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Abstract 

 

The Hudson Bay Lowlands is third largest area of wetland in the world and is defined 

by a flat topography covered by peat acids with a minor occurrence (< 5%) of drained lands, 

such as eskers, ancient beaches or limestone outcrops. In this area, vegetation mainly includes 

sphagnum, lichens, and ericaceous shrubs, with some trees, mostly black spruce (Picea 

mariana). In 2008, De Beers Canada went into full production for Victor project with the 

official open pit mine opening, which is located in the subarctic peatlands and at 90km east of 

Attawapiskat. The aim of this study is to define and compare the ecology and morphology of 

black spruce for selected lowlands and uplands, which are distal (10 to 60 km) from the 

Victor Mine, using dendrochronology on 190 trees. A similar study was undertaken in 2008 

close to the mine and the results indicated an increased growth for black spruce since 2005. 

This present study suggests that the tree ages of the two landforms can not accurately be 

predicted based on morphological features of trees, such as diameter and height. The 

dendrochronological results show that the growth of trees from the uplands is twice larger 

than for the lowland trees, i.e., an average of annual growth of 0.4 mm for the former and 0.2 

mm for the latter. Changes in radial growth do not occur in lowlands away from the mines, 

although a slight increase appears to be present in recent years on uplands. The increase in 

tree growth near the mine appears to be caused by mining activities and not regional climate 

change. All data collected for this study will add to our knowledge and understanding on how 

lowlands and uplands form and how to restore for them. This will be used by De Beers 

Canada to establish restoration plan for the Victor mine. 
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Introduction 

 

Peatlands are defined by Smith and Smith (2001) as an ecosystem type in which 

organic matter is produced faster than it is decomposed, which result in the accumulation of 

partially decomposed vegetative material called peat. The peatlands are subdivided into two 

common types: ombrotrophic and minerotrophic peatlands. In ombrotrophic peatlands, also 

referred to as “bogs”, the vegetation is isolated from any influence from mineral soil, and 

consequently their vegetation depends on precipitation for both water and nutrient (Riley, 

2003). Minerotrophic peatlands, also referred to as “fens”, never accumulate peat to the point 

where plants lose contact with water moving through mineral soil (Riley, 2003). The bogs are 

characterized by a high deficient in minerals salts, a low pH, and a low productivity (Smith 

and Smith, 2001). Both bogs and fens have water levels near the surface and low water level 

fluctuations as compared to other wetland types. 

Peatland ecosystems are an important component of northern landscapes and cover 

approximately 14% of Canada’s landmass (Kettles and Tarmocai, 1999). The Hudson Bay 

Lowland is an immense peatland that is the third largest area of wetland in the world, and 

covers 3.5% of the surface area of Canada (Abraham and Keddy, 2005). The Hudson Bay 

Lowland consists of Palaeozoic and Mesozoic marine sedimentary rocks composed of 

limestones, shale, and sandstones, which formed the closest geological province to the centre 

of the Laurentide Ice Sheet during the last glaciation in North America (Riley, 2003). The 

Hudson Bay Lowland is characterized by more than 90% of saturated peatland plain with a 

minor occurrence of drained lands, also referred to as “upland”, i.e., eskers, ancient beaches 

and limestone outcrops, which were reworked and modified by the Tyrrell Sea (Riley, 2003).  

In the Hudson Bay Lowland, the temperatures are below 10 degrees over 8 months per 

year. The most common trees found in such area are the conifers as they are the most cold-

http://davesgarden.com/guides/terms/go/624/�
http://davesgarden.com/guides/terms/go/624/�
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tolerant (Pereg and Payette, 1998). Black spruce (Picea mariana (Mill) B.S.P.) is the 

dominant tree species found in the Hudson Bay Lowland as it is able to resist from infertile 

peatlands (Montague & Givnish 1996).  

In Canada, various dendrochronological studies have focused on the black spruce 

(Picea mariana), such as in Alberta (Woo-Jung et al, 2007; Vitt et al., 1995) and north-

western Quebec (Hofgaard et al., 1999, Pereg & Payette, 1998, Payette et al., 1994; Filion et 

al, 1986); however, there has been sparse dendrochronological studies conducted on the 

Hudson Bay Lowland (Talarico, 2009; Scott & Stirling, 2002).  

Dendrochronology is the systematic study of annual tree rings (Cook and Kairiukstis, 

1990). In this science, the tree is considered as a stationary living entity, which reacts to 

various environmental factors (Schweingruber, 1989). The purpose of dendrochronology is to 

establish the relationships between tree growthand variations in climate and environmental 

factors. Changes in environmental conditions are directly registered by changes in annual 

growth rings (Schweingruber, 1989). Dendrochronology is not only used to understand the 

past environmental conditions that affected the tree growth, but it could also provide a better 

understanding of the future environmental conditions into which the trees will grow (Cook 

and Kairiukstis, 1990). Dendrochronology significantly adds to our understanding on the 

historical climate of such remote areas with limited data available (Ise and Moorcroft, 2008). 

Therefore, dendrochronological studies of the dominant tree species in a specific area are 

often included in baseline environmental assessments an as part of the restoration process and 

closure plans for operations, such as at the De Beers Canada Victor Mine. 

The Victor Mine, owned by De Beers Canada, is located in the Hudson Bay Lowlands 

of Northern Ontario, approximately 90 km west of the community of Attawapiskat First 

Nation along James Bay coast (Figure 1). The Victor mine is the first diamond mine in 
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Ontario. It began construction in 2006 and went into full production in 2008 with the official 

open pit mine opening. 

Dendrochronological data collected in 2008 near Victor Mine indicate that the radial 

growth of black spruce from peatlands and uplands near the open pit mine has increased at 

least since 2005 (Talarico, 2009). Pit dewatering in 2007 was expected to increase tree growth; 

however, this increase was observed 1 to 3 years prior to the beginning of pit dewatering, 

which roughly coincides with the construction of the Victor Mine. Given the setting, three 

hypotheses seem most probable to explain the pre-pit increase in tree growth. The first 

hypothesis involves changes in water tables associated with the mining of local limestone 

outcrops and placement of gravel pads for roads and camp facilities. The second hypothesis 

involves the increase of dust from the mine and resulting nutrients for tree growth. The third 

hypothesis could result from regional climate warming. 

