 150601 15603 9.2 
Bc8 300 161598 14788 8.2 
     
n = 8 6 6 6 
AVERAGE 300 153296 14571 8.54 
MAX 300 161598 27127 16.06 
MIN 300 139241 8256 4.89 
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H.3 SITE C 

H.3.1 Site C Dolines – percent coverage by downed wood 

Table H-5  Raw data used to derive percent coverage of dolines by downed wood by the “pixel 
method” for Site C dolines (forest, edge and cutblock settings combined). 

Doline or 
Control 

ADOL 
(m2) 

# PIXELS for 
ADOL 

# PIXELS for Downed 
Trees 

Percent of ADOL Covered by Downed 
Wood (%) 

C1 370 201287 12827 5.9 
C2 53 ND   
C3 125 254745 18084 6.4 
C4 67 ND   
C5 31 65424 0 0.0 

C6 59 
No data (ND) – 

full of slash ND ND 

C7 201 
No data (ND) – 

full of slash ND ND 

C8 115 191418 57325 22.1 
C9 219 108900 14657 11.6 
C9.5 ND ND   
C10 101 178737 21929 10.6 
C11 382 198953 13620 6.3 
      
n= 11 7 7 7.0 
AVERAGE 156 159309 15382 9.0 
MAX 382 254745 57325 22.1 
MIN 31 65424% 0 0.0 

H.3.2 Site C Controls – percent coverage by downed wood 

Table H-6  Raw data used to derive percent coverage of control plots by downed wood by the “pixel 
method” for Site C controls. 

CONTROL ADOL 
(m2) 

# PIXELS for 
ADOL 

# PIXELS for Downed 
Trees 

Percent of ADOL Covered by Downed 
Wood (%) 

Cc1 300 141285 22813 13.5 
Cc2 300 159083 17099 9.4 
n = 2 2 2 2 
AVERAGE 300 150184.00 19956.00 11.44 
MAX 300 159083.00 22813.00 13.47 
MIN 300 141285.00 17099.00 9.42 
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Appendix I: Sites A, B, and C: Downed Wood – Decay 
Classes and Orientations  

I.1 ORIENTATION DIRECTION EQUIVALENTS 

Table I-1  Table Cardinal and sub-cardinal directions corresponding to orientation ranges for 
downed wood pieces. 

DIRECTION Abbreviation Orientation Range (°) 
North to Northeast N - NE 342 - 26 
Northeast to East NE - E 27 - 71 
East to Southeast E - SE 72 - 116 
Southeast to South SE - S 117 - 161 
South to Southwest S - SW 162 - 206 
Southwest to West SW - W 207 - 251 
West to Northwest W - NW 252 - 296 
Northwest to North NW - N 297 - 341 

I.2 SITE A 

I.2.1 Site A Forest Dolines – decay classes and orientations 

Table I-2  Site A Forest Dolines - downed wood orientations in Decay Class 1. 

DOLINE Downed Wood in Decay Class 1 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
A1          
A2          
A3          
A4          
A5          
A6          
A7          
A8          
A9          
A10 2   1  1    
A11          
A12          
A13          
A14 2  1    1   
A15 4    4     
A16 1     1    
A17          
A18          
A19          
A20          
A21          
A22          
A23          
A24 4 1     2 1  
A25          
A26          
A27          
A28          
SUM 13 1 1 1 4 2 3 1 0 
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Table I-3  Site A Forest Dolines - downed wood orientations in Decay Class 2. 

DOLINE Downed Wood in Decay Class 2 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
A1          
A2          
A3          
A4 2     1 1   
A5          
A6 5 1 1 1 1 1    
A7 1    1     
A8 11  2  1 3 2 1 2 
A9 9 1  2 2 1 1 1 1 
A10 5 1   3   1  
A11          
A12          
A13 3   2   1   
A14 3  1 1   1   
A15 3  1  1 1    
A16 4     1 2  1 
A17 5 2  1   1 1  
A18          
A19 4   1 1   1 1 
A20 2 1    1    
A21 1   1      
A22 4   1    1 2 
A23          
A24 2   1 1     
A25 5 2       3 
A26 1   1      
A27 6   2  1 2 1  
A28 3 1 2       
SUM 79 9 7 14 11 10 11 7 10 

Table I-4  Site A Forest Dolines - downed wood orientations in Decay Class 3. 

DOLINE Downed Wood in Decay Class 3 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
A1          
A2          
A3          
A4          
A5 1       1  
A6          
A7 1        1 
A8 6   1  1 1 1 2 
A9 6  1  1 1  1 2 
A10          
A11          
A12 1   1      
A13 7 2 2   1 2   
A14 3 1 1   1    
A15 6 2  1 1  1  1 
A16 1   1      
A17 6  2   2   2 
A18 4      3  1 
A19          
A20          
A21 2  1    1   
A22 1 1        
A23          
A24 3 1      2  
A25 6  1 1 1 2  1  
A26          
A27          
A28          
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DOLINE Downed Wood in Decay Class 3 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
SUM 54 7 8 5 3 8 8 6 9 

Table I-5  Site A Forest Dolines - downed wood orientations in Decay Class 4. 

DOLINE Downed Wood in Decay Class 4 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
A1          
A2          
A3          
A4 2      1  1 
A5          
A6 1 1        
A7 1  1       
A8 1   1      
A9 3  1  1  1   
A10          
A11 2    1   1  
A12 1     1    
A13          
A14 1 1        
A15          
A16 1 1        
A17 1   1      
A18 2    1 1    
A19          
A20 2 1    1    
A21          
A22 1  1       
A23 1  1       
A24          
A25 1      1   
A26          
A27 3   2   1   
A28 1       1  
SUM 25 4 4 4 3 3 4 2 1 

Table I-6  Site A Forest Dolines - downed wood orientations in Decay Class 5. 

DOLINE Downed Wood in Decay Class 5 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
A1          
A2          
A3          
A4 2 1       1 
A5 1        1 
A6          
A7          
A8 4  2 1  1    
A9          
A10 1     1    
A11          
A12 2 1    1    
A13 2        2 
A14          
A15 1       1  
A16          
A17          
A18 1       1  
A19 2  1    1   
A20          
A21 2  1    1   
A22 3 1 1 1      
A23 1       1  
A24 1    1     
A25 3  1  1    1 
A26 1   1      



 

 

I-4 

DOLINE Downed Wood in Decay Class 5 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
A27 1      1   
A28 2  1    1   
SUM 30 3 7 3 2 3 4 3 5 

I.2.2 Site A Edge Dolines – decay classes and orientations 

Table I-7  Site A Edge Dolines – downed wood orientations In Decay Class 1. 

DOLINE Downed Wood in Decay Class 1 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
A29 15 1 1 2 4 2 1 1 3 
A30          A31 1    1     A32 3  1    1  1 
A33 1   1      SUM 20 1 2 3 5 2 2 1 4 

Table I-8  Site A Edge Dolines – downed wood orientations In Decay Class 2. 

DOLINE Downed Wood in Decay Class 2 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
A29 3 1   1    1 
A30 1  1       A31 1        1 
A32 6 1  1 1  1 1 1 
A33 14 4 1 3 1  4  1 
SUM 25 6 2 4 3  5 1 4 

Table I-9  Site A Edge Dolines – downed wood orientations In Decay Class 3. 

DOLINE Downed Wood in Decay Class 3 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
A29 4  1    2 1  A30          A31 2  1     1  A32 1   1      A33 3 1 1      1 
SUM 10 1 3 1   2 2 1 

Table I-10  Site A Edge Dolines – downed wood orientations In Decay Class 4. 

DOLINE Downed Wood in Decay Class 4 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
A29          A30          A31          A32 1    1     A33 2 2        SUM 3 2   1     

Table I-11  Site A Edge Dolines – downed wood orientations In Decay Class 5. 

DOLINE Downed Wood in Decay Class 5 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
A29          A30 2   1     1 
A31 1        1 
A32 1      1   A33 2     1 1   SUM 6   1  1 2  2 
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I.2.3 Site A Cutblock Dolines – decay classes and orientations 

Table I-12  Site A Cutblock Dolines - downed wood orientations in Decay Class 1. 

DOLINE Downed Wood in Decay Class 1 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
A34          
A35 ND ND ND ND ND ND ND ND ND 
A36 ND ND ND ND ND ND ND ND ND 
A37 ND ND ND ND ND ND ND ND ND 
SUM          

Table I-13  Site A Cutblock Dolines - downed wood orientations in Decay Class 2. 

DOLINE Downed Wood in Decay Class 2 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
A34  4 5 4 2 3 4 1 4 
A35 ND ND ND ND ND ND ND ND ND 
A36 ND ND ND ND ND ND ND ND ND 
A37 ND ND ND ND ND ND ND ND ND 
SUM 27 4 5 4 2 3 4 1 4 

Table I-14  Site A Cutblock Dolines - downed wood orientations in Decay Class 3. 

DOLINE Downed Wood in Decay Class 3 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
A34  1 1  1 4 1 1  
A35 ND ND ND ND ND ND ND ND ND 
A36 ND ND ND ND ND ND ND ND ND 
A37 ND ND ND ND ND ND ND ND ND 
SUM 9 1 1  1 4 1 1  

Table I-15  Site A Cutblock Dolines - downed wood orientations in Decay Class 4. 

DOLINE Downed Wood in Decay Class 4 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
A34          
A35 ND ND ND ND ND ND ND ND ND 
A36 ND ND ND ND ND ND ND ND ND 
A37 ND ND ND ND ND ND ND ND ND 
SUM          

Table I-16  Site A Cutblock Dolines - downed wood orientations in Decay Class 5. 

DOLINE Downed Wood in Decay Class 5 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
A34          
A35 ND ND ND ND ND ND ND ND ND 
A36 ND ND ND ND ND ND ND ND ND 
A37 ND ND ND ND ND ND ND ND ND 
SUM          

I.2.4 Site A Cutblock Controls – decay classes and orientations 

No data for Site A Cutblock Controls. 
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I.3 SITE B 

I.3.1 Site B Forest Dolines – decay classes and orientations 

Table I-17  Site B Forest Dolines - downed wood orientations in Decay Class 1. 

DOLINE Downed Wood in Decay Class 1 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
B1  ND ND ND ND ND ND ND ND 
B2  ND ND ND ND ND ND ND ND 
B3 1  1       
B4          
B5          
B6 11 2  1 1 2  1 4 
B7 1    1     
B15 8 1 3 1  1 2   
B16 6 1   4 1    
B18          
B19          
B25          
B26 5 1    2 1  1 
B27          
B28 2 1    1    
B29          
B30          
B31          
B32 4  1    2  1 
B33          
B34 2 1 1       
B35 2 2        
B36 2   1   1   
SUM 44 9 6 3 6 7 6 1 6 

Table I-18  Site B Forest Dolines - downed wood orientations in Decay Class 2. 

DOLINE Downed Wood in Decay Class 2 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
B1          
B2  ND ND ND ND ND ND ND ND 
B3  ND ND ND ND ND ND ND ND 
B4 2 1   1     
B5 6   2   2  2 
B6 2   1    1  
B7 1   1      
B15 3  1 1     1 
B16 2 1 1       
B18 2    1 1    
B19 2   1  1    
B25 2 1   1     
B26          
B27 1     1    
B28 6 2    3   1 
B29 3    1 1   1 
B30          
B31          
B32 1       1  
B33 3   1 1    1 
B34 2      2   
B35 2    1    1 
B36          
SUM 42 5 2 7 6 9 4 2 7 
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Table I-19  Site B Forest Dolines - downed wood orientations in Decay Class 3. 

DOLINE Downed Wood in Decay Class 3 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
B1  ND ND ND ND ND ND ND ND 
B2  ND ND ND ND ND ND ND ND 
B3          
B4 6 2 1 2  1    
B5 1        1 
B6 2 1   1     
B7          
B15          
B16          
B18 3 1      1 1 
B19 2       1 1 
B25          
B26 1       1  
B27          
B28          
B29 9 2 4  1 1   1 
B30 3      2 1  
B31 1    1     
B32 1   1      
B33 2     1 1   
B34 1    1     
B35          
B36          
SUM 32 6 5 3 4 3 3 4 4 

Table I-20  Site B Forest Dolines - downed wood orientations in Decay Class 4. 

DOLINE Downed Wood in Decay Class 4 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
B1  ND ND ND ND ND ND ND ND 
B2  ND ND ND ND ND ND ND ND 
B3 2 1 1       
B4 1  1       
B5 1  1       
B6 3  1 1    1  
B7 1 1        
B15 2 1  1      
B16          
B18 4    2 1  1  
B19 1 1        
B25 2    1 1    
B26          
B27          
B28          
B29 1     1    
B30 1      1   
B31 3   1  1 1   
B32 4   2   1 1  
B33 3      1 1 1 
B34          
B35          
B36 1     1    
SUM 30 4 4 5 3 5 4 4 1 
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Table I-21  Site B Forest Dolines - downed wood orientations in Decay Class 5. 

DOLINE Downed Wood in Decay Class 5 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
B1  ND ND ND ND ND ND ND ND 
B2  ND ND ND ND ND ND ND ND 
B3          
B4 2  1 1      
B5          
B6 2 1 1       
B7          
B15 2  1   1    
B16          
B18 2 1     1   
B19 3    1 1  1  
B25 1     1    
B26 4  1   1 2   
B27 2 1 1       
B28 2   1    1  
B29          
B30 2 1    1    
B31          
B32 1       1  
B33          
B34          
B35          
B36 2      2   
SUM 25 4 5 2 1 5 5 3 0 

 

I.3.2 Site B Edge Dolines – decay classes and orientations 

Table I-22  Site B Edge Dolines - downed wood orientations in Decay Class 1.  

DOLINE Downed Wood in Decay Class 1 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
B8 2   1  1    
B9          
B10          
B11          
B12 7 1 1 2  1 1 1  
B13          
B14 2 1    1    
B17 2      1 1  
B20          
B21          
B22 1 1        
B23          
B24          
SUM 14 3 1 3 0 3 2 2 0 

Table I-23  Site B Edge Dolines - downed wood orientations in Decay Class 2.  

DOLINE Downed Wood in Decay Class 2 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
B8          
B9          
B10          
B11          
B12 3     1 1  1 
B13          
B14 5 1   1 1   2 
B17 3 1   1  1   
B20          
B21 1   1      
B22 3  1 1   1   
B23          
B24 1 1        
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DOLINE Downed Wood in Decay Class 2 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
SUM 16 3 1 2 2 2 3 0 3 

Table I-24  Site B Edge Dolines - downed wood orientations in Decay Class 3.  

DOLINE Downed Wood in Decay Class 3 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
B8          
B9 1    1     
B10          
B11          
B12          
B13 19  7 1 2 3 2 2 2 
B14 5 1  1 2 1    
B17 2 1      1  
B20 2   1     1 
B21 1  1       
B22 2  1  1     
B23 2  1     1  
B24 3   1    2  
SUM 37 2 10 4 6 4 2 6 3 

Table I-25  Site B Edge Dolines - downed wood orientations in Decay Class 4.  

DOLINE Downed Wood in Decay Class 4 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
B8          
B9 2   2      
B10          
B11 1 1        
B12 6  1 1 3   1  
B13 9 3   3 1 1 1  
B14 1  1       
B17          
B20 3   1   1  1 
B21 1  1       
B22 1        1 
B23 2    2     
B24          
SUM 26 4 3 4 8 1 2 2 2 

Table I-26  Site B Edge Dolines - downed wood orientations in Decay Class 5. 

DOLINE Downed Wood in Decay Class 5 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
B8 3 2  1      
B9          
B10 3  1 1   1   
B11 2  1 1      
B12 4 1 1    1 1  
B13 19 5 2 2 2 2 2 2 2 
B14 8 1 1 1 1 2  1 1 
B17 1        1 
B20 2  1     1  
B21 2 1 1       
B22 1     1    
B23 3   1 1 1    
B24          
SUM 48 10 8 7 4 6 4 5 4 
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I.3.3 Site B Forest Controls – decay classes and orientations 

Table I-27  Site B Forest Controls - downed wood orientations in Decay Class 1. 

CONTROL Downed Wood in Decay Class 1 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
Bc1 4  2 1    1  
Bc2          
Bc3          
Bc4  ND ND ND ND ND ND ND ND 
Bc5 1 1        
Bc6  ND ND ND ND ND ND ND ND 
Bc7          
Bc8          
SUM 5 1 2 1 0 0 0 1 0 

Table I-28  Site B Forest Controls - downed wood orientations in Decay Class 2. 

CONTROL Downed Wood in Decay Class 2 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
Bc1 1    1     
Bc2 1        1 
Bc3 2    2     
Bc4  ND ND ND ND ND ND ND ND 
Bc5 1  1       
Bc6  ND ND ND ND ND ND ND ND 
Bc7 3 2    1    
Bc8          
SUM 8 2 1 0 3 1 0 0 1 

Table I-29  Site B Forest Controls - downed wood orientations in Decay Class 3. 

CONTROL Downed Wood in Decay Class 3 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
Bc1          
Bc2 1    1     
Bc3 2 1   1     
Bc4  ND ND ND ND ND ND ND ND 
Bc5 2  1  1     
Bc6  ND ND ND ND ND ND ND ND 
Bc7          
Bc8 1      1   
SUM 6 1 1 0 3 0 1 0 0 

Table I-30  Site B Forest Controls - downed wood orientations in Decay Class 4. 

CONTROL Downed Wood in Decay Class 4 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
Bc1          
Bc2 1    1     
Bc3          
Bc4  ND ND ND ND ND ND ND ND 
Bc5          
Bc6  ND ND ND ND ND ND ND ND 
Bc7 1      1   
Bc8 1    1     
SUM 3 0 0 0 2 0 1 0 0 
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Table I-31  Site B Forest Controls - downed wood orientations in Decay Class 5. 

CONTROL Downed Wood in Decay Class 5 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
Bc1 6   4    1 1 
Bc2 3   1 1 1    
Bc3          
Bc4  ND ND ND ND ND ND ND ND 
Bc5 3 1    1   1 
Bc6  ND ND ND ND ND ND ND ND 
Bc7          
Bc8          
SUM 12 1 0 5 1 2 0 1 2 

 

I.4 SITE C 

I.4.1 Site C Forest Dolines – decay classes and orientations 

Table I-32  Site C Forest Dolines - downed wood orientations in Decay Class 1. 

DOLINE Downed Wood in Decay Class 1 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
C8          
C9 1      1   
C10 1       1  
C11          
SUM 2 0 0 0 0 0 1 1 0 

Table I-33  Site C Forest Dolines - downed wood orientations in Decay Class 2. 

DOLINE Downed Wood in Decay Class 2 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
C8 2      1  1 
C9 3 1  1   1   
C10          
C11 6  2 1 2   1  
SUM 11 1 2 2 2 0 2 1 1 

Table I-34  Site C Forest Dolines - downed wood orientations in Decay Class 3. 

DOLINE Downed Wood in Decay Class 3 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
C8 2   1  1    
C9 3 1   1    1 
C10 2  1 1      
C11 4    1  1 2  
SUM 11 1 1 2 2 1 1 2 1 

Table I-35  Site C Forest Dolines - downed wood orientations in Decay Class 4. 

DOLINE Downed Wood in Decay Class 4 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
C8          
C9 4  1  1 1  1  
C10 2   1    1  
C11 4    1 1  1 1 
SUM 10 0 1 1 2 2 0 3 1 
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Table I-36  Site C Forest Dolines - downed wood orientations in Decay Class 5. 

DOLINE Downed Wood in Decay Class 5 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
C8 4  1   1  1 1 
C9 4  1 2  1    
C10 1     1    
C11 2     1  1  
SUM 11 0 2 2 0 4 0 2 1 

 

I.4.2 Site C Edge Dolines – decay classes and orientations 

Table I-37  Site C Edge Dolines - downed wood orientations in Decay Class 1. 

DOLINE Downed Wood in Decay Class 1 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
C1          
C2          
C3          
C4          
C5          
SUM 0 0 0 0 0 0 0 0 0 

Table I-38  Site C Edge Dolines - downed wood orientations in Decay Class 2. 

DOLINE Downed Wood in Decay Class 2 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
C1 1    1     
C2 1  1       
C3 2  2       
C4 2    1   1  
C5          
SUM 6 0 3 0 2 0 0 1 0 

Table I-39  Site C Edge Dolines - downed wood orientations in Decay Class 3. 

DOLINE Downed Wood in Decay Class 3 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
C1 2    1   1  
C2          
C3 1  1       
C4 1       1  
C5          
SUM 4 0 1 0 1 0 0 2 0 

Table I-40  Site C Edge Dolines - downed wood orientations in Decay Class 4. 

DOLINE Downed Wood in Decay Class 4 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
C1 3     1 1 1  
C2          
C3          
C4 2    1   1  
C5          
SUM 5 0 0 0 1 1 1 2 0 
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Table I-41  Site C Edge Dolines - downed wood orientations in Decay Class 5. 

DOLINE Downed Wood in Decay Class 5 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
C1 5 1 1  1 1  1  
C2 5     2 3   
C3 4  1  1   1 1 
C4 1       1  
C5          
SUM 15 1 2 0 2 3 3 3 1 

 

I.4.3 Site C Cutblock Dolines – decay classes and orientations 

No data for Site C Cutblock Dolines. 

I.4.4 Site C Forest Controls – decay classes and orientations 

Table I-42  Site C Forest Controls - downed wood orientations in Decay Class 1. 

CONTROL Downed Wood in Decay Class 1 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
Cc1          
Cc2          
SUM 0 0 0 0 0 0 0 0 0 

Table I-43  Site C Forest Controls - downed wood orientations in Decay Class 2. 

CONTROL Downed Wood in Decay Class 2 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
Cc1 4 2 2       
Cc2 1    1     
SUM 5 2 2 0 1 0 0 0 0 

Table I-44  Site C Forest Controls - downed wood orientations in Decay Class 3. 

CONTROL Downed Wood in Decay Class 3 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
Cc1 3 2   1     
Cc2          
SUM 3 2 0 0 1 0 0 0 0 

Table I-45  Site C Forest Controls - downed wood orientations in Decay Class 4. 

CONTROL Downed Wood in Decay Class 4 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
Cc1 3      2  1 
Cc2 2  1    1   
SUM 5 0 1 0 0 0 3 0 1 
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Table I-46  Site C Forest Controls - downed wood orientations in Decay Class 5. 

CONTROL Downed Wood in Decay Class 5 N-NE NE-E E- SE SE-S S-SW SW-W W-NW NW-N 
Cc1 8 1 2   1 2  2 
Cc2 1     1    
SUM 9 1 2 0 0 2 2 0 2 
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Appendix J: Sites A, B, and C: Downed Wood –
Orientation Results Summary Tables 

J.1 SITE A 

J.1.1 Site A Forest Dolines – downed wood orientation summaries 

Table J-1  Site A Forest Dolines – summary tables of downed wood orientations. 

ORIENTATION Number of Downed Wood pieces 
N - NE (342°-26°) + S - SW (162°-206°) 50 
NE - E (27°-71°) + SW - W (207°-251°) 57 
E - SE (72°-116°) + W - NW (252°-296°) 46 
SE - S (117° - 161°) + NW - N (297°-341°) 48 
Total 201 

 

ORIENTATION Number of Downed Wood pieces 
NE - SW 107 
SE - NW 94 
Total 201 

 

J.1.2 Site A Edge Dolines – downed wood orientation summaries 

Table J-2  Site A Edge Dolines – summary tables of downed wood orientations. 

ORIENTATION Number of Downed Wood pieces 
N - NE (342°-26°) + S - SW (162°-206°) 13 
NE - E (27°-71°) + SW - W (207°-251°) 18 
E - SE (72°-116°) + W - NW (252°-296°) 13 
SE - S (117° - 161°) + NW - N (297°-341°) 20 
Total 64 

 

ORIENTATION Number of Downed Wood pieces 
NE - SW 31 
SE - NW 33 
Total 64 

J.1.3 Site A Cutblock Dolines – downed wood orientation summaries 

Table J-3  Site A Cutblock Dolines – – summary tables of downed wood orientations. 

ORIENTATION Number of Downed Wood pieces 
N - NE (342°-26°) + S - SW (162°-206°) 12 
NE - E (27°-71°) + SW - W (207°-251°) 11 
E - SE (72°-116°) + W - NW (252°-296°) 6 
SE - S (117° - 161°) + NW - N (297°-341°) 7 
Total 36 
 
ORIENTATION Number of Downed Wood pieces 
NE - SW 23 
SE - NW 13 
Total 36 
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J.1.4 Site A Edge Control – downed wood orientation summaries 

Table J-4  Site A Edge Controls – summary tables of downed wood orientations. 

ORIENTATION Number of Downed Wood pieces 
N - NE (342°-26°) + S - SW (162°-206°) 4 
NE - E (27°-71°) + SW - W (207°-251°) 1 
E - SE (72°-116°) + W - NW (252°-296°) 1 
SE - S (117° - 161°) + NW - N (297°-341°) 6 
Total 12 

 

ORIENTATION Number of Downed Wood pieces 
NE - SW 5 
SE - NW 7 
Total 12 

 

J.1.5 Site A Cutblock Controls – downed wood orientation summaries 

Table J-5  Site A Cutblock Controls – summary tables of downed wood orientations. 

ORIENTATION Number of Downed Wood pieces 
N - NE (342°-26°) + S - SW (162°-206°) ND 
NE - E (27°-71°) + SW - W (207°-251°) ND 
E - SE (72°-116°) + W - NW (252°-296°) ND 
SE - S (117° - 161°) + NW - N (297°-341°) ND 
Total  

 

ORIENTATION Number of Downed Wood pieces 
NE - SW ND 
SE - NW ND 
Total  

 

J.2 SITE B 

J.2.1 Site B Forest Dolines – downed wood orientation summaries 

Table J-6  Site B Forest Dolines – summary tables of downed wood orientations. 

ORIENTATION Number of Downed Wood pieces 
N - NE (342°-26°) + S - SW (162°-206°) 57 
NE - E (27°-71°) + SW - W (207°-251°) 44 
E - SE (72°-116°) + W - NW (252°-296°) 34 
SE - S (117° - 161°) + NW - N (297°-341°) 38 
Total 173 

 

ORIENTATION Number of Downed Wood pieces 
NE - SW 101 
SE - NW 72 
Total 173 

J.2.2 Site B Edge Dolines – downed wood orientation summaries 
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Table J-7  Site B Edge Dolines – summary tables of downed wood orientations. 

ORIENTATION Number of Downed Wood pieces 
N - NE (342°-26°) + S - SW (162°-206°) 38 
NE - E (27°-71°) + SW - W (207°-251°) 36 
E - SE (72°-116°) + W - NW (252°-296°) 35 
SE - S (117° - 161°) + NW - N (297°-341°) 32 
Total 141 

 

ORIENTATION Number of Downed Wood pieces 
NE - SW 74 
SE - NW 67 
Total 141 

J.2.3 Site B Forest Controls – downed wood orientation summaries 

Table J-8  Site B Forest Controls – summary tables of downed wood orientations. 

ORIENTATION Number of Downed Wood pieces 
N - NE (342°-26°) + S - SW (162°-206°) 8 
NE - E (27°-71°) + SW - W (207°-251°) 6 
E - SE (72°-116°) + W - NW (252°-296°) 8 
SE - S (117° - 161°) + NW - N (297°-341°) 12 
Total 34 

 

ORIENTATION Number of Downed Wood pieces 
NE - SW 14 
SE - NW 20 
Total 34 

J.3 SITE C 

J.3.1 Site C Forest Dolines – downed wood orientation summaries 

Table J-9  Site C Forest Dolines – summary tables of downed wood orientations. 

ORIENTATION Number of Downed Wood pieces 
N - NE (342°-26°) + S - SW (162°-206°) 9 
NE - E (27°-71°) + SW - W (207°-251°) 10 
E - SE (72°-116°) + W - NW (252°-296°) 16 
SE - S (117° - 161°) + NW - N (297°-341°) 10 
Total 45 

 

ORIENTATION Number of Downed Wood pieces 
NE - SW 19 
SE - NW 26 
Total 45 

 

J.3.2 Site C Edge Dolines – downed wood orientation summaries 

Table J-10  Site C Edge Dolines – summary tables of downed wood orientations. 

ORIENTATION Number of Downed Wood pieces 
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N - NE (342°-26°) + S - SW (162°-206°) 5 
NE - E (27°-71°) + SW - W (207°-251°) 10 
E - SE (72°-116°) + W - NW (252°-296°) 8 
SE - S (117° - 161°) + NW - N (297°-341°) 7 
Total 30 

 

ORIENTATION Number of Downed Wood pieces 
NE - SW 15 
SE - NW 15 
Total 30 

 

J.3.3 Site C Cutblock Dolines – downed wood orientation summaries 

Table J-11  Site C Cutblock Dolines – summary tables of downed wood orientations. 

ORIENTATION Number of Downed Wood pieces 
N - NE (342°-26°) + S - SW (162°-206°) ND 
NE - E (27°-71°) + SW - W (207°-251°) ND 
E - SE (72°-116°) + W - NW (252°-296°) ND 
SE - S (117° - 161°) + NW - N (297°-341°) ND 
Total ND 

 

ORIENTATION Number of Downed Wood pieces 
NE - SW ND 
SE - NW ND 
Total ND 

 

J.3.4 Site C Forest Controls – downed wood orientation summaries 

Table J-12  Site C Forest Controls – summary tables of downed wood orientations. 

ORIENTATION Number of Downed Wood pieces 
N - NE (342°-26°) + S - SW (162°-206°) 7 
NE - E (27°-71°) + SW - W (207°-251°) 10 
E - SE (72°-116°) + W - NW (252°-296°) 0 
SE - S (117° - 161°) + NW - N (297°-341°) 5 
Total 22 

 

ORIENTATION Number of Downed Wood pieces 
NE - SW 17 
SE - NW 5 
Total 22 
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Appendix K: Sites A, B and C: Downed Wood – 
Presumed Causes  

K.1 SITE A 

K.1.1 Site A Forest Dolines – presumed causes for downed wood 

Table K-1  Site A Forest Dolines – presumed causes for downed wood. 

DOLINE Total Downed 
Wood/Doline Rotational WT Bole Snap Indeterminate Saw Cut 

A1 0 0 0 0 0 
A2 0 0 0 0 0 
A3 0 0 0 0 0 
A4 6 0 6 0 0 
A5 2 0 1 1 0 
A6 6 0 6 0 0 
A7 3 0 2 1 0 
A8 22 0 22 0 0 
A9 18 0 16 2 0 
A10 8 0 8 0 0 
A11 2 0 2 0 0 
A12 4 0 4 0 0 
A13 12 0 12 0 0 
A14 9 4 5 0 0 
A15 14 4 6 4 0 
A16 7 0 7 0 0 
A17 12 1 6 5 0 
A18 7 1 3 3 0 
A19 6 0 6 0 0 
A20 4 0 4 0 0 
A21 5 0 5 0 0 
A22 9 2 2 5 0 
A23 2 0 1 0 0 
A24 1 1 5 4 0 
A25 15 2 1 12 0 
A26 2 0 2 0 0 
A27 1 0 8 2 0 
A28 6 0 5 1 0 
SUM 201 15 145 40 0 

 

Table K-2  Site A Forest Dolines – downed wood presumed causes summary. 

CAUSE Number of Downed Wood pieces 
Rotational windthrow 15 
Bole snap 145 
Indeterminate 40 
Saw cut 0 
Total 201 
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K.1.2 Site A Edge Dolines – presumed causes for downed wood 

Table K-3  Site A Edge Dolines – presumed causes for downed wood. 

DOLINE Total Downed 
Wood/Doline 

Rotational WT Bole Snap Indeterminate Saw Cut 

A29 22 3 3 16 0 
A30 3 0 1 2 0 
A31 5 1 3 1 0 
A32 12 0 8 4 0 
A33 22 1 5 16 0 
SUM 64 5 20 39 0 

 

Table K-4  Site A Edge Dolines – downed wood presumed causes summary. 

