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Abstract 
Why are karst waters important?  

Coastal karst ecosystems develop in BC’s 

temperate rainforests. Limestones1 in 

shades of pure white to gunsmoke grey 

are carved over tens of thousands to 

millions of years by slightly acidic rainfall, 

creating karst (Ford & Williams, 1989, pp. 

54 - 55). The rainwater percolates 

through fractures in the epikarst, the 

exposed upper zone of a karst system, 

and becomes incorporated within a cave 

stream (Jones, 2004). The water travels 

through subsurface passageways, flowing      

   into a karst aquifer (Culver & Pipan, 2009,  

   pp. 9 – 12).  Eventually the water 

reemerges at a karst spring on the surface, draining into a water body (White, 

1988, pp. 174). Karst groundwater supplies drinking water and contributes to 

surface water flows. For example, the downstream resurgence from limestone 

unit VANISL 76 is the main water source for residents on Elkford Road, Export 

Road, the Alberni Highway as well as the Mountain View Mobile Home Trailer 

Park and the Alberni Veterinary Clinic (Francoeur, 2011, pp. 66). The pH of karst 

waters typically ranges between 6.5 and 8.9 due to the neutralization reaction 

between limestone and slightly acidic rainwater (Ford and Williams, 1989, pp. 

55). Studies conducted in Alaska suggest that fish-bearing streams fed by karst 

are 8 – 10 times more productive in comparison to non-karst streams (Baichtal & 

Swanston, 1996). This is likely attributed to the constant, cool karst groundwater 

																																																								
1 BC’s karst predominately develops in limestone, but also forms in marble, dolomite and gypsum 
deposits (Fischl, 1992).  

Image 1. A karst swallet feature in the 
proposed cutblock, 4403. 
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flows, dissolved carbon inputs and slightly alkaline conditions2 (Groves & 

Hendrikson, 2011; Baichtal & Swanston,1996; Ministry of Forests, 1997). Karst 

systems are highly vulnerable to contamination because the surface water 

receives minimal filtration as it flows into the subsurface (Humphreys, 2011, pp. 

284). For example, surface water may pass through a karst swallet, an opening 

in the surface where water drains into an underground channel. The purpose of 

this field research project is to determine if karst waters are present in the 

Walbran Valley. Electrical conductivity (EC) and pH were used as indicators of 

karst waters in the field. The results suggest that surface streams within and 

adjacent to cutblocks 4403 and 4405 in the Walbran Valley are influenced by 

karst. 

 
 

																																																								
2	Karst groundwater’s constant, cool temperatures are attributed to a lack of sunlight exposure 
and drastic fluctuations in the ambient air temperature (Baichtal & Swanston, 1996; Blackwell, 
1995; Culver & Pipan, 2009, pp. 3).	

Image 2. Old-growth trees growing on karst substrate, Walbran Valley 
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I. Introduction and Importance 
 
   This research project seeks to determine if karst waters are present in the 

Walbran Valley, the emerald jewel of southern Vancouver Island. The Walbran 

Valley is one of the last remaining low elevation temperate rainforests in the 

region (see Appendix A) and is a breeding hotspot for the endangered Marbled 

Murrelet (Brachyramphus marmoratus). A single cutblock, 4424, has been 

approved for logging by Ministry of Forests, Lands & Natural Resource 

Operations (MFLNRO). An additional six cut-blocks have been proposed by Teal-

Cedar Products (a division of the Teal-Jones Company) and are pending 

approval from the MFLNRO (See Appendix B).  

   There are several key reasons why it is important to quantify the influence of 

karst on the Walbran’s biological and hydrological systems. Karst is a dynamic 

(constantly changing), three-dimensional ecosystem. The tree roots infiltrate the 

epikarst (up to 30 metres below the surface) and receive efficient drainage and 

vertical nutrient transport, resulting in old-growth trees with significant height and 

diameter growth (Karst Management Working Group, 2003, pp. 6; Blackwell, 

1995). According to the Karst Management Handbook for British Columbia,  

"coastal forest karst ecosystems are commonly more productive than similar 

forests on non-karst terrain" (Karst Management Working Group, 2003, pp. 