Research is in progress on the effects of the Victor Mine pit dewatering for the local 

water tables and consequent changes in vegetation (Price, pers. commun.). Based on a 

comparison with regional climates from 1975 to 1995, a temperature increase of 4 to 5°C is 

predicted for 2040 to 2060 (Natural Resources Canada, 2003). It is of paramount significance 

to understand and distinguish the vegetation changes caused by local pit dewatering from 

those caused by regional climatic warming.  

The aim of this study is to define and compare the ecology and morphology of black 

spruce for selected lowlands and uplands, which are distal (10 to 60 km) from the Victor Mine, 

using dendrochronology. This study has three objectives: (1) to demonstrate growth 

difference for black spruce (Picea mariana) between lowlands and uplands, (2) to determine 

whether it is possible to estimate tree ages on lowlands and uplands using morphological 

characteristics, such as height and diameter, and (3) to determine if black spruce growth in 

uplands and lowlands sites distant from the mine has increased in recent years as a result of 
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regional climatic warming. This study will complement a master thesis that is currently 

undertaken by Kathie Garrah (Biology, Laurentian University) on defining reference 

conditions for uplands in this part of the Hudson Bay Lowland. 

 
 
 

 

 

 

 

 

 

Figure 1: Localisation of the De Beers Victor Mine (red star) in the Hudson Bay (green area), Ontario, 
Canada. 
 

Study area 

 

The Hudson Bay lowland is a 373,700 km² peatland region dominated by lakes, 

marshes, fens, bogs, and bog forests (Klinger and Short, 1996). It covers about 3.7% Canada’s 

total landmass (Abraham & Keddy 2005). The study sites within the Hudson Bay Lowland 

are centred around the De Beers Victor Mine (52°48’N, 83°54’W). In this region, the climate 

is characterized by short, cool and moist summers and cold and dry winters. Lansdowne 

House (52°13.84’N, 87°52.8’W) is the nearest meteorological station that is located at 

approximately 280 km ESE from Victor Mine. The climate data of 1971 to 2000, provided by 

this station, indicates a mean annual temperature of -1.3°C, a mean temperature for January of 

-22.3°C, a mean temperature for July of 17.2°C, and a mean annual precipitation of 699.5 mm 

(Environnement Canada, 2010). The topography is very flat, consisting mostly (>98%) of 
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pealands with widely scattered uplands (Figure 2). The area has discontinuous permafrost, 

mostly in the peatland areas. (Natural Resources Canada, 1978). 

 

Materials and Methods 

 

Field Surveying 

Sites were chosen in an attempt to encompass two different environmental landforms, 

namely lowland (LL) and upland (UL) sites. Ten – upland sites were chosen within 10 to 60 

km from the Victor Mine, extending along a broad transect from near the mine to the James 

Bay coast (Figure 2; Appendix A). All sites were accessed by helicopter. For each upland site 

studied, an adjacent lowland site was chosen in peatlands between approximately a distance 

of 100 m to 150 m from the edge of the upland site (Figure 2, Appendix A). However, for 

upland sites 7UL and 7UL’, only one lowland site was chosen because these uplands are very 

close to each other. 

At each site, a 10 x 10 m plot was delineated using a 30 m measuring tape, a compass, 

and flagging tape for each site corner. Each site was photographed (Figure 3.and Figure 4) 

and coordinates for each corner point were picked using GPS.  
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Figure 2: The base map is a surface geology map (Ontario Geological Survey, 1991) and illustrating nine 
lowland and ten upland sites that are located at more than 10 km from the DeBeers Canada Victor Mine 
and were used for a dendrochronological study on black spruce (Picea mariana) in 2009. 
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Figure 3: Digital photographs of nine lowland sites located at more than 10 km of distance from the 
DeBeers Canada Victor Mine. 
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Figure 4: Digital photographs of ten upland sites located at more than 10 km of distance from the DeBeers 
Canada Victor Mine. Field pictures courtesy of K. Garrah. 



 

    9 

Conductivity and pH were measured for all lowland sites. Four peat samples were 

collected from each site using a shovel. Samples were randomly collected at a depth of 5 to 10 

cm within the acrotelm horizon on flat surfaces. The soil chemistry of the upland sites is in 

progress with the master thesis undertaken by K. Garrah and are not reported here. 

Two soil pits were excavated for all lowland sites with a shovel where the soil 

topography was flat. The soil pits have a dimension of 30 cm by 30 cm and a depth of 30 cm. 

Water table depth was measured from the ground surface to the water layer with tape measure. 

A period of 30 min was allowed before measurements in order for the water table to re-adjust. 

All the lowland sites studied in the thesis possess a value for the water table depth; however, 

these data were not collected for the upland sites that were studied by the graduate student (K. 

Gerrah). 

The density of the canopy was measured at each site with a concave spherical 

densitometer (Lemmon, 2003). The canopy density was measured by taking four readings 

from four cardinal directions (north, south, west and east) at the center of the sampling site at 

a height of approximately 1 m above ground level. The densities were calculated by taking the 

average of the four readings as percentages and multiplying the average by 1.04 to obtain the 

crown cover for each landform sites. 

The eight principal categories of plants, i.e., tree, shrub, herb, sedge, horsetail, rush, lichen, 

and moss were identified in each study area using purely descriptive criteria and observations 

were recorded on spreadsheet for each site. The plants, which were not recognised in the field, 

were sampled so that they could be identified later in the laboratory. A percentage cover of 

each category and species were visually estimated using the following Braun-Blanquet type 

scale (Table 1) All plants collected in the field were put into a press and paper bag to dry and 

were identified after few months in the laboratory. 
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Table 1: Code used to estimate visually the vegetation present on each site. 

Code % Cover 

0 0% 
1 ≤ 1% 
2 1-5% 
3 5-20% 
4 20-50% 
5 >50% 

 

Ten dominant black spruce trees were selected randomly and analysed per landform site. 