CAUSE Number of Downed Wood pieces 
Rotational windthrow 5 
Bole snap 20 
Indeterminate 39 
Saw cut  
Total 64 

K.1.3 Site A Cutblock Dolines – presumed causes for downed wood 

Table K-5  Site A Cutblock Dolines – presumed causes for downed wood. 

DOLINE Total Downed 
Wood/Doline 

Rotational WT Bole Snap Indeterminate Saw Cut 

A34 ND ND ND ND ND 
A35 ND ND ND ND ND 
A36 ND ND ND ND ND 
A37 ND ND ND ND ND 
SUM ND ND ND ND ND 

Table K-6  Site A Cutblock Dolines – downed wood presumed causes summary. 

CAUSE Number of Downed Wood pieces 
Rotational windthrow ND 
Bole snap ND 
Indeterminate ND 
Saw cut ND 
Total ND 
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K.1.4 Site A Edge Control21 – presumed causes for downed wood 

Table K-7  Site A Edge Controls – downed wood presumed causes summary. 

CAUSE Number of Downed Wood pieces 
Rotational windthrow 4 
Bole snap 5 
Indeterminate 3 
Saw cut 0 
Total 12 

 

K.1.5 Site A Cutblock Controls – presumed causes for downed wood 

Table K-8  Site A Cutblock Controls – presumed causes for downed wood. 

CONTROL Total Downed 
Wood/Doline 

Rotational WT Bole Snap Indeterminate Saw Cut 

Ac1 ND ND ND ND ND 
Ac2 ND ND ND ND ND 
Ac9 ND ND ND ND ND 
SUM ND ND ND ND ND 

 

Table K-9  Site A Cutblock Controls – downed wood presumed causes summary. 

CAUSE Number of Downed Wood pieces 
Rotational windthrow ND 
Bole snap ND 
Indeterminate ND 
Saw cut ND 
Total ND 

 

K.2 SITE B 

K.2.1 Site B Forest Dolines – presumed causes for downed wood 

Table K-10  Site B Forest Dolines – presumed causes for downed wood. 

DOLINE Total Downed 
Wood/Doline 

Rotational WT Bole Snap Indeterminate Saw Cut 

B1 ND ND ND ND ND 
B2 ND ND ND ND ND 
B3 5 1 1 3 0 
B4 15 0 0 15 0 
B5 4 0 4 0 0 
B6 19 6 4 9 0 
B7 5 3 1 1 0 
B15 14 8 3 3 0 
B16 8 4 4 0 0 
B18 11 1 7 3 0 

                                                
21 Note: because there is only one Site A Edge Control (Ac8), only a summary table of that single 
control plot is provided here. 
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DOLINE Total Downed 
Wood/Doline 

Rotational WT Bole Snap Indeterminate Saw Cut 

B19 8 0 5 3 0 
B25 3 0 2 1 0 
B26 11 5 1 5 0 
B27 8 6 2 0 0 
B28 7 2 3 2 0 
B29 10 5 1 4 0 
B30 6 2 0 4 0 
B31 5 0 2 3 0 
B32 13 3 7 3 0 
B33 7 0 3 4 0 
B34 5 3 0 2 0 
B35 2 2 0 0 0 
B36 7 3 2 2 0 
SUM 173 54 52 67 0 

 

Table K-11  Site B Forest Dolines – downed wood presumed causes summary. 

CAUSE Number of Downed Wood pieces 
Rotational windthrow 54 
Bole snap 52 
Indeterminate 67 
Saw cut 0 
Total 173 

 

K.2.2 Site B Edge Dolines – presumed causes for downed wood 

Table K-12  Site B Edge Dolines – presumed causes for downed wood. 

DOLINE Total Downed 
Wood/Doline 

Rotational WT Bole Snap Indeterminate Saw Cut 

B8 5 0 3 2 0 
B9 3 0 1 2 0 
B10 3 0 0 3 0 
B11 3 0 0 3 0 
B12 20 1 8 11 0 
B13 47 11 4 32 0 
B14 21 5 2 14 0 
B17 8 1 3 4 0 
B20 7 0 6 1 0 
B21 5 0 3 2 0 
B22 8 2 0 6 0 
B23 7 0 6 1 0 
B24 4 1 1 2 0 
SUM 141 21 37 83 0 

 

Table K-13  Site B Edge Dolines – downed wood presumed causes summary. 

CAUSE Number of Downed Wood pieces 
Rotational windthrow 21 
Bole snap 37 
Indeterminate 83 
Saw cut 0 
Total 141 
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K.2.3 Site B Forest Controls – presumed causes for downed wood 

Table K-14  Site B Forest Controls – presumed causes for downed wood. 

CONTROL Total Downed 
Wood/Doline 

Rotational WT Bole Snap Indeterminate Saw Cut 

Bc1 11 4 1 6 0 
Bc2 6 1 1 4 0 
Bc3 4 2 0 2 0 
Bc4 0 ND ND ND ND 
Bc5 7 2 1 4 0 
Bc6 0 ND ND ND ND 
Bc7 4 4 0 0 0 
Bc8 2 1 0 1 0 
SUM 34 14 3 17 0 

 

Table K-15  Site B Forest Controls – downed wood presumed causes summary. 

CAUSE Number of Downed Wood pieces 
Rotational windthrow 14 
Bole snap 3 
Indeterminate 17 
Saw cut  
Total 34 

 

K.3 SITE C  

K.3.1 Site C Forest Dolines – presumed causes for downed wood 

Table K-16  Site C Forest Dolines – presumed causes for downed wood. 

DOLINE Total Downed 
Wood/Doline 

Rotational WT Bole Snap Indeterminate Saw Cut 

C8 8 0 7 1 0 
C9 15 2 13 0 0 
C10 6 0 6 0 0 
C11 16 3 13 0 0 
SUM 45 5 39 1 0 

 

Table K-17  Site C Forest Dolines – downed wood presumed causes summary. 

CAUSE Number of Downed Wood pieces 
Rotational windthrow 5 
Bole snap 39 
Indeterminate 1 
Saw cut 0 
Total 45 
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K.3.2 Site C Edge Dolines – presumed causes for downed wood 

Table K-18  Site C Edge Dolines – presumed causes for downed wood. 

DOLINE Total Downed 
Wood/Doline 

Rotational WT Bole Snap Indeterminate Saw Cut 

C1 11 0 5 6 0 
C2 6 0 6 0 0 
C3 7 0 7 0 0 
C4 126 0 5 0 1 
C5 0 0 0 0 0 
SUM 30 0 23 6 1 

 

Table K-19  Site C Edge Dolines – downed wood presumed causes summary. 

CAUSE Number of Downed Wood pieces 
Rotational windthrow 0 
Bole snap 23 
Indeterminate 6 
Saw cut 1 
Total 30 

 

K.3.3 Site C Cutblock Dolines – presumed causes for downed wood 

Table K-20  Site C Cutblock Dolines – presumed causes for downed wood. 

DOLINE Total Downed 
Wood/Doline 

Rotational WT Bole Snap Indeterminate Saw Cut 

C6 ND ND ND ND ND 
C7 ND ND ND ND ND 
SUM ND ND ND ND ND 

 

Table K-21  Site C Cutblock Dolines – downed wood presumed causes summary. 

CAUSE Number of Downed Wood pieces 
Rotational windthrow ND 
Bole snap ND 
Indeterminate ND 
Saw cut ND 
Total ND 

 

K.3.4 Site C Forest Controls – presumed causes for downed wood 

Table K-22  Site C Forest Controls – presumed causes for downed wood. 

CONTROL Total Downed 
Wood/Doline 

Rotational WT Bole Snap Indeterminate Saw Cut 

Cc1 18 1 16 1 0 
Cc2 4 0 4 0 0 
SUM 22 1 20 1 0 
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Table K-23  Site C Forest Controls – downed wood presumed causes summary. 

CAUSE Number of Downed Wood pieces 
Rotational windthrow 1 
Bole snap 20 
Indeterminate 1 
Saw cut  
Total 22 
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Appendix L: Soil Depths – Raw Data 

L.1 EXPLANATIONS 

• Numbers indicate soil probing depths in centimeters (inside 50 cm x 50 cm sample areas) 

• If > than some number less than 100, it indicates that the probe struck wood 

• If > 100, it means soil cover exceeded 1 m in depth. 

L.1.1 Abbreviations used in soil depths raw data tables 

DF = drainage focus 

SIDE = Mid-slope 

TOP = Upper slope break or just beyond (i.e., on the “rim”) 

NP = Not possible to obtain a measurement (due to slash or other reason) 

 

Note: For control sites, "DF" = the data logger position; "SIDE" = 5 m from data logger position and "TOP" = 10 m from data 

logger position. 

  



 

 

L-2 

L.2 SITE A 

L.2.1 Site A Dolines – soil depths 

Table L-1  Site A Dolines – soil depths at drainage focus (DF) and north and south sides (SIDE) and rims (TOP). 

 NORTH SOUTH 
DOL.  DF SIDE TOP SIDE TOP 
  1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 
A1 100 100 100 100 49 72 65 62 59 24 51 45 100 80 100 93 100 47 44 64 
A2 100 100 100 100 47 100 38 62 19 26 46 30 60 64 58 61 54 41 38 44 
A3 32 100 100 77 58 66 42 55 45 33 41 40 100 80 59 80 56 51 53 53 
A4 100 60 37 66 0 0 0 0 28 35 40 34 100 100 100 100 58 59 100 72 
A5 100 59 70 76 70 45 38 51 48 54 43 48 25 71 60 52 33 35 15 28 
A6 43 80 67 63 45 53 30 43 43 42 30 38 60 42 67 56 62 61 52 58 
A7 100 45 65 70 37 37 30 35 52 25 57 45 30 38 33 34 55 46 60 54 
A8 100 81 100 94 47 44 73 55 57 38 50 48 75 78 73 75 34 42 40 39 
A9 22 100 26 49 100 61 42 68 44 30 57 44 55 21 40 39 33 34 29 32 
A10 100 43 66 70 20 45 70 45 32 35 75 47 20 86 48 51 30 48 40 39 
A11 52 40 27 40 51 21 91 54 30 46 45 40 45 38 24 36 25 21 28 25 
A12 74 59 100 78 44 58 50 51 67 62 41 57 35 37 34 35 27 39 57 41 
A13        35 60 58 51 68 66 66 67 8 33 10 17 56 38 36 43 

A14 55 58 50 54 95 40 70 68 Soil 
pit      45 52 50 49 10 8 15 11 

A15 54 100 56 70 67 100 100 89 82 10 67 53 36 55 48 46 51 65 55 57 
A16 80 90 80 83 54 50 33 46 32 22 36 30 45 53 50 49 28 35 29 31 
A17 75 100 100 92 69 65 70 68 32 18 20 23 80 20 10 37 32 34 30 32 
A18 55 28 0 28 100 0 0 33 72 74 68 71 38 32 45 38 42 38 38 39 
A19 100 100 0 67 84 55 0 46 56 58 61 58 67 65 70 67 42 55 50 49 
A20 100 100 100 100 38 65 55 53 42 6 48 32 100 48 54 67 38 38 39 38 
A21 78 95 0 58 95 75 70 80 58 65 50 58 100 0 0 33 76 80 85 80 
A22 53 30 100 61 52 64 29 48 24 40 39 34 81 79 18 59 46 39 70 52 
A23 71 70 77 73 0 0 0 0 43 24 47 38 49 40 41 43 23 79 50 51 
A24 37 57 100 65 36 17 48 34 27 47 19 31 66 48 42 52 38 20 33 30 
A25 15 40 38 31 5 24 68 32 51 70 72 64 74 33 82 63 100 60 62 74 
A26 74 54 100 76 24 2 21 16 24 43 37 35 63 91 100 85 30 28 48 35 
A27 18 38 74 43 26 23 45 31 47 46 26 40 21 8 57 29 25 49 58 44 
A28 69 83 100 84 0 0 0 0 44 20 29 31 59 53 43 52 31 30 40 34 
A29 16 25 50 30 41 12 18 24 35 24 49 36 3 5 0 3 42 33 27 34 
A30 58 82 43 61 73 88 74 78 42 48 22 37 18 23 13 18 46 85 63 65 
A31 35 82 33 50 69 16 24 36 73 67 52 64 25 62 27 38 28 48 36 37 
A32 80 72 60 71 35 42 38 38 21 25 18 21 69 45 59 58 22 18 34 25 
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 NORTH SOUTH 
DOL.  DF SIDE TOP SIDE TOP 
  1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 
A33 100 74 100 91 73 41 77 64 53 61 43 52 78 77 76 77 51 30 38 40 
A34 48 51 45 48 44 35 65 48 56 63 47 55 NP NP NP   24 7 25 19 
A35 NP NP NP   45 45 35 42 23 30 54 36 46 18 43 36 29 42 24 32 
A36 NP NP NP   NP NP NP   NP NP NP   NP NP NP   NP NP NP   
A37 100 100 100 100 77 70 48 65 71 100 100 90 100 46 50 65 52 82 57 64 
A38 NP NP NP   NP NP NP   74 100 19 64 NP NP NP   74 33 49 52 
Ave.       68       46       46       51       44 
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Table L-2  Site A Dolines – soil depths at drainage focus (DF) and east and west sides (SIDE) and rims (TOP). 

 EAST WEST 
DOL. DF SIDE TOP SIDE TOP 
  1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 
A1 100 100 100 100 47 41 58 49 77 42 69 63 37 58 13 36 79 100 56 78 
A2 100 100 100 100 62 100 54 72 62 51 47 53 84 16 41 47 32 76 55 54 
A3 32 100 100 77 42 100 29 57 69 54 40 54 18 34 31 28 100 68 64 77 
A4 100 60 37 66 0 0 0 0 30 25 46 34 0 0 0 0 26 66 76 56 
A5 100 59 70 76 55 100 38 64 30 27 46 34 50 36 68 51 32 36 40 36 
A6 43 80 67 63 16 31 11 19 44 43 45 44 69 57 45 57 42 33 39 38 
A7 100 45 65 70 74 75 27 59 16 25 33 25 49 41 28 39 52 42 48 47 
A8 100 81 100 94 45 40 36 40 39 45 18 34 29 100 25 51 27 31 25 28 
A9 22 100 26 49 33 25 41 33 34 32 40 35 30 23 26 26 60 78 52 63 
A10 100 43 66 70 70 78 72 73 59 21 37 39 59 65 28 51 31 22 23 25 
A11 52 40 27 40 34 36 84 51 52 24 56 44 100 30 37 56 46 37 50 44 
A12 74 59 100 78 56 100 68 75 21 71 46 46 39 26 44 36 70 67 62 66 
A13        43 34 90 56 20 32 48 33 30 82 56 56 85 100 100 95 
A14 55 58 50 54 60 65 40 55 48 50 22 40 62 65 67 65 62 60 58 60 
A15 54 100 56 70 60 50 48 53 86 85 0 57 70 0 0 23 58 0 0 19 
A16 80 90 80 83 42 49 47 46 34 30 54 39 29 25 15 23 54 44 46 48 
A17 75 100 100 92 60 58 70 63 2 4 38 15 38 32 35 35 36 39 38 38 
A18 55 28 0 28 72 49 56 59 52 56 60 56 30 42 50 41 85 42 50 59 
A19 100 100 0 67 47 56 58 54 37 40 46 41 53 48 56 52 42 48 48 46 
A20 100 100 100 100 60 35 55 50 73 57 52 61 48 54 52 51 55 70 74 66 
A21 78 95 0 58 90 85 32 69 43 52 62 52 36 48 73 52 48 75 70 64 
A22 53 30 100 61 26 32 100 53 84 58 72 71 43 45 29 39 18 43 71 44 
A23 71 70 77 73 31 39 35 35 42 40 44 42 47 66 76 63 28 49 56 44 
A24 37 57 100 65 56 53 33 47 34 52 44 43 37 100 100 79 17 27 31 25 
A25 15 40 38 31 46 47 35 43 80 78 62 73 57 44 74 58 87 73 84 81 
A26 74 54 100 76 26 37 36 33 29 37 28 31 44 23 50 39 51 85 45 60 
A27 18 38 74 43 19 39 56 38 30 21 22 24 0 27 47 25 39 48 38 42 
A28 69 83 100 84 20 52 37 36 36 18 40 31 19 36 0 18 33 46 36 38 
A29 16 25 50 30 15 12 19 15 60 41 22 41 43 50 18 37 17 0 32 16 
A30 58 82 43 61 35 44 46 42 43 17 21 27 33 25 24 27 42 60 15 39 
A31 35 82 33 50 61 81 25 56 33 41 37 37 100 64 67 77 51 52 66 56 
A32 80 72 60 71 18 0 12 10 46 35 43 41 42 50 48 47 32 25 30 29 
A33 100 74 100 91 16 43 53 37 48 48 38 45 66 48 68 61 59 55 52 55 
A34 48 51 45 48 23 55 46 41 36 15 29 27 47 43 64 51 32 20 50 34 
A35 NP NP NP   33 42 43 39 14 36 46 32 12 27 37 25 66 81 73 73 
A36 NP NP NP   NP NP NP   NP NP NP   NP NP NP   NP NP NP   
A37 100 100 100 100 14 100 69 61 55 63 66 61 38 14 60 37 56 31 45 44 
A38 NP NP NP   100 63 37 67 47 25 26 33 NP NP NP   NP NP NP   
Ave.       68       47       42       43       50 
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L.2.2 Site A Controls – soil depths 

Table L-3  Site A Controls – soil depths at drainage focus (DF) and north and south sides (SIDE) and rims (TOP). 

 NORTH SOUTH 
DOL.  DF SIDE TOP SIDE TOP 
  1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 
Ac1 74 50 30 51 28 65 50 48 77 49 48 58 50 47 57 51 49 63 70 61 
Ac2 25 10 29 21 41 46 33 40 37 28 56 40 43 56 54 51 47 41 13 34 
Ac3 51 28 67 49 80 84 89 84 38 52 63 51 57 43 19 40 21 34 26 27 
Ac4 75 40 49 55 29 28 51 36 56 55 57 56 45 58 48 50 39 49 46 45 
Ac5 34 26 68 43 38 64 26 43 48 66 35 50 20 100 100 73 15 15 17 16 
Ac6 100 28 49 59 56 55 61 57 33 100 55 63 73 52 100 75 44 47 41 44 
Ac7 46 41 53 47 23 59 57 46 61 54 63 59 60 37 52 50 44 38 24 35 
Ac8 45 34 38 39 35 64 43 47 63 46 41 50 56 59 54 56 18 58 43 40 
Ac9                                         
Ave.       45       50       53       56       38 

Table L-4  Site A Controls – soil depths at drainage focus (DF) and east and west sides (SIDE) and rims (TOP). 

 EAST WEST 
DOL. DF SIDE TOP SIDE TOP 
  1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 
Ac1 74 50 30 51 31 60 100 64 65 30 83 59 23 17 17 19 61 18 66 48 
Ac2 25 10 29 21 62 46 48 52 44 37 75 52 52 47 33 44 100 34 85 73 
Ac3 51 28 67 49 39 44 43 42 32 35 40 36 NP NP NP   48 42 61 50 
Ac4 75 40 49 55 24 73 60 52 19 33 26 26 24 53 25 34 20 48 44 37 
Ac5 34 26 68 43 26 8 34 23 58 100 21 60 53 25 38 39 23 26 32 27 
Ac6 100 28 49 59 37 100 42 60 60 37 62 53 48 100 60 69 63 67 51 60 
Ac7 46 41 53 47 49 52 63 55 76 53 57 62 33 63 64 53 48 53 17 39 
Ac8 45 34 38 39 43 14 30 29 45 29 74 49 51 45 32 43 42 22 37 34 
Ac9                                         
Ave.       45       47       50       43       46 
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L.3 SITE B 

L.3.1 Site B Dolines – soil depths 

Table L-5  Site B Dolines – soil depths at drainage focus (DF) and north and south sides (SIDE) and rims (TOP). 

 NORTH SOUTH 
DOL.  DF SIDE TOP SIDE TOP 
  1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 
B1                                         
B2 **                                  
B3 15 12 10 12 46 40 49 45 18 32 27 26 39 51 45 45 37 47 44 43 
B4 60 33 38 44 73 25 68 55 43 50 40 44 100 100 100 100 32 18 100 50 
B5        15 22 23 20 14 57 18 30 45 51 13 36 17 43 33 31 
B6 77 87 100 88 58 15 19 31 40 29 50 40 56 54 61 57 45 84 63 64 
B7 91 83 100 91 82 35 80 66 47 32 52 44 11 45 26 27 48 70 61 60 
B8 42 60 66 56 42 67 50 53 69 88 14 57 38 79 59 59 33 41 62 45 
B9 100 55 64 73 35 87 34 52 87 63 64 71 74 51 86 70 27 30 53 37 
B10        29 29 47 35 28 35 24 29 17 32 26 25 27 25 22 25 
B11 60    60 18 23 15 19 28 32 40 33 28 25 14 22 35 26 23 28 
B12        31 26 46 34 38 30 29 32 60 60 44 55 64 41 30 45 
B13        32 60 54 49 59 60 25 48 90 75 50 72 34 25 28 29 
B14 100 67 100 89 40 68 82 63 51 62 69 61 35 34 36 35 24 26 15 22 
B15        42 34 57 44 38 19 36 31 42 22 30 31 26 34 38 33 
B16 100 100 54 85 75 33 43 50 36 24 36 32 28 11 32 24 23 23 17 21 
B17 60 60 80 67 28 28 31 29 37 33 28 33 55 40 50 48 52 22 18 31 
B18 80 16 22 39 39 43 44 42 43 60 60 54 16 32 <5 24 38 42 21 34 
B19                                    
B20 27 45 47 40 69 47 67 61 21 20 53 31 25 19 35 26 38 34 37 36 
B21 67 47 78 64 68 24 64 52 38 39 23 33 25 49 25 33 19 43 26 29 
B22 77 45 66 63 48 54 56 53 52 45 50 49 36 25 25 29 54 39 78 57 
B23 60 58 50 56 33 35 32 33 23 22 26 24 25 22 18 22 29 36 12 26 
B24 48 60 60 56 20 35 31 29 23 27 24 25 42 37 39 39 31 27 24 27 
B25 48 49 56 51 43 51 45 46 21 60 63 48 14 23 31 23 100 46 55 67 
B26 100 68 95 88 34 41 51 42 35 50 36 40 61 85 76 74 42 41 46 43 
B27 90 90 90 90 90 90 90 90 79 77 84 80 44 76 90 70 57 26 30 38 
B28 66 100 100 89 44 26 77 49 56 16 48 40 28 39 43 37 23 14 12 16 
B29 60 90 90 80 52 27 36 38 36 24 20 27 23 30 49 34 29 29 27 28 
B30 90 90 90 90 NP NP NP   28 34 30 31 37 45 56 46 49 38 50 46 
B31 72 90 82 81 25 32 27 28 41 48 35 41 15 12 16 14 28 33 26 29 
B32 100 100 13 71 63 100 37 67 34 32 34 33 41 100 43 61 28 18 36 27 
B33 23 71 100 65 88 32 69 63 35 10 38 28 100 37 42 60 25 39 39 34 
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 NORTH SOUTH 
DOL.  DF SIDE TOP SIDE TOP 
  1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 
B34 100 100 100 100 89 76 53 73 77 35 66 59 35 42 39 39 46 35 43 41 
B35 100 100 55 85 100 100 34 78 30 35 37 34 34 26 15 25 27 24 53 35 
B36 100 65 75 80 100 52 80 77 34 66 46 49 39 40 100 60 29 26 36 30 
Ave.       70       49       41       43       37 
 

** Did not take data here due to sensitivity of site (Candlestick Cave) 

 

Table L-6  Site B Dolines – soil depths at drainage focus (DF) and east and west sides (SIDE) and rims (TOP). 

 EAST WEST 
DOL. DF SIDE TOP SIDE TOP 
  1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 
B1                                         
B2 **                                  
B3 15 12 10 12 62 55 24 47 40 38 13 30 44 61 32 46 34 30 18 27 
B4 60 33 38 44 46 28 42 39 29 19 37 28 59 85 59 68 100 58 100 86 
B5        60 52 50 54 10 0 0 3 5 0 12 6 27 0 41 23 
B6 77 87 100 88 100 22 28 50 14 31 42 29 92 77 81 83 16 39 15 23 
B7 91 83 100 91 35 35 40 37 31 38 32 34 43 100 21 55 56 56 62 58 
B8 42 60 66 56 12 32 40 28 23 17 45 28 22 17 62 34 29 71 25 42 
B9 100 55 64 73 50 11 23 28 31 38 36 35 22 56 50 43 43 16 37 32 
B10        19 15 21 18 23 20 18 20 62 43 38 48 21 16 23 20 
B11 60    60 29 32 25 29 32 28 24 28 19 70 14 34 48 54 60 54 
B12        53 90 77 73 35 31 49 38 51 28 45 41 40 34 25 33 
B13        42 18 90 50 48 37 42 42 28 35 40 34 40 36 70 49 
B14 100 67 100 89 44 60 30 45 32 26 16 25 29 100 79 69 34 18 20 24 
B15        45 32 51 43 100 36 69 68 58 29 41 43 22 52 28 34 
B16 100 100 54 85 60 27 38 42 23 11 16 17 61 73 68 67 41 25 26 31 
B17 60 60 80 67 38 57 37 44 45 40 44 43 32 26 24 27 27 30 29 29 
B18 80 16 22 39 42 52 54 49 28 32 30 30 <10 44 32 38 58 60 46 55 
B19                                    
B20 27 45 47 40 32 30 62 41 22 14 21 19 25 47 50 41 36 40 29 35 
B21 67 47 78 64 18 43 61 41 40 29 43 37 71 38 32 47 38 31 31 33 
B22 77 45 66 63 49 64 67 60 23 25 40 29 51 53 38 47 18 32 35 28 
B23 60 58 50 56 28 26 29 28 18 25 16 20 38 30 44 37 43 50 50 48 
B24 48 60 60 56 72 52 34 53 18 20 32 23 38 32 35 35 37 46 35 39 
B25 48 49 56 51 20 11 37 23 48 25 71 48 100 67 52 73 65 35 59 53 
B26 100 68 95 88 39 30 100 56 100 76 90 89 42 29 64 45 35 22 30 29 
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 EAST WEST 
DOL. DF SIDE TOP SIDE TOP 
B27 90 90 90 90 35 22 33 30 42 35 44 40 100 48 58 69 46 76 41 54 
B28 66 100 100 89 64 54 55 58        82 100 100 94 27 20 21 23 
B29 60 90 90 80 37 24 26 29 25 32 28 28 55 57 37 50 35 32 31 33 
B30 90 90 90 90 52 50 54 52 46 27 35 36 24 66 72 54 33 42 40 38 
B31 72 90 82 81 37 40 48 42 16 12 8 12 42 49 50 47 NP NP NP   
B32 100 100 13 71 32 29 31 31 32 40 71 48 93 65 79 79 25 51 17 31 
B33 23 71 100 65 70 100 85 85 17 30 18 22 66 73 61 67 53 35 47 45 
B34 100 100 100 100 57 41 46 48 64 38 46 49 50 31 42 41 46 36 27 36 
B35 100 100 55 85 66 67 81 71 57 67 64 63 64 67 100 77 43 39 42 41 
B36 100 65 75 80 53 31 63 49 54 36 28 39 25 39 24 29 28 36 27 30 
Ave.       70       45       34       51       38 
 

** Did not take data here due to sensitivity of site (Candlestick Cave) 

L.3.2 Site B Controls – soil depths 

No data for Site B Controls. 

L.4 SITE C 

L.4.1 Site C Dolines – soil depths 

Table L-7  Site C Dolines – soil depths at drainage focus (DF) and north and south sides (SIDE) and rims (TOP). 

 NORTH SOUTH 
DOL.  DF SIDE TOP SIDE TOP 
  1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 
C1 100 100 100 100 31 33 38 34 65 47 60 57 43 55 60 53 64 74 64 67 
C2 100 50 88 79 48 24 49 40 19 20 48 29 14 45 36 32 24 38 45 36 
C3 15 60 50 42 26 35 43 35 34 23 28 28 31 42 36 36 33 24 22 26 
C4 100 100 100 100 100 100 100 100 100 100 100 100 31 31 30 31 80 35 63 59 
C5 100 100 100 100 ND ND ND   36 36 41 38 73 30 61 55 22 20 37 26 
C6 NP NP NP   NP NP NP   NP NP NP   NP NP NP   NP NP NP   
C7 NP NP NP   NP NP NP   NP NP NP   NP NP NP   NP NP NP   
C8 100 100 100 100 64 47 67 59 76 60 66 67 51 30 54 45 33 21 34 29 
C9 72 100 82 85 21 34 35 30 61 88 65 71 8 17 6 10 48 33 36 39 
C10 56 33 67 52 75 62 76 71 54 87 47 63 55 53 68 59 37 48 34 40 
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 NORTH SOUTH 
DOL.  DF SIDE TOP SIDE TOP 
C11 100 100 73 91 49 57 70 59 34 24 21 26 100 100 100 100 37 54 48 46 
Ave.       83       54       53       47       41 

Table L-8  Site C Dolines – soil depths at drainage focus (DF) and east and west sides (SIDE) and rims (TOP). 

 EAST WEST 
DOL. DF SIDE TOP SIDE TOP 
  1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 
C1 100 100 100 100 44 52 33 43 41 31 40 37 70 57 86 71 77 75 55 69 
C2 100 50 88 79 22 45 37 35 44 29 34 36 39 38 38 38 31 24 31 29 
C3 15 60 50 42 29 49 37 38 26 50 22 33 38 27 30 32 42 33 40 38 
C4 100 100 100 100 100 100 100 100 100 100 100 100 63 67 77 69 49 78 87 71 
C5 100 100 100 100 70 100 63 78 62 67 77 69 43 44 53 47 22 18 29 23 
C6 NP NP NP   NP NP NP   NP NP NP   NP NP NP   NP NP NP   
C7 NP NP NP   NP NP NP   NP NP NP   NP NP NP   NP NP NP   
C8 100 100 100 100 43 42 100 62 68 38 73 60 68 100 50 73 52 24 46 41 
C9 72 100 82 85 38 71 100 70 44 61 42 49 69 67 34 57 54 80 90 75 
C10 56 33 67 52 47 49 34 43 73 70 34 59 53 47 46 49 37 8 21 22 
C11 100 100 73 91 100 51 69 73 29 38 27 31 100 100 100 100 29 38 30 32 
Ave.       83       60       53       59       44 
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L.4.2 Site C Controls – soil depths 

Table L-9  Site C Controls – soil depths at drainage focus (DF) and north and south sides (SIDE) and rims (TOP). 

 NORTH SOUTH 
DOL.  DF SIDE TOP SIDE TOP 
  1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 
Cc1 38 38 54 43 47 59 53 53 47 27 63 46 31 100 56 62 50 47 49 49 
Cc2 25 58 44 42 35 44 33 37 45 40 >55 43 28 31 32 30 40 42 31 38 
Ave.       43       45       44       46       43 

Table L-10  Site C Controls – soil depths at drainage focus (DF) and east and west sides (SIDE) and rims (TOP). 

 EAST WEST 
DOL. DF SIDE TOP SIDE TOP 
  1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 1st 2nd 3rd Ave. 
Cc1 38 38 54 43                             
Cc2 25 58 44 42 40 53 28 40 14 17 13 15 53 33 42 43 22 68 28 39 
Ave.       43       40       15       43       39 
 

Notes: In the case of C4, the adjacent shaft allowed us to see that many meters of till mantled the site. With respect to C11, slumping of soil was observed midway up the west side. Exposed mineral soil 
and clasts were observed partway up the northwest side. It appears some slope failure is occurring. 
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Appendix M: Sites A, B, and C: Surface Cover Materials 
by Quadrant 

M.1 SURFACE COVER MATERIAL ABBREVIATIONS 

Quadrants in the tables below are designated by the following abbreviations: 

• Northeast – “NE” 

• Southeast – “SE” 

• Southwest – “SW” 

• Northwest – “NW” 

Abbreviations used for the different categories of surface cover materials are 

summarized in Table M-1, below. 