6). However, the interplay between the surface and subsurface karst components 

is sensitive to resource extractive activities, such as timber harvesting, which can 

lead to the irreversible alteration of the system's drainage regime and increased 

soil erosion (Blackwell, 1995).  
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   The capacity of forest regeneration following logging and deliberate burning is 

drastically decreased on steep slopes where ancient trees are growing on 

exposed karst substrate (Ford & Harding, 1993). In a study conducted by the 

Karst Resources Panel for the Alaskan Tongass National Forest, it was 

concluded that the impacts of sedimentation are increased in karstified 

landscapes (Aley et al., 1993). The dissolution action of slightly acidic rainwater 

on karst bedrock results in low rates of soil accretion in comparison to non-karst 

environments (Jones et al., 2003). Forest regeneration rates on karst substrate 

are therefore lower in comparison to non-karst substrate following forestry 

activities (Ford & Harding, 1993). In a quantitative study conducted by Ford and 

Harding (1993, pp. 142), Impacts of Primary Deforestation Upon Limestone 

Slopes in Northern Vancouver Island, British Columbia, it was found that: 

 
"The karst was more adversely affected [versus volcanic rock], displaying 

considerable losses of soil, moss, and litter, especially where cutting was 

followed by deliberate burning. Erosion was most extreme on the steeper slopes, 

many of which are left quite barren. Recovery is slow; even at a physiographically 

advantageous site only 20 percent of the original volume of timber has grown 

after 75 years.” 
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Image 3. Logging by Western Forest Products of Crumb Cave, a legally protected Karst Cave under the 
Government Actions Regulation (GAR) Order. 
 
   Karst hydrological systems are directly fed by surface waters and receive little if 

any filtration (Humphreys, 2011). Increased input of surface material can obstruct 

the subterranean water passageways, restricting the dissolved nutrient and water 

inputs that cave species rely upon (Griffiths, 1997). If deleterious substances (i.e. 

pesticides or hydrocarbons) are introduced, they will flow rapidly through the 

system and may threaten cave-dwelling species; species that rely upon karst 

aquifers and springs as a viable drinking water source; and aquatic organisms 

residing in downstream water basins (Karst Management Working Group, 2003, 

pp. 69).  In Walkerton, Ontario, seven people died and thousands fell ill when 

runoff contaminated with E. Coli flowed directly into a karst aquifer via 
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underground streams (Prudham, 2004). Greater research and protection 

measures need to be taken in karst areas, as they are extremely sensitive 

to disruption. Field research conducted in the Walbran Valley was part of an 

Environmental Capstone project and involved testing the electrical conductivity 

(EC), pH and temperature of various streams draining into the Walbran River. I 

hope that this research will encourage the public, environmental organizations 

and decision makers to (a) take interest in karst ecosystems and (b) become 

actively involved in the protection of these incredible environments.  

II. Hypothesis Testing 

H0: µWater EC ≤ 50 µS/cm 

HA: µWater EC > 50 µS/cm 

   I consulted with BC’s karst expert, Paul 

Griffiths, to determine the minimum EC 

value for karst waters. He stated that as a 

rule of thumb karst stream samples would 

have EC readings greater than 50 µS/cm, 

whereas non-karst stream samples would 

have EC readings of 20 µS/cm or less. The 

capacity of water to conduct an electrical 

current is increased when there is a greater 

presence of dissolved minerals (salts) in 

solution (White, 1988, pp. 132). The 

chemical reaction between carbonate bedrock and slightly acidic rainwater 

Fig. 1 – Dissolution of limestone (CaCO3) in 
slightly acidic solution. Sourced from 
‘Geomorphology and Hydrology of Karst 
Terrains’ by William B. White, 1988, Oxford 
University Press, USA. 
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results in a greater number of free ions present in solution in comparison to non-

karst waters (see Fig. 1). Thus, the electrical conductivity of karst waters is 

typically 5 – 10 times greater than that of non-karst water (Stokes et al., 2010). If 

HA: µWater EC > 50 µS/cm, then rejection of H0 indicates that karst waters are 

present in the Walbran Valley.  

III.  Field and Lab Methods 
 

   Field Materials Used: 

1. LaMotte Pocket Tracer (to measure water pH and temperature). 

2. Hanna HI991300 pH/EC/TDS/temperature meter (to measure EC). 

3. Garmin GPSMap 78s (to record GPS coordinates of stream locations to be 
later put into ArcMap). 
 
4. Deionized water (to clean the probes and plastic beakers). 
 
5. Atlas Scientific pH 4.00 and pH 7.00 solution (to calibrate the Pocket Tracer). 
 
6. Hanna HI7031L 1413 µS/cm Conductivity Standard (to calibrate the Hanna 
conductivity meter. 
 
8. Plastic beaker for field measurements. 
 
7. Pen and note book to record locations, pH, temperature and conductivity. 
 

   Prior to field sampling, I overlayed a BC Reconnaissance Karst Potential 

Mapping dataset onto a Walbran Valley dataset, which includes the proposed 

and approved cutblocks, points of interest and the Carmanah/Walbran Provincial 

Park boundary. The karst data was accessed from DataBC and the Walbran 

Valley data was used with permission from the Wilderness Committee. The 

spatial data guided my research in the field. Seven water samples were taken 

from surface streams in areas believed to be subject to karstification. These 
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landscapes contained limestone outcrops, old-growth trees growing on epikarst, 

sinkholes and other features indicative of karst lands. Prior to taking the field 