The height and diameter of each tree were measured and the diameter was taken at 30 cm 

above ground level. The trees were selected on the basis of their height and trunk morphology. 

The highest trees with straight trunks were studied in order to avoid the curving of the trunks 

at the base due to layering (Payette et al., 1994; Pereg et al., 1998). 

The tree height was measured with different tools due to their size variations. Trees 

with a height less than 2m were measured using a tape measure. Trees with a height ranging 

from 2m to 8.5m were measured using a height measuring pole. A Suunto clinometer and a 30 

m measuring tape was used for the trees with height exceeding 8.5 m. Diameter measurement 

was taken using a diameter tape at breast height (DBH). 

These same trees were selected for dendrochronological analyses. Trees with a 

diameter of less than 8 cm were cut down using a handsaw. A disk was then cut near the 

ground surface and the north direction was indicated on the sample. For trees with a diameter 

of more than 8 cm, a core was extracted at 30cm above ground surface. The core was 

extracted from the north face using a 30 cm long Häglof increment borer with a 5.15 mm core 

diameter. Cores were then stored in straws to ensure that they will not be broken while in the 

field before laboratory analysis. 
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Laboratory Manipulation 

The pH and conductivity of soil from lowland sites were measured using the 

procedure outlined by Hendershot et al. (2008). The testing procedure required 2 g of dried 

organic soil that possess particles smaller than 2mm. The dried soil sample was placed in a 

beaker containing 20 ml of double deionized water. The mixture was then shaken for 30 

minutes, and then left to sit for one hour Whereas the pH was measured using a Symphony 

SB 21 pH meter from Van Waters and Rogers international calibrated with 2 pH standards 

(pH 4 from fisher scientific SB101-500 and pH 7 from fisher scientific SB107-500). The 

conductivity was measured using an EC meter 1481-61 from Cole-Parmer and a Cole-Parmer 

electrode 19/01-50 (Multi-purpose cell-Au) calibrated with KCl 0,005 N solution. The soil 

samples were tested two times for pH and conductivity and the average results were 

considered.  

For the dendrochronological analyses, all of the samples collected were treated 

according the process of Fritts (1976), and Cook and Kairiukstis (1990). Core samples were 

glued to mounting wood using carpenter’s glue. Core and disk samples were progressively 

sanded to expose the annual rings by using respectively 7 grain size of sand paper, which 

range from 60 to 600 grits. Then, the samples oriented to the North were scanned individually 

with a Canon CanoScan LiDE 200 and at a different resolution (2400 to19200 dpi) depending 

on the width of annual growth rings. All grayscale images were then imported separately into 

the WinDENDRO Mini version software (Regent Instruments, 2006) in order to determine 

their ages and ring widths. 

 

Data Analysis 

Linear regression analyses were performed by using SPSS version 15.0 to test the 

relationship between the tree age and height or the tree age and diameter at 30cm. The 
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regression analyses was done for lowland sites, upland sites and combined lowland and 

upland sites.  

 

Results 

 

The lowland sites had a pH that ranges from 3.9 to 6.8, at sites 10LL and 9LL, 

respectively. The conductivity ranges from 44.1 to 182.5 μS/cm at 8LL and 10LL respectively. 

A strong positive correlation exists between pH and conductivity (Figure 5; r = 0.896, P = 

0.001). Whereas the highest conductivity was recorded on site 9LL, which has the highest pH, 

the lowest conductivity was recorded on site 8LL, which has a pH that is approximately equal 

to the lowest pH measured site 10LL.  
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Figure 5: Relationship between conductivity (μS/cm) and pH on lowland sites located at more than 10 km 
distance from the DeBeers Canada Victor Mine.  

 

The water table depth measured on lowland sites is closest to the surface on site 1LL 

and 4LL, where it is approximately 1.5 cm (Figure 6), and it reaches a maximum depth of 18 

cm on site 5LL. The average water table depth of all lowland sites is 7.6 cm. 

 
 

r = 0,896 
P = 0,001 
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Figure 6: Water table depth measured on lowland sites at more than 10 km distance from the DeBeers 
Canada Victor Mine. 
 

Based on visual inspection, the vegetation appears to be very similar for all the 

lowland sites. The vegetation is mainly comprised of four principal categories, i.e., tree, shrub, 

lichen, and moss and the common species in each of the categories are black spruce (Picea 

mariana), leatherleaf (Chamaedaphne calyculata), star reindeer lichen (Cladina stellaris), and 

Sphagnum sp., respectively (Table 2, Appendix B). The vegetation data from the upland sites 

are not presented here and will be presented by another student, K. Garrah. However, based 

on visual surveys from the ground, vegetation is composed by many of same species, 

although in different proportion. 

Table 2: Visually estimated vegetation categories cover from each lowland site. The codes (0 to 5) imply 
the following: 0 - no cover, 1 - ≤ 1 % cover, 2 - 1 to 5% cover, 3 - 5 to 20% cover, 4 - 20 to 50% cover and 
5 - > 50% cover. 

Cover code on lowlands 

Site Tree  Shrub  Herb  Sedge Horsetail Rush Lichen Moss  
1LL 4 3 1 3 0 0 4 4 
4LL 4 4 1 3 0 0 4 4 
5LL 4 5 1 1 0 0 4 4 
6LL 5 3 2 3 1 0 3 4 
7LL 4 4 1 1 0 0 3 4 
8LL 5 4 1 2 0 0 4 4 
9LL 3 5 1 2 1 1 4 4 
10LL 3 5 1 1 0 0 4 4 
12LL 5 4 2 3 1 0 3 4 
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The canopy cover differs significantly between the lowland sites and the upland sites 

(Table 3). The lowland sites were open, with a canopy cover of only 3.9%, while the upland 

sites are characterized by an average canopy cover of 67.4%. The highest canopy cover of 7% 

for the lowland sites was observed on site 6LL, and the highest canopy cover of 83% for the 

upland sites was observed on site 5UL (Table 3). Trees on both lowland and upland sites have 

similar ages and on average 121 years old. The lowland trees have a height of 1.3 to 3.8 m 

and a mean height of 2.6 m. The upland trees have a height of 3.6 to 15.9 m and a mean 

height of 8.3 m, which is three times bigger than the average height for lowland trees (Table 

3). The diameters of lowland trees range from 3.1 to 22.8 cm and have an average of 5.3cm. 