Table M-1  Dominant surface cover material abbreviations legend. 

CODE SURFACE COVER MATERIAL 
BR Bedrock 
ES Exposed mineral soil 
CS Unconsolidated cobbles and stones - may be moss-covered 
DW Fallen trees, large branches and stumps 
OM Organic matter including fine pieces of decaying wood 
M “Moss” (may include mosses and/or liverworts) 
F Ferns 
FW Fireweed (Epilobium angustifolium) 
SL Slash (downed wood with mechanical cutmarks) 
JC Juvenile regenerating conifers 
Other Specify, if present 

 

M.2 SITE A 

M.2.1 Site A Forest Dolines – surface cover materials by quadrant 

Table M-2  Most prevalent surface cover materials for Site A Forest Dolines – northeast (NE) 
quadrant. 

SITE A FOREST 
DOLINES - NE 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

A1     1       
A2      1      
A3      1      
A4      1      
A5      1      
A6    0.5 0.5       
A7      1      
A8     0.5 0.5      
A9      1      
A10     0.5 0.5      
A11      1      
A12      1      
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SITE A FOREST 
DOLINES - NE 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

A13      1      
A14      1      
A15      1      
A16      1      
A17      1      
A18     1       
A19      1      
A20      1      
A21      1      
A22      1      
A23     1       
A24      1      
A25      1      
A26     1       
A27      1      
A28     1       
Totals 0 0 0 0.5 6.5 21 0 0 0 0 0 

 

Table M-3  Most prevalent surface cover materials for Site A Forest Dolines – northwest (NW) 
quadrant. 

SITE A FOREST 
DOLINES – NW 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

A1      1      
A2      1      
A3      1      
A4 1     1      
A5      1      
A6      1      
A7      1      
A8     0.5 0.5      
A9      1      
A10     1       
A11     1       
A12      1      
A13      1      
A14      1      
A15      1      
A16     1       
A17      1      
A18     1       
A19      1      
A20      1      
A21      1      
A22     0.5 0.5      
A23     1       
A24      1      
A25      1      
A26     1       
A27      1      
A28     1       
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Table M-4  Most prevalent surface cover materials for Site A Forest Dolines – southeast (SE) 
quadrant. 

SITE A FOREST 
DOLINES - SE 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

A1      1      
A2      1      
A3    0.5  0.5      
A4      1      
A5     1       
A6     1       
A7      1      
A8      1      
A9 ND ND ND ND ND ND ND ND ND ND ND 
A10      1      
A11      1      
A12      1      
A13      1      
A14      1      
A15      1      
A16      1      
A17      1      
A18      1      
A19      1      
A20      1      
A21      1      
A22      1      
A23      1      
A24      1      
A25    0.5  0.5      
A26      1      
A27      1      
A28     1       
Totals 0 0 0 1 3 23 0    0 
 
Note: There were no data for the SE quadrant of doline A9, hence totals for this quadrant only equal 27. 
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Table M-5  Most prevalent surface cover materials for Site A Forest Dolines – southwest (SW) 
quadrant. 

SITE A FOREST 
DOLINES – SW 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

A1      1      
A2      1      
A3    1        
A4      1      
A5      1      
A6     1       
A7      1      
A8      1      
A9      1      
A10      1      
A11      1      
A12      1      
A13     0.5 0.5      
A14      1      
A15      1      
A16     1       
A17      1      
A18     1       
A19      1      
A20      1      
A21      1      
A22      1      
A23      1      
A24      1      
A25      1      
A26      1      
A27      1      
A28      1      
Totals 0 0 0 1 3.5 23.5 0 0 0 0 0 

 

M.2.2 Site A Edge Dolines – surface cover materials by quadrant 

Table M-6  Most prevalent surface cover materials for Site A Edge Dolines – northeast (NE) 
quadrant. 

SITE A EDGE 
DOLINES - NE 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

A29     1       
A30     1       
A31     1       
A32    1        
A33     1       
Totals 0 0 0 1 4 0 0 0 0 0 0 
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Table M-7  Most prevalent surface cover materials for Site A Edge Dolines – northwest (NW) 
quadrant. 

SITE A EDGE 
DOLINES – NW 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

A29     1       
A30      1      
A31     1       
A32    1        
A33     1       
Totals 0 0 0 1 3 1 0    0 

Table M-8  Most prevalent surface cover materials for Site A Edge Dolines – southeast (SE) 
quadrant. 

SITE A EDGE 
DOLINES - SE 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

A29     1       
A30     1       
A31     1       
A32    1        
A33     1       
Totals 0 0 0 1 4 0 0    0 

Table M-9  Most prevalent surface cover materials for Site A Edge Dolines – southwest (SW) 
quadrant. 

SITE A EDGE 
DOLINES – SW 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

A29      1      
A30      1      
A31     1       
A32      1      
A33     1       
Totals 0 0 0 0 2 3 0 0 0 0 0 

 

M.2.3 Site A Cutblock Dolines – surface cover materials by quadrant 

Table M-10  Most prevalent surface cover materials for Site A Cutblock Dolines – northeast (NE) 
quadrant. 

SITE A CUTBLOCK 
DOLINES - NE 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

            
A34        1    
A35          1  
A36         1   
A37         1   
A38         1   
CUTBLOCK DOLINES - 
SUM 0 0 0 0 0 0 0 1 3 1 0 
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Table M-11  Most prevalent surface cover materials for Site A Cutblock Dolines – northwest (NW) 
quadrant. 

SITE A CUTBLOCK 
DOLINES – NW 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

A34        1    
A35          1  
A36         1   
A37         1   
A38         1   
Totals 0 0 0 0 0 0 0 1 3 1 0 

Table M-12  Most prevalent surface cover materials for Site A Cutblock Dolines – southeast (SE) 
quadrant. 

SITE A CUTBLOCK 
DOLINES - SE 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

A34         1   
A35        1    
A36         1   
A37        1    
A38         1   
Totals 0 0 0 0 0 0 0 2 3 0 0 

Table M-13  Most prevalent surface cover materials for Site A Cutblock Dolines – southwest (SW) 
quadrant. 

SITE A CUTBLOCK 
DOLINES – SW 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

A34        1    
A35          1  
A36         1   
A37          1  
A38         1   
Totals 0 0 0 0 0 0 0 1 2 2 0 

 

M.2.4 Site A Forest Controls – surface cover materials by quadrant 

Table M-14  Most prevalent surface cover materials for Site A Forest Controls – northeast (NE) 
quadrant. 

SITE A FOREST 
CONTROLS – NE 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

            
Ac3      1      
Ac4      1      
Ac5      1      
Ac6      1      
Ac7      1      
Totals 0 0 0 0 0 5 0 0 0 0 0 
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Table M-15  Most prevalent surface cover materials for Site A Forest Controls – northwest (NW) 
quadrant. 

SITE A FOREST 
CONTROLS – NW 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

Ac3      1      
Ac4      1      
Ac5      1      
Ac6      1      
Ac7      1      
Totals 0 0 0 0 0 5 0 0 0 0 0 

Table M-16  Most prevalent surface cover materials for Site A Forest Controls – southeast (SE) 
quadrant. 

SITE A FOREST 
CONTROLS - SE 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

Ac3      1      
A4      1      
Ac5      1      
Ac6      1      
Ac7      1      
Totals      5      

Table M-17  Most prevalent surface cover materials for Site A Forest Controls – southwest (SW) 
quadrant. 

SITE A FOREST 
CONTROLS – SW 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

Ac3      1      
A4      1      
Ac5     1       
Ac6      1      
Ac7      1      
Totals 0 0 0 0 1 4 0 0 0 0 0 

 

M.2.5 Site A Edge Control – surface cover materials by quadrant 

Table M-18  Most prevalent surface cover materials for Site A Edge Control – northeast (NE) 
quadrant. 

SITE A EDGE 
CONTROL - NE 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

Ac8      1      
Total 0 0 0 0 0 1 0 0 0 0 0 
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Table M-19  Most prevalent surface cover materials for Site A Edge Control – northwest (NW) 
quadrant. 

SITE A EDGE 
CONTROL – NW 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

Ac8     1       
Totals 0 0 0 0 1 0 0 0 0 0 0 

Table M-20  Most prevalent surface cover materials for Site A Edge Control – southeast (SE) 
quadrant. 

SITE A EDGE 
CONTROL - SE 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

Ac8      1      
Total      1      

Table M-21  Most prevalent surface cover materials for Site A Edge Control – southwest (SW) 
quadrant. 

SITE A EDGE 
CONTROL - – SW 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

Ac8     1       
Totals     1       

 

M.2.6 Site A Cutblock Controls – surface cover materials by quadrant 

Table M-22  Most prevalent surface cover materials for Site A Cutblock Control – northeast (NE) 
quadrant. 

SITE A CUTBLOCK 
CONTROLS - NE 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

Ac1        1    
Ac2         1   
Ac9 ND ND ND ND ND ND ND ND ND ND ND 
 Totals 0 0 0 0 0 0 0 1 1 0 0 
 
Note: no data (ND) for Ac9, hence n=2 for Site A cutblock controls. 

Table M-23  Most prevalent surface cover materials for Site A Cutblock Controls – northwest (NW) 
quadrant. 

SITE A CUTBLOCK 
CONTROLS – NW 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

Ac1          1  
Ac2          1  
Ac9 ND ND ND ND ND ND ND ND ND ND ND 
Totals 0 0 0 0 0 0 0 0 0 2 0 
 
Note: no data (ND) for Ac9, hence n=2 for Site A cutblock controls. 
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Table M-24  Most prevalent surface cover materials for Site A Cutblock Controls – southeast (SE) 
quadrant. 

SITE A CUTBLOCK 
CONTROLS - SE 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

Ac1        1    
Ac2         0.5 0.5  
Ac9 ND ND ND ND ND ND ND ND ND ND ND 
Totals 0 0 0 0 0 0 0 1 0.5 0.5 0 
 
Note: no data (ND) for Ac9, hence n=2 for Site A cutblock controls. 

Table M-25  Most prevalent surface cover materials for Site A Cutblock Controls – southwest (SW) 
quadrant. 

SITE A CUTBLOCK 
CONTROLS – SW 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

Ac1          1  
Ac2          1  
Ac9 ND ND ND ND ND ND ND ND ND ND ND 
Totals 0 0 0 0 0 0 0 0 0 2 0 
 
Note: no data (ND) for Ac9, hence n=2 for Site A cutblock controls. 
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M.3 SITE B 

M.3.1 Site B Forest Dolines – surface cover materials by quadrant 

Table M-26  Most prevalent surface cover materials for Site B Forest Dolines – northeast (NE) 
quadrant. 

SITE B FOREST 
DOLINES - NE 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

B1            
B2            
B3     1       
B4     1       
B5     1       
B6      0.5 0.5     
B7      1      
B15     1       
B16     1       
B18      1      
B19      1      
B25     1       
B26      1      
B27     1       
B28    1        
B29     1       
B30     1       
B31      1      
B32      1      
B33      1      
B34     1       
B35     1       
B36     1       
Totals 0 0 0 1 12 7.5 0.5 0 0 0 0 
 
Notes: There are no surface cover material data for Site B forest dolines B1 and B2. 

Table M-27  Most prevalent surface cover materials for Site B Forest Dolines – northwest (NW) 
quadrant. 

SITE B FOREST 
DOLINES – NW 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

B1            
B2            
B3     1       
B4     1       
B5     1       
B6      1      
B7     1       
B15    0.5  0.5      
B16     1       
B18      1      
B19      1      
B25      1      
B26      1      
B27      1      
B28     1       
B29     1       
B30     1       
B31      1      
B32      1      
B33     1       
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SITE B FOREST 
DOLINES – NW 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

B34     1       
B35      1      
B36     1       
Totals 0 0 0 0.5 11 9.5 0 0 0 0 0 
 
Notes: There are no surface cover material data for Site B forest dolines B1 and B2. 

Table M-28  Most prevalent surface cover materials for Site B Forest Dolines – southeast (SE) 
quadrant. 

SITE B FOREST 
DOLINES - SE 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

B1            
B2            
B3     1       
B4      1      
B5     1       
B6      1      
B7     1       
B15     1       
B16     1       
B18      1      
B19     1       
B25      1      
B26      1      
B27    1        
B28     1       
B29     1       
B30     1       
B31      1      
B32      1      
B33      1      
B34      1      
B35     1       
B36     1       
Totals 0 0 0 1 11 9 0 0 0 0 0 
 
Notes: There are no surface cover material data for Site B forest dolines B1 and B2. 
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Table M-29  Most prevalent surface cover materials for Site B Forest Dolines – southwest (SW) 
quadrant. 

SITE B FOREST 
DOLINES – SW 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

B1            
B2            
B3     1       
B4     1       
B5      1      
B6     0.5 0.5      
B7     1       
B15      1      
B16     1       
B18  1          
B19      1      
B25      1      
B26      1      
B27     0.5 0.5      
B28     1       
B29     1       
B30      1      
B31     1       
B32      1      
B33     1       
B34      1      
B35      1      
B36     1       
Totals 0 1 0 0 10 10 0 0 0 0 0 
 
Notes: There are no surface cover material data for Site B forest dolines B1 and B2. 

M.3.2 Site B Edge Dolines – surface cover materials by quadrant 

Table M-30  Most prevalent surface cover materials for Site B Edge Dolines – northeast (NE) 
quadrant. 

SITE B EDGE 
DOLINES - NE 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

B8     1       
B9     1       
B10      1      
B11     0.5 0.5      
B12  0.5   0.5       
B13      1      
B14      1      
B17     1       
B20      1      
B21      1      
B22      1      
B23      1      
B24      1      
Totals 0 0.5 0 0 4 8.5 0 0 0 0 0 
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Table M-31  Most prevalent surface cover materials for Site B Edge Dolines – northwest (NW) 
quadrant. 

SITE B EDGE 
DOLINES – NW 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

B8     1       
B9      1      
B10      1      
B11     1       
B12      1      
B13     1       
B14      1      
B17      1      
B20     1       
B21     1       
B22      1      
B23      1      
B24      1      
Totals 0 0 0 0 5 8 0 0 0 0 0 

Table M-32  Most prevalent surface cover materials for Site B Edge Dolines – southeast (SE) 
quadrant. 

SITE B EDGE 
DOLINES - SE 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

B8     1       
B9     1       
B10      1      
B11     1       
B12      1      
B13      1      
B14      0.5     0.5 
B17      1      
B20     1       
B21      1      
B22     1       
B23     0.5 0.5      
B24     1       
Totals 0 0 0 0 6.5 6 0 0 0 0 0.5 

Table M-33  Most prevalent surface cover materials for Site B Edge Dolines – southwest (SW) 
quadrant. 

SITE B EDGE 
DOLINES – SW 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

B8    1        
B9     1       
B10      1      
B11      1      
B12      1      
B13     1       
B14          1  
B17      1      
B20      1      
B21     1       
B22     1       
B23      1      
B24      1      
Totals 0 0 0 1 4 7 0 0 0 1 0 
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M.3.3 Site B Cutblock Dolines – surface cover materials by quadrant 

No Cutblock Doline data from Site B. 

M.3.4 Site B Forest Controls – surface cover materials by quadrant 

No Forest Control data from Site B. 

M.3.5 Site B Edge Controls – surface cover materials by quadrant 

No Edge Control data from Site B. 

M.3.6 Site B Cutblock Controls – surface cover materials by quadrant 

No Cutblock Control data from Site B. 

M.4 SITE C 

M.4.1 Site C Forest Dolines – surface cover materials by quadrant 

Table M-34  Most prevalent surface cover materials for Site C Forest Dolines – northeast (NE) 
quadrant. 

SITE C - FOREST 
DOLINES - NE 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

C8     1       
C9    1        
C10     1       
C11     1       
Totals 0 0 0 1 3 0 0 0 0 0 0 

Table M-35  Most prevalent surface cover materials for Site C Forest Dolines – northwest (NW) 
quadrant. 

SITE C FOREST 
DOLINES – NW 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

C8      1      
C9     1       
C10     1       
C11      1      
Totals 0 0 0 0 2 2 0 0 0 0 0 
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Table M-36  Most prevalent surface cover materials for Site C Forest Dolines – southeast (SE) 
quadrant. 

SITE C FOREST 
DOLINES - SE 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

C8    0.5 0.5       
C9    1        
C10    1        
C11    1        
Totals 0 0 0 3.5 0.5 0 0 0 0 0 0 

Table M-37  Most prevalent surface cover materials for Site C Forest Dolines – southwest (SW) 
quadrant. 

SITE C FOREST 
DOLINES – SW 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

C8     1       
C9      1      
C10    1        
C11      1      
Totals 0 0 0 1 1 2 0 0 0 0 0 

 

M.4.2 Site C Edge Dolines – surface cover materials by quadrant 

Table M-38  Most prevalent surface cover materials for Site C Edge Dolines – northeast (NE) 
quadrant. 

SITE C EDGE 
DOLINES - NE 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

C1  0.333   0.333 0.333      
C2     1       
C3     1       
C4    1        
C5     1       
Totals 0 0.333 0 1 3.333 0.333 0 0 0 0 0 

Table M-39  Most prevalent surface cover materials for Site C Edge Dolines – northwest (NW) 
quadrant. 

SITE C EDGE 
DOLINES – NW 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

C1     1       
C2     1       
C3       1     
C4     1       
C5     1       
Totals 0 0 0 0 4 0 1 0 0 0 0 
  



 

 

M-16 

Table M-40  Most prevalent surface cover materials for Site C Edge Dolines – southeast (SE) 
quadrant. 

SITE C EDGE 
DOLINES - SE 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

C1      1      
C2     1       
C3    1        
C4    1        
C5     1       
Totals 0 0 0 2 2 1 0 0 0 0 0 

Table M-41  Most prevalent surface cover materials for Site C Edge Dolines – southwest (SW) 
quadrant. 

SITE C EDGE 
DOLINES – SW 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

C1      1      
C2      1      
C3       1     
C4      1      
C5      1      
Totals 0 0 0 0 0 4 1 0 0 0 0 

 

M.4.3 Site C Cutblock Dolines – surface cover materials by quadrant 

Table M-42  Most prevalent surface cover materials for Site C Cutblock Dolines – northeast (NE) 
quadrant. 

SITE C CUTBLOCK 
DOLINES -NE 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

C6         1   
C7         1   
Totals 0 0 0 0 0 0 0 0 2 0 0 

Table M-43  Most prevalent surface cover materials for Site C Cutblock Dolines – northwest (NW) 
quadrant. 

SITE C CUTBLOCK 
DOLINES - NW 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

C6         1   
C7         1   
Totals 0 0 0 0 0 0 0 0 2 0 0 

Table M-44  Most prevalent surface cover materials for Site C Cutblock Dolines – southeast (SE) 
quadrant. 

SITE C CUTBLOCK 
DOLINES - SE 
QUADRANT 

BR ES CS DW OM M F FW SL JC  

C6         1   
C7         1   
Totals 0 0 0 0 0 0 0 0 2 0 0 
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Table M-45  Most prevalent surface cover materials for Site C Cutblock Dolines – southwest (SW) 
quadrant. 

SITE C CUTBLOCK 
DOLINES – SW 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

C6         1   
C7         1   
Totals 0 0 0 0 0 0 0 0 2 0 0 

 

M.4.4 Site C Forest Controls – surface cover materials by quadrant 

Table M-46  Most prevalent surface cover materials for Site C Forest Controls – northeast (NE) 
quadrant. 

SITE C FOREST 
CONTROLS - NE 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

Cc1     1       
Cc2     1       
Totals 0 0 0 0 2 0 0 0 0 0 0 

Table M-47  Most prevalent surface cover materials for Site C Forest Controls – northwest (NW) 
quadrant. 

SITE C FOREST 
CONTROLS – NW 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

Cc1    1        
Cc2     1       
Totals 0 0 0 1 1 0 0 0 0 0 0 

Table M-48  Most prevalent surface cover materials for Site C Forest Controls – southeast (SE) 
quadrant. 

SITE C FOREST 
CONTROLS - SE 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

Cc1     1       
Cc2     1       
Totals 0 0 0 0 2 0 0 0 0 0 0 

Table M-49  Most prevalent surface cover materials for Site C Forest Controls – southwest (SW) 
quadrant. 

SITE C FOREST 
CONTROLS – SW 
QUADRANT 

BR ES CS DW OM M F FW SL JC Other 

Cc1      1      
Cc2     1       
Totals 0 0 0 0 1 1 0 0 0 0 0 

 

M.4.5 Site C Edge Control – surface cover materials by quadrant 

No Edge Control data for Site C. 
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M.4.6 Site C Cutblock Controls – surface cover materials by quadrant 

No Cutblock Control data for Site C. 
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Appendix N: Sites A, B, and C: Surface Cover Materials 
by Setting 

N.1 SURFACE COVER MATERIAL ABBREVIATIONS 

Table N-1  Surface cover material abbreviations legend. 

CODE Surface Cover Material 
BR Bedrock 
ES Exposed mineral soil 
CS Unconsolidated cobbles and stones - may be moss-covered 
DW Fallen trees, large branches and stumps 
OM Organic matter including fine pieces of decaying wood 
M Mosses and/or liverworts 
F Ferns 
FW Fireweed (Epilobium angustifolium) 
SL Slash (downed wood with mechanical cutmarks) 
JC Juvenile regenerating conifers 
Other Specify, if present 

 

N.2 FOREST DOLINES 

N.2.1 Site A Forest Dolines – most prevalent surface cover materials 

Table N-2  Most prevalent surface cover for Site A Forest Dolines (n = 28). 

SITE A FOREST 
DOLINES n = 28 BR ES CS DW OM M F FW SL JC Other 

NE Quad  0 0 0 0.5 6.5 21 0 0 0 0 0 
SE Quad  0 0 0 1 3 23 0 0 0 0  
SW Quad  0 0 0 1 3.5 23.5 0 0 0 0 0 
NW Quad  1 0 0 0 8 19 0 0 0 0 0 
Totals  1 0 0 2.5 21 86.5 0 0 0 0 0 
 
Note: There were no data(ND) for the SE quadrant of doline A9, hence totals for this quadrant only equal 27. 
 

N.2.2 Site B Forest Dolines – most prevalent surface cover materials 

Table N-3  Most prevalent surface cover materials for Site B Forest Dolines (n = 21). 

SITE B FOREST 
DOLINES n = 21 BR ES CS DW OM M F FW SL JC Other 

NE Quad  0 0 0 1 12 7.5 0.5 0 0 0 0 
SE Quad  0 0 0 1 11 9 0 0 0 0 0 
SW Quad  0 1 0 0 10 10 0 0 0 0 0 
NW Quad  0 0 0 0.5 11 9.5 0 0 0 0 0 
Totals  0 1 0 2.5 44 36 0.5 0 0 0 0 
 
Notes: There are no surface cover material data for Site B forest dolines B1 and B2. 
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N.2.3 Site C Forest Dolines – most prevalent surface cover materials 

Table N-4  Most prevalent surface cover materials for Site C Forest Dolines (n = 4). 

SITE C FOREST 
DOLINES n = 4 BR ES CS DW OM M F FW SL JC Other 

NE Quad  0 0 0 1 3 0 0 0 0 0 0 
SE Quad  0 0 0 3.5 0.5 0 0 0 0 0 0 
SW Quad  0 0 0 1 1 2 0 0 0 0 0 
NW Quad  0 0 0 0 2 2 0 0 0 0 0 
Totals  0 0 0 5.5 6.5 4 0 0 0 0 0 

 

N.3 EDGE DOLINES 

N.3.1 Site A Edge Dolines – most prevalent surface cover materials 

Table N-5  Most prevalent surface cover materials for Site A Edge Dolines (n = 5). 

SITE A EDGE 
DOLINES n = 5 BR ES CS DW OM M F FW SL JC Other 

NE Quad  0 0 0 1 4 0 0 0 0 0 0 
SE Quad  0 0 0 1 4 0 0 0 0 0 0 
SW Quad  0 0 0 0 2 3 0 0 0 0 0 
NW Quad  0 0 0 1 3 1 0 0 0 0 0 
Totals  0 0 0 3 13 4 0 0 0 0 0 

N.3.2 Site B Edge Dolines – most prevalent surface cover materials 

Table N-6  Most prevalent surface cover materials for Site B Edge Dolines (n = 13). 

SITE B EDGE 
DOLINES n = 13 BR ES CS DW OM M F FW SL JC Other 

NE Quad  0 0.5 0 0 4 8.5 0 0 0 0 0 
SE Quad  0 0 0 0 6.5 6 0 0 0 0 0.5 
SW Quad  0 0 0 1 4 7 0 0 0 1 0 
NW Quad  0 0 0 0 5 8 0 0 0 0 0 
Totals  0 0.5 0 1 19.5 29.5 0 0 0 1 0.5 

N.3.3 Site C Edge Dolines – most prevalent surface cover materials 

Table N-7  Most prevalent surface cover materials for Site C Edge Dolines (n = 5). 

SITE C EDGE 
DOLINES n = 5 BR ES CS DW OM M F FW SL JC Other 

NE Quad  0 0.3333 0 1 3.3333 0.3333 0 0 0 0 0 
SE Quad  0 0 0 2 2 1 0 0 0 0  
SW Quad  0 0 0 0 0 4 1 0 0 0 0 
NW Quad  0 0 0 0 4 0 1 0 0 0 0 
Totals  0 0.3333 0 3 9.3333 5.3333 2 0 0 0 0 

 

  



 

 

N-3 

N.4 CUTBLOCK DOLINES22 

N.4.1 Site A Cutblock Dolines – most prevalent surface cover materials 

Table N-8  Most prevalent surface cover materials for Site A Cutblock Dolines (n = 5). 

SITE A 
CUTBLOCK 
DOLINES 

n = 5 BR ES CS DW OM M F FW SL JC Other 

NE Quad  0 0 0 0 0 0 0 1 3 1 0 
SE Quad  0 0 0 0 0 0 0 2 3 0 0 
SW Quad  0 0 0 0 0 0 0 1 2 2 0 
NW Quad  0 0 0 0 0 0 0 1 3 1 0 
Totals  0 0 0 0 0 0 0 5 11 4 0 

N.4.2 Site C Cutblock Dolines – most prevalent surface cover materials 

Table N-9  Most prevalent surface cover materials for Site C Cutblock Dolines (n = 2). 

SITE C 
CUTBLOCK 
DOLINES 

n = 2 BR ES CS DW OM M F FW SL JC Other 

NE Quad  0 0 0 0 0 0 0 0 2 0 0 
SE Quad  0 0 0 0 0 0 0 0 2 0 0 
SW Quad  0 0 0 0 0 0 0 0 2 0 0 
NW Quad  0 0 0 0 0 0 0 0 2 0 0 
Totals  0 0 0 0 0 0 0 0 8 0 0 

 

N.5 FOREST CONTROLS 

N.5.1 Site A Forest Controls – most prevalent surface cover materials 

Table N-10  Most prevalent surface cover materials for Site A Forest Controls (n = 5). 

SITE A FOREST 
CONTROLS n = 5 BR ES CS DW OM M F FW SL JC Other 

NE Quad  0 0 0 0 0 5 0 0 0 0 0 
SE Quad  0 0 0 0 0 5 0 0 0 0 0 
SW Quad  0 0 0 0 1 4 0 0 0 0 0 
NW Quad  0 0 0 0 0 5 0 0 0 0 0 
Totals  0 0 0 0 1 19 0 0 0 0 0 

N.5.2 Site B Forest Controls – most prevalent surface cover materials 

Table N-11  Most prevalent surface cover materials for Site B Forest Controls (n = 0). 

SITE B FOREST 
CONTROLS n = 0 BR ES CS DW OM M F FW SL JC Other 

NE Quad  ND ND ND ND ND ND ND ND ND ND ND 
SE Quad  ND ND ND ND ND ND ND ND ND ND ND 
SW Quad  ND ND ND ND ND ND ND ND ND ND ND 
NW Quad  ND ND ND ND ND ND ND ND ND ND ND 
Totals  0 0 0 0 0 0 0 0 0 0 0 

                                                
22 Note: no cutblock dolines were sampled in Site B. 



 

 

N-4 

N.5.3 Site C Forest Controls – surface cover material 

Table N-12  Most prevalent surface cover materials for Site C Forest Controls (n = 2). 

SITE C FOREST 
CONTROLS n = 2 BR ES CS DW OM M F FW SL JC Other 

NE Quad  0 0 0 0 2 0 0 0 0 0 0 
SE Quad  0 0 0 0 2 0 0 0 0 0 0 
SW Quad  0 0 0 0 1 1 0 0 0 0 0 
NW Quad  0 0 0 1 1 0 0 0 0 0 0 
Totals  0 0 0 1 6 1 0 0 0 0 0 

 

N.6 EDGE CONTROLS 

N.6.1 Site A Edge Control – surface cover material 

Table N-13  Most prevalent surface cover materials for Site A Edge Control. 

SITE A EDGE 
CONTROL  

n = 
1 BR ES CS DW OM M F FW SL JC Other 

NE Quad       1      
SE Quad      1       
SW Quad       1      
NW Quad      1       
Totals      2 2      

 

N.7 CUTBLOCK CONTROLS 

N.7.1 Site A Cutblock Controls – surface cover material 

Table N-14  Most prevalent surface cover materials for Site A Cutblock Controls (n = 2). 

SITE A CUTLOCK 
CONTROLS n = 2 BR ES CS DW OM M F FW SL JC Other 

NE Quad  0 0 0 0 0 0 0 1 1 0 0 
SE Quad  0 0 0 0 0 0 0 1 0.5 0.5 0 
SW Quad  0 0 0 0 0 0 0 0 0 2 0 
NW Quad  0 0 0 0 0 0 0 0 0 2 0 
Totals  0 0 0 0 0 0 0 2 1.5 4.5 0 
 
Note: No data (ND) for Ac9, hence n=2 for Site A cutblock controls. 
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Appendix O: Site A: Light (Illuminance) Data For 
Selected Sampling Periods 

O.1 SAMPLING PERIOD A 

O.1.1 Site A Forest Dolines – Period A light data  

Table O-1 Light (illuminance) data for Period A - 12:00 AM on 07 November 2010 to 12:00 AM on 07 
December 2010 (30 days) - Site A Forest Dolines (number of samples per data logger 
during this period = 2881). 

FOREST DOLINES 
(Period A – 28 July 2011 – 
cloudy day) 

Data logger  Light Max (Lux) Light Average (Lux) Std.Dev. - light 

A1 9819918 4,650.00 285.6 564.8 
A2 9819902 5,338.90 308.8 631.2 
A3 9819894 5,511.10 410.5 829.7 
A4 9819908 3,616.70 240.1 466.3 
A5 9819919 4,477.80 309.5 591 
A6 9819917 4,650.00 320.5 621.7 
A7 9819910 5,338.90 322.2 631.4 
A8 9819887 7,233.40 437.4 845.3 
A9 9819907 5,338.90 341.3 657.9 
A10 9819885 5,166.70 353 674.1 
A11 9819889 5,338.90 343.1 655.4 
A12 9819914  ND  ND  ND 
A13 9819891 5,338.90 336.4 666.66 
A14 9819884 5,338.90 391.2 743 
A15 9819903 4,650.00 319.7 615 
A16 9819899 4,822.30 307.9 611.4 
A17 9819916 3,616.70 262.7 498.6 
A18 9819906 3,272.20 221.7 427.4 
A19 9819920 5,166.70 321.5 619.7 
A20 9819900 5,166.70 333.4 655.5 
A21 9819882 4,994.50 309.5 604 
A22 9819886 4,133.40 273.9 537.3 
A23 9819893 4,133.40 266.9 514.3 
A24 9823462  ND ND ND 
A25 9819915 4,477.80 304.9 591.2 
A26 9819888 4,305.60 294.1 561.7 
A27 9819913 4,822.30 268.7 514.8 
A28 9819921 4,305.60 262.3 507.9 
     
AVERAGE  4815.626923 313.3384615 609.1253846 
MAX  7233.4 437.4 845.3 
MIN  3272.2 221.7 427.4 
n =  26 26 26 
 
Notes: The data logger in A12 showed an anomalous reading for temperature on 24 November 2010. At 14:00 on that day, the 
temperature reading was was -2.145 °C and light intensity was 1,722.2 Lux; at 14:15, temp = -10.916 °C; light = 27,555.7 Lux; 
at 14:45, temp = 36.728 °C; light = 26,1780 Lux; at 15:00; temp = -20.33 °C; light = 893.4 Lux, before returning to sub-zero 
temperatures (in common with all the other data loggers). A24 data for this sampling period was omitted due to this anomalous 
reading. 
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O.1.2 Site A Edge Dolines – Period A light data 

Table O-2 Light (illuminance) data for Period A - 12:00 AM on 07 November 2010 to 12:00 AM on 07 
December 2010 (30 days) - Site A Edge Dolines (number of samples per data logger 
during this period = 2881). 

