
























































Saskatchewan and Manitoba (USGS 2013). Some research asserts that petroleum deposits in this
basin are among the world’s largest hydrocarbon sources, development for which began in the
1950s (Jones 1995; MacKendrick er al. 2001; Schneider ¢ al. 2003). The BC Ministry of
Energy, Mines and Natural Gas figures from 2006 assert that the Western Canada Sedimentary
Basin had 52 Tef (Trillion cubic feet) of natural gas available, as well as 60 Tcf of CBG (Coal
Bed Gas). Estimated extraction figures for the south Peace region of BC were around [5,000

Tcf/d (Trillion cubic feet per day) (BC Ministry of Energy, Mines and Natural Gas 2012).

2.3 Disturbances Due to Pipelines

2.3.1 Pipelines

Transportation of natural gas in Canada utilizes truck, rail, and pipeline options. Pipelines are an
efficient, if controversial, method of transporting petroleum products from the source to
distribution centres and markets {Brito and de Almeida 2009; Ericson 2009; NRC 