The diameters of upland trees range from 6.3 cm to 22.8 cm and have an average of 13 cm, 

which is 2.5 times bigger than the average diameter for the lowland trees (Table 3). The 

annual growth of 0.41mm for upland trees is twice higher than that of the lowland trees, 

which have an average growth of 0.19mm (Table 3). 

 

Table 3: Summary of the percentage canopy cover, the age, the height, the diameter and the average 
annual growth of Picea mariana collected. 

Landform 
% Canopy 

cover  
(Mean ± SD) 

Age 
(Mean ± SD) 

Height  
(Mean ± SD) 

(m) 

Diameter 
(Mean ± SD) 

(cm) 

Annual 
Growth 

(mm) 

Lowland 3.9 ± 2.4 117 ± 45 2.6 ± 1.4 5.3 ± 2.7 0.19 
Upland 67.4  ± 23.7 125 ± 68 8.3 ± 3.8 13.0 ± 5.7 0.41 
Lowland 
and Upland  35.7 ± 36.5 121 ± 58 5.6 ± 4.1 9.3 ± 5.9 0.31 

 

 

In the lowland sites, the youngest trees with an average of 60 ± 6 years occur in site 

5LL and the oldest trees with an average of 155 ± 40 years and a maximum age of 253 years 

occur in 8LL (Table 4). Amongst the upland sites, site 10UL consists of the youngest trees 

that have an average of 51 ± 8 years and site 12UL consists of the oldest trees that have an 
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average of 206 ± 11 years, but the maximum age of 325 years was obtained from tree that 

occurs in 8UL (Table 4). 

Table 4: Summary of the Picea mariana characteristic features that were collected on different lowland 
and upland sites located at more than 10 km of distance from the DeBeers Canada Victor Mine. (n = 10 
per site). 

Landform Site Canopy 
Cover % 

Age 
(Mean ± SD) 

Height  
(Mean ± SD) 

(m) 

Diameter  
(Mean ± SD) 

(cm) 

Lowland 1LL 4 97 ± 13 1.3 ± 0.6 3.1 ± 1.2 
 4LL 4 150 ± 41 2.1 ± 1.1 4.6 ± 1.8 
 5LL 6 60 ± 6 1.9 ± 0.8 4.0 ± 1.3 
 6LL 7 129 ± 34 3.1 ± 1.7 6.4 ± 3.1 
 7LL 2 129 ± 32 1.9 ± 0.8 3.9 ± 1.1 
 8LL 1 155 ± 40 3.0 ± 1.2 5.0 ± 1.4 
 9LL 0 107 ± 60 3.8 ± 1.7 8.3 ± 4.5 
 10LL 6 89 ± 33 3.6 ± 1.5 6.0 ± 2.3 
  12LL 5 143 ± 32 2.6 ± 0.8 6.2 ± 1.6 
Upland 1UL 80 103 ± 12 10.8 ± 2.4 15.6 ± 4.2 
 4UL 37 67 ± 13 4.8 ± 1.0 8.7 ± 2.3 
 5UL 83 98 ± 29 5.1 ± 3.2 7.8 ± 4.5 
 6UL 43 90 ± 15 8.0 ± 1.6 13.2 ± 3.4 
 7UL 70 189 ± 41 6.9 ± 1.4 11.7 ± 2.6 
 7UL' 60 201 ± 47 3.6 ± 1.0 6.3 ± 2.4 
 8UL 78 192 ± 58 8.3 ± 2.3 11.8 ± 3.6 
 9UL 29 52 ± 23 10.0 ± 1.2 17.7 ± 3.7 
 10UL 96 51 ± 8 9.4 ± 2.2 14.1 ± 3.1 
  12UL 63 206 ± 11 15.9 ± 1.2 22.8 ± 2.9 

 

 

Across all the lowland sites, the height of trees increases linearly with age, although 

the coefficient of determination between age and height is weak (Figure 7; R² = 0.167, P = 

0.00006). However, eight of the nine lowland sites generally have a stronger regression 

(Table 5; 0.200 ≤ R² ≤ 0.670) between age and height. In comparison, across all upland sites, 

there is no relationship between age and height (Figure 7; R² = 0.024, P = 0.12046), although 

three of the ten upland sites show significant regression between age and height (Table 5). 
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Combined data for lowland and upland sites exhibit a linear relationship between age and 

height, but the regression is very weak (Figure 7; R² = 0.034, P = 0.01084).  

Across all the lowland sites, tree diameter increased linearly with age, although in a 

weak manner (Figure 8; R2 =0.209, P =0.00001).  Individual lowland sites indicate that seven 

of the nine sites have a moderate to strong correlation (Table 6; 0.401 ≤ R² ≤ 0.666) between 

diameter and age. In comparison, across all upland sites, tree diameter does not show a 

relationship with age (Figure 8; R2 = 0.011, P =0.31). Only two of the ten upland sites 

indicate a moderate to strong regression (Table 6) Composite data from lowland sites and 

upland sites together indicate the diameter of trees increase linearly with age although the 

regression is very weak ( figure 8; R² = 0.031 , P = 0.01486). 
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Figure 7: Relationship between age and height above collar of Picea mariana collected in (a) 9 lowland 
sites (n = 90), (b) 10 upland sites (n = 100) and (c) all the lowland and upland sites together (n = 190) 
located at more than 10 km distance from the DeBeers Canada Victor Mine. Y axe on plots B and C are 
twice higher compare to the plot A. 
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Figure 8: Relationship between age and diameter at ground surface for lowland sites and at 30 cm height 
for upland sites of Picea mariana collected in (a) 9 lowland sites (n = 90), (b) 10 upland sites (n = 100) and 
(c) all the lowland and upland sites together (n = 190), which are located at more 10 km of distance from 
the DeBeers Canada Victor Mine. Y axe on plots B and C are twice higher compare to the plot A.
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Table 5: Summary of regressions of Picea mariana age versus height that were collected on different 
lowland and upland sites located at more than 10 km of distance from the DeBeers Canada Victor Mine. 
Significant effects are shown in bold (p<0.05). 