EDGE DOLINES (Period 
A – 28 July 2011 – cloudy 
day) 

Data logger  Light Max (Lux) Light Average (Lux) Std.Dev. - light 

A29 9819898 22,044.60 1,710.90 3,393.40 
A30 9823460 ND ND ND 
A31 No data logger ND ND ND 
A32 9819926 ND ND ND 
A33 9819927 ND ND ND 
     
AVERAGE  22044.6 1710.9 3393.4 
MAX  22044.6 1710.9 3393.4 
MIN  22044.6 1710.9 3393.4 
n =  1 1 1 
 
Notes: For dolines A30, A33, and A32, data loggers were not deployed during this sampling period. Data loggers were 
deployed at these dolines on 18 September 2011. No data logger was deployed at doline A31 because of A31’s small size. 
 

O.1.3 Site A Cutblock Dolines – Period A light data 

Table O-3 Light (illuminance) data for Period A - 12:00 AM on 07 November 2010 to 12:00 AM on 07 
December 2010 (30 days) - Site A Cutblock Dolines (number of samples per data logger 
during this period = 2881). 

CUTBLOCK DOLINES 
(Period A – 28 July 2011 – 
cloudy day) 

Data logger  Light Max (Lux) Light Average (Lux) Std.Dev. - light 

A34 9819905 60,622.60 2,076.70 4,752.50 
A37 9819883 68,889.30 2,525.90 5,355.60 
A38 9819892 82,667.20 2,182.50 7,278.40 
     
AVERAGE  70726.36667 2261.7 5795.5 
MAX  82667.2 2525.9 7278.4 
MIN  60622.6 2076.7 4752.5 
n =  3 3 3 
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O.1.4 Site A Forest Controls – Period A light data 

Table O-4 Light (illuminance) data for Period A - 12:00 AM on 07 November 2010 to 12:00 AM on 07 
December 2010 (30 days) - Site A Forest Controls (number of samples per data logger 
during this period = 2881). 

FOREST CONTROLS 
(Period A – 28 July 2011 – 
cloudy day) 

Data logger Light Max (Lux) Light Average (Lux) Std.Dev. - light 

Ac3 9819901 7,577.80 397 791.1 
Ac4 9819909 6,544.50 456.5 897.3 
Ac5 9819912 3,272.20 217.2 409.6 
Ac6 9819904 6,544.50 415.6 808.8 
Ac7 9819890 16,533.40 384.7 763.8 
     
AVERAGE  8094.48 374.2 734.12 
MAX  16533.4 456.5 897.3 
MIN  3272.2 217.2 409.6 
n =  5 5 5 

O.1.5 Site A Edge Control – Period A light data 

Table O-5 Light (illuminance) data for Period A - 12:00 AM on 07 November 2010 to 12:00 AM on 07 
December 2010 (30 days) - Site A Edge Control (number of samples per data logger 
during this period = 2881). 

EDGE CONTROL (Period 
A – 28 July 2011 – cloudy 
day) 

Data logger  Light Max (Lux) Light Average (Lux) Std.Dev. - light 

Ac8 9819911 28,933.50 789.1 2,320.10 
     
AVERAGE  28,933.50 789.1 2,320.10 
MAX  28,933.50 789.1 2,320.10 
MIN  28,933.50 789.1 2,320.10 
n =  1 1 1 

O.1.6 Site A Cutblock Controls – Period A light data 

Table O-6 Light (illuminance) data for Period A - 12:00 AM on 07 November 2010 to 12:00 AM on 07 
December 2010 (30 days) - Site A Cutblock Controls (number of samples per data logger 
during this period = 2881). 

CUTBLOCK CONTROLS 
(Period A – 28 July 2011 – 
cloudy day) 

Data logger  Light Max (Lux) Light Average (Lux) Std.Dev. - light 

Ac1 9819897 93,689.50 4,852.00 10,735.30 
Ac2 9819895 132,267 7,606.10 18,419.00 
     
AVERAGE  112,978.25 6,229.05 14,577.15 
MAX  132,267.00 7,606.10 18,419.00 
MIN  93,689.50 4,852.00 10,735.30 
n =  2 2 2 
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O.2 SAMPLING PERIOD B 

O.2.1 Site A Forest Dolines – Period B light data 

Table O-7 Light (illuminance) data for Period B: from 12:00 AM on 07 December 2010 to 12:00 AM 
on 6 January 2011 - Site A Forest Dolines (number of samples per data logger during this 
period = 2881). 

FOREST DOLINES S 
(Period B – 7 December 
2010 – 6 January 2011) 

Data logger  Light Max (Lux) Light Average (Lux) Std.Dev. - light 

A1 9819918 3,272.200 118.000 355.700 
A2 9819902 5,166.700 239.700 533.300 
A3 9819894 5,511.100 337.800 726.400 
A4 9819908 3,616.700 223.500 472.000 
A5 9819919 3,616.700 244.500 513.800 
A6 9819917 4,133.400 272.200 574.000 
A7 9819910 4,650.000 279.000 591.400 
A8 9819887 5,338.900 321.800 665.200 
A9 9819907 3,616.700 150.800 441.800 
A10 9819885 4,133.400 291.300 601.500 
A11 9819889 4,822.300 295.700 620.100 
A12 9819914 3,788.000 229.600 487.000 
A13 9819891 5,166.700 292.300 593.000 
A14 9819884 6,544.500 321.000 661.400 
A15 9819903 3,444.500 191.500 430.300 
A16 9819899 5,166.700 253.400 549.300 
A17 9819916 4,477.800 206.600 442.300 
A18 9819906 4,305.600 199.100 425.100 
A19 9819920 4,822.300 259.100 543.900 
A20 9819900 4,994.500 285.100 589.800 
A21 9819882 3,961.100 229.000 473.900 
A22 9819886 3,272.200 214.500 436.500 
A23 9819893 3,616.700 199.400 410.900 
A24 9823462       
A25 9819915 3,616.000 210.100 432.400 
A26 9819888 3,616.700 251.900 513.300 
A27 9819913 4,133.400 235.400 485.700 
A28 9819921 3,100.000 196.800 407.700 
     
AVERAGE  4292.77037 242.5592593 517.6925926 
MAX  6544.5 337.8 726.4 
MIN  3100 118 355.7 
n =  27 27 27 
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O.2.2 Site A Edge Dolines – Period B light data 

Table O-8 Light (illuminance) data for Period B: from 12:00 AM on 07 December 2010 to 12:00 AM 
on 6 January 2011 - Site A Edge Dolines (number of samples per data logger during this 
period = 2881). 

EDGE DOLINES (Period B 
– 7 December 2010 – 6 
January 2011) 

Data logger  Light Max (Lux) Light Average (Lux) Std.Dev. - light 

A29 9819898 17,222.300 1,236.400 2,646.100 
A30 9823460 ND ND ND 
A31 No data logger ND ND ND 
A32 9819926 ND ND ND 
A33 9819927 ND ND ND 
     
AVERAGE  17222.3 1236.4 2646.1 
MAX  17222.3 1236.4 2646.1 
MIN  17222.3 1236.4 2646.1 
n =  1 1 1 
 
Notes: For dolines A30, A33, and A32, data loggers were not deployed during this sampling period. Data loggers were 
deployed at these dolines on 18 September 2011. No data logger was deployed at doline A31. 

O.2.3 Site A Cutblock Dolines – Period B light data 

Table O-9 Light (illuminance) data for Period B: from 12:00 AM on 07 December 2010 to 12:00 AM 
on 6 January 2011 - Site A Cutblock Dolines (number of samples per data logger during 
this period = 2881). 

CUTBLOCK DOLINES 
(Period B – 7 December 
2010 – 6 January 2011) 

Data logger  Light Max (Lux) Light Average (Lux) Std.Dev. - light 

A34 9819905  ND  ND  ND 
A37 9819883 41,333.600 1,256.500 3,978.900 
A38 9819892 947.200 14.000 56.700 
     
AVERAGE  21140.4 635.25 2017.8 
MAX  41333.6 1256.5 3978.9 
MIN  947.2 14 56.7 
n =  2 2 2 
 
Notes: Data for A34 was omitted due to anomalous readings between 10:45 and 12:00 on 19 December during this sampling 
period.  
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O.2.4 Site A Forest Controls – Period B light data 

Table O-10 Light (illuminance) data for Period B: from 12:00 AM on 07 December 2010 to 12:00 AM 
on 6 January 2011 - Site A Forest Controls (number of samples per data logger during 
this period = 2881). 

FOREST CONTROLS 
(Period B – 7 December 
2010 – 6 January 2011) 

Data logger  Light Max (Lux) Light Average (Lux) Std.Dev. - light 

Ac3 9819901 5,338.700 290.800 607.800 
Ac4 9819909 5,511.100 331.600 628.300 
Ac5 9819912 5,338.900 203.300 424.100 
Ac6 9819904 4,650.000 331.700 682.600 
Ac7 9819890 4,133.400 314.700 636.900 
     
AVERAGE  4994.42 294.42 595.94 
MAX  5511.1 331.7 682.6 
MIN  4133.4 203.3 424.1 
n =  5 5 5 

O.2.5 Site A Edge Control – Period B light data 

Table O-11 Light (illuminance) data for Period B: from 12:00 AM on 07 December 2010 to 12:00 AM 
on 6 January 2011 - Site A Edge Control (number of samples per data logger during this 
period = 2881). 

EDGE CONTROL (Period 
B – 7 December 2010 – 6 
January 2011) 

Data logger  Light Max (Lux) Light Average (Lux) Std.Dev. - light 

Ac8 9819911 15,155.700 572.600 1,617.600 
     
AVERAGE  15,155.700 572.600 1,617.600 
MAX  15,155.700 572.600 1,617.600 
MIN  15,155.700 572.600 1,617.600 
n =  1 1 1 

O.2.6 Site A Cutblock Controls – Period B light data 

Table O-12 Light (illuminance) data for Period B: from 12:00 AM on 07 December 2010 to 12:00 AM 
on 6 January 2011 - Site A Cutblock Controls (number of samples per data logger during 
this period = 2881). 

CUTBLOCK CONTROLS 
(Period B – 7 December 2010 
– 6 January 2011) 

Data logger  Light Max (Lux) Light Average (Lux) Std.Dev. - light 

Ac1 9819897 52,355.900 1,767.700 5,669.000 
Ac2 9819895 121,245.200 2,519.000 9,465.100 
     
AVERAGE  86,800.550 2,143.350 7,567.050 
MAX  121,245.200 2,519.000 9,465.100 
MIN  52,355.900 1,767.700 5,669.000 
n =  2.000 2.000 2.000 
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O.3 SAMPLING PERIOD C 

O.3.1 Site A Forest Dolines – Period C light data 

Table O-13 Light (illuminance) data for Period C – Midnight 28 July 2011 to Midnight 27 August 2011 
(one month) for Site A Forest Dolines (number of samples per data logger during this 
period = 2881). 

FOREST DOLINES 
(Period C – 28 July 2011 – 
27 August 2011) 

Data logger  Light Max (Lux) Light Average (Lux) Std.Dev. - light 

A1 9819918 ND ND  
A2 9819902 ND ND  
A3 9819894 52,355.90 2,464.80 3,634.90 
A4 9819908 74,400.50 1,554.60 3,734.10 
A5 9819919 74,400.50 1,745.80 3,440.90 
A6 9819917 154,312.10 2,734.40 10,360.70 
A7 9819910 115,734.10 2,131.60 4,581.20 
A8 9819887 198,401.30 2,980.20 8,259.70 
A9 9819907 121,245.20 1,816.70 3,636.30 
A10 9819885 187,379.00 2,313.20 6,276.50 
A11 9819889 79,911.60 1,622.50 3,160.40 
A12 9819914 57,867.00 1,798.30 2,553.50 
A13 9819891 154,312.10 3,103.60 10,321.40 
A14 9819884 176,356.70 2,376.50 7,486.40 
A15 9819903 137,778.70 2,308.90 7,084.90 
A16 9819899 148,801.00 2,138.90 5,256.40 
A17 9819916 104,711.80 1,776.40 3,932.50 
A18 9819906 ND ND ND 
A19 9819920 82,667.20 1,591.20 3,899 
A20 9819900 74,400.50 2,208.20 3,714.00 
A21 9819882 52,355.90 1,565.20 2,644.60 
A22 9819886      
A23 9819893 88,178.40 1,530.40 3,581.50 
A25 9819915 115,734.10 2,028.90 5,915.50 
A26 9819888 115,734.10 1,656.40 4,365.80 
A27 9819913  ND  ND  ND 
A28 9819921 ND ND ND 
     
AVERAGE  112716.081 2068.890476 5135.247619 
MAX  198401.3 3103.6 10360.7 
MIN  52355.9 1530.4 2553.5 
n =  21 21 21 
 
Notes: A large anomalous spike in temperature occurred for the data logger in forest doline A18 during this sampling period. At 
20:45 on 30 July 2011, the temperature reading is 9.077/light is 43.1 lux. At 21:00:Temp = 8.581; light = 8,611.2. At 21:15, 
Temp = 23.004; light = 8,611.2. At 21:30: Temp = 173.17 degrees; light = 8,611.2. At 21:45, Temp = 53.757; light = 8,955.6. 
At 22:00, Temp = 8.879; light = 0.0. It may have been a temporary malfunction of some kind, but it skews the data, and hence 
the data from this doline is omitted for this sampling period. 
Data logger coverage for dolines A22, A27 and A28 during this period was split by downloading, hence no continuous record 
for these two dolines during this period. For this reason, their data are omitted. 
The data logger for Site A doline A24 was deployed on 18 September 2011, so there is no data (ND) for A24 for this sampling 
period. 
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O.3.2 Site A Edge Dolines – Period C light data 

Table O-14 Light (illuminance) data for Period C – Midnight 28 July 2011 to Midnight 27 August 2011 
(one month) for Site A Edge Dolines (number of samples per data logger during this 
period = 2881). 

EDGE DOLINES (Period 
C – 28 July 2011 – 27 
August 2011) 

Data logger  Light Max (Lux) Light Average (Lux) Std.Dev. - light 

A29 9819898 ND  ND  ND 
A30 9823460 ND  ND  ND 
A31 No data logger ND  ND  ND 
A32 9819926 ND  ND  ND 
A33 9819927 ND  ND  ND 
 
Notes: For dolines A30, A33, and A32, data loggers were not deployed during this sampling period. Data loggers were 
deployed at these dolines on 18 September 2011. No data logger was deployed at doline A31. The data logger file for A29 for 
this period was split by downloading in the field. Because a continuous sampling period is not available, these data have been 
omitted.  

O.3.3 Site A Cutblock Dolines – Period C light data 

Table O-15 Light (illuminance) data for Period C – Midnight 28 July 2011 to Midnight 27 August 2011 
(one month) for Site A Cutblock Dolines (number of samples per data logger during this 
period = 2881). 

CUTBLOCK DOLINES 
(Period C – 28 July 2011 – 
27 August 2011) 

Data logger  Light Max (Lux) Light Average (Lux) Std.Dev. - light 

A34 9819905 176,356.70 19,934.80 32,714.40 
A37 9819883 104,711.80 15,938.20 21,883.10 
A38 9819892 286,579.70 35,644.30 57,198 
     
AVERAGE  189,216.07 23,839.10 37,265.17 
MAX  286,579.70 35,644.30 57,198.00 
MIN  104,711.80 15,938.20 21,883.10 
n =  3 3 3 

O.3.4 Site A Forest Controls – Period C light data 

Table O-16 Light (illuminance) data for Period C – Midnight 28 July 2011 to Midnight 27 August 2011 
(one month) for Site A Forest Controls (number of samples per data logger during this 
period = 2881). 

FOREST CONTROLS 
(Period C – 28 July 2011 – 
27 August 2011) 

Data logger  Light Max (Lux) Light Average (Lux) Std.Dev. - light 

Ac3 9819901 115,734.10 2,467.30 4,436.20 
Ac5 9819912 99,200.70 1,482.70 4,754.20 
Ac6 9819904 137,778.70 3,050.20 7,369.10 
Ac7 9819890 137,778.70 2,377.30 5,576.70 
     
AVERAGE  122,623.05 2,344.38  
MAX  137,778.70 3,050.20  
MIN  99,200.70 1,482.70  
n =  4 4  
 
Notes: There are no data (ND) for Ac4 during this sampling period. The data logger likely failed to download, but there is not 
record to say why the data are missing in this case.  

O.3.5 Site A Edge Control – Period C light data 
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Table O-17 Light (illuminance) data for Period C – Midnight 28 July 2011 to Midnight 27 August 2011 
(one month) for Site A Edge Control (number of samples per data logger during this 
period = 2881). 

EDGE CONTROL (Period 
C – 28 July 2011 – 27 
August 2011) 

Data logger  Light Max (Lux) Light Average (Lux) Std.Dev. - light 

Ac8 9819911 ND  ND  ND 
 
Notes: The data logger file for Ac8 for this period was split by downloading in the field. Because a continuous sampling period 
is not available, these data have been omitted.  

O.3.6 Site A Cutblock Controls – Period C light data 

Table O-18 Light (illuminance) data for Period C – Midnight 28 July 2011 to Midnight 27 August 2011 
(one month) for Site A Cutblock Controls (number of samples per data logger during this 
period = 2881). 

CUTBLOCK CONTROLS 
(Period C – 28 July 2011 – 
27 August 2011) 

Data logger  Light Max (Lux) Light Average (Lux) Std.Dev. - light 

Ac1 9819897 286,579.70 27,071.30 41,231.40 
Ac2 9819895 264,535.10 39,669.70 55,283.50 
     
AVERAGE  275,557.40 33,370.50 48,257.45 
MAX  286,579.70 39,669.70 55,283.50 
MIN  264,535.10 27,071.30 41,231.40 
n =  2 2 2 

O.4 SAMPLING PERIOD D 

O.4.1 Site A Forest Dolines – Period D light data 

Table O-19 Light (illuminance) data for Period D: from 12:00 AM on 01 October 2011 to 12:00 AM on 
31 October 2011 - Site A Forest Dolines (number of samples per data logger during this 
period = 2881). 

FOREST DOLINES (Period 
D – 1 October 2011 – 31 
October 2011) 

Data logger  Light Max (Lux) Light Average (Lux) Std.Dev. - light 

A1 9819918 10,333.40 696.8 1,171.90 
A2 9819902 8,611.20 615.8 1,194.50 
A3 9819894  ND  ND  ND 
A4 9819908 14,466.80 551.7 1,006.20 
A5 9819919 18,600.10 604.8 1,075.10 
A6 9819917 165,334.00 677.2 1,205.60 
A7 9819910 7,577.80 721.5 1,204.80 
A8 9819887 11,711.20 996.4 1,677.70 
A9 9819907 19,977.90 623.5 1,119.70 
A10 9819885 104,711.80 922.1 3,728.30 
A11 9819889 7,233.40 696.9 1,163.20 
A12 9819914  ND  ND  ND 
A13 9819891 11.02 785.1 1,324.90 
A14 9819884 11,711.20 744.5 1,301.50 
A15 9819903 22,044.60 749 1,355.30 
A16 9819899 9,644.50 748 1,281.40 
A17 9819916 23,422.40 601.3 1,101.50 
A18 9819906 12,400.10 423.1 763.20 
A19 9819920 20,666.80 677.8 1,229.80 
A20 9819900 8,266.70 627.1 1,063.90 
A21 9819882 8,611.20 654 1,109.50 
A22 9819886  ND  ND  ND 
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FOREST DOLINES (Period 
D – 1 October 2011 – 31 
October 2011) 

Data logger  Light Max (Lux) Light Average (Lux) Std.Dev. - light 

A23 9819893 9,644.50 539.4 935.50 
A24 9823462 12,400.10 662.3 1,146.20 
A25 9819915  ND  ND  ND 
A26 9819888 9,644.50 637.9 1,096.60 
A27 9819913  ND  ND  ND 
A28 9819921 9,644.50 565.6 970.70 
     
AVERAGE  22898.68357 674.8608696 1270.73913 
MAX  165334 996.4 3728.3 
MIN  11.022 423.1 763.2 
n =  23 23 23 
 
Notes: There are no data (ND) and no records for A3 and A12 for this period. Theses data loggers failed to download on 5 
August 2012 as well, so it may be that these two malfunctioned earlier than suspected. Data for A22 is omitted due to an 
anomalous data logger reading on 25 October at 04:45 - 05:30. 

O.4.2 Site A Edge Dolines – Period D light data 

Table O-20 Light (illuminance) data for Period D: from 12:00 AM on 01 October 2011 to 12:00 AM on 
31 October 2011 - Site A Edge Dolines (number of samples per data logger during this 
period = 2881). 

EDGE DOLINES (Period D 
– 1 October 2011 – 31 
October 2011) 

Data logger  Light Max (Lux) Light Average (Lux) Std.Dev. - light 

A29 9819898 110,223.00 4,559.30 8,748.30 
A30 9823460 11,711.20 537.3 962.80 
A31 No data logger ND ND ND 
A32 9819926 8,266.70 662.6 1,193.40 
A33 9819927 46,844.80 1,164.70 2,743.20 
     
AVERAGE  44261.425 1730.975 3411.925 
MAX  110223 4559.3 8748.3 
MIN  8266.7 537.3 962.8 
n =  4 4 4 
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O.4.3 Site A Cutblock Dolines – Period D light data 

Table O-21 Light (illuminance) data for Period D: from 12:00 AM on 01 October 2011 to 12:00 AM on 
31 October 2011 - Site A Cutblock Dolines (number of samples per data logger during 
this period = 2881). 

CUTBLOCK DOLINES 
(Period D – 1 October 2011 
– 31 October 2011) 

Data logger  Light Max (Lux) Light Average (Lux) Std.Dev. - light 

A34 9819905 159,823.30 7,655.90 15,528.30 
A37 9819883 209,423.60 8,447.80 18,611.10 
A38 9819892 187,379.00 8,461.60 18,273.80 
     
AVERAGE  185541.9667 8188.433333 17471.06667 
MAX  209423.6 8461.6 18611.1 
MIN  159823.3 7655.9 15528.3 
n =  3 3 3 

O.4.4 Site A Forest Controls – Period D light data 

Table O-22 Light (illuminance) data for Period D: from 12:00 AM on 01 October 2011 to 12:00 AM on 
31 October 2011 - Site A Forest Controls (number of samples per data logger during this 
period = 2881). 

FOREST CONTROLS 
(Period D – 1 October 2011 
– 31 October 2011) 

Data logger  Light Max (Lux) Light Average (Lux) Std.Dev. - light 

Ac3 9819901 124,000.10 955.9 1,597.90 
Ac4 9819909 31,689.10 1,250.90 2,285.60 
Ac5 9819912 7,233.40 486.4 855.00 
Ac6 9819904 10,677.80 977.8 1,627.50 
Ac7 9819890 10,677.80 691 1,196.80 
     
AVERAGE  36855.64 872.4 1512.56 
MAX  124000.1 1250.9 2285.6 
MIN  7233.4 486.4 855 
n =  5 5 5 

O.4.5 Site A Edge Control – Period D light data 

Table O-23 Light (illuminance) data for Period D: from 12:00 AM on 01 October 2011 to 12:00 AM on 
31 October 2011 - Site A Edge Control (number of samples per data logger during this 
period = 2881). 

EDGE CONTROL (Period 
D – 1 October 2011 – 31 
October 2011) 

Data logger  Light Max (Lux) Light Average (Lux) Std.Dev. - light 

Ac8 9819911 77,156.10 1,416.40 3,609.70 
     
AVERAGE  77,156.10 1,416.40 3,609.70 
MAX  77,156.10 1,416.40 3,609.70 
MIN  77,156.10 1,416.40 3,609.70 
n =  1 1 1 
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O.4.6 Site A Cutblock Controls – Period D light data 

Table O-24 Light (illuminance) data for Period D: from 12:00 AM on 01 October 2011 to 12:00 AM on 
31 October 2011 - Site A Cutblock Controls (number of samples per data logger during 
this period = 2881). 

CUTBLOCK CONTROLS 
(Period D – 1 October 2011 – 
31 October 2011) 

Data logger  Light Max (Lux) Light Average (Lux) Std.Dev. - light 

Ac1 9819897       
Ac2 9819895 132,267.50 10,160.90 18,724.40 
     
AVERAGE  132,267.50 10,160.90 18,724.40 
MAX  132,267.50 10,160.90 18,724.40 
MIN  132,267.50 10,160.90 18,724.40 
n =  1 1 1 

O.5 SAMPLING PERIOD E 

O.5.1 Site A Forest Dolines – Period E light data 

Table O-25 Light (illuminance) data for Period E: from 12:00 AM on 01 June 2012 to 12:00 AM on 01 
July 2012 - Site A Forest Dolines (number of samples per data logger during this period 
= 2881). 

FOREST SOLINES (Period 
E – 1 June 2012 – 1 July 
2012) 

Data logger  Light Max (Lux) Light Average (Lux) Std.Dev. - light 

A1 9819918 861.10 19.6 42.6 
A2 9819902 21,355.70 777.5 1,278.50 
A3 9819894  ND  ND  ND 
A4 9819908 176,356.70 1,103.50 6,773.10 
A5 9819919 1,065.60 18.3 92.1 
A6 9819917 16,533.40 907.6 1,808.50 
A7 9819910 41,333.60 1,222.00 2,427 
A8 9819887 9,300.10 333.2 1,107.30 
A9 9819907 0 0 0 
A10 9819885 39,955.80 431.2 1,630.20 
A11 9819889 64.6 0.5 3.7 
A12 9819914  ND  ND  ND 
A13 9819891 172.2 2.3 12.8 
A14 9819884 516.7 6.9 37.4 
A15 9819903 5,166.70 90.3 465.1 
A16 9819899 74,400.50 814.4 2,639.60 
A17 9819916 28,933.50 1,590.50 2,201.40 
A18 9819906 398.3 4.7 28.9 
A19 9819920 5,338.90 101 478.4 
A20 9819900 57,867.00 550.5 1,803.20 
A21 9819882 77,156.10 1,454.40 2,449.60 
A22 9819886 22,044.60 897.2 1,721.70 
A23 9819893 17,222.30 901.6 1,346.20 
A24 9823462 74,400.50 1,874.90 3,189.60 
A25 9819915  ND  ND  ND 
A26 9819888 34,444.70 1,375.90 2,015.80 
A27 9819913 16,533.40 1,003.60 1,411.90 
A28 9819921 63,378.20 1,582.60 2,856.40 
     
AVERAGE  31392.008 682.568 1512.84 
MAX  176356.7 1874.9 6773.1 
MIN  0 0 0 
n =  25 25 25 
 
Notes: There are no data (ND) for A3, A12, and A25 for this period. These data loggers failed to download on 5 August 2012. 
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O.5.2 Site A Edge Dolines – Period E light data 

Table O-26 Light (illuminance) data for Period E: from 12:00 AM on 01 June 2012 to 12:00 AM on 01 
July 2012 - Site A Edge Dolines (number of samples per data logger during this period = 
2881). 

EDGE DOLINES (Period 
E – 1 June 2012 – 1 July 
2012) 

Data logger  Light Max (Lux) Light Average (Lux) Std.Dev. - light 

A29 9819898 143,289.80 9,404.70 15,946.30 
A30 9823460 38,578.00 1,157.30 1,655.40 
A31 No data logger ND ND ND 
A32 9819926 49,600.30 686.8 2,041.80 
A33 9819927 35,822.50 1,246.50 2,078.80 
     
AVERAGE  66822.65 3123.825 5430.575 
MAX  143289.8 9404.7 15946.3 
MIN  35822.5 686.8 1655.4 
n =  4 4 4 

O.5.3 Site A Cutblock Dolines – Period E light data 

Table O-27 Light (illuminance) data for Period E: from 12:00 AM on 01 June 2012 to 12:00 AM on 01 
July 2012 - Site A Cutblock Dolines (number of samples per data logger during this 
period = 2881). 

CUTBLOCK DOLINES 
(Period E – 1 June 2012 – 1 
July 2012) 

Data logger  Light Max (Lux) Light Average (Lux) Std.Dev. - light 

A34 9819905  ND  ND  ND 
A37 9819883 286,579.70 18,551.20 35,155.50 
A38 9819892 209,423.60 6,573.40 19.984.2 
     
AVERAGE  248001.65 12562.3 35155.5 
MAX  286579.7 18551.2 35155.5 
MIN  209423.6 6573.4 35155.5 
n =  2 2 1 
 
Notes: Data for cutblock doline A34 was omitted from this sampling period due to anomalous data logger readings which 
occurred on 12 June at 12:45 and again at 13:15. 
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O.5.4 Site A Forest Controls – Period E light data 

Table O-28 Light (illuminance) data for Period E: from 12:00 AM on 01 June 2012 to 12:00 AM on 01 
July 2012 - Site A Forest Controls (number of samples per data logger during this period 
= 2881). 

FOREST CONTROLS 
(Period E – 1 June 2012 – 1 
July 2012) 

Data logger  Light Max (Lux) Light Average (Lux) Std.Dev. - light 

Ac3 9819901       
Ac4 9819909 220,455.90 4,231 15,254.00 
Ac5 9819912 18,600.10 1,131.10 1,514.30 
Ac6 9819904 33,066.90 2,560.10 3,360.10 
Ac7 9819890 88,178.40 1,837.20 2,861.10 
     
AVERAGE  90075.325 2439.85 5747.375 
MAX  220455.9 4231 15254 
MIN  18600.1 1131.1 1514.3 
n =  4 4 4 

O.5.5 Site A Edge Control – Period E light data 

Table O-29 Light (illuminance) data for Period E: from 12:00 AM on 01 June 2012 to 12:00 AM on 01 
July 2012 - Site A Edge Control (number of samples per data logger during this period = 
2881). 

EDGE CONTROL (Period 
E – 1 June 2012 – 1 July 
2012) 

Data logger  Light Max (Lux) Light Average (Lux) Std.Dev. - light 

Ac8 9819911 55,111.50 2,020.80 2,924.80 
     
SUM  55,111.50 2,020.80 2,924.80 
AVERAGE  55,111.50 2,020.80 2,924.80 
MAX  55,111.50 2,020.80 2,924.80 
MIN  55,111.50 2,020.80 2,924.80 
n =  1 1 1 

O.5.6 Site A Cutblock Controls – Period E light data 

Table O-30 Light (illuminance) data for Period E: from 12:00 AM on 01 June 2012 to 12:00 AM on 01 
July 2012 - Site A Cutblock Controls (number of samples per data logger during this 
period = 2881). 