measurements, a 2-point calibration of the pH meter was conducted, as well as 

calibration of the EC meter. To ensure accurate readings, water was sampled in 

a small plastic beaker. Based on recommendations from the Measurements of 

pH for Field Studies in Karst Areas, the electrode was place in the sample for five 

minutes to allow “the electrode to come into thermal and ionic equilibrium” with 

the water sample (Sasowsky & Dalton, 2005, pp. 131). The same procedure was 

followed for the EC measurements. At each location, a total of four samples were 

taken and the values were averaged. The electrodes and plastic beaker were 

cleaned with deionized water for each sample. As we travelled to the various 

water-sampling sites, the moistened caps (soaked in a pH 4.00 buffer) were 

placed on the electrodes to ensure that they were protected from damage. Each 

location was recorded on a hand-held GPS, with accuracy ranging from 4 – 8m. 

A one-sample t-test was used to determine statistical significance. EC 

measurements were analyzed using SPSS Statistics. GPS coordinates were 

converted into vector points on ESRI ArcMap to show the viewer the sampling 

locations (see Appendix C). 

IV. Results 
 

Surface Stream Location 1 
 
Location: N 48.64410, W 124.60488 
EC: 211µS/cm 
pH: 8.3 
T: 10.1°C 
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Surface Stream Location 2  
 
Location: N 48.64441, W 124.60572 
EC: 81 µS/cm  
pH: 7.83  
T: 9.1°C 
 
 
 
 
 
 

 
Surface Stream Location 3  
 
Location: N 48.64249, W 124.6101 
EC: 85 µS/cm 
pH: 7.81 
T: 8.4°C  
 
 
 
 
 
 
 
Surface Stream Location 4  
 
Location: N 48.64755, W 124.60184 
EC: 197 µS/cm  
pH: 8.14  
T: 7.6°C  
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Surface Stream Location 5  
 
Location: N 48.64886, W 124.60249 
EC: 202 µS/cm  
PH 8.14  
T: 7.5°C 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Surface Stream Location 6 (Karst 
Swallet) 
 
Location: N 48.64964, W 124.60143 
EC: 192 µS/cm 
pH: 7.67  
T: 7.9°C 
 
 
 
 
 
Surface Stream Location 7  
 
Location: N 48.65364, W 124.59152 
EC: 88 µS/cm 
pH: 7.58  
T: 7.9°C  
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   Based on the field measurements, I am reasonably confident that surface 

streams within and adjacent to cutblocks 4403 and 4405 are influenced by karst. 

The results from the one-sample t-test provide statistically significant evidence 

that the mean EC of the water samples (M = 151, SD = 62.2) is greater than the 

test value of 50 µS/cm, 95% CI [73.3 to 188], t(6) = 4.29, p = 0.005.  

 While the SD value is relatively high, it is important to note that all EC values 

obtained from the field were greater than 50 µS/cm and with a greater number of 

samples, this value would likely decrease. Further, all pH measurements were 

slightly alkaline, which is characteristic of karst waters. The purpose of this field 

project was to provide evidence that karst waters are present in the Walbran 

Valley and future studies will build on this preliminary karst research foundation.  

VI. Conclusion and Recommendations 

   The results indicate that karst waters flow through the Walbran Valley into the 

Walbran River below. To provide more robust results, future studies should 

include a greater number of sample sites and karst water should be tested 

directly from a reemerging stream or karst spring. Greater management initiatives 

need to be taken in karst lands to ensure that the biological and hydrological 

integrity of the system is not adversely impacted. BC needs to adopt karst 

ecosystem-based management, similar to Alaska, in order to ensure that the 

entire karst system is protected. Buffer zones need to be set from karst systems 

to ensure that best management practices are followed in karstified landscapes. 

Karst vulnerability mapping and thorough research of subsurface drainage 

patterns (e.g. dye tracer testing) need to be conducted in the Walbran Valley 
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because the extent of these systems is largely unknown. With a greater 

emphasis on karst research in BC, we will gain a holistic understanding of these 

complex systems and be able to establish progressive karst protection policies. 

VII. Appendix 
Appendix A 

 
 

The Walbran Valley is one of the last remaining intact old-growth forests on 
Southern Vancouver Island. Sourced from ‘Why Vancouver Island's Walbran 

Valley rainforest matters’ by Jens Wieting, 2015, The Georgia Strait, Vancouver, 
British Columbia. 

 
 
 
 
 
 
 
 
 
 



	 11	

Appendix B 

 
 

Wilderness Committee Map of the Walbran Valley (created by Geoff Senichenko) 
Sourced from ‘Why Vancouver Island's Walbran Valley rainforest matters’ by 

Jens Wieting, 2015, The Georgia Strait, Vancouver, British Columbia. 
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Appendix C 
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