Landform Site n R² P value 
Lowland 1LL 10 0,469 0,029 
 4LL 10 0,200 0,195 
 5LL 10 0,285 0,112 
 6LL 10 0,605 0,008 
 7LL 10 0,520 0,019 
 8LL 10 0,432 0,039 
 9LL 10 0,363 0,065 
 10LL 10 0,676 0,003 
  12LL 10 0,090 0,399 
Upland 1UL 10 0,002 0,398 
 4UL 10 0,026 0,659 
 5UL 10 0,389 0,054 
 6UL 10 0,027 0,652 
 7UL 10 0,002 0,895 
 7UL’ 10 0,530 0,017 
 8UL 10 0,482 0,026 
 9UL 10 0,175 0,228 
 10UL 10 0,008 0,811 
  12UL 10 0,141 0,285 
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Table 6: Summary of regressions of Picea mariana age versus diameter at 30 cm height that were collected. 
All lowland and upland sites were located at more than 10 km of distance from the DeBeers Canada 
Victor Mine. Significant effects are shown in bold (p<0.05). 
 

Landform Site n R² P 
Lowland 1LL 10 0,480 0,026 
 4LL 10 0,238 0,153 
 5LL 10 0,401 0,049 
 6LL 10 0,666 0,004 
 7LL 10 0,529 0,017 
 8LL 10 0,548 0,014 
 9LL 10 0,563 0,012 
 10LL 10 0,571 0,012 
  12LL 10 0,197 0,199 
Upland 1UL 10 0,208 0,185 
 4UL 10 0,021 0,691 
 5UL 10 0,369 0,063 
 6UL 10 0,022 0,680 
 7UL 10 0,000 0,967 
 7UL’ 10 0,726 0,002 
 8UL 10 0,531 0,017 
 9UL 10 0,222 0,169 
 10UL 10 0,212 0,181 
  12UL 10 0,023 0,674 
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The lowland sites do not present a similar pattern between them. Average annual ring 

width data for lowland sites are characterized by flat patterns with no large variations since 

the last 100 years (Figure 9), except for sites LL9 and LL10 that have sharp increase in 

growth rate since 1980 for LL10 and since 1990 for LL9. Both sites appear to have been 

burned at these times, judging by burn scars (Figure 13).The common average growth rate 

for lowland sites is approximately 0.2 mm per year for lowland sites. However, sites LL 9 

and 10 have higher average growth rates, i.e., 0.3 mm/year for 9LL and 10LL. This increase 

in growth rates on LL 9 and 10 appears to have resulted from a fire perturbation since these 

two sites have burnt trees. 

The graphs, which have their average annual rings from 1970 to 2010 for each 

individual lowland site, indicate an increase in growth rate for 3 lowland sites (1LL, 9LL, 

10LL) (Figure 10). Note that these graphs are characterised by a decrease in growth rate in 

2009, which correspond to the time when the samples were collected. This is because the 

growth season was incomplete. The growth rates for 2009 therefore do not reflect the actual 

annual growth rate. 

The uplands sites do not present a similar pattern between them and are different from 

the lowland sites as they are composed of old and young trees. Average annual ring width 

data for upland sites are also characterized by a flat patterns with no large variations since the 

last 100 years (Figure 11), except for sites UL9 and UL10 that have sharp increase in growth 

rate since 1980 for sites UL10 and since 1990 for sites UL9. Both sites appear to have been 

burned at these times because they possess burn scars similar to those found in LL9 and 10 

(Figure 13). The common average growth rate for upland sites is approximately 0.4 mm per 

year for upland sites. However, sites UL9 and 10 have higher average growth rates, i.e., 1.1 

mm/year for 9 UL, and 1.20 mm/year for 10 UL. This increase in growth rates on UL9 and 10 

appears to have resulted from a fire perturbation, such as for LL9 and 10.  
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The graphs, which have their average annual rings from 1970 to 2010 for each 

individual upland site, indicate an increase in growth rate 8UL sites (1UL, 4UL, 5UL, 6UL, 

7UL’, 8UL, 9UL, 10UL) (Figure 12). Note that these graphs are characterised by a decrease 

in growth rate in 2009, which was also observed for the lowland sites. 

In order to have a global of the growth rate variation composite data from lowland 

sites and upland sites were considered. The average ring width is uniform for trees from the 

lowland and upland sites for the last 100 years (Figures 14). This is also true for combined 

data for lowland and upland sites (Figure 14). A large increase in average ring growth rate 

was observed since 1990 (Figure 14.). The growth rate for individual trees varies from less 

than 0.01 to 2 mm/year for lowland trees and from less than 0.02 to 4mm/year for upland trees. 

The growth rate variations observed before 1900 could be explained by the smaller number of 

samples that were available for this study compared to younger trees.  

It is important to have a strong understanding of the field area in order to establish 

valid interpretations on climate change. For example, combine data with burnt and unburnt 

trees suggest that the average ring growth rate increased since 1990 (Figure 14), which could 

be interpreted to indicate a change in climatic conditions. However, graphs that excluded data 

from burnt trees show a flat pattern for lowland sites, which indicate that there was no 

significant increase in the annual ring growth rate for the past 100 years (Figure 15). The 

patterns for upland sites and combined upland and lowland sites indicate a similar pattern to 

lowland sites, but show a very slight increase in annual ring growth rate in 2007. These 

graphs (figure 15) indicate that combining data from burnt and unburnt trees in this study may 

to lead to wrong interpretations and may be inaccurate and misleading. The standard deviation 

of the average ring width for lowland and upland sites without fire has considerably decreased 

and has almost a homogeneous mean (Figure 16). 
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Figure 9: Annual growth ring widths (mean +/- SD) per lowland study sites versus year (1750 to 2009) and 
number of samples (grey line). The red arrows indicate when the fire occurred. 
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Figure 10: Annual growth ring widths (mean +/-) from 1970 to 2009 for Black spruce (n = 10) on lowland 
sites. It is important to note that the Y axe in the plots 9LL and 10LL is twice higher than in the other 
plots. 
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Figure 11: Annual growth ring widths (mean +/- SD) per upland study sites versus year (1670 to 2009) and 
number of samples (grey line). It is important to note that the Y axe on 10UL plot is 1 mm higher than the 
other plots. The red arrows indicate when the fire occurred. 
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Figure 12: Annual growth ring widths (mean +/-) from 1970 to 2009 for Black spruce (n = 10) on upland 
sites. It is important to note that the Y axe in the plots 9UL and 10UL are three times higher than in the 
others plots. 
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Figure 13: Representative disks/cores of burnt trees showing the burn scars and the annual ring width 
increase after the fire occured. Sites 9LL and 9UL were burnt in 1989, site 10LL was burnt in 1981 and 
1999, and site 10UL was bunt in 1981. 
 