CUTBLOCK CONTROLS 
(Period E – 1 June 2012 – 1 
July 2012) 

Data logger  Light Max (Lux) Light Average (Lux) Std.Dev. - light 

Ac1 9819897 ND ND ND 
Ac2 9819895 198,401.30 25,131.50 36,209.50 
     
AVERAGE  198,401.30 25,131.50 36,209.50 
MAX  198,401.30 25,131.50 36,209.50 
MIN  198,401.30 25,131.50 36,209.50 
n =  1 1 1 
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O.6 SAMPLING PERIOD F 

O.6.1 Site A Forest Dolines – Period F light data 

Table O-31 Light (illuminance) data for Period F (“Cloudy day”) – from 0:00 on 28 July 2011 to 0:00 on 29 July 2011 (24 hours) – Site A Forest Dolines (number of samples per 
data logger during this period = 97). Times for occurrences of maximum light intensity (“Time (Light Max)”) and minimum light intensity (“Time (Light Min)”) within 
the sampling period are noted according to the 24-hour clock. 

FOREST DOLINES 
(Period F – 28 July 
2011 – cloudy day) 

Data Logger Light Intensity - Max 
(Lux) 

Time (Light Max) Light – Min (Lux) Time (Light Min) Daily Light – Mean 
(Lux) 

Daily Light – Range 
(Lux) 

Standard deviation - 
daily light 

A1 9819918 ND ND ND ND ND ND ND 
A2 9819902 ND ND ND ND ND ND ND 

A3 9819894 6,544.50 16:15 0 0:00 - 05:30; 21:30 - 
0:00 1,764.30 0 - 6,544.50 1,870.00 

A4 9819908 2,927.80 14:15 0 0:00 - 05:45; 21:30 - 
0:00 784 0 - 29,27.80 846.4 

A5 9819919 3,788.90 16:15 0 0:00 - 05:45; 21:30 - 
0:00 1,029.90 0 - 3,788.90 1,107.50 

A6 9819917 4,306 10:45; 16:15 0 0:00 - 05:30;21:30 - 
0:00 1,205.30 0 - 4.305.6 1,297.80 

A7 9819910 4,305.60 10:45; 16:15 0 0:00 - 05:45; 21:30 - 
0:00 1,203.30 0 - 4,305.6 1,288.40 

A8 9819887 5,511.10 10:45 0 0:00 - 05:30; 21:30 - 
0:00 1,610.80 0 - 5,511.1 1,718.40 

A9 9819907 4,477.80 13:45 0 0:00 - 05:30; 21:30 - 
0:00 1,159.90 0 - 4,477.80 1,270.90 

A10 9819885 4,822.30 16:15; 10:45 0 0:00 - 05:30; - 0:00 - 
21:30 1,306 0 - 4,822.3 1,417.80 

A11 9819889 4,133.40 13:45 0 0:00 - 05:45; 09:30 - 
0:00 1,021.80 0 - 4,133.40 1,129.70 

A12 9819914 4,305.60 16:15 0 0:00 - 05:30; 09:30 - 
0:00 1,105.50 0 - 4,305.6 1,192.20 

A13 9819891 5,511.10 13:30; 16:15 0 0:00 - 05:30; 21:30 - 
0:00 1,472.40 0 - 5.511.10 1,639.60 

A14 9819884 4,650.00 16:15 - 16:30 0 0:00 - 05:30; 21:30 - 1,227.00 0 - 4,650.0 1,344.50 
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FOREST DOLINES 
(Period F – 28 July 
2011 – cloudy day) 

Data Logger 
Light Intensity - Max 

(Lux) 
Time (Light Max) Light – Min (Lux) Time (Light Min) 

Daily Light – Mean 
(Lux) 

Daily Light – Range 
(Lux) 

Standard deviation - 
daily light 

0:00 

A15 9819903 4,477.80 10:45 0 0:00 - 05:30; 21:30 - 
0:00 1,165.10 0 - 4,477.80 1,265.90 

A16 9819899 5,511.10 13:30 0 0:00 - 05:30; 21:15 - 
0:00 1,409.60 0 - 5,511.1 1,579.50 

A17 9819916 3,616.70 10:45; 13:45; 16:30 0 0:00 - 05:45; 21:30 - 
0.00 938.5 0 - 3,616.70 1,031.80 

A18 9819906 2,755.60 10:45 0 0:00 - 06:00; 21:30 - 
0:00 682.7 0 - 2,755.6 749.6 

A19 9819920 3,272.20 10:45 0 0:00 - 05:45; 21:30 - 
0:00 829.6 0 - 3,272.2 911.5 

A20 9819900 5,511.10 13:30 0 0:00 - 05:30; 21:30 - 
0:00 1,494.70 0 - 5,511.1 1,670.20 

A21 9819882 4,650.00 16:30 0 0:00 - 05:45 ; 21:30 
- 0:00 1,096.70 0 - 4,650.0 1,245.70 

A22 9819886 4,822.30 10:45 0 0:00 - 05:45; 21:30 - 
0.00 1,197.30 0 - 4822.30 1,310.20 

A23 9819893 3,616.70 13:30 0 0:00 - 05:45; 21:15 - 
0:00 901.6 0 - 3616.7 1,032.80 

A24 9823462 ND ND ND ND ND ND ND 

A25 9819915 3,444.50 10:45 0 0:00 -05:45; 21:30 - 
0:00 838 0 - 3,444.50 927.9 

A26 9819888 3,272.20 10:45 0 0:00 - 05:45; 21:30 - 
0:00 830.5 0 - 3,272.2 909 

A27 9819913 3,444.50 10:45 0 0:00 - 05:45; 21:30 - 
0:00 788.3 0 - 3,444.5 885.2 

A28 9819921 3,788.90 10:45; 13:45 0 0:00 - 05:45; 21:30 - 
0:00  898.8 0 - 3,788.9 1,003.80 

         
Average  4,298.69  0.00  1,118.46  1,225.85 
n =  25  25  25  25 
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O.6.2 Site A Edge Dolines – Period F light data 

Table O-32 Light (illuminance) data for Period F (“Cloudy day”) – from 0:00 on 28 July 2011 to 0:00 on 29 July 2011 (24 hours) – Site A Edge Dolines (number of samples per data 
logger during this period = 97). Times for occurrences of maximum light intensity (“Time (Light Max)”) and minimum light intensity (“Time (Light Min)”) within the 
sampling period are noted according to the 24-hour clock. 

EDGE DOLINES (Period F – 28 
July 2011 – cloudy day) Data Logger Light Intensity - Max 

(Lux) 
Time (Light 

Max) 
Light – Min 

(Lux) 
Time (Light 

Min) 
Daily Light – Mean 

(Lux) 
Daily Light – Range 

(Lux) 
Standard deviation - daily 

light 

A29 9819898 26,178.00 10:45 0 0:00 - 05:30; 
21:45 - 0:00 5,646.50 0 - 26,178.0 6,415.60 

A30 9823460 ND ND ND ND ND ND ND 
A31 No data logger ND ND ND ND ND ND ND 
A32 9819926 ND ND ND ND ND ND ND 
A33 9819927 ND ND ND ND ND ND ND 
         
Average  26,178.00  0.00  5,646.50  6,415.60 
n =  1  1  1  1 
 
Notes: For dolines A30, A33, and A32, data loggers were not deployed during this sampling period. Data loggers were deployed at these dolines on 18 September 2011. No data logger was deployed at doline A31. 
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O.6.3 Site A Cutblock Dolines – Period F light data 

Table O-33 Light (illuminance) data for Period F (“Cloudy day”) – from 0:00 on 28 July 2011 to 0:00 on 29 July 2011 (24 hours) – Site A Cutblock Dolines (number of samples per 
data logger during this period = 97). Times for occurrences of maximum light intensity (“Time (Light Max)”) and minimum light intensity (“Time (Light Min)”) within 
the sampling period are noted according to the 24-hour clock. 

CUTBLOCK 
DOLINES (Period F 
– 28 July 2011 – 
cloudy day) 

Data Logger 
Light Intensity - Max 

(Lux) 
Time (Light Max) Light – Min (Lux) Time (Light Min) 

Daily Light – Mean 
(Lux) 

Daily Light – Range 
(Lux) 

Standard deviation - 
daily light 

A34 9819905 49,600.30 17:45 0 0:00 – 05:15; 21:45 
– 0:00 9,179.60 0 – 49,600.3 11,260.10 

A35 9819924 ND ND ND ND ND ND ND 
A36 No data logger ND ND ND ND ND ND ND 

A37 9819883 42,711.40 19:00 0 0:00 – 05:15; 21:45 
– 0:00 9,591.30 0 – 42,711.4 11,300.70 

A38 9819892 63,378.20 10:45 0 0:00 – 05:15; 22:00 
– 0:00 12,683 0 – 63,378.2 14,965.60 

         
Average  51,896.63  0.00  10,484.63  12,508.80 
n =  3  3  3  3 
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O.6.4 Site A Forest Controls – Period F light data 

Table O-34 Light (illuminance) data for Period F (“Cloudy day”) – from 0:00 on 28 July 2011 to 0:00 on 29 July 2011 (24 hours) – Site A Forest Controls (number of samples per 
data logger during this period = 97). Times for occurrences of maximum light intensity (“Time (Light Max)”) and minimum light intensity (“Time (Light Min)”) within 
the sampling period are noted according to the 24-hour clock. 

FOREST 
CONTROLS (Period 
F – 28 July 2011 – 
cloudy day) 

Data Logger 
Light Intensity - Max 

(Lux) 
Time (Light Max) Light – Min (Lux) Time (Light Min) 

Daily Light – Mean 
(Lux) 

Daily Light – Range 
(Lux) 

Standard deviation - 
daily light 

Ac3 9819901 5,511.10 16:15 0 0:00 - 05:30; 21:30 - 
0:00 1,669.50 0 - 5,511.1 1,760.50 

Ac4 9819909 ND ND ND ND ND ND ND 

Ac5 9819912 2,927.80 10:45 0 0:00 - 05:45; 21:30 - 
0:00 719.6 0 - 2,927.8 791.8 

Ac6 9819904 6,544.50 10:45 0 0:00 - 05:30; 21:30 - 
0:00 1,762.70 0 - 6,544.5 1,912.40 

Ac7 9819890 5,166.70 13:45 0 0:00 - 05:30; 21:30 - 
0:00 1,202.20 0 - 5,166.70 1,339.20 

         
AVERAGE  5,037.53  0.00  1,338.50  1,450.98 
n =  4  4  4  4 
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O.6.5 Site A Edge Control – Period F light data 

Table O-35 Light (illuminance) data for Period F (“Cloudy day”) – from 0:00 on 28 July 2011 to 0:00 on 29 July 2011 (24 hours) – Site A Edge Control (number of samples per data 
logger during this period = 97). Times for occurrences of maximum light intensity (“Time (Light Max)”) and minimum light intensity (“Time (Light Min)”) within the 
sampling period are noted according to the 24-hour clock. 

EDGE CONTROL 
(Period F – 28 July 
2011 – cloudy day) 

Data Logger 
Light Intensity - Max 

(Lux) 
Time (Light Max) Light – Min (Lux) Time (Light Min) 

Daily Light – Mean 
(Lux) 

Daily Light – Range 
(Lux) 

Standard deviation - 
daily light 

Ac8 9819911 4,477.80 10:45 0 0:00 - 05:45; 21:30 - 
0:00 1,073.50 0 - 4,477.80 1,177.80 

         
AVERAGE  4,477.80  0.00  1,073.50  1,177.80 
n =  1  1  1  1 
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O.6.6 Site A Cutblock Controls – Period F light data 

Table O-36 Light (illuminance) data for Period F (“Cloudy day”) – from 0:00 on 28 July 2011 to 0:00 on 29 July 2011 (24 hours) – Site A Cutblock Controls (number of samples per 
data logger during this period = 97). Times for occurrences of maximum light intensity (“Time (Light Max)”) and minimum light intensity (“Time (Light Min)”) within 
the sampling period are noted according to the 24-hour clock. 

CUTBLOCK 
CONTROLS (Period 
F – 28 July 2011 – 
cloudy day) 

Data Logger 
Light Intensity - Max 

(Lux) 
Time (Light Max) Light – Min (Lux) Time (Light Min) 

Daily Light – Mean 
(Lux) 

Daily Light – Range 
(Lux) 

Standard deviation - 
daily light 

Ac1 9819897 74,400.50 10:45 0 0:00 - 05:15; 22:00 - 
0:00 13,436.50 0 - 74,400.50 16,045.70 

Ac2 9819895 93,689.50 19:00 0 0:00 - 05:15; 22:00 - 
0:00 15,972.60 0 - 93,689.50 19,742.70 

         
Average  84,045.00  0.00  14,704.55  17,894.20 
n =  2  2  2  2 

O.7 SAMPLING PERIOD G 

O.7.1 Site A Forest Dolines – Period G light data 

Table O-37 Light (illuminance) data for Period G (“Sunny day”) – from 0:00 on 10 August 2011 to 0:00 on 11 August 2011 (24 hours) – Site A Forest Dolines (number of samples 
per data logger during this period = 97). Times for occurrences of maximum light intensity (“Time (Light Max)”) and minimum light intensity (“Time (Light Min)”) 
within the sampling period are noted according to the 24-hour clock. 

FOREST DOLINES 
(Period G –10 
August 2011 – 
sunny day) 

Data Logger Light Intensity - Max 
(Lux) 

Time (Light Max) Light – Min (Lux) Time (Light Min) Daily Light – Mean 
(Lux) 

Daily Light – Range 
(Lux) 

Standard deviation - 
daily light 

         
A1 9819918 ND ND ND ND ND ND ND 
A2 9819902 ND ND ND ND ND ND ND 

A3 9819894 22,044.60 12:15 0 0:00 - 05:45; 20:15 - 
0:00 2,319.60 0 - 22,044.6 3.416.2 
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FOREST DOLINES 
(Period G –10 
August 2011 – 
sunny day) 

Data Logger 
Light Intensity - Max 

(Lux) 
Time (Light Max) Light – Min (Lux) Time (Light Min) 

Daily Light – Mean 
(Lux) 

Daily Light – Range 
(Lux) 

Standard deviation - 
daily light 

A4 9819908 22,044.60 16:15 0 0:00 - 06:00; 21:00 - 
0:00 1.604 0 - 22,044.6 2,853.30 

A5 9819919 41,333.60 14:45 0  0:00 - 06:00; 21:15 
- 0:00 2,119.00  4.794.5 

A6 9819917 148,801.00 16:00 0 0:00 - 05:45; 21:15 - 
0:00 3,958.40 0 - 148,801.0 15,907.80 

A7 9819910 14,466.80 14:00 0 0:00 - 05:45; 21:15 - 
0:00 2,093.30 0 - 14,466.8 2,671.10 

A8 9819887 60,622.60 11:30 0 0:00 - 05:45; 21:15 - 
0:00 3,436.40 0 - 60,622.60 8,468.10 

A9 9819907 33,066.90 14:15 0 0:00 - 06:00; 21:15 - 
0:00 1,801.40 0 - 33,066.9 3,663.70 

A10 9819885 17,222.30 14:15 0 0:00 - 05:45; 21:15 - 
0:00 2,438.10 0 - 17,222.3 3,894.10 

A11 9819889 6,200.00 13:00 0 0:00 - 06:00 ;21:15 - 
0:00 1,410.20 0 - 6,200.00 16,70.2 

A12 9819914 57,867.00 12:00 0 0:00 - 05:45; 21:15 - 
0:00 2,477.60 0 - 57,867.0 6,153.60 

A13 9819891 68,889.30 16:15 0 0:00 - 05:45; 21:00 - 
0:00 3,786.90 0 - 68,889.3 10, 493.1 

A14 9819884 28,933.50 14:00 0 0.00 - 06:00; 21:15 - 
0:00  2,310.50 0 - 28,933.5 4,056 

A15 9819903 85,422.80 16:00 0 0:00 - 05:45; 21:15 - 
0:00 2,866.90 0 - 85,422.80 8,978.40 

A16 9819899 88,178.40 14:00 0 0:00 - 05:45; 21:00 - 
0:00 2,711.50 0 - 88,178.4 9,226.10 

A17 9819916 16,533.40 13:15 0 0:00 - 06:00; 21:00 - 
0:00 1,996.60 0 - 16.533.4 3,014.30 

A18 9819906 15,844.50 14:00 0 0:00 - 06:00; 21:00 - 
0:00 1,508.70 0 - 15,844.5 2,321.20 

A19 9819920 28,933.50 15:45 0 0:00 - 06:00; 21:00 - 
0:00 1,905.20 0 - 28,933.50 4,335.40 

A20 9819900 49,600.30 11:30 0 0:00 - 05:45; 21:00 - 
0:00 2,960.00 0 - 49,600.30 7,060.00 

A21 9819882 26,178.00 13:45 0 0:00 - 06:00; 21:00 - 1,776.10 0 - 26,178.00 3,644.90 
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FOREST DOLINES 
(Period G –10 
August 2011 – 
sunny day) 

Data Logger 
Light Intensity - Max 

(Lux) 
Time (Light Max) Light – Min (Lux) Time (Light Min) 

Daily Light – Mean 
(Lux) 

Daily Light – Range 
(Lux) 

Standard deviation - 
daily light 

0:00 

A22 9819886 20,666.80 15:30 0 0:00 - 06:00; 21:00 - 
0:00 1,661.30 0 - 20,66.80 2,773.70 

A23 9819893 23,422.40 13:45 0 0:00 - 05:45; 21:00 - 
0:00 1,691.70 0 - 23,422.4 3,473.60 

A24 9823462 ND ND ND ND ND ND ND 

A25 9819915 13,089.00 14:45 0 0:00 - 06:00; 21:00 - 
0:00 1,792.50 0 - 13,089.0 2,605.80 

A26 9819888 13,777.90 11:00 0 0:00 - 06:00; 21:00 - 
0:00 1,661.60 0 - 13,777.90 2,562.60 

A27 9819913 15,155.70 15:00 0 0:00 - 06:00; 21:00 - 
0:00 1,616.80 0 - 15,155.7 2,344.90 

A28 9819921 88,178.40 14:45 0 0:00 - 06:00; 21:00 - 
0:00 2,263.60 0 - 88,178.4 9,049.40 

         
Average  40,258.93  0.00  2,182.62  5,193.24 
n =  25  25  25  21 
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O.7.2 Site A Edge Dolines – Period G light data 

Table O-38 Light (illuminance) data for Period G (“Sunny day”) – from 0:00 on 10 August 2011 to 0:00 on 11 August 2011 (24 hours) – Site A Edge Dolines (number of samples 
per data logger during this period = 97). Times for occurrences of maximum light intensity (“Time (Light Max)”) and minimum light intensity (“Time (Light Min)”) 
within the sampling period are noted according to the 24-hour clock. 

EDGE DOLINES 
(Period G –10 
August 2011 – 
sunny day) 

Data Logger Light – Max (Lux) Time (Light Max) Light – Min (Lux) Time (Light Min) 
Daily Light – mean 

(Lux) 
Daily Light – Range 

(Lux) 
Standard deviation - 

daily light 

A29 9819898 115,734.10 14:15 0 0:00 - 05:45; 21:15 - 
0:00 17,505.80 0 - 115,734.10 29,049.70 

A30 9823460 ND ND ND ND ND ND ND 
A31 No data logger ND ND ND ND ND ND ND 
A32 9819926 ND ND ND ND ND ND ND 
A33 9819927 ND ND ND ND ND ND ND 
         
Average  115,734.10  0.00  17,505.80  29,049.70 
n = 1  1  1  1  1 
 
Notes: For dolines A30, A33, and A32, data loggers were not deployed during this sampling period. Data loggers were deployed at these dolines on 18 September 2011. No data logger was deployed at doline A31. 
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O.7.3 Site A Cutblock Dolines – Period G light data 

Table O-39 Light (illuminance) data for Period G (“Sunny day”) – from 0:00 on 10 August 2011 to 0:00 on 11 August 2011 (24 hours) – Site A Cutblock Dolines (number of 
samples per data logger during this period = 97). Times for occurrences of maximum light intensity (“Time (Light Max)”) and minimum light intensity (“Time (Light 
Min)”) within the sampling period are noted according to the 24-hour clock. 

CUTBLOCK 
DOLINES (Period G 
–10 August 2011 – 
sunny day) 

Data Logger Light – Max (Lux) Time (Light Max) Light – Min (Lux) 
Time (Light Min) 

(Lux) 
Daily Light – mean 

(Lux) 
Daily Light – Range 

(Lux) 
Standard deviation - 

daily light 

A34 9819905 132,267.50 16:15 - 16:45 0 0:00 - 05:45; 21:30 - 
0:00 27,520.90 0 - 132,267.5 41,486.90 

A35 9819924 ND ND ND ND ND ND ND 
A36 No data logger ND ND ND ND ND ND ND 

A37 9819883 66,133.80 15:15 - 16:00 0 0:00 - 05:45; 21:30 - 
0:00 18,657.40 0 - 66,133.8 23,347.00 

A38 9819892 198,401.30 12:30 - 14:15 0 0:00 - 05:45; 21:30 - 
0:00 52,269.70 0 - 198,401.3 71,362.90 

         
Average  132,267.53  0.00  32,816.00  45,398.93 
n =  3  3  3  3 

O.7.4 Site A Forest Controls – Period G light data 

Table O-40 Light (illuminance) data for Period G (“Sunny day”) – from 0:00 on 10 August 2011 to 0:00 on 11 August 2011 (24 hours) – Site A Forest Controls (number of samples 
per data logger during this period = 97). Times for occurrences of maximum light intensity (“Time (Light Max)”) and minimum light intensity (“Time (Light Min)”) 
within the sampling period are noted according to the 24-hour clock. 

FOREST 
CONTROLS (Period 
G –10 August 2011 
– sunny day) 

Data Logger Light – Max (Lux) Time (Light Max) Light – Min (Lux) Time (Light Min) Daily Light – mean 
(Lux) 

Daily Light – Range 
(Lux) 

Standard deviation - 
daily light 

Ac3 9819901 24,800.20 12:30 0 0:00 - 05:45; 21:15 - 
0:00 2,523.60 0 - 24,800.2 3,644.60 

Ac4 9819909 ND ND ND ND ND ND ND 
Ac5 9819912 99,200.70 14:45 0 0:00 - 06:00; 21:00 - 2,429.20 0 - 99,200.7 10,153.80 
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FOREST 
CONTROLS (Period 
G –10 August 2011 
– sunny day) 

Data Logger Light – Max (Lux) Time (Light Max) Light – Min (Lux) Time (Light Min) 
Daily Light – mean 

(Lux) 
Daily Light – Range 

(Lux) 
Standard deviation - 

daily light 

0:00 

Ac6 9819904 137,778.70 15:30 0 0:00 - 05:45; 09:15 - 
0:00 3,818.20 0 - 137,778.70 14,145.60 

Ac7 9819890 37,200.20 16:30 0 0:00 - 05:45; 21:15 - 
0:00 2,947.50 0 - 37,200.20 5,312.40 

         
AVERAGE  74,744.95  0.00  2,929.63  8,314.10 
n =  4  4  4  4 

O.7.5 Site A Edge Control – Period G light data 

Table O-41 Light (illuminance) data for Period G (“Sunny day”) – from 0:00 on 10 August 2011 to 0:00 on 11 August 2011 (24 hours) – Site A Edge Control (number of samples 
per data logger during this period = 97). Times for occurrences of maximum light intensity (“Time (Light Max)”) and minimum light intensity (“Time (Light Min)”) 
within the sampling period are noted according to the 24-hour clock. 

 

EDGE CONTROL 
(Period G –10 
August 2011 – 
sunny day) 

Data Logger Light – Max (Lux) Time (Light Max) Light – Min (Lux) Time (Light Min) Daily Light – mean 
(Lux) 

Daily Light – Range 
(Lux) 

Standard deviation - 
daily light 

Ac8 9819911 88,178.40 12:15 0 0:00 - 05:45; 09:15 - 
0:00 3,514.30 0 - 88,178.4 9,521.80 

         
AVERAGE  88,178.40  0.00  3,514.30  9,521.80 
n =  1  1  1  1 
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O.7.6 Site A Cutblock Controls – Period G light data 

Table O-42 Light (illuminance) data for Period G (“Sunny day”) – from 0:00 on 10 August 2011 to 0:00 on 11 August 2011 (24 hours) – Site A Cutblock Controls (number of 
samples per data logger during this period = 97). Times for occurrences of maximum light intensity (“Time (Light Max)”) and minimum light intensity (“Time (Light 
Min)”) within the sampling period are noted according to the 24-hour clock. 

CUTBLOCK 
CONTROLS (Period 
G –10 August 2011 
– sunny day) 

Data Logger Light – Max (Lux) Time (Light Max) Light – Min (Lux) Time (Light Min) 
Daily Light – mean 

(Lux) 
Daily Light – Range 

(Lux) 
Standard deviation - 

daily light 

Ac1 9819897 187,379.00 13:30 - 13:45 0 0:00 - 05:30; 21:30 - 
0:00  37,781.20 0 - 187,379.0 53,454.70 

Ac2 9819895 176,356.70 11:45 0 0:00 - 05:30; 21:30 - 
0:00 56,244.40 0 - 176,356.7 67,127.10 

         
AVERAGE  181,867.85  0.00  47,012.80  60,290.90 
n =  2  2  2  2 
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Appendix P: Site A: Snow Cover Data 

P.1 SITE A SNOW COVER DATA FOR 2010/11 

Table P-1 Table summarizing periods of snow cover greater than 1 m for Site A data loggers for Winter 2010/11. 

Doline or control Record start Record end Snow cover start Snow cover end Days under cover Comments Logger S/N 

A01 November 4, 2010 June 23, 2011 May 20, 2011 May 27, 2011 7  9819918 

A02 November 4, 2010 June 23, 2011 Not covered Not covered 0  9819902 

A03 November 4, 2010 June 23, 2011 March 14, 2011 June 15, 2011 93  9819894 

A04 November 5, 2010 June 23, 2011 March 11, 2011 June 16, 2011 97  9819908 

A05 November 5, 2010 June 23, 2011 March 10, 2011 June 20, 2011 102  9819919 

A06 November 5, 2010 June 23, 2011 March 12, 2011 June 5, 2011 85  9819917 

A07 November 4, 2010 June 23, 2011 March 11, 2011 June 5, 2011 86  9819910 

A08 November 4, 2010 June 23, 2011 March 10, 2011 June 3, 2011 85  9819887 

A09 November 5, 2010 July 16, 2011 December 25, 2010 July 12, 2011 199 Several uncovered periods 9819907 

A10 November 4, 2010 June 23, 2011 March 15, 2011 June 20, 2011 97  9819885 

A11 November 4, 2010 July 16, 2011 March 10, 2011 July 2, 2011 114  9819889 

A12 November 4, 2010 June 23, 2011 March 14, 2011 May 18, 2011 65  9819914 

A13 November 4, 2010 September 18, 2011 March 14, 2011 July 6, 2011 114  9819891 

A14 November 4, 2010 June 23, 2011 March 11, 2011 June 6, 2011 87  9819884 

A15 November 4, 2010 June 23, 2011 March 10, 2011 June 21, 2011 103  9819903 

A16 November 4, 2010 September 18, 2011 March 14, 2011 June 25, 2011 103  9819899 

A17 November 4, 2010 June 23, 2011 Not covered Not covered 0  9819916 

A18 November 4, 2010 June 23, 2011 March 12, 2011 June 21, 2011 101  9819906 

A19 November 4, 2010 June 23, 2011 March 14, 2011 June 15, 2011 93  9819920 

A20 November 4, 2010 September 21, 2011 March 10, 2011 June 26, 2011 108  9819900 
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Doline or control Record start Record end Snow cover start Snow cover end Days under cover Comments Logger S/N 

A21 November 4, 2010 June 23, 2011 March 12, 2011 June 3, 2011 83  9819882 

A22 November 4, 2010 June 23, 2011 March 13, 2011 June 4, 2011 83 Uncovered from April 19, 2011 to April 26, 2011 9819886 

A23 November 4, 2010 September 21, 2011 March 10, 2011 June 5, 2011 87  9819893 

A24     No record   
A25 November 4, 2010 June 23, 2011 March 10, 2011 June 4, 2011 86  9819915 

A26 November 4, 2010 June 23, 2011 March 13, 2011 May 22, 2011 70  9819888 

A27 November 4, 2010 June 23, 2011 March 10, 2011 June 5, 2011 87  9819913 

A28 November 4, 2010 June 23, 2011 March 10, 2011 May 26, 2011 77  9819921 

A29 November 4, 2010 June 23, 2011 March 15, 2011 May 26, 2011 72  9819898 

A30        
A31        
A32        
A33        
A34 November 5, 2010 June 23, 2011 March 10, 2011 June 4, 2011 86  9819905 

A35     No record   
A36     No record   
A37 November 5, 2010 June 23, 2011 March 21, 2011 June 4, 2011 75  9819883 

A38 November 5, 2010 June 23, 2011 December 7, 2010 June 8, 2011 183 Short uncovered periods 9819892 

         
Ac1 November 5, 2010 June 23, 2011 March 19, 2011 May 16, 2011 58 In addition to December 24, 2010 to December 29, 2010 9819897 

Ac2 November 5, 2010 June 23, 2011 March 16, 2011 May 7, 2011 52  9819895 

Ac3 November 5, 2010 June 23, 2011 March 11, 2011 May 20, 2011 70  9819901 

Ac4 November 4, 2010 June 23, 2011 March 12, 2011 May 17, 2011 66  9819909 

Ac5 November 4, 2010 June 23, 2011 March 10, 2011 May 17, 2011 68  9819912 

Ac6 November 4, 2010 June 23, 2011 March 10, 2011 June 4, 2011 86  9819904 

Ac7 November 4, 2010 June 23, 2011 Not covered Not covered 0  9819890 

Ac8 November 4, 2010 June 23, 2011 Not covered Not covered 0  9819911 

Ac9 November 5, 2010 June 23, 2011 January 15, 2011 June 11, 2011 147 In addition to December 24, 2010 to January 10, 2011 9819896 
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P.2 SITE A SNOW COVER DATA FOR 2011/12 

Table P-2 Table summarizing periods of snow cover greater than 1 m for Site A data loggers for Winter 2011/12. 