  



 

    28 

 
Figure 14: Average annual growth ring widths and the numbers of black spruce trees present from 1670-
2009 on lowland sites (n = 90), upland sites (n = 100) and all sites together (n = 190). All sites are located at 
more than 10 km of distance from the De Beers Victor Mine. 
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Figure 15: Average annual growth ring widths and the numbers of black spruce trees present from 1670-
2009 on lowland sites without site burnt (n = 70), upland sites without site burnt (n = 80) and all sites 
together without site burnt (n = 150). All sites are located at more than 10 km of distance from the De 
Beers Victor Mine. 
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Figure 16: Annual growth ring widths (mean +/-) versus year (1970 to 2009) for Black spruce on upland 
sites (n = 90) and lowland sites without sites burnt (n = 70), on upland sites (n = 100) and upland sites 
without sites burnt (n = 80), and on all sites together (n = 190) and on all sites together without sites burnt 
(n = 150). 

 

Discussion 

 

The peat chemistry was used in several studies in order to characterize the peatlands, 

such as Vitt and Wai-Lin (1990). Vitt et al. (1995), and Vitt and Wai-Lin (1990) observed that 

a linear relationship existed between peatland pH and conductivity. Vitt et al. (1995) 

measured the pH and conductivity of the bog and fen for a study site located in central Alberta 
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and obtained for bog a pH of 3.9 and a conductivity 37 μS/cm, and for fen a pH between 5 

and 6 and a conductivity of 184 μS/cm. In this present study, the lowland sites have a pH that 

ranges from 3.9 to 6.8 and a conductivity that ranges from 44.1 to 182.5 μS/cm. The pH and 

conductivity define a linear relationship (r = 0.896, P = 0.001) that was also observed by Vitt 

and Wai-Lin (1990) and Sjörs (1950). 

The dendrochronological study of the black spruce from the lowlands and uplands, 

distal to the Victor Mine, have demonstrated that the mean age for these two landforms are 

very similar, i.e, 117 ± 45 years for the lowlands and 125 ± 68 years for the uplands. Ise and 

Moorcroft (2008) obtained similar results for the lowlands and uplands of the boreal forest 

located in the province of Saskatchewan. It is important to note for this present study that the 

uplands are composed of both old and young trees, whereas the lowlands have trees of a 

relative homogeneous age. Therefore, the uplands appear to have a strongest influence from 

the abiotical conditions compared to the lowlands. 

The trees from the lowlands and uplands have different morphological characteristics 

as the trees from the uplands are bigger and higher than the trees from the lowlands. In 

addition to the morphological differences between the lowland and upland trees, the annual 

rings of upland trees are two times larger (0.4 mm per year) than for the lowland trees (0.2 

mm per year). This appears to be directly related to the water table level as the lowlands are 

peatland plains saturated in water, whereas the uplands are drained lands with a low water 

table. Macdonald et al. (1999) suggested that the fluctuation of the water table directly affects 

the tree growth as the black spruce (Picea mariana) has a normal growth when the water table 

is low, but it is characterized by a low growth when the water table is high. The nutrient 

contents, available in the soils, also represent an important factor that control the tree growth 

as the lowlands, characterized by low nutrient contents in the soils, do not have the conditions 

required for an optimal growth compared to the uplands trees. 
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The morphological characteristics, such as the tree height and the tree diameter, were 

used to distinguish the lowlands and uplands; however, these characteristics could also be 

used to estimate of a stand age when relationships exist either between age and height or 

between age and diameter. The present dendrochronological study show that across all the 

lowlands, weak relationships exist between age and height (R² = 0.167, P = 0.00006), and 

between age and diameter at 30cm (R2 =0.209, P =0.00001); however, across all the uplands, 

there is no relationships observed between age and height (R² = 0.024, P = 0.12046), and 

between age and diameter at 30cm (R2 = 0.011, P =0.31). Talarico (2009) suggested that 

relationships existed between either age and height or between age and diameter, but it was 

recommended in the study to do more extensive sampling across a wider gradient of sites in 

order to assess the relationship observed. Talarico (2009) studied in total 9 sites, 7 lowland 

and 2 upland sites, which are located proximal to the Victor Mine, whereas 19 sites distal (> 

10 km) from the Victor Mine, 10 lowland and 9 upland sites, were analysed in this present 

study. Similar results were obtained between these two studies, in spite of the highest number 

of sites analysed in this present study, which was recommended by Talarico (2009). Therefore, 

the morphological characteristics could not be used as visual criteria to determine the age of 

the trees on the upland and lowland sites when the relationships existing between either age 

and height or between age and diameter is too weak. 

Several dendrochronological studies, realized worldwide on different tree species, 

have shown that the average of annual ring width is a useful tool to determine the tree growth 

variations trough time, but it could also be used to establish the tree growth relationships with 

the climate and environmental factor variations (Boninsegna et al., 2009, Campelo et al., 2009, 

Cufar et al., 2008). The black spruce (Picea mariana) was analysed for various 

dendrochronological studies located in Canada (Dang &Lieffers 1989; Hofgaard et al. 1999; 

Ise & Moorcroft 2008; Filion et al 1986). The dendrochronological study of the black spruce 
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from the lowlands and uplands distal to the Victor Mine, presented herein, has demonstrated 

that the variations of the annual ring width of growth are related to the regional climate 

variations. Jones et al. (1986) suggested a climatic change occurs since 1880 and Hofgaard et 

al. (1999) interpreted this climatic change to result from a large-scale shift in the mean 

position of the Arctic front. In this present study, the tree growth increase is observed only 

since 1990, but could still be considered as resulting from the climate change. However, the 

highly variable weather conditions on the coast of and inland from James Bay and the distal 

(280 km ESE from Victor Mine) occurrence of weather station prevent to verify the climate 

change observed since 1990 in the study area. 

It is important to have a strong understanding of the field area in order to establish 

valid interpretations on climate changes. For example, the lowland and uplands sites 9 and 10 

have strong fire evidences, such as dead trees and char coal on the trunk, which suggest that 

these sites were burnt. An increase of annual ring width was observed just after the fire on the 

trees from the lowland and uplands sites 9 and 10. This was also denoted in several studies, 

such as Wallace (1966), Kimber (1978), Abott and Loneragan (1983) and appears to result 

from a strong modification of the physical and chemical properties of the soil (Gagnon, 1998). 

Bergeron and Charron (1995) and Morissette (1995) demonstrated that the combustion of the 

vegetation and litter considerably enhance the microbiology activity and the recirculation of 

the different nutrient elements. 

In this present study, the unburnt lowland and upland sites have a homogeneous 

growth with no significant fluctuations, except for the weak increase of tree growth since 

2007 that was observed only for upland sites. Sinclair (1992) demonstrated that it is really 

difficult to predict the reaction between the vegetation growth and the climatic change when 

the soils do not have sufficient nutrients available. Brown and Higginbothan (1986) and 

Oberhauer et al. (1986) suggested that plant growth does not respond to elevated CO2 under 
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conditions with low nutrient availability, but the enhancement of nutrient availability increase 

the response of growth to elevated CO2 for many species. Based on these studies, the annual 

ring width of tree could be used a criteria to predict the climate changes occurring trough time 

only for the trees growing in soils with sufficient nutrients and explain the homogeneous 

growth for the unburnt sites distal from Victor Mine. Sjörs (1957) suggested that the alkaline 

rive silt and the forest litter create a fertile soil that is conductive to luxuriant plant growth. 

Trees, located at the border of the Attawapiskat river, are currently studied (Daniel Campbell, 

Laurentian University, pers. commun.) to verify if theses trees benefit of a better nutritive 

capacity with the sediment contributions during river floods and if they present growth 

increase due to climatic changes. 

In its study of the black spruce, located at the border between Ontario and Quebec 

province (between 48° N and 50° N), Hofgaar et al. (1999) was able to correlate the annual 

ring width with the climatic records of a weather station located close to the sites studied, and 

observed a homogeneous tree growth of the black spruce for the last 150 to 200 years. In this 

current study, the tree growth of the black spruce distal to the Victor Mine (>10 km) is 

homogeneous with no large fluctuations since the last years, whereas Talarico (2009) 

observed an increased growth since 2005 for black spruce proximal to the Victor Mine (figure 

17). Therefore, the increase in tree growth near the mine appears to be caused by mining 

activities and not regional climate change.  
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Figure 27: Compilation data of the 9 sites studied close to the Victor Mine by Talarico (2009) from 1980 to 
2007. 

 

This present study allows the age determination for the unburnt sites on lowlands and 

uplands; however, the tree age is affected for the burnt sites as the fire significantly increase 

the tree growth. It is of paramount significance to understand the frequency of the fire for the 

lowlands and uplands located close and distal from the Victor mine because this will help to 

predict when the lowlands and uplands created by the mine will need to be restored. Further 

studies on the burnt sites with more sample sites will add to our understanding on the time 

interval needed for the vegetation to readapt to normal condition existing before the fire. The 

study of the tree on the burnt sites will also allow defining a coefficient of tree growth after 

the sites were burnt.  

All data collected for this study will add to our knowledge and understanding on how 

lowlands and uplands form and how to restore for them. This will be used by De Beers 

Canada to establish restoration plan for the Victor mine. 
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Appendix A: GPS coordinates of each lowland and upland site (NAD 83). 
 

Landform Site Longitude Latitude 
Lowland 1LL 084°08'344'' 52°50'659'' 

 4LL 
 
083°51'764''  52°54'689'' 

 5LL 
 
083°46'148''  52°50'017'' 

 6LL 
 
084°07'006''  52°58'788'' 

 7LL 
 
083°58'614''  52°52'591'' 

 8LL 
 
082°40'609''  53°08'703'' 

 9LL 
 
084°19'735''  52°57'097'' 

 10LL 
 
083°53'447''  53°07'302'' 

  12LL 
 
084°27'824''  53°01'569'' 

Upland 1UL 
 
084°08'333''  52°50'749'' 

 4UL 
 
083°51'789''  52°54'722'' 

 5UL 
 
083°46'177''  52°49'975'' 

 6UL 
 
084°06'930''  52°58'820'' 

 7UL 
 
083°58'572''  52°52'656'' 

 7UL’ 
 
083°58'688''  52°52'532'' 

 8UL 
 
082°40'610''  53°08'654'' 

 9UL 
 
084°19'897''  52°57'138'' 

 10UL 
 
083°53'606''  53°07'157'' 

  12UL 
 
084°27'846''  53°01'482'' 
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Class Latin Name English Name Family 1LL 4LL 5LL 6LL 7LL 8LL 9LL 10LL 
 