Doline or control Record start Record end Snow cover start Snow cover end Days under cover Comments Logger S/N 

A01 September 17, 2011 August 5, 
2012 

January 25, 2012 June 1, 2012 128 Some variation within this period 9819918 

A02 September 17, 2011 August 5, 
2012 

March 9, 2012 April 22, 2012 44 Short covered periods from November 30, 2012 to April 22, 
2012 

9819902 

A03     No record   

A04 September 17, 2011 August 5, 
2012 

March 17, 2012 June 13, 2012 88  9819908 

A05 September 17, 2011 August 5, 
2012 

January 25, 2012 June 30, 2012 157 Short uncovered periods from February 13, 2012 to March 4, 
2012 

9819919 

A06 September 17, 2011 August 5, 
2012 

January 29, 2012 June 15, 2012 138 Short uncovered periods from February 7, 2012 to March 3, 
2012 

9819917 

A07 September 17, 2011 August 5, 
2012 

February 25, 2012 June 11, 2012 107 Short covered periods from January 29, 2012 to February 25, 
2012 

9819910 

A08 September 17, 2011 August 5, 
2012 

January 29, 2012 June 24, 2012 147 Short uncovered periods from February 9, 2012 to March 4, 
2012 

9819887 

A09 September 18, 2011 August 5, 
2012 

January 21, 2012 May 13, 2012 113  9819907 

A10 September 18, 2011 August 5, 
2012 

January 29, 2012 June 23, 2012 146 Short uncovered periods from February 9, 2012 to March 4, 
2012 

9819885 

A11 September 18, 2011 August 5, 
2012 

January 25, 2012 July 5, 2012 162 Short uncovered period from February 14, 2012 to February 16, 
2012 

9819889 

A12     No record   

A13 September 18, 2011 August 5, 
2012 

January 25, 2012 July 2, 2012 159 Short uncovered period from February 14, 2012 to February 16, 
2012 

9819891 

A14 September 18, 2011 August 5, 
2012 

January 29, 2012 June 14, 2012 137 Short uncovered periods from February 10, 2012 to March 3, 
2012 

9819899 

A15 September 18, 2011 August 5, 
2012 

January 25, 2012 June 28, 2012 155 Short covered periods from February 13, 2012 to February 17, 
2012 

9819903 

A16 September 18, 2011 August 5, 
2012 

January 29, 2012 July 2, 2012 155 Short uncovered periods before February 23, 2012 9819884 

A17 September 18, 2011 August 5, 
2012 

March 28, 2012 May 25, 2012 58  9819916 

A18 September 25, 2011 August 5, 
2012 

January 25, 2012 July 1, 2012 158 Short uncovered periods from February12, 2012 to March 4, 
2012 

9819906 
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Doline or control Record start Record end Snow cover start Snow cover end Days under cover Comments Logger S/N 

A19 September 18, 2011 August 5, 
2012 

January 25, 2012 June 28, 2012 155 Short uncovered period from February 13, 2012 to February 17, 
2012 

9819920 

A20 September 25, 2011 August 5, 
2012 

January 29, 2012 June 19, 2012 142 Short uncovered periods from February 9, 2012 to March 3, 
2012 

9819900 

A21 September 25, 2011 August 5, 
2012 

March 18, 2012 June 3, 2012 77  9819882 

A22 September 25, 2011 August 5, 
2012 

March 31, 2012 June 13, 2012 74 Possible cover from March 3, 2012 to March 31, 2012 9819886 

A23 September 25, 2011 August 5, 
2012 

March 25, 2012 June 2, 2012 69  9819893 

A24 September 16, 2011 August 5, 
2012 

March 28, 2012 May 21, 2012 54 Short covered period from March 16, 2012 to March 29, 2012 9823462 

A25     No record   

A26 September 25, 2011 August 5, 
2012 

March 28, 2012 May 14, 2012 47 Short uncovered period from March 17, 2012 to March 28, 2012 9819888 

A27 October 6, 2011 August 5, 
2012 

March 16, 2012 June 2, 2012 78 Short uncovered periods from February 25, 2012 to March 16, 
2012 

9819913 

A28 September 25, 2011 August 5, 
2012 

March 28, 2012 May 31, 2012 64 Short covered periods from March 17, 2012 to March 28, 2012 9819921 

A29 September 25, 2011 August 5, 
2012 

March 17, 2012 May 15, 2012 59  9819898 

A30 September 16, 2011 August 5, 
2012 

March 29, 2012 May 20, 2012 52 Short covered period from March 16, 2012 to March 19, 2012 9823460 

A31     No record   

A32 September 16, 2011 August 5, 
2012 

February 25, 2012 June 18, 2012 114  9819926 

A33 September 16, 2011 August 5, 
2012 

March 3, 2012 June 1, 2012 90  9819927 

A34 September 25, 2011 June 26, 2012 January 25, 2012 June 1, 2012 128  9819905 

A35 September 16, 2011 June 26, 2012 November 29, 2011 June 21, 2012 205 Several uncovered periods until late January 2012 9819924 

A36        

A37 September 25, 2011 June 26, 2012 November 29, 2011 May 25, 2012 178 Several uncovered periods until late January 2012 9819883 
A38 September 25, 2011 July 30, 2012 November 23, 2011 June 12, 2012 202 Not covered from January 12, 2012 to January 30, 2012 9819892 

         

Ac1     No record   

Ac2 September 25, 2011 July 30, 2012 February 24, 2012 May 7, 2012 73  9819895 
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Doline or control Record start Record end Snow cover start Snow cover end Days under cover Comments Logger S/N 

Ac3 September 17, 2011 August 5, 
2012 

March 28, 2012 June 2, 2012 66  9819901 

Ac4 September 18, 2011 August 5, 
2012 

March 27, 2012 May 16, 2012 50 Possible cover from March 14, 2012 to March 27, 2012 9819909 

Ac5 September 25, 2011 August 5, 
2012 

March 27, 2012 May 21, 2012 55 Short covered periods from March 16, 2012 to March 27, 2012 9819912 

Ac6 September 25, 2011 August 5, 
2012 

March 28, 2012 May 25, 2012 58  9819904 

Ac7 October 6, 2011 August 5, 
2012 

Not covered Not covered 0  9819890 

Ac8 September 25, 2011 August 5, 
2012 

March 26, 2012 April 12, 2012 17 Short uncovered periods before April 3, 2012 9819911 

Ac9 September 25, 2011 August 5, 
2012 

November 23, 2011 June 6, 2012 196 Periodc uncovered periods before January 22, 2012 9819896 
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Appendix Q: Site A: Temperature Data For Selected 
Sampling Periods 

Q.1 SAMPLING PERIOD A 

Q.1.1 Site A Forest Dolines – Period A temperature data 

Table Q-1 Temperature data for Period A - 12:00 AM on 07 November 2010 to 12:00 AM on 07 
December 2010 (30 days) - Site A Forest Dolines (number of samples per data logger 
during this period = 2881). 

FOREST DOLINES (Period A – 7 
November 2010 – 7 December 2010) Data logger  

Temp – Max 
(°C) 

Temp – Min 
(°C) 

Monthly Temp 
– Mean (°C) 

Monthly Temp 
– Range (°C) 

A1 9819918 6.674 -14.648 -1.317 21.322 
A2 9819902 6.877 -14.806 -1.258 21.683 
A3 9819894 6.674 -14.806 -1.494 21.48 
A4 9819908 6.573 -14.178 -1.248 20.751 
A5 9819919 6.573 -15.124 -1.506 21.697 
A6 9819917 6.775 -14.965 -1.381 21.74 
A7 9819910 6.775 -15.446 -1.467 22.221 
A8 9819887 6.775 -15.446 -1.51 22.221 
A9 9819907 6.573 -15.124 -1.371 21.697 
A10 9819885 6.674 -15.124 -1.452 21.798 
A11 9819889 6.674 -14.965 -1.458 21.639 
A12 9819914 ND ND ND ND 
A13 9819891 6.573 -13.868 -1.159 20.441 
A14 9819884 6.674 -14.49 -1.219 21.164 
A15 9819903 6.573 -13.715 -1.133 20.288 
A16 9819899 6.471 -14.023 -1.236 20.494 
A17 9819916 6.573 -14.178 -1.091 20.751 
A18 9819906 6.471 -14.49 -1.224 20.961 
A19 9819920 6.674 -14.334 -1.175 21.008 
A20 9819900 6.775 -14.49 -1.211 21.265 
A21 9819882 6.775 -14.334 -1.147 21.109 
A22 9819886 6.573 -13.868 -1.096 20.441 
A23 9819893 6.573 -14.334 -1.097 20.907 
A24 9823462 ND ND ND ND 
A25 9819915 6.573 -14.49 -1.155 21.063 
A26 9819888 6.674 -14.49 -1.08 21.164 
A27 9819913 6.573 -14.334 -1.084 20.907 
A28 9819921 6.573 -14.334 1.14 20.907 
      
AVERAGE  6.643 -14.554 -1.170 21.196 
MAX  6.877 -13.715 1.14 22.221 
MIN  6.471 -15.446 -1.51 20.288 
n =  26 26 26 26 
 
Notes: The data logger in A12 showed an anomalous reading for temperature on 24 November 2010. At 14:00 on that day, the 
temperature reading was was -2.145 °C and light intensity was 1,722.2 Lux; at 14:15, temp = -10.916 °C; light = 27,555.7 Lux; 
at 14:45, temp = 36.728 °C; light = 26,1780 Lux; at 15:00; temp = -20.33 °C; light = 893.4 Lux, before returning to sub-zero 
temperatures (in common with all the other data loggers).  
The data logger for doline A24 was deployed on 18 September 2011, so there is no data(ND) for A24 for this sampling period. 
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Q.1.2 Site A Edge Dolines – Period A temperature data 

Table Q-2 Temperature data for Period A - 12:00 AM on 07 November 2010 to 12:00 AM on 07 
December 2010 (30 days) - Site A Edge Dolines (number of samples per data logger 
during this period = 2881). 

EDGE DOLINES (Period A – 7 
November 2010 – 7 December 2010) Data logger  

Temp – Max 
(°C) 

Temp – Min 
(°C) 

Monthly 
Temp – Mean 

(°C) 

Monthly 
Temp – 

Range (°C) 
A29 9819898 8.978 -15.124 -1.033 24.102 
A30 9823460 ND ND ND ND 

A31 No data 
logger 

ND ND ND ND 

A32 9819926 ND ND ND ND 
A33 9819927 ND ND ND ND 
      
AVERAGE  8.978 -15.124 -1.033 24.102 
MAX  8.978 -15.124 -1.033 24.102 
MIN  8.978 -15.124 -1.033 24.102 
n =   1 1 1 1 
 
Notes: For dolines A30, A33, and A32, data loggers were not deployed during this sampling period. Data loggers were 
deployed at these dolines on 18 September 2011. No data logger was deployed at doline A31. 

Q.1.3 Site A Cutblock Dolines – Period A temperature data 

Table Q-3 Temperature data for Period A - 12:00 AM on 07 November 2010 to 12:00 AM on 07 
December 2010 (30 days) - Site A Cutblock Dolines (number of samples per data logger 
during this period = 2881). 

CUTBLOCK DOLINES (Period A – 7 
November 2010 – 7 December 2010) Data logger  

Temp – Max 
(°C) 

Temp – Min 
(°C) 

Monthly 
Temp – 

Mean (°C) 

Monthly 
Temp – 

Range (°C) 
A34 9819905 10.259 -15.608 -1.728 25.867 
A37 9819883 10.357 -17.103 -1.906 27.46 
A38 9819892 11.819 -16.765 -0.976 28.584 
      
AVERAGE  10.812 -16.492 -1.537 27.304 
MAX  11.819 -15.608 -0.976 28.584 
MIN  10.259 -17.103 -1.906 25.867 
n =  3 3 3 3 
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Q.1.4 Site A Forest Controls – Period A temperature data 

Table Q-4 Temperature data for Period A - 12:00 AM on 07 November 2010 to 12:00 AM on 07 
December 2010 (30 days) - Site A Forest Controls (number of samples per data logger 
during this period = 2881). 

FOREST CONTROLS (Period A – 7 
November 2010 – 7 December 2010) Data logger  Temp – 

Max (°C) 
Temp – 

Min (°C) 
Monthly Temp – 

Mean (°C) 
Monthly Temp – 

Range (°C) 
Ac3 9819901 6.978 -15.124 -1.454 22.102 
Ac4 9819909 6.978 -14.965 -1.263 21.943 
Ac5 9819912 6.471 -14.334 -1.215 20.805 
Ac6 9819904 6.877 -14.806 -1.291 21.683 
Ac7 9819890 6.978 -14.648 -1.046 21.626 
      
AVERAGE  6.856 -14.775 -1.254 21.632 
MAX  6.978 -14.334 -1.046 22.102 
MIN  6.471 -15.124 -1.454 20.805 
n =  5 5 5 5 

Q.1.5 Site A Edge Control – Period A temperature data 

Table Q-5 Temperature data for Period A - 12:00 AM on 07 November 2010 to 12:00 AM on 07 
December 2010 (30 days) - Site A Edge Control (number of samples per data logger 
during this period = 2881). 

EDGE CONTROL (Period A – 7 
November 2010 – 7 December 2010) Data logger  

Temp – 
Max (°C) 

Temp – 
Min (°C) 

Monthly Temp – 
Mean (°C) 

Monthly Temp – 
Range (°C) 

Ac8 9819911 13.365 -14.648 -0.772 28.013 
      
AVERAGE  13.365 -14.648 -0.772 28.013 
MAX  13.365 -14.648 -0.772 28.013 
MIN  13.365 -14.648 -0.772 28.013 
n =   1 1 1 1 

Q.1.6 Site A Cutblock Controls – Period A temperature data 

Table Q-6 Temperature data for Period A - 12:00 AM on 07 November 2010 to 12:00 AM on 07 
December 2010 (30 days) - Site A Cutblock Controls (number of samples per data logger 
during this period = 2881). 

CUTBLOCK CONTROLS (Period A 
– 7 November 2010 – 7 December 
2010) 

Data logger  
Temp – 

Max (°C) 
Temp – 

Min (°C) 
Monthly Temp – 

Mean (°C) 
Monthly Temp – 

Range (°C) 

Ac1 9819897 17.094 -17.103 -0.834 34.197 
Ac2 9819895 16.427 -16.43 -0.596 32.857 
      
AVERAGE  16.760 -16.767 -0.715 33.527 
MAX  17.094 -16.43 -0.596 34.197 
MIN  16.427 -17.103 -0.834 32.857 
n =   2 2 2 2 
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Q.2 SAMPLING PERIOD B 

Q.2.1 Site A Forest Dolines – Period B temperature data 

Table Q-7 Temperature data for Period B: from 12:00 AM on 07 December 2010 to 12:00 AM on 6 
January 2011 - Site A Forest Dolines (number of samples per data logger during this 
period = 2881). 

FOREST DOLINES (Period B – 7 
December 2010 – 6 January 2011) Data logger  

Temp – 
Max (°C) 

Temp – 
Min (°C) 

Monthly Temp – 
Mean (°C) 

Monthly Temp – 
Range (°C) 

A1 9819918 3.472 -6.246 -0.189 9.718 
A2 9819902 3.893 -10.353 -1.353 14.246 
A3 9819894 2.730 -9.937 -1.561 12.667 
A4 9819908 3.261 -10.214 -1.385 13.475 
A5 9819919 3.155 -10.493 -1.596 13.648 
A6 9819917 3.472 -10.493 -1.448 13.965 
A7 9819910 3.472 -10.634 -1.475 14.106 
A8 9819887 3.049 -10.493 -1.527 13.542 
A9 9819907 2.943 -5.995 -0.216 8.938 
A10 9819885 3.472 -10.075 -1.556 13.547 
A11 9819889 3.261 -10.075 -1.560 13.336 
A12 9819914 3.261 -10.634 -1.422 13.895 
A13 9819891 2.943 -9.525 -1.442 12.468 
A14 9819884 3.472 -9.388 -1.396 12.860 
A15 9819903 3.155 -7.527 -1.217 10.682 
A16 9819899 3.049 -9.252 -1.423 12.301 
A17 9819916 3.578 -8.713 -1.145 12.291 
A18 9819906 3.155 -8.982 -1.283 12.137 
A19 9819920 2.943 -8.982 -1.265 11.925 
A20 9819900 3.155 -9.525 -1.303 12.680 
A21 9819882 3.472 -8.982 -1.192 12.454 
A22 9819886 3.155 -8.847 -1.179 12.002 
A23 9819893 3.683 -8.982 -1.144 12.665 
A24 9823462 ND ND ND ND 
A25 9819915 3.893 -8.982 -1.175 12.875 
A26 9819888 4.207 -8.982 -1.030 13.189 
A27 9819913 3.998 -8.847 -1.047 12.845 
A28 9819921 3.893 -8.847 -1.118 12.740 
      
AVERAGE  3.378 -9.259 -1.246 12.637 
MAX  4.207 -5.995 -0.189 14.246 
MIN  2.73 -10.634 -1.596 8.938 
n =  27 27 27 27 
 
Notes: The data logger for doline A24 was deployed on 18 September 2011, so there is no data (ND) for A24 for this sampling 
period. 
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Q.2.2 Site A Edge Dolines – Period B temperature data 

Table Q-8 Temperature data for Period B: from 12:00 AM on 07 December 2010 to 12:00 AM on 6 
January 2011 - Site A Edge Dolines (number of samples per data logger during this 
period = 2881). 

EDGE DOLINES (Period B – 7 
December 2010 – 6 January 2011) 

Data 
logger  

Temp – 
Max (°C) 

Temp – 
Min (°C) 

Monthly Temp – 
Mean (°C) 

Monthly Temp – 
Range (°C) 

A29 9819898 4.831 -10.634 -1.098 15.465 
A30 9823460 ND ND ND ND 

A31 No Data 
Logger 

ND ND ND ND 

A32 9819926 ND ND ND ND 
A33 9819927 ND ND ND ND 
      
AVERAGE  4.831 -10.634 -1.098 15.465 
MAX  4.831 -10.634 -1.098 15.465 
MIN  4.831 -10.634 -1.098 15.465 
n =   1 1 1 1 
 
Notes: For dolines A30, A33, and A32, data loggers were not deployed during this sampling period. Data loggers were 
deployed at these dolines on 18 September 2011. No data logger was deployed at doline A31. The data logger for Site A doline 
A24 was deployed on 18 September 2011, so there is no data (ND) for A24 for this sampling period. 

Q.2.3 Site A Cutblock Dolines – Period B temperature data 

Table Q-9 Temperature data for Period B: from 12:00 AM on 07 December 2010 to 12:00 AM on 6 
January 2011 - Site A Cutblock Dolines (number of samples per data logger during this 
period = 2881). 

CUTBLOCK DOLINES (Period B – 7 
December 2010 – 6 January 2011) 

Data 
logger  

Temp – 
Max (°C) 

Temp – 
Min (°C) 

Monthly Temp – 
Mean (°C) 

Monthly Temp – 
Range (°C) 

A34 9819905 ND ND ND ND 
A37 9819883 6.268 -10.634 -0.171 16.902 
A38 9819892 0.343 -2.261 -0.081 2.604 
      
AVERAGE  3.306 -6.448 -0.126 9.753 
MAX  6.268 -2.261 -0.081 16.902 
MIN  0.343 -10.634 -0.171 2.604 
n =  2 2 2 2 
 
Notes: Data for A34 was omitted due to anomalous readings between 10:45 and 12:00 on 19 December during this sampling 
period.  
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Q.2.4 Site A Forest Controls – Period B temperature data 

Table Q-10 Temperature data for Period B: from 12:00 AM on 07 December 2010 to 12:00 AM on 6 
January 2011 - Site A Forest Controls (number of samples per data logger during this 
period = 2881). 

FOREST CONTROLS (Period B – 7 
December 2010 – 6 January 2011) 

Data 
logger  

Temp – 
Max (°C) 

Temp – 
Min (°C) 

Monthly Temp – 
Mean (°C) 

Monthly Temp – 
Range (°C) 

Ac3 9819901 3.367 -10.634 -1.477 14.001 
Ac4 9819909 4.415 -9.525 -1.311 13.940 
Ac5 9819912 3.578 -8.847 -1.150 12.425 
Ac6 9819904 3.578 -9.388 -1.304 12.966 
Ac7 9819890 5.141 -8.713 -0.839 13.854 
      
AVERAGE  4.016 -9.421 -1.216 13.437 
MAX  5.141 -8.713 -0.839 14.001 
MIN  3.367 -10.634 -1.477 12.425 
n =  5 5 5 5 

Q.2.5 Site A Edge Control – Period B temperature data 

Table Q-11 Temperature data for Period B: from 12:00 AM on 07 December 2010 to 12:00 AM on 6 
January 2011 - Site A Edge Control (number of samples per data logger during this 
period = 2881). 

EDGE CONTROLS (Period B – 7 
December 2010 – 6 January 2011) Data logger  

Temp – 
Max (°C) 

Temp – 
Min (°C) 

Monthly Temp – 
Mean (°C) 

Monthly Temp – 
Range (°C) 

Ac8 9819911 5.244 -8.713 -0.625 13.957 
      
SUM  5.244 -8.713 -0.625 13.957 
AVERAGE  5.244 -8.713 -0.625 13.957 
MAX  5.244 -8.713 -0.625 13.957 
MIN  5.244 -8.713 -0.625 13.957 
n =   1 1 1 1 

Q.2.6 Site A Cutblock Controls – Period B temperature data 

Table Q-12 Temperature data for Period B: from 12:00 AM on 07 December 2010 to 12:00 AM on 6 
January 2011 - Site A Cutblock Controls (number of samples per data logger during this 
period = 2881). 

CUTBLOCK CONTROLS (Period B – 
7 December 2010 – 6 January 2011) Data logger  

Temp – 
Max (°C) 

Temp – 
Min (°C) 

Monthly Temp – 
Mean (°C) 

Monthly Temp – 
Range (°C) 

Ac1 9819897 14.517 -8.847 -0.128 23.364 
Ac2 9819895 11.916 -7.787 -0.656 19.703 
      
AVERAGE  13.217 -8.317 -0.392 21.534 
MAX  14.517 -7.787 -0.128 23.364 
MIN  11.916 -8.847 -0.656 19.703 
n =   2.000 2.000 2.000 2.000 
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Q.3 SAMPLING PERIOD C 

Q.3.1 Site A Forest Dolines – Period C temperature data 

Table Q-13 Temperature data for Period C – Midnight 28 July 2011 to Midnight 27 August 2011 (one 
month) for Site A Forest Dolines (number of samples per data logger during this period = 
2881). 

FOREST DOLINES (Period C – 28 
July 2011 – 27 August 2011) 

Data 
logger  

Temp – 
Max (°C) 

Temp – 
Min (°C) 

Monthly Temp – 
Mean (°C) 

Monthly Temp – 
Range (°C) 

A1 9819918 ND ND ND ND 
A2 9819902 ND ND ND ND 
A3 9819894 17.189 3.998 10.003 13.191 
A4 9819908 20.234 4.519 10.191 15.715 
A5 9819919 18.14 4.311 10.316 13.829 
A6 9819917 22.429 4.207 10.527 18.222 
A7 9819910 20.901 4.102 10.655 16.799 
A8 9819887 24.255 3.998 10.487 20.257 
A9 9819907 17.855 4.207 10.234 13.648 
A10 9819885 20.71 4.311 10.414 16.399 
A11 9819889 19.662 4.311 10.198 15.351 
A12 9819914 18.806 4.102 10.478 14.704 
A13 9819891 23.1 4.727 10.499 18.373 
A14 9819884 23.966 5.037 10.736 18.929 
A15 9819903 23.966 5.141 10.724 18.825 
A16 9819899 18.616 4.831 10.313 13.785 
A17 9819916 19.377 5.244 10.606 14.133 
A18 9819906 ND ND ND ND 
A19 9819920 23.773 5.45 10.746 18.323 
A20 9819900 18.711 5.141 10.666 13.57 
A21 9819882 18.806 5.347 10.721 13.459 
A22 9819886         
A23 9819893 20.71 5.552 10.562 15.158 
A25 9819915 26.488 5.141 10.732 21.347 
A26 9819888 21.951 5.244 10.805 16.707 
A27 9819913 ND ND ND ND 
A28 9819921 ND ND ND ND 
      
AVERAGE  20.936 4.711 10.505 16.225 
MAX  26.488 5.552 10.805 21.347 
MIN  17.189 3.998 10.003 13.191 
n =  21 21 21 21 
 
Notes: A large anomalous spike in temperature occurred for the data logger in forest doline A18 during this sampling period. At 
20:45 on 30 July 2011, the temperature reading is 9.077/light is 43.1 lux. At 21:00:Temp = 8.581; light = 8,611.2. At 21:15, 
Temp = 23.004; light = 8,611.2. At 21:30: Temp = 173.17 degrees; light = 8,611.2. At 21:45, Temp = 53.757; light = 8,955.6. 
At 22:00, Temp = 8.879; light = 0.0. It may have been a temporary malfunction of some kind, but it skews the data, and hence 
the data from this doline is omitted for this sampling period. 
Data logger coverage for dolines A22, A27 and A28 during this period was split by downloading, hence no continuous record 
for these two dolines during this period. For this reason, their data are omitted. 
The data logger for Site A doline A24 was deployed on 18 September 2011, so there is no data (ND) for A24 for this sampling 
period. 
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Q.3.2 Site A Edge Dolines – Period C temperature data 

Table Q-14 Temperature data for Period C – Midnight 28 July 2011 to Midnight 27 August 2011 (one 
month) for Site A Edge Dolines (number of samples per data logger during this period = 
2881). 

EDGE DOLINES (Period C – 28 July 
2011 – 27 August 2011) Data logger  Temp – 

Max (°C) 
Temp – 

Min (°C) 
Monthly Temp – 

Mean (°C) 
Monthly Temp – 

Range (°C) 
A29 9819898 ND ND ND ND 
A30 9823460 ND ND ND ND 

A31 No Data 
Logger 

ND ND ND ND 

A32 9819926 ND ND ND ND 
A33 9819927 ND ND ND ND 
  ND ND ND ND 
AVERAGE      
MAX      
MIN      
n =      
 
Notes: Data logger coverage for dolines A22 and A27 during this period was split by downloading, hence no continuous record 
for these two dolines during this period. For this reason, their data are omitted. 

Q.3.3 Site A Cutblock Dolines – Period C temperature data 

Table Q-15 Temperature data for Period C – Midnight 28 July 2011 to Midnight 27 August 2011 (one 
month) for Site A Cutblock Dolines (number of samples per data logger during this 
period = 2881). 

CUTBLOCK DOLINES (Period C – 
28 July 2011 – 27 August 2011) Data logger  Temp – 

Max (°C) 
Temp – 

Min (°C) 
Monthly Temp – 

Mean (°C) 
Monthly Temp – 

Range (°C) 
A34 9819905 35.864 1.221 12.913 34.643 
A37 9819883 34.058 0.121 12.66 33.937 
A38 9819892 39.615 0.563 13.749 39.052 
      
AVERAGE  36.512 0.635 13.107 35.877 
MAX  39.615 1.221 13.749 39.052 
MIN  34.058 0.121 12.66 33.937 
n =  3 3 3 3 
  



 

 

Q-9 

Q.3.4 Site A Forest Controls – Period C temperature data 

Table Q-16 Temperature data for Period C – Midnight 28 July 2011 to Midnight 27 August 2011 (one 
month) for Site A Forest Controls (number of samples per data logger during this period 
= 2881). 

FOREST CONTROLS (Period C – 28 
July 2011 – 27 August 2011) 

Data 
logger  

Temp – 
Max (°C) 

Temp – 
Min (°C) 

Monthly Temp – 
Mean (°C) 

Monthly Temp – 
Range (°C) 

Ac3 9819901 22.717 3.788 10.703 18.929 
Ac5 9819912 19.948 5.244 10.685 14.704 
Ac6 9819904 21.378 4.831 10.858 16.547 
Ac7 9819890 21.091 5.141 11.06 15.95 
      
AVERAGE  21.284 4.751 10.827 16.533 
MAX  22.717 5.244 11.06 18.929 
MIN  19.948 3.788 10.685 14.704 
n =  4 4 4 4 

Q.3.5 Site A Edge Control – Period C temperature data 

Table Q-17 Temperature data for Period C – Midnight 28 July 2011 to Midnight 27 August 2011 (one 
month) for Site A Edge Control (number of samples per data logger during this period = 
2881). 

EDGE CONTROL (Period C – 28 July 
2011 – 27 August 2011)” 

Data 
logger  

Temp – 
Max (°C) 

Temp – 
Min (°C) 

Monthly Temp – 
Mean (°C) 

Monthly Temp – 
Range (°C) 

Ac8 9819911 ND ND ND ND 
      
AVERAGE      
MAX      
MIN      
n =      

Q.3.6 Site A Cutblock Controls – Period C temperature data 

Table Q-18 Temperature data for Period C – Midnight 28 July 2011 to Midnight 27 August 2011 (one 
month) for Site A Cutblock Controls (number of samples per data logger during this 
period = 2881). 

CUTBLOCK CONTROLS (Period C – 
28 July 2011 – 27 August 2011) Data logger  

Temp – 
Max (°C) 

Temp – 
Min (°C) 

Monthly Temp – 
Mean (°C) 

Monthly Temp – 
Range (°C) 

Ac1 9819897 36.728 1.003 13.338 35.725 
Ac2 9819895 34.058 1.656 13.934 32.402 
      
AVERAGE  35.393 1.330 13.636 34.064 
MAX  36.728 1.656 13.934 35.725 
MIN  34.058 1.003 13.338 32.402 
n =   2 2 2 2 
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Q.4 SAMPLING PERIOD D 

Q.4.1 Site A Forest Dolines – Period D temperature data 

Table Q-19 Temperature data for Period D: from 12:00 AM on 01 October 2011 to 12:00 AM on 31 
October 2011 - Site A Forest Dolines (number of samples per data logger during this 
period = 2881). 

FOREST DOLINES (Period D – 1 
October 2011 – 31 October 2011) Data logger  

Temp – 
Max (°C) 

Temp – 
Min (°C) 

Monthly Temp – 
Mean (°C) 

Monthly Temp – 
Range (°C) 

      
A1 9819918 8.128 -1.799 3.698 9.927 
A2 9819902 8.68 -1.799 4.181 10.479 
A3 9819894 ND ND ND ND 
A4 9819908 8.282 -1.341 3.727 9.623 
A5 9819919 8.182 -1.57 3.575 9.752 
A6 9819917 8.282 -1.456 3.665 9.738 
A7 9819910 8.68 -1.57 3.595 10.25 
A8 9819887 8.382 -1.684 3.517 10.066 
A9 9819907 8.382 -1.228 3.718 9.61 
A10 9819885 10.748 -1.228 3.609 11.976 
A11 9819889 8.282 -1.341 3.633 9.623 
A12 9819914 ND ND ND ND 
A13 9819891 8.481 -1.001 3.775 9.482 
A14 9819884 10.748 -1.001 3.745 11.749 
A15 9819903 9.472 -0.887 3.832 10.359 
A16 9819899 8.581 -1.001 3.726 9.582 
A17 9819916 8.581 -0.774 3.884 9.355 
A18 9819906 8.282 -0.887 3.761 9.169 
A19 9819920 9.077 -0.774 3.871 9.851 
A20 9819900 8.382 -0.887 3.846 9.269 
A21 9819882 8.481 -0.887 3.88 9.368 
A22 9819886 ND ND ND ND 
A23 9819893 8.282 -0.887 3.864 9.169 
A24 9823462 8.879 -0.887 3.844 9.776 
A25 9819915 ND ND ND ND 
A26 9819888 9.472 -0.774 3.926 10.246 
A27 9819913         
A28 9819921 8.082 -0.887 3.837 8.969 
      
AVERAGE  8.732 -1.154 3.770 9.887 
MAX  10.748 -0.774 4.181 11.976 
MIN  8.082 -1.799 3.517 8.969 
n =  23 23 23 23 
 
Notes: There are no data (ND) for A3 and A12 for this period. Theses data loggers failed to download on 5 August 2012 as 
well, so it may be that these two malfunctioned. Data for A22 is omitted due to an anomalous data logger reading on 25 
October at 04:45 - 05:30. 
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Q.4.2 Site A Edge Dolines – Period D temperature data 

Table Q-20 Temperature data for Period D: from 12:00 AM on 01 October 2011 to 12:00 AM on 31 
October 2011 - Site A Edge Dolines (number of samples per data logger during this 
period = 2881). 

EDGE DOLINES (Period D – 1 
October 2011 – 31 October 2011) 

Data 
logger  

Temp – 
Max (°C) 

Temp – 
Min (°C) 

Monthly Temp – 
Mean (°C) 

Monthly Temp – 
Range (°C) 

      
A29 9819898 15.473 -1.684 4.202 17.157 
A30 9823460 9.965 -0.887 3.887 10.852 

A31 No data 
logger 

ND ND ND ND 

A32 9819926 9.669 -0.662 4.062 10.331 
A33 9819927 13.558 -0.662 4.079 14.22 
      
AVERAGE  12.166 -0.974 4.058 13.14 
MAX  15.473 -0.662 4.202 17.157 
MIN  9.669 -1.684 3.887 10.331 
n =   4 4 4 4 

Q.4.3 Site A Cutblock Dolines – Period D temperature data 

Table Q-21 Temperature data for Period D: from 12:00 AM on 01 October 2011 to 12:00 AM on 31 
October 2011 - Site A Cutblock Dolines (number of samples per data logger during this 
period = 2881). 

CUTBLOCK DOLINES (Period D – 1 
October 2011 – 31 October 2011) Data logger  

Temp – 
Max (°C) 

Temp – 
Min (°C) 

Monthly Temp – 
Mean (°C) 

Monthly Temp – 
Range (°C) 

      
A34 9819905 19.758 -4.758 3.874 24.516 
      
A37 9819883 20.901 -4.514 3.99 25.415 
      
A38 9819892 22.142 -4.88 3.988 27.022 
      
      
AVERAGE  20.934 -4.717 3.951 25.651 
MAX  22.142 -4.514 3.99 27.022 
MIN  19.758 -4.88 3.874 24.516 
n =  3 3 3 3 
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Q.4.4 Site A Forest Controls – Period D temperature data 

Table Q-22 Temperature data for Period D: from 12:00 AM on 01 October 2011 to 12:00 AM on 31 
October 2011 - Site A Forest Controls (number of samples per data logger during this 
period = 2881). 

FOREST CONTROLS (Period D – 1 
October 2011 – 31 October 2011) Data logger  Temp – 

Max (°C) 
Temp – 

Min (°C) 
Monthly Temp – 

Mean (°C) 
Monthly Temp – 

Range (°C) 
      
Ac3 9819901 8.879 -1.914 3.591 10.793 
      
Ac4 9819909 10.259 -1.456 3.85 11.715 
Ac5 9819912 9.275 -1.001 3.791 10.276 
Ac6 9819904 9.472 -1.341 3.77 10.813 
Ac7 9819890 10.553 -1.114 3.628 11.667 
      
AVERAGE  9.688 -1.365 3.726 11.053 
MAX  10.553 -1.001 3.85 11.715 
MIN  8.879 -1.914 3.591 10.276 
n =  5 5 5 5 

Q.4.5 Site A Edge Control – Period D temperature data 

Table Q-23 Temperature data for Period D: from 12:00 AM on 01 October 2011 to 12:00 AM on 31 
October 2011 - Site A Edge Control (number of samples per data logger during this 
period = 2881). 

EDGE CONTROL (Period D – 1 
October 2011 – 31 October 2011) 

Data 
logger  

Temp – 
Max (°C) 

Temp – 
Min (°C) 

Monthly Temp – 
Mean (°C) 

Monthly Temp – 
Range (°C) 

      
Ac8 9819911 17.76 -1.001 4.345 18.761 
      
AVERAGE  17.76 -1.001 4.345 18.761 
MAX  17.76 -1.001 4.345 18.761 
MIN  17.76 -1.001 4.345 18.761 
n =   1 1 1 1 

Q.4.6 Site A Cutblock Controls – Period D temperature data 

Table Q-24 Temperature data for Period D: from 12:00 AM on 01 October 2011 to 12:00 AM on 31 
October 2011 - Site A Cutblock Controls (number of samples per data logger during this 
period = 2881). 

CUTBLOCK CONTROLS (Period D – 
1 October 2011 – 31 October 2011) Data logger  

Temp – 
Max (°C) 

Temp – 
Min (°C) 

Monthly Temp – 
Mean (°C) 

Monthly Temp – 
Range (°C) 

      
Ac1 9819897 ND ND ND ND 
Ac2 9819895 22.046 -5.372 4.715 27.418 
      
AVERAGE  22.046 -5.372 4.715 27.418 
MAX  22.046 -5.372 4.715 27.418 
MIN  22.046 -5.372 4.715 27.418 
n =   1 1 1 1 
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Q.5 SAMPLING PERIOD E 

Q.5.1 Site A Forest Dolines – Period E temperature data 

Table Q-25 Temperature data for Period E: from 12:00 AM on 01 June 2012 to 12:00 AM on 01 July 
2012 - Site A Forest Dolines (number of samples per data logger during this period = 
2881). 

FOREST DOLINES (Period E – 1 
June 2012 – 1 July 2012) 

Data 
logger  

Temp – 
Max (°C) 

Temp – 
Min (°C) 

Monthly Temp – 
Mean (°C) 

Monthly Temp – 
Range (°C) 

A1 9819918 4.727 0.674 2.224 4.053 
A2 9819902 11.236 0.121 3.825 11.115 
A3 9819894 ND ND ND ND 
A4 9819908 25.125 0.232 2.086 24.893 
A5 9819919 0.232 0.121 0.122 0.111 
A6 9819917 13.365 0.232 1.952 13.133 
A7 9819910 16.046 0.121 3.061 15.925 
A8 9819887 5.45 0.121 0.438 5.329 
A9 9819907 5.347 0.674 2.214 4.673 
A10 9819885 10.944 0.121 1.05 10.823 
A11 9819889 0.121 0.01 0.119 0.111 
A12 9819914 ND ND ND ND 
A13 9819891 0.232 0.121 0.231 0.111 
A14 9819884 0.232 0.121 0.23 0.111 
A15 9819903 5.962 0.232 0.481 5.73 
A16 9819899 18.616 0.121 2.803 18.495 
A17 9819916 15.187 0.232 4.834 14.955 
A18 9819906 0.232 0.121 0.122 0.111 
A19 9819920 6.37 0.232 0.522 6.138 
A20 9819900 12.013 0.121 1.704 11.892 
A21 9819882 11.334 0.232 4.08 11.102 
A22 9819886 6.268 0.232 1.447 6.036 
A23 9819893 13.269 0.232 4.23 13.037 
A24 9823462 14.804 0.343 5.547 14.461 
A25 9819915 ND ND ND ND 
A26 9819888 15.855 0.453 6.259 15.402 
A27 9819913 13.365 0.232 4.09 13.133 
A28 9819921 13.654 0.343 4.694 13.997 
      
AVERAGE  9.599 0.232 2.335 9.395 
MAX  25.125 0.674 6.259 24.893 
MIN  0.121 0.01 0.119 0.111 
n =  25 25 25 25 
 
Notes: There are no data (ND) for A3, A12 and A25 for this period. These data loggers failed to download on 5 August 2012. 
  



 

 

Q-14 

Q.5.2 Site A Edge Dolines – Period E temperature data 

Table Q-26 Temperature data for Period E: from 12:00 AM on 01 June 2012 to 12:00 AM on 01 July 
2012 - Site A Edge Dolines (number of samples per data logger during this period = 
2881). 

EDGE DOLINES (Period E – 1 
June 2012 – 1 July 2012) 

Data 
logger  

Temp – 
Max (°C) 

Temp – 
Min (°C) 

Monthly Temp – 
Mean (°C) 

Monthly Temp – 
Range (°C) 

A29 9819898 24.835 0.01 7.878 24.825 
A30 9823460 15.473 0.563 6.416 14.91 

A31 No data 
logger 

ND ND ND ND 

A32 9819926 10.846 0.121 2.016 10.725 
A33 9819927 18.331 0.121 5.715 18.21 
      
AVERAGE  17.371 0.204 5.506 17.168 
MAX  24.835 0.563 7.878 24.825 
MIN  10.846 0.01 2.016 10.725 
n =   4 4 4 4 

Q.5.3 Site A Cutblock Dolines – Period E temperature data 

Table Q-27 Temperature data for Period E: from 12:00 AM on 01 June 2012 to 12:00 AM on 01 July 
2012 - Site A Cutblock Dolines (number of samples per data logger during this period = 
2881). 

CUTBLOCK DOLINES (Period E 
– 1 June 2012 – 1 July 2012) Data logger  Temp – 

Max (°C) 
Temp – 

Min (°C) 
Monthly Temp – 

Mean (°C) 
Monthly Temp – 

Range (°C) 
A34 9819905 ND ND ND ND 
A37 9819883 34.058 -2.145 7.573 36.203 
A38 9819892 33.848 0.121 3.46 33.727 
      
AVERAGE  33.953 -1.012 5.517 34.965 
MAX  34.058 0.121 7.573 36.203 
MIN  33.848 -2.145 3.46 33.727 
n =  2 2 2 2 
 
Notes: Data for cutblock doline A34 was omitted from this sampling period due to anomalous data logger readings which 
occurred on 12 June at 12:45 and again at 13:15. 
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Q.5.4 Site A Forest Controls – Period E temperature data 

Table Q-28 Temperature data for Period E: from 12:00 AM on 01 June 2012 to 12:00 AM on 01 July 
2012 - Site A Forest Controls (number of samples per data logger during this period = 
2881). 

FOREST CONTROLS (Period E – 1 
June 2012 – 1 July 2012) Data logger  Temp – 

Max (°C) 
Temp – 

Min (°C) 
Monthly Temp – 

Mean (°C) 
Monthly Temp – 

Range (°C) 
Ac3 9819901         
Ac4 9819909 26.879 0.01 6.301 26.869 
Ac5 9819912 12.98 0.232 5.618 12.748 
Ac6 9819904 13.461 0.232 5.382 13.229 
Ac7 9819890 15.569 0.674 6.816 14.895 
      
AVERAGE  17.222 0.287 6.029 16.935 
MAX  26.879 0.674 6.816 26.869 
MIN  12.98 0.01 5.382 12.748 
n =  4 4 4 4 

Q.5.5 Site A Edge Control – Period E temperature data 

Table Q-29 Temperature data for Period E: from 12:00 AM on 01 June 2012 to 12:00 AM on 01 July 
2012 - Site A Edge Control (number of samples per data logger during this period = 
2881). 

EDGE CONTROL (Period E – 1 June 
2012 – 1 July 2012) 

Data 
logger  

Temp – 
Max (°C) 

Temp – 
Min (°C) 

Monthly Temp – 
Mean (°C) 

Monthly Temp – 
Range (°C) 

Ac8 9819911 16.141 0.784 7.05 15.357 
      
AVERAGE  16.141 0.784 7.05 15.357 
MAX  16.141 0.784 7.05 15.357 
MIN  16.141 0.784 7.05 15.357 
n =   1 1 1 1 

Q.5.6 Site A Cutblock Controls – Period E temperature data 

Table Q-30 Temperature data for Period E: from 12:00 AM on 01 June 2012 to 12:00 AM on 01 July 
2012 - Site A Cutblock Controls (number of samples per data logger during this period = 
2881). 

CUTBLOCK CONTROLS (Period E 
– 1 June 2012 – 1 July 2012) Data logger  Temp – 

Max (°C) 
Temp – 

Min (°C) 
Monthly Temp – 

Mean (°C) 
Monthly Temp – 

Range (°C) 
Ac1 9819897         
Ac2 9819895 31.268 -1.228 8.869 32.496 
      
AVERAGE  31.268 -1.228 8.869 32.496 
MAX  31.268 -1.228 8.869 32.496 
MIN  31.268 -1.228 8.869 32.496 
n =   1 1 1 1 
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Q.6 SAMPLING PERIOD F 

Q.6.1 Site A Forest Dolines – Period F temperature data 

Table Q-31 Temperature data for Period F (“Cloudy day”) – from 0:00 on 28 July 2011 to 0:00 on 29 
July 2011 (24 hours) – Site A Forest Dolines (number of samples per data logger during 
this period = 97). Times for occurrences of maximum temperatures (“Time (Temp Max)”) 
and minimum temperatures (“Time (Temp Min)”) within the sampling period are noted 
according to the 24-hour clock. 

FOREST DOLINES 
(Period F – 28 July 2011 – 
cloudy day) 

Data logger  
Temp – 

Max (°C) 

Time 
(Temp 
Max) 

Temp – 
Min (°C) 

Time 
(Temp 
Min) 

Daily Temp 
– Mean (°C) 

Daily Temp – 
Range (°C) 

A1 9819918 ND ND ND ND ND ND 
A2 9819902 ND ND ND ND ND ND 
A3 9819894 11.819 16:30 7.882 2:00 9.905 3.937 

A4 9819908 11.431 18:00 8.481 02:00 - 
02:30 9.909 2.95 

A5 9819919 11.819 16:30 8.382 2:15 10.28 3.437 
A6 9819917 11.916 16:30 8.481 2:15 10.447 3.435 

A7 9819910 12.207 16:30 8.382 02:15 - 
02:30 10.532 3.825 

A8 9819887 12.11 16:30 8.282 2:15 10.4 3.828 

A9 9819907 11.916 16:30 8.481 01:45 - 
02:30 10.296 3.435 

A10 9819885 11.916 16:30 8.382 2:15 10.303 3.534 
A11 9819889 11.041 16:30 7.582 2:15 9.252 3.459 

A12 9819914 12.013 16:30 8.282 02:00 - 
02:30 10.452 3.731 

A13 9819891 11.528 16:30 8.382 2:00 10.002 3.146 

A14 9819884 12.013 16:30 8.978 02:00 - 
02:15 10.529 3.035 

A15 9819903 11.819 16:30 9.077 2:15 10.519 2.742 

A16 9819899 11.431 
16:15 - 
16:30; 
17:45 

8.481 2:00 10.034 2.95 

A17 9819916 11.625 
16:30; 
17:45 - 
18:00 

9.176 02:00 - 
02:15 10.469 2.449 

A18 9819906 9.768 16:30 7.682 4:15 8.397 2.086 

A19 9819920 11.819 16:30 9.176 02:00 - 
02:30 10.471 2.634 

A20 9819900 11.916 
17:45; 
16:15 - 
16:30 

8.978 2:15 10.536 2.938 

A21 9819882 11.916 16:30 9.176 02:15 - 
02:30 10.569 2.74 

A22 9819886 9.275 16:30 7.481 2:00 8.236 1.794 
A23 9819893 11.334 16:15 9.077 2:15 10.088 2.257 

A25 9819915 11.625 16:30 9.176 02:00 - 
02:30 10.436 2.449 

A26 9819888 11.819 16:30 9.176 02:15 - 
02:30 10.546 2.643 

A27 9819913 11.236 16:30; 
17:45 9.077 

02:00 - 
02:30; 
03:30 

10.007 2.159 

A28 9819921 11.431 16:30 9.077 2:00 10.246 2.354 
        
AVERAGE  11.550  8.592  10.114 2.958 
MAX  12.207  9.176  10.569 3.937 
MIN  9.275  7.481  8.236 1.794 
n =  25  25  25 25 
 
Notes: The data logger for Site A doline A24 was deployed on 18 September 2011, so there is no data (ND) for A24 for this 
sampling period. 
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Q.6.2 Site A Edge Dolines – Period F temperature data 

Table Q-32 Temperature data for Period F (“Cloudy day”) – from 0:00 on 28 July 2011 to 0:00 on 29 
July 2011 (24 hours) – Site A Edge Dolines (number of samples per data logger during 
this period = 97). Times for occurrences of maximum temperatures (“Time (Temp Max)”) 
and minimum temperatures (“Time (Temp Min)”) within the sampling period are noted 
according to the 24-hour clock. 

EDGE DOLINES (Period 
F – 28 July 2011 – cloudy 
day) 

Data logger  
Temp – 

Max (°C) 

Time 
(Temp 
Max) 

Temp – 
Min (°C) 

Time 
(Temp 
Min) 

Daily Temp – 
Mean (°C) 

Daily Temp – 
Range (°C) 

A29 9819898 14.517 16:30 8.082 2:00 10.965 6.435 
A30 9823460       

A31 No data 
logger 

ND ND ND ND ND ND 

A32 9819926 ND ND ND ND ND ND 
A33 9819927 ND ND ND ND ND ND 
        
AVERAGE  14.517  8.082  10.965 6.435 
MAX  14.517  8.082  10.965 6.435 
MIN  14.517  8.082  10.965 6.435 
n =  1  1  1 1 
 
Notes: For dolines A30, A33, and A32, data loggers were not deployed during this sampling period. Data loggers were 
deployed at these dolines on 18 September 2011. No data logger was deployed at doline A31. 

Q.6.3 Site A Cutblock Dolines – Period F temperature data 

Table Q-33 Temperature data for Period F (“Cloudy day”) – from 0:00 on 28 July 2011 to 0:00 on 29 
July 2011 (24 hours) – Site A Cutblock Dolines (number of samples per data logger 
during this period = 97). Times for occurrences of maximum temperatures (“Time (Temp 
Max)”) and minimum temperatures (“Time (Temp Min)”) within the sampling period are 
noted according to the 24-hour clock. 

CUTBLOCK DOLINES 
(Period F – 28 July 2011 
– cloudy day) 

Data logger  
Temp – 

Max 
(°C) 

Time 
(Temp 
Max) 

Temp – 
Min (°C) 

Time 
(Temp 
Min) 

Daily Temp 
– Mean (°C) 

Daily Temp 
– Range (°C) 

A34 9819905 16.808 16:30 5.962 2:15 11.455 10.846 

A37 9819883 16.713 16:30 5.244 02:00 - 
02:15 11.245 11.469 

A38 9819892 17.76 16:30 5.552 2:00 11.394 12.208 
        
AVERAGE  17.094  5.586  11.365 11.508 
MAX  17.76  5.962  11.455 12.208 
MIN  16.713  5.244  11.245 10.846 
n =  3  3  3 3 
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Q.6.4 Site A Forest Controls – Period F temperature data 

Table Q-34 Temperature data for Period F (“Cloudy day”) – from 0:00 on 28 July 2011 to 0:00 on 29 
July 2011 (24 hours) – Site A Forest Controls (number of samples per data logger during 
this period = 97). Times for occurrences of maximum temperatures (“Time (Temp Max)”) 
and minimum temperatures (“Time (Temp Min)”) within the sampling period are noted 
according to the 24-hour clock. 

FOREST CONTROLS 
(Period F – 28 July 2011 – 
cloudy day) 

Data logger  
Temp – 

Max 
(°C) 

Time 
(Temp 
Max) 

Temp – 
Min (°C) 

Time 
(Temp 
Min) 

Daily Temp 
– Mean (°C) 

Daily Temp – 
Range (°C) 

Ac3 9819901 12.304 16:30 8.182 2:00 10.553 4.122 

Ac5 9819912 11.528 16:30; 
18:00 9.077 2:15 10.416 2.451 

Ac6 9819904 12.304 16:30 8.978 
01:30; 
02:00 - 
02:15 

10.67 3.326 

Ac7 9819890 12.013 16:30; 
17:45 9.275 02:00 - 

02:30 10.699 2.738 

        
AVERAGE  12.037  8.878  10.585 3.159 
MAX  12.304  9.275  10.699 4.122 
MIN  11.528  8.182  10.416 2.451 
n =  4  4  4 4 

Q.6.5 Site A Edge Control – Period F temperature data 

Table Q-35 Temperature data for Period F (“Cloudy day”) – from 0:00 on 28 July 2011 to 0:00 on 29 
July 2011 (24 hours) – Site A Edge Control (number of samples per data logger during 
this period = 97). Times for occurrences of maximum temperatures (“Time (Temp Max)”) 
and minimum temperatures (“Time (Temp Min)”) within the sampling period are noted 
according to the 24-hour clock. 

EDGE CONTROL 
(Period F – 28 July 2011 – 
cloudy day) 

Data 
logger  

Temp – 
Max (°C) 

Time 
(Temp 
Max) 

Temp – 
Min (°C) 

Time 
(Temp 
Min) 

Daily Temp – 
Mean (°C) 

Daily Temp – 
Range (°C) 

Ac8 9819911 12.304 16:30 9.373 2:15 10.72 2.931 
        
AVERAGE  12.304  9.373  10.72 2.931 
MAX  12.304  9.373  10.72 2.931 
MIN  12.304  9.373  10.72 2.931 
n = 1 1  1  1 1 
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Q.6.6 Site A Cutblock Controls – Period F temperature data 

Table Q-36 Temperature data for Period F (“Cloudy day”) – from 0:00 on 28 July 2011 to 0:00 on 29 
July 2011 (24 hours) – Site A Cutblock Controls (number of samples per data logger 
during this period = 97). Times for occurrences of maximum temperatures (“Time (Temp 
Max)”) and minimum temperatures (“Time (Temp Min)”) within the sampling period are 
noted according to the 24-hour clock. 

CUTBLOCK CONTROLS 
(Period F – 28 July 2011 – 
cloudy day) 

Data 
logger  

Temp – 
Max 
(°C) 

Time 
(Temp 
Max) 

Temp – 
Min 
(°C) 

Time 
(Temp 
Min) 

Daily Temp 
– Mean (°C) 

Daily Temp 
– Range (°C) 

Ac1 9819897 17.665 16:30 6.166 02:00 - 
02:15 11.617 11.499 

Ac2 9819895 17.665 16:30 6.471 
01:15; 
01:45 - 
02:00 

11.576 11.194 

        
AVERAGE  17.665  6.319  11.597 11.347 
MAX  17.665  6.471  11.617 11.499 
MIN  17.665  6.166  11.576 11.194 
n =   2  2  2 2 

Q.7 SAMPLING PERIOD G 

Q.7.1 Site A Forest Dolines – Period G temperature data 

Table Q-37 Temperature data for Period G (“Sunny day”) – from 0:00 on 10 August 2011 to 0:00 on 
11 August 2011 (24 hours) – Site A Forest Dolines (number of samples per data logger 
during this period = 97). Times for occurrences of maximum temperatures (“Time (Temp 
Max)”) and minimum temperatures (“Time (Temp Min)”) within the sampling period are 
noted according to the 24-hour clock. 

FOREST DOLINES 
(Period G – 10 August 
2011 – sunny day) 

Data logger  
Temp – 

Max 
(°C) 

Time 
(Temp 
Max) 

Temp – 
Min (°C) 

Time 
(Temp 
Min) 

Daily Temp 
– Mean (°C) 

Daily Temp – 
Range (°C) 

A1 9819918 ND ND ND ND ND ND 
A2 9819902 ND ND ND ND ND ND 

A3 9819894 16.523 13:30 5.52 07:00 - 
07:15 9.213 11.003 

A4 9819908 20.138 16:15 5.962 
02:15 - 
02:30; 
07:15 

9.674 14.176 

A5 9819919 15.473 14:45 5.86 02:15; 
07:15 9.674 9.613 

A6 9819917 17.475 16:00 5.86 2:15 9.894 11.615 
A7 9819910 19.187 14:45 5.655 2:15 10.001 13.532 

A8 9819887 17.284 12:30 5.757 
02:15; 
07:00 - 
07:15; 

9.744 11.527 

A9 9819907 14.325 14:40 5.962 02:15; 
07:15 9.5 8.363 

A10 9819885 15.569 14:00 5.962 07:00 - 
07:15 9.833 9.607 

A11 9819889 14.613 15:00 6.064 06:45 - 
07:15 9.586 8.549 

A12 9819914 15.187 16:30 5.552 02:15 - 
02:30 9.759 9.635 

A13 9819891 18.711 16:15 - 
16:30 6.471 06:45 - 

07:15 10.053 12.24 

A14 9819884 20.424 14:15 6.573 06:45 - 
07:00 10.271 13.851 

A15 9819903 19.187 16:15 6.674 7:15 10.336 12.513 

A16 9819899 15.091 14:15 6.573 07:00 - 
07:15 9.883 8.518 
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FOREST DOLINES 
(Period G – 10 August 
2011 – sunny day) 

Data logger  
Temp – 

Max 
(°C) 

Time 
(Temp 
Max) 

Temp – 
Min (°C) 

Time 
(Temp 
Min) 

Daily Temp 
– Mean (°C) 

Daily Temp – 
Range (°C) 

A17 9819916 15.664 16:00 6.775 06:45; 
07:15 10.281 8.889 

A18 9819906 12.497 14:15 6.471 7:15 9.091 6.026 

A19 9819920 19.853 16:00 6.877 
06:45; 
07:15 - 
07:45 

10.459 12.976 

A20 9819900 15.76 15:30 6.674 07:00 - 
07:15 10.224 9.086 

A21 9819882 18.806 12:45 6.775 07:15 - 
07:30 10.269 12.031 

A22 9819886 11.819 15:30 6.573 7:15 8.621 5.246 

A23 9819893 13.75 13:45 7.481 06:45 - 
07:45 10.033 6.269 

A25 9819915 19.377 14:45 6.978 
06:45; 
07:15 - 
07:45 

10.312 12.399 

A26 9819888 21.378 14:15 7.079 

06:30 - 
0645; 

07:15 - 
07:45 

10.429 14.299 

A27 9819913 14.038 15:15 6.978 7:30 9.912 7.06 

A28 9819921 14.996 14:45 6.978 

06:30 - 
06:45; 
07:15 - 
07:45 

9.8 8.018 

        
AVERAGE  16.685  6.403  9.874 10.282 
MAX  21.378  7.481  10.459 14.299 
MIN  11.819  5.52  8.621 5.246 
n =  25  25  25 25 
 
Notes: The data logger for Site A doline A24 was deployed on 18 September 2011, so there is no data (ND) for A24 for this 
sampling period. 
  



 

 

Q-21 

Q.7.2 Site A Edge Dolines – Period G temperature data 

Table Q-38 Temperature data for Period G (“Sunny day”) – from 0:00 on 10 August 2011 to 0:00 on 
11 August 2011 (24 hours) – Site A Edge Dolines (number of samples per data logger 
during this period = 97). Times for occurrences of maximum temperatures (“Time (Temp 
Max)”) and minimum temperatures (“Time (Temp Min)”) within the sampling period are 
noted according to the 24-hour clock. 

EDGE DOLINES (Period 
G – 10 August 2011 – 
sunny day) 

Data logger  
Temp – 

Max (°C) 

Time 
(Temp 
Max) 

Temp – 
Min (°C) 

Time 
(Temp 
Min) 

Daily Temp 
– Mean (°C) 

Daily Temp – 
Range (°C) 

A29 9819898 27.665 16:15 6.166 06:15 - 
06:45 12.295 21.499 

A30 9823460       

A31 No data 
logger 

ND ND ND ND ND ND 

A32 9819926 ND ND ND ND ND ND 
A33 9819927 ND ND ND ND ND ND 
        
AVERAGE  27.665  6.166  12.295 21.499 
MAX  27.665  6.166  12.295 21.499 
MIN  27.665  6.166  12.295 21.499 
n =  1  1  1 1 
 
Notes: For dolines A30, A33, and A32, data loggers were not deployed during this sampling period. Data loggers were 
deployed at these dolines on 18 September 2011. No data logger was deployed at doline A31. 

Q.7.3 Site A Cutblock Dolines – Period G temperature data 

Table Q-39 Temperature data for Period G (“Sunny day”) – from 0:00 on 10 August 2011 to 0:00 on 
11 August 2011 (24 hours) – Site A Cutblock Dolines (number of samples per data logger 
during this period = 97). Times for occurrences of maximum temperatures (“Time (Temp 
Max)”) and minimum temperatures (“Time (Temp Min)”) within the sampling period are 
noted according to the 24-hour clock. 

CUTBLOCK DOLINES 
(Period G – 10 August 
2011 – sunny day) 

Data logger  
Temp – 

Max 
(°C) 

Time 
(Temp 
Max) 

Temp – 
Min 
(°C) 

Time 
(Temp 
Min) 

Daily Temp 
– Mean (°C) 

Daily Temp 
– Range (°C) 

A34 9819905 33.222 15:00 3.788 2:15 13.346 29.434 

A37 9819883 29.252 15:00 2.41 06:00 - 
06:15 12.471 26.842 

A38 9819892 35.222 14:15 3.261 
06:00; 
06:30 - 
06:45 

14.549 31.961 

        
AVERAGE  32.565  3.153  13.455 29.412 
MAX  35.222  3.788  14.549 31.961 
MIN  29.252  2.41  12.471 26.842 
n =  3  3  3 3 
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Q.7.4 Site A Forest Controls – Period G temperature data 

Table Q-40 Temperature data for Period G (“Sunny day”) – from 0:00 on 10 August 2011 to 0:00 on 
11 August 2011 (24 hours) – Site A Forest Controls (number of samples per data logger 
during this period = 97). Times for occurrences of maximum temperatures (“Time (Temp 
Max)”) and minimum temperatures (“Time (Temp Min)”) within the sampling period are 
noted according to the 24-hour clock. 

FOREST CONTROLS 
(Period G – 10 August 2011 
– sunny day) 

Data 
logger  

Temp – 
Max 
(°C) 

Time 
(Temp 
Max) 

Temp – 
Min (°C) 

Time 
(Temp 
Min) 

Daily Temp 
– Mean (°C) 

Daily Temp 
– Range (°C) 

Ac3 9819901 21.091 16:00 5.244 2:15 10.035 15.847 
Ac5 9819912 16.713 15:00 6.573 7:15 10.287 10.14 

Ac6 9819904 19.948 15:30 6.37 06:45; 
07:15 10.356 13.578 

Ac7 9819890 18.806 15:45 6.877 
06:30 - 
06:45; 
07:30 

10.559 11.929 

        
AVERAGE  19.140  6.266  10.309 12.874 
MAX  21.091  6.877  10.559 15.847 
MIN  16.713  5.244  10.035 10.14 
n =  4  4  4 4 

Q.7.5 Site A Edge Control – Period G temperature data 

Table Q-41 Temperature data for Period G (“Sunny day”) – from 0:00 on 10 August 2011 to 0:00 on 
11 August 2011 (24 hours) – Site A Edge Control (number of samples per data logger 
during this period = 97). Times for occurrences of maximum temperatures (“Time (Temp 
Max)”) and minimum temperatures (“Time (Temp Min)”) within the sampling period are 
noted according to the 24-hour clock. 

EDGE CONTROL (Period 
G – 10 August 2011 – 
sunny day) 

Data logger  Temp – 
Max (°C) 

Time 
(Temp 
Max) 

Temp – 
Min (°C) 

Time 
(Temp 
Min) 

Daily Temp 
– Mean (°C) 

Daily Temp – 
Range (°C) 

Ac8 9819911 18.616 12:15 6.978 07:15 - 
07:30 10.969 11.638 

        
AVERAGE  18.616  6.978  10.969 11.638 
MAX  18.616  6.978  10.969 11.638 
MIN  18.616  6.978  10.969 11.638 
n =  1  1  1 1 
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Q.7.6 Site A Cutblock Controls – Period G temperature data 

Table Q-42 Temperature data for Period G (“Sunny day”) – from 0:00 on 10 August 2011 to 0:00 on 
11 August 2011 (24 hours) – Site A Cutblock Controls (number of samples per data 
logger during this period = 97). Times for occurrences of maximum temperatures (“Time 
(Temp Max)”) and minimum temperatures (“Time (Temp Min)”) within the sampling 
period are noted according to the 24-hour clock. 

CUTBLOCK CONTROLS 
(Period G – 10 August 2011 – 
sunny day) 

Data logger  
Temp – 

Max 
(°C) 

Time 
(Temp 
Max) 

Temp – 
Min 
(°C) 

Time 
(Temp 
Min) 

Daily Temp 
– Mean (°C) 

Daily Temp 
– Range (°C) 

Ac1 9819897 31.064 14:00 - 
14:15 3.261 2:30 13.509 27.803 

Ac2 9819895 28.754 15:45 3.578 02:30; 
06:00 14.043 25.176 

        
AVERAGE  29.909  3.420  13.776 26.490 
MAX  31.064  3.578  14.043 27.803 
MIN  28.754  3.261  13.509 25.176 
n =   2  2  2 2 
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Appendix R: Managing the “Average Doline”  

If the “average doline” (described in Chapter 10) is situated in an area to be 

logged, what type of management measures might it receive? How do BC’s 

published best management practices (BMPs) and actual performance on the ground 

for features like the “average doline” compare to those in other jurisdictions? This 

appendix attempts to answer these questions. 

R.1 MANAGING THE “AVERAGE DOLINE” IN BC 
ACCORDING TO PUBLISHED PROVINCIAL BEST 
PRACTICES 

Two factors determine how a doline will be managed according to BC’s 

published management guideline documents. These factors are: 1) the doline’s 

“significance” according to the Karst Inventory Standards and Vulnerability 

Assessment Procedures for British Columbia (KISVAP) (Resources Information 

Standards Committee, 2003) procedure; and 2) the karst vulnerability rating of the 

broader landscape in which the doline is situated (see Appendix B; otherwise, see 

Resources Information Standards Committee, 2003, pp. 46-67).  

The Karst Management Handbook for British Columbia (KMH) recommends 

that karst landscapes or polygons rated as Very High Vulnerability be excluded from 

primary forestry activities, including timber harvesting (see British Columbia 

Ministry of Forests, 2003, p. 36). Dolines situated in Very High Vulnerability karst 

terrain therefore receive the highest level of protection, irrespective of their size or 

their significance ratings for other attributes.  