12LL 

Vascular Plants                   
Tc Larix laricina (Du Roi) K.Koch  Tamarack Pinaceae 2 2 0 2 0 2 1 1 2 
Tc Picea glauca (Moench) Voss White Spruce Pinaceae 0 0 0 0 0 0 1 0 0 
Tc Picea mariana (P. Mill.) B.S.P. Black Spruce Pinaceae 4 4 4 5 4 5 2 2 5 
Tc Pinus banksiana Lamb. Jack Pine Pinaceae 2 0 0 0 0 0 1 2 0 
Sh Andromeda glaucophylla Link ex Roem. & Schult. Bog rosemary Ericaceae 1 0 0 1 0 0 0 0 1 
Sh Betula pumila L. Swamp birch Betulaceae 0 0 0 1 0 0 0 0 1 
Sh Chamaedaphne calyculata (L.) Moench Leatherleaf Ericaceae 3 3 4 5 3 3 4 4 3 
Sh Dasiphora fruticosa (L.) Rydb. Shrubby cinquefoil Rosaceae 0 0 0 1 0 0 0 0 0 
Sh Empetrum nigrum L. Black crowberry Empetraceae 0 1 1 1 0 1 1 1 1 
Sh Kalmia angustifolia L. Sheep laurel Ericaceae 1 1 1 0 1 0 0 0 0 
Sh Kalmia polifolia Wangenh. Bog kalmia  Ericaceae 1 1 1 1 1 1 1 1 1 
Sh Rhododendron groenlandicum (Oeder) Kron & Judd Labrador tea Ericaceae 2 2 2 3 3 2 3 3 3 
Sh Rubus chamaemorus L. Cloudberry Rosaceae 1 1 1 0 2 2 1 1 1 
Sh Salix candida Flügge ex Willd. Hoary willow Salicaceae 0 0 0 1 0 0 0 0 0 
Sh Salix pedicellaris Pursh Bog willow Salicaceae 0 0 0 0 0 0 0 0 1 
Sh Vaccinium myrtilloides Douglas. Velvetleaf-blueberry Ericaceae 0 1 1 0 0 0 0 1 0 
Sh Vaccinium oxycoccos L. Small cranberry Ericaceae 1 1 1 1 1 1 1 1 1 
Sh Vaccinium uliginosum L. Western huckleberry Ericaceae 0 2 1 0 0 0 0 0 0 
Sh Vaccinium vitis-idaea L. Partridgeberry Ericaceae 0 0 1 0 0 0 0 1 0 
He Drosera linearis Goldie Slenderleaf sundew Droseraceae 0 0 0 0 0 0 0 0 1 
He Drosera rotundifolia L. Roundleaf sundew Droseraceae 1 1 1 1 1 1 1 1 1 
He Geocaulon lividum (Richardson) Fernald False toadflax Santalaceae 0 0 1 1 0 0 0 0 1 
He Maianthemum trifolium (L.) Sloboda Threeleaf false Solomon's seal Ruscaceae 0 0 1 1 1 1 1 1 1 
He Mitella nuda L. Naked mitrewort Saxifragaceae 0 0 0 1 0 0 0 0 0 
He Platanthera huronensis (Nutt.) Lindl. Tall northern green orchid Orchidaceae 0 0 0 1 0 0 0 0 1 
He Sarracenia purpurea L. Pitcher plant Sarraceniaceae 0 0 0 0 0 0 0 0 1 
He Solidalgo uliginosa Nutt Northem bog-goldenrod Asteraceae 0 0 0 1 0 0 0 0 0 
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He Triantha glutinosa (Michx.) Pers. Sticky tofieldia Tofieldiaceae 0 0 0 1 0 0 0 0 1 
He Triglochin maritima L. Seaside arrowgrass Juncaginaceae 0 0 0 0 0 0 0 0 1 
S Carex aquatilis  Wahlenb. Water sedge  Cyperaceae 0 1 0 1 0 1 1 0 1 
S Carex capillaris L. Hair sedge Cyperaceae 0 0 0 1 0 0 1 0 0 
S Carex chordorrhiza Ehrh. ex L.f. Creeping sedge Cyperaceae 0 0 0 0 0 0 0 0 1 
S Carex exilis dewey Coastal sedge Cyperaceae 0 0 0 1 0 0 0 0 0 
S Carex gynocrates Wormsk. ex Drejer Northern bog sedge Cyperaceae 0 0 0 0 0 0 1 0 1 
S Carex interior L.H.Bailey Inland sedge Cyperaceae 0 0 0 1 0 0 0 0 0 
S Carex leptalea Wahlenb. Bristlestalk sedge Cyperaceae 0 0 0 0 0 0 0 0 1 
S Carex limosa L. Mud sedge Cyperaceae 0 0 0 0 0 0 0 0 1 
S Carex oligosperma Michx. Few seeded sedge Cyperaceae 1 1 0 0 0 0 0 0 0 
S Carex pauciflora Lightf. Fewflowered sedge Cyperaceae 0 1 1 0 1 1 0 0 0 
S Carex trisperma Dewey Three-fruited sedge Cyperaceae 0 0 1 0 0 0 0 0 0 
S Carex utriculata Boott in Hook. Bottle sedge Cyperaceae 0 0 0 0 0 1 0 0 0 
S Eriophorum chamissonis C.A. Mey. Chamisso's cottongrass Cyperaceae 0 0 0 0 0 1 0 0 0 
S Eriophorum vaginatum subsp. spissum (Fernald) Hultén Tussock cottongrass Cyperaceae 2 1 1 1 0 1 0 1 0 
S Trichophorum alpinum (L.) Pers. Alpine cottongrass Cyperaceae 0 0 0 2 0 0 0 0 1 
S Trichophorum cespitosum (L.) Hartm. Tufted bulrush Cyperaceae 3 2 1 1 0 1 0 0 2 
H Equisetum arvense L. Field horsetail Equisetaceae 0 0 0 1 0 0 1 0 1 
H Equisetum fluviatile L. Water horsetail Equisetaceae 0 0 0 1 0 0 0 0 1 
H Equisetum variegatum Schleich. ex F.Weber & D.Mohr Variegated scouring rush Equisetaceae 0 0 0 0 0 0 0 0 1 
R Juncus arcticus var. balticus (Willd.) Trautv. Baltic rush Juncaceae 0 0 0 0 0 0 1 0 0 

Lichens                   
L  Cladina stellaris (Opiz) Brodo Star reindeer lichen Cladoniaceae 4 4 4 3 3 3 4 4 3 
L  Cladina rangiferina (L.) Nyl. Greygreen reindeer lichen  3 3 3 3 3 3 0 1 2 
L  Other lichens   1 1 1 1 1 1 2 2 1 

Mosses                   
M Sphagnum sp   4 4 4 4 4 4 4 4 4 
M Other mosses     1 1 1 1 1 1 2 1 3 
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