In Low, Moderate, or High vulnerability karst terrain, the next highest levels 

of protection recommended for dolines are accorded to:  

a) dolines enclosing significant cave entrances (see British Columbia 

Ministry of Forests, 2003, p. 22); and 

b)  dolines “large enough to create their own microclimate” (see British 

Columbia Ministry of Forests, 2003, p. 26). 

For these dolines, the KMH recommends a minimum two-tree-length23 (~ 80 m) 

standing timber reserve with “an adjacent management zone of an appropriate size to 

                                                
23 Based on the average height of the dominant and co-dominant trees at 100 years (British Columbia 
Ministry of Forests, 2003, p. 26). 
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protect the reserve from windthrow” (British Columbia Ministry of Forests, 2003, p. 

26). This approach is illustrated in Figure R-1, below. 

Figure R-1 Recommended best practices for dolines (“sinkholes”) 1) enclosing significant cave 
entrances (British Columbia Ministry of Forests, 2003, pp. 22-23); or 2) “large enough to 
create their own microclimate” (see British Columbia Ministry of Forests, 2003, p. 26-27). 
The doline has a wind-irm two-tree-length (~ 80-m) standing timber reserve, as measured 
outward from the doline rim (marked with an arrow labeled “RZ”). An adjacent 
management zone (marked with an arrow labeled “MZ” is of sufficient size and 
configuration to protect the reserve from windthrow. 

For dolines classified as “significant surface karst features, but not large 

enough to create their own microclimate”, the KMH recommends a minimum one-

tree-length (~ 40 m) standing timber reserve with an adjacent management zone to 

protect the reserve from windthrow (see British Columbia Ministry of Forests, 2003, 

p. 26).  

All other dolines may be logged though they receive step-wise recommended 

management consideration based on the vulnerability rating of the surrounding karst 

landscape, see British Columbia Ministry of Forests, 2003, pp. 45-48; see also 

Appendix B. Clusters of dolines small enough24 to be classified as “minor surface 

karst features” may be treated as a single feature, in which case the recommended 

best practices are to: a) avoid the cluster during skid trail construction; b) falling and 
                                                
24 i.e., dolines with greatest dimensions less than 5 m. 
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yarding trees away from the cluster; c) removing introduced logging debris from the 

cluster; and d) retaining any non-merchantable vegetation in and around the cluster 

(British Columbia Ministry of Forests, 2003, p. 46). The “average doline” can not be 

classified as a minor surface karst feature according to the KMH criteria because its 

greatest dimension is greater than 5 m. 

If the “average doline” is not a) part of a cluster of minor surface karst 

features; b) has a neither a cave entrance nor a distinctive microclimate in the sense 

intended by the KMH (see British Columbia Ministry of Forests, 2003, p. 26); or c) 

situated in Very High Vulnerability karst terrain, then the level of protection it will 

receive depends on its KISVAP “significance” rating. Table R-1, below, shows the 

potential significance rating for the “average doline”, based on the KISVAP 

significance criteria (Resources Information Standards Committee, 2003, pp. 78-81). 

Table R-1 Potential significance rating for the “average doline” and/or doline A5, based on the 
Karst Inventory Standards and Vulnerability Assessment Procedures for British 
Columbia (KISVAP) significance criteria (Resources Information Standards Committee, 
2003, pp. 78-81). The method for assessing the significance of karst features (with 
special reference to dolines) is described in Appendix B, Section B.2.2 of this thesis. 

VALUE Ranking 
Connectivity High 
Hydrology High 
Dimensional characteristics Low 
Biological values Unknown 
Geological values Low 
Rarity/abundance Low 
Recreational and commercial values Low 
Archaeological, cultural, and historical values Low 
Scientific and educational values Unknown 
Visual quality Low 

 

If the inherent hydrological function and enhanced surface-subsurface 

connectivity of dolines are recognized by the assessor, the KISVAP procedure 

should produce a rating of at least “potentially significant” for all dolines. The final 

significance determination for dolines rests with the assessor, who, under BC’s 

professional reliance model, is presumed to be adequately qualified.25 Rankings for 

other criteria may increase this significance rating. 

                                                
25 Recommended qualifications for persons conducting Karst Field Assessments in BC include 
completion of the three-day Resources Information Standards Committee (RISC) Karst Field 
Assessment Training Course (see British Columbia Ministry of Forests, 2003, p. 15). Additional 
guidelines are provided in KISVAP (see Resources Information Standards Committee, 2003, p. 69). 
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Figure R-2, below, shows what the KMH recommended best practices for 

managing the “average doline” would look like if it is deemed to be a “significant 

surface karst feature.” 

 Figure R-2 Diagram showing recommended best management practices for a doline classified as a 
“significant surface karst feature”, but not enclosing a significant cave entrance and/or 
not large enough to generate its own microclimate. The management strategy consists 
of a 1-tree-length (~ 40 m) windfirm standing timber reserve (shown by the red arrow 
labeled “RZ”) as measured outward from the doline’s rim, plus an adjacent management 
zone (indicated by the yellow arrow labeled “MZ”) of sufficient size and design to protect 
the reserve from windthrow (British Columbia Ministry of Forests, 2003, p. 26). 

If the “average doline” is not classified as a significant surface karst feature, 

then it receives no full retention standing timber reserve. Typical examples of logged 

dolines not classified as significant surface karst features are shown below in Figure 

R-3. 
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Figure R-3 Typical examples of the management of BC dolines not classified by foresters as 
significant surface karst features. The photos above show: A) a larger-than-“average” 
logged doline on northeastern Vancouver Island; B) a smaller-than-“average” logged 
doline on north-central Vancouver Island; C) and D) larger-than-“average” logged 
dolines on northwestern Vancouver Island; E) and F) “average”-sized dolines on a 
northern Gulf Island. Actual management involves clearcutting, irrespective of a doline’s 
relative size. 

R.2 COMPARING BC’S BEST MANAGEMENT PRACTICE 
GUIDELINES FOR THE “AVERAGE DOLINE” TO 
THOSE IN SOME OTHER JURISDICTIONS 

How do BC’s published recommended best practice guidelines for the 

“average doline” compare to those of some other jurisdictions, assuming that it is 

situated a) in old growth forests; and b) on publicly-owned and administered lands?  



 

 

R-6 

Let us first consider cases where the typical approach to forestry involves 

clearcutting with standing timber reserves. Three jurisdictions that use this approach 

are Southeast Alaska (USA), the Australian state of Tasmania, and the Canadian 

province of Manitoba. Of these three jurisdictions, only two – Southeast Alaska and 

Tasmania – have temperate rainforest karst. 

If the “average doline” were located on federal forestlands in Southeast 

Alaska, it would automatically receive a 100-foot (~ 30.5 m) buffer (Baichtal, pers. 

comm., 2014; see also United States Department of Agriculture, 2008, Appendix 

H).26 This approach is based on the need to protect cave resources in accordance with 

the Federal Cave Resources Protection Act (1988) rather than dolines or other 

surface karst features in and of themselves (Baichtal, pers. comm., 2014; United 

States Department of Agriculture, 2008). Essentially, this approach recognizes the 

enhanced surface-subsurface connectivity of sinkholes (i.e., dolines) (and other types 

of surface karst features) and seeks to limit the mobilization and transfer of 

sediments into the subsurface (see United States Department of Agriculture, 2008, 

Appendix H, p. H-5).  

Tasmania’s Forest Sinkhole Manual (Kiernan, 2002, p. 19) states that for any 

doline, “The minimum buffer width is 10 m” (i.e., as measured outward from the 

doline rim).27 The manual goes on to point out that wider reserves may be required to 

provide adequate protection (in recognition of dolines’ hydrological function and 

connectivity to the subsurface) and that, 

The objectives of retaining vegetation in sinkholes will be 
compromised if excessively close harvesting allows retained trees to 
be toppled by the wind, tearing up their roots and the surrounding 
soil. Exclusion zones must be sufficiently wide to preclude this 
happening (Kiernan, 2002, p. 19). 

Reserves (or exclusion widths) should be extended where slope conditions 

warrant. Figure R-4, below, shows the sinkhole exclusion zone widths for dolines on 

slopes as recommended in Tasmania’s Forest Sinkhole Manual (Kiernan, 2002). 

  

                                                
26 The exceptions to this approach are “relatively minor, isolated features”, which are to be assessed 
individually by karst specialists (see United States Department of Agriculture, 2008, Appendix H, p. 
H-5).  
27 A new set of sinkhole management guidelines has apparently been recently introduced in Tasmania 
(McIntosh, 2014, pers. comm.). 
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Figure R-4 Tasmania’s Forest Sinkhole Manual specifies buffer or exclusion zone widths for dolines 
located on slopes. Tasmania’s system is based on riparian buffers in recognition of the 
hydrological functions and sediment transport capacities of dolines. No doline receives 
less than Class 4 stream protection under this system (Kiernan, 2002, p. 21). Source: 
Kiernan (2002, p. 23). 

The examples of doline management above are all from jurisdictions with 

temperate rainforest karst. By comparison, the Canadian Province of Manitoba 

recommends a 15 m no-harvest buffer extending from a sinkhole’s edge; no 

minimum size range of sinkhole is specified for this treatment in its published 

guidelines. The management objectives listed for these buffers are 1) safety; 2) water 

quality; 3) maintain the integrity of unique habitat. (Government of 

Manitoba/Manitoba Conservation, 2010, p. 10; Keenan (2014, pers. comm.)). 

New Zealand no longer permits logging of old growth forest on public 

conservation lands, hence dolines located in these forest settings are not subject to 

any form of timber harvesting (Arand, 2014, pers. comm.). 

Logging does occur in dolines in Slovenia, but there is an important 

difference in Slovenia’s harvesting method, which is generally based on single stem 

selection with ~ 85% retention of standing timber. Because forest cover on karst is 

kept largely intact, there is no need to establish dedicated standing timber reserves or 

buffers for dolines (Habič, pers. comm., 2014). 



 

 

R-8 

The different management approaches for dolines on publicly-owned 

forestlands discussed above are compared below in Table R-2. 

Table R-2 Table comparing different forestry management approaches for dolines in old growth 
forests on public lands in BC, Southeast Alaska, Tasmania, New Zealand, the Canadian 
Province of Manitoba, and Slovenia. 

MANAGEMENT APPROACH 
Jurisdictions or situations 
in BC where this approach 

is used or recommended 
Circumstances 

Is the approach 
mandatory? 

No harvesting on karst New Zealand Old growth forest, public land Yes 
 BC Karst polygons with “very high 

vulnerability” ratings 
No 

~ 85% retention; single stem 
selection 

Slovenia All clearcutting is forbidden Yes 

Single stem selection BC In rare instances on private 
timberlands around exceptional 

features  

No 

Standing timber buffers/reserves 
around dolines in clearcuts 

Tasmania (10-m minimum 
buffers around all dolines) 

?** ?** 

 Province of Manitoba 
(Canada) (15 m minimum 

buffers) 

Yes Yes 

 Southeast Alaska (100-
ft/30.5-m buffers 

Public land  

 BC (one-tree-length/40- m 
buffers)* 

Dolines classified as “significant 
surface karst features” 

No 

 BC (two-tree-length/80- m 
buffers)* 

Dolines large enough to create their 
own microclimates” 

No 

 BC (two-tree-length/80- m 
buffers)* 

Dolines enclosing “significant cave 
entrances” 

No 

Clearcut logging, but with 
special provisions such as 
recovering logging slash and 
other debris introduced to 
sinkholes (i.e., dolines); keeping 
vehicle wheels or tracks at least 
5 m from doline rims;  
(British Columbia Ministry of 
Forests, 2003, p. 47) 

BC Any doline not located in very high 
vulnerability karst and either: a) not 

classified as “significant surface 
karst features”; or b) not large 

enough to create its own 
microclimate”; or c) not enclosing a 

“significant cave entrance.” 

No 

 
Notes: *Reserves are to be surrounded by management zones of variable widths when there is an assessed windthrow hazard. 
** New guidelines may be in effect (see McIntosh, 2014). 

 

For dolines situated on Very High Vulnerability karst, BC’s recommended 

best practices are equal to those of New Zealand, at least for old growth forests. 

Among the jurisdictions that use a “clearcut/buffer” system for managing dolines, the 

buffer sizes recommended by BC’s best practices guidelines for dolines classified as 

a) “significant surface karst features”; b) “large enough to create their own 

microclimates”; and c) “enclosing significant cave entrances” exceed the default 

minimum buffer sizes recommended in Tasmania, the Province of Manitoba, and on 

federal lands in Southeast Alaska. On the other hand, Tasmania, Province of 

Manitoba, and Southeast Alaska recommend default buffers for all dolines, whereas 

BC only recommends buffers for dolines that fall into the classifications listed above.  
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Table R-3, below, compares different silviculture approaches to managing 

dolines on public lands with the Karst Management Handbook for British Columbia 

(KMH) karst management strategy objectives. 

Table R-3 Table ranking likely effectiveness of different silviculture approaches to doline 
management on public lands with the Karst Management Handbook for British Columbia 
(KMH) karst management strategy objectives. The KMH (British Columbia Ministry of 
Forests, 2003, p. 13) states that, “The recommended best management practices in this 
handbook are designed to promote sustainable forest practices on karst landscapes and 
achieve the following objectives, while minimizing impacts to timber supply and 
operational costs.” 

KMH OBJECTIVE 
(see British Columbia 
Ministry of Forests 
(2003, p. 13). 
 

No logging on karst 
(e.g., New Zealand 

and BC dolines 
situated in Very High 

Vulnerability karst 
terrain) 

Single Stem Selection 
with ~ 85% Retention 

(e.g., Slovenia) 

Mandatory minimum 
buffer or standing 

timber reserve (e.g., 
Alaska, Tasmania*, 

Province of Manitoba, 
and some dolines in 

BC) 

Clearcut with stumps 
(may be applicable 

actual practice for a 
majority of logged 

dolines in BC) 

Maintain capacity of 
karst landscapes to 
regenerate healthy 
and productive forests 
after harvesting; 

Not applicable High Unknown  Unknown 

Maintain the high 
level of biodiversity 
associated with karst 
ecosystems, including 
surface and 
subsurface habitats; 

Yes Yes Unknown Unknown 

Maintain the natural 
flows and water 
quality of karst 
hydrological systems; 

Yes Yes Unknown Low 

Maintain the natural 
rates of air exchange 
between surface and 
subsurface; 

Yes Yes Unknown Unknown 

Manage and protect 
significant surface 
karst features (e.g., 
sinkholes, sinking 
streams, springs and 
cave entrances) and 
subsurface resources 
(e.g., caves, 
underground streams, 
and subterranean 
fauna); and 

Yes Yes Unknown Unknown 

Provide recreational 
opportunities where 
appropriate. 

Yes Yes Unknown Low  

 
Note: *Newer guidelines may now be in effect (McIntosh, 2014). 
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R.3 ACTUAL MANAGEMENT PRACTICES FOR THE 
“AVERAGE DOLINE” IN COASTAL BC 

Published best practice guidelines in the KMH do not necessarily reflect 

actual doline management practices on the ground. The recommended best practices 

are voluntary. In BC, dolines that clearly merit significance ratings of “high” for at 

least two Karst Inventory Standards and Vulnerability Assessment Procedures for 

British Columbia (KISVAP) significance criteria are routinely clearcut or given 

reserves much smaller than the KMH recommends. A recent example occurred in 

2012 when a section of the forest surrounding the regionally significant cenote-like 

Devil’s Bath was clearcut to the feature’s rim. This activity occurred within 20 m of 

a large sign describing the feature as a recreation site. On this sign, the licensee is 

listed, along with the BC government (i.e., Recreation Sites and Trails BC), and the 

Regional District of Mount Waddington, as the partners operating and maintaining 

the site. The nearby recreation site consists of a parking lot, a trail system leading to 

features such as caves and springs connected to the Devil’s Bath, as well as an 

interpretive sign describing the Devil’s Bath, its underlying cave system, and its 

regional significance. The clearcut area is easily visible from the viewing platform 

overlooking the Devil’s Bath. The recent 2 ha clearcut area added to the previous 

harvesting activities since 1972. Only about 9.7% of the natural area around the 

feature remains intact. 

Figure R-5, below, shows assorted photos taken in and around the Devil’s 

Bath. 
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 Figure R-5 Montage of images from the Devil’s Bath, a large cenote-like feature on Northern 
Vancouver Island. A) Aquatic plants growing near the east wall of the Devil’s Bath. 
Bedding is visible in the background. B) A sundew plant (probably Drosera rotundifolia) 
growing on one of the floating logs in the Devil’s Bath. The bedrock walls of the feature 
are reflected in the water near the top of the frame. C) A small but diverse plant 
community growing on another log floating in the Devil’s Bath. D) Bedrock walls of the 
northeast end of the Devil’s Bath. The forest on this side of the Bath was clearcut in the 
1980s. Only about 9.7% of the natural area surrounding this feature remains intact today. 
E) Bedding on the western wall of the Devil’s Bath. Though interesting from a structural 
geology perspective, the mirror-image reflections of these features in the still waters of 
the Bath also contribute to the high aesthetic value of the feature. F) The Devil’s Spring. 
Water exits the Devil’s Bath system via this spring and enters the Benson River. 

Figure R-6, below, is an aerial view of the Devil’s Bath taken in 2013. The 

doline lake and viewing platform are labeled. Timber harvesting removed trees up to 

the rim of the feature. 
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Figure R-6 Aerial view of the Devil’s Bath showing part of the 2012 clearcut harvesting on this 
regionally significant feature’s rim. The viewing platform, installed in 1997, and 
refurbished in 2009 with the addition of an interpretive sign kiosk, is marked. Source: 
Ramsey et al. (in review). 

The Devil’s Bath case is important because it sets both a benchmark and a 

precedent in terms of what government and licensees deem to be significant and 

worthy of protection.28 Given that a regionally-significant doline like the Devil’s 

Bath can be clearcut in coastal BC, notwithstanding the Government Actions 

Regulation (GAR) orders designed to protect them, and without invoking the 

prohibitions of Section 70 of the Forest Planning and Practices Regulation (described 

in Appendix A), the most likely scenario for the “average doline” is that no standing 

timber reserve will be provided. Typical examples of how any doline is likely be 

managed in BC are shown in Figure R-7, below. 

  

                                                
28 The Devil’s Bath would be an interesting case study in terms of cumulative impacts. 
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Figure R-7 Typical examples of actual doline management on Northern Vancouver Island. 

Because the recommended standards and best practices in BC’s karst 

management guideline documents are seldom followed or implemented, it is difficult 

to assess whether or not they could be effective. No public reports on the 

effectiveness of current forest practices for karst have been forthcoming from the 

Forest and Range Evaluation Program (FREP)29 in the decade since the Forest and 

Range Practices Act (FRPA) was introduced.  

One approach to doline management that has evolved during BC’s era of 

“results-based” forestry regime is “high-stumping” or “stump-henging” (an example 

is shown in Figure 11-11 in Chapter 11). The high stumping or stump-henging 

approach to managing dolines consists of clearcutting the features but leaving 

slightly higher stumps in and about the features.  

The effectiveness of high stumping as a sound management practice for 

dolines in relation to timber harvesting has not been demonstrated. High stumping 

may be effective in protecting workers and machinery from dolines as topographic 

depression hazards. Dolines with bottoms consisting only of compacted till over void 

spaces do occur on Northern Vancouver Island, but the extent to which these types of 

dolines pose a collapse hazard to workers and equipment is not currently known. 
                                                
29 See Section A.4.2, Appendix A. 
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Most of the dolines at the three thesis study sites appeared to be solutional dolines 

that would pose no hazards to workers. 

 



 

 

S-1 

Appendix S: Doline Management in BC – A Critique 

The recommended best practice guidelines in the Karst Management 

Handbook for British Columbia (British Columbia Ministry of Forests, 2003) 

provide levels of protection for some dolines (i.e., those that are deemed exceptional 

or significant in some way) that are equal to, or higher than, those recommended by 

other jurisdictions with temperate rainforest karst that use a clearcutting-and-reserves 

approach (i.e., the Australian State of Tasmania and Southeast Alaska). However, 

BC’s guideline documents also recommend lower levels of management for the 

majority of dolines than other jurisdictions with temperate rainforest karst, because 

these other jurisdictions recommend buffers for all dolines.  

Factors contributing to BC’s lower levels of doline management include: 1) 

problems with the Karst Inventory Standards and Vulnerability Assessment 

Procedures for British Columbia (KISVAP) (Resources Information Standards 

Committee, 2003) “significance” rating procedure for dolines; 2) failure to identify 

the overarching priority value or attribute being managed for in dolines; 3) a 

disproportionate emphasis on the dimensional characteristic criterion when assessing 

doline significance; 4) failure to emphasize the connectivity and hydrological 

functions of dolines within the karst system, including those of dolines that lack cave 

entrances, atmospheric openings or swallets; and 5) the problem of clusters of 

dolines not classified as “significant” according to the KISVAP criteria. Each of 

these factors is discussed in greater detail below. 

S.1 PROBLEMS WITH THE KISVAP PROCEDURE FOR 
DETERMINING THE SIGNIFICANCE OF DOLINES 

There are a number of problems with the KISVAP significance procedure, 

particularly as it relates to dolines. One of these is that the procedure is (explicitly) 

qualitative, subjective, and ultimately dependent on the knowledge and experience of 

the field worker (see Resources Information Standards Committee, 2003, p. 81). 

What this means is that different field workers may arrive at different significance 

ratings for any given feature, based on differences in knowledge and experience with 

karst. Leaving aside the question of whether “size” of dolines is, or should be, a 

relevant consideration in terms of managing for the functional characteristics of 

dolines, the lack of morphometric studies of BC dolines makes applying the 
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KISVAP “Dimensional Characteristics” criterion problematic, particularly when 

fieldworkers tasked with assessing a doline’s significance have limited experience 

with dolines in a given geographic area. The lack of specific well-defined 

morphometric parameters and measuring protocols for dolines is also problematic, 

since it means that reported dimensions are not necessarily consistent or repeatable 

between fieldworkers, or even by one fieldworker on different visits to the same 

doline.  

The Karst Inventory Standards and Vulnerability Assessment Procedures for 

British Columbia (KISVAP) significance criteria serve a useful purpose in karst 

inventories by identifying or acknowledging any special attributes or values that may 

be associated with particular surface karst features including dolines. The question is, 

do they provide a sound stand-alone basis for determining the level of management 

consideration a given doline will receive?  

From a purely functional standpoint, dolines are neither inherently 

“significant” nor “non-significant.” Functionally, dolines are sites of accelerated 

corrosion and enhanced transfer of materials from surface to subsurface. It is these 

inherent qualities that should be the primary basis for doline management. The 

minimum management measures to protect the functional qualities of dolines should 

be adjusted to accommodate any exceptional KISVAP criteria values as a secondary 

step. 

S.2 WHAT DOLINE ATTRIBUTES OR VALUES ARE 
ACTUALLY BEING MANAGED IN BC? 

BC’s current management framework for karst is predicated on a silviculture 

system of clearcutting with reserves. Standing timber reserves are used to manage 

only those discrete surface or subsurface karst features deemed ‘significant’ enough 

to warrant such protection. Leaving aside the question of whether the clearcut-with-

standing-timber-reserve approach is optimal for managing karst at the systems level, 

BC’s key provincial guideline documents and standards for karst management still 

do not identify a single over-arching primary value, attribute or limiting factor that 

standing timber reserves (or “buffers”) are supposed to protect in the case of discrete 

features such as dolines. Is it the feature’s physical structure? Its hydrological 

function? Microclimate? Soil stability? Karst processes? Biodiversity? Resolving this 

question is important because the buffer size or shape needed to ensure protection of, 
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say, a doline’s physical structure or soil stability might be quite different from the 

buffer (or reserve) size and shape needed to protect its microclimate.  

It is not currently known whether the reserve sizes specified by the Karst 

Management Handbook for British Columbia (KMH) corresponding to certain 

significance classifications are adequate, inadequate, or excessive to their stated 

purposes. For example, does an isolated 4-m diameter, 2-m deep doline with no 

exceptional values other than the fact it is a doline really require a one tree-length 

reserve plus adjacent windfirm management zone for adequate protection? How 

large a buffer size is required to protect a doline with significant archaeological 

values? Is the same sized buffer adequate to protect dolines with, say, exceptional 

biological or recreational values? At present, the answers to such questions are still 

not known.  

S.3 DISPROPORTIONATE EMPHASIS ON KISVAP’S 
“DIMENSIONAL CHARACTERSITICS” CRITERION 

 “Dimensional characteristics” is one of the ten criteria used to assess the 

significance of surface karst features (including dolines) in the Karst Inventory 

Standards and Vulnerability Assessment Procedures For British Columbia 

(KISVAP) (Resources Information Standards Committee, 2003). However, there is a 

tendency in BC to assign disproportionate weight to the dimensional criterion when 

assessing the significance of a surface karst feature, despite the fact that there are 

nine other criteria to consider.  

This tendency is to some extent fostered by KISVAP itself. For example, 

under the headings “Significance Criteria: Dimensional Characteristics” (Resources 

Information Standards Committee, 2003, p. 79), it is stated that,  

As a general rule, the greater the dimensions, the greater the 
significance; however, this criterion can be strongly tempered by 
rarity…a 20 m diameter by 15 m diameter deep sinkhole that is 
common in one location would likely not be as significant as the 
same-sized sinkhole that is rare in another location. 

The statement that dimensional significance can be “strongly tempered by 

rarity” is odd. By extending the logic of this reasoning, one might, for example, 

conclude that a series of massive dolines of the size of Velika Dolina in the vicinity 
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of Škocjanske Jame World Heritage Site are less significant simply because there are 

many of them in a given area.  

KISVAP’s emphasis on larger-sized features also extends to its “Hydrology” 

criterion: 

The size of karst lakes and ponds is the principal factor in 
determining their significance; in general, the larger they are, the 
more significant (Resources Information Standards Committee, 2003, 
p. 79). 

Feature size is again emphasized in KISVAP’s “Biological Value” criterion: 

“In many cases, large surface karst features (e.g., a large sinkhole) are likely to be 

suitable habitats for karst-specific flora and fauna” (Resources Information Standards 

Committee, 2003, p. 79). Large size is specifically mentioned under the “Scientific 

and Educational Values” criterion as well: “Large surface karst features and those 

with connections to the subsurface can provide important scientific and educational 

opportunities in the fields of geology, biology, paleontology, climate change, and 

landform evolution (Resources Information Standards Committee, 2003, p. 80).  

Large size is invoked as a criterion or factor for assessing subsurface karst 

potential in KISVAP. In Table 4.3, under the heading “Criteria for determining 

subsurface karst potential”, one of the criteria columns is labeled “Large-scale 

negative relief features*” (see Resources Information Standards Committee, 2003, p. 

64). Next to the asterisk (*) at the bottom of Table 4.3 is a footnote that states “e.g., 

sinkholes with mean diameters > 20 m; dry valleys.” 

It is unclear why KISVAP places such emphasis on large size when it comes 

to evaluating features or subsurface karst potential. Except for the “dimensional 

characteristics” criterion itself, the other KISVAP significance criteria associated 

with hydrological, biological, scientific and educational, rarity and connectivity 

values are not necessarily size-dependent. Each of the criteria represents a stand-

alone value or attribute. Hence, the rating for one criterion should not influence or 

temper the rating of another.  

Another problem is that, short of quarrying, blasting, or completely or 

partially filling a feature with some material, a doline’s dimensional attributes are not 

particularly sensitive to disturbances that might be related to primary forestry 

activities. Clearcutting a doline is unlikely to adversely affect its dimensions. It is, 

however, more likely to affect a doline’s hydrology, biology, and possibly its 
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connectivity – and possibly other values as well. Management strategies should aim 

to address the attribute or value of a feature that is most sensitive to a proposed 

activity.  

S.4 KISVAP’S “CONNECTIVITY” CRITERION 

One of the Karst Management Handbook for British Columbia’s 

management objectives for karst is to “maintain the natural flows and water quality 

of karst hydrological systems” (British Columbia Ministry of Forests, 2003, p. 13). 

The majority of dolines, regardless of size, are hydrologically significant features in 

karst systems. Schwartz & Schreiber (2009, p. 371), for example, note that, “Even 

small sinkholes may capture runoff from very large areas and have the potential to 

contribute recharge volumes disproportionate to their size.”  

Under the headings “Significance Criteria: Connectivity” (Resources 

Information Standards Committee, 2003, p. 79), the explanatory paragraph states 

that, 

The degree of connectivity or openness between a surface 
karst feature and other surface karst features or the subsurface 
contributes to the significance of the feature. This connectivity can be 
through air-filled or water-filled passages . . . . As a general rule, the 
greater the connectivity between the surface karst feature and the rest 
of the karst system, the greater the significance of the feature. 

The concept of feature size is not mentioned explicitly in the KISVAP 

“Connectivity” criterion, though possibly “greater connectivity” could be interpreted 

to mean larger air- or water-filled passages – or perhaps even caves. If so, then the 

implication would be a tendency to assign dolines with atmospheric openings, cave 

entrances, and swallets higher connectivity rankings than those lacking such features. 

There may be merit in this, but it also needs to be recognized that even dolines that 

lack cave entrances or atmospheric openings are still sites of greater connectivity 

with the subsurface than the surrounding landscape, and hence should automatically 

receive ratings of “high” for both “Hydrology” and “Connectivity” in the KISVAP 

significance determination procedure. 

The implication of recognizing the hydrological and sediment transfer 

functions of dolines would be that all dolines, irrespective of size, would 

automatically receive ratings of “potentially significant” surface karst features and, 

as a result, receive default minimum standing timber buffers. This is why Southeast 
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Alaska recommends default reserves for dolines, though the purpose is to conform 

with the Federal Cave Resources Protection Act of 1988 (Baichtal, pers. comm., 

2014).  

S.5 THE PROBLEM OF CLUSTERS IN RELATION TO BC’S 
CURRENT DOLINE MANAGEMENT SYSTEM 

For 1) dolines classified as significant surface karst features; 2) dolines 

enclosing significant cave entrances; or 3) dolines of any category located in very 

high vulnerability karst terrain, the lack of guidance on delineating clusters of 

features of these types in the Karst Management Handbook for British Columbia 

(KMH) (British Columbia Ministry of Forests, 2003) does not affect the level of 

management or protection they receive. As noted previously, the KMH recommends 

that clusters of dolines classified as minor surface karst features (i.e., dolines with 

greatest dimensions less than 5 m) be considered for treatment as a single large 

feature or unit. However, the KMH is silent on how to treat clusters of what may be 

the most common category of dolines – those not enclosing significant cave 

entrances or not classified as significant surface karst features, but with greatest 

dimensions exceeding five meters. In practice, this means that clusters of these 

“intermediate” category dolines could potentially receive a lower level of protection 

than a cluster of “minor surface karst feature” category dolines. 

For example, consider that in the KISVAP procedure for determining 

vulnerability of karst terrain, surface karst feature density can be a significant driver 

of vulnerability ratings, with higher density corresponding to higher vulnerability 

ratings. One step in determining the karst vulnerability rating for an area in the 

KISVAP procedure involves estimating the density of surface negative point relief 

karst features with surface dimensions “greater than 2 m, but less than 20 m, and a 

depth greater than 2 m” (Resources Information Standards Committee, 2003, p. 52-

53). Estimating the number of such features per hectare without guidance on clusters 

is problematic because very different outcomes are possible depending on how 

clusters are defined and delineated. Tightly delineating the cluster will result in 

smaller areas of higher vulnerability (possibly even enough to exclude harvesting 

operations), while averaging the number of such surface karst features over a larger 

area will result in a larger area with a lower overall vulnerability rating (possibly low 
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enough to provide for inadequate management consideration for the cluster itself, or 

features within the cluster).  

For these reasons, if updating the Karst Management Handbook for British 

Columbia (KMH) and the Karst Inventory Standards and Vulnerability Assessment 

Procedures for British Columbia (KISVAP) is ever undertaken, additional guidance 

on defining and delineating clusters of surface karst features (including dolines) 

should be considered.  

 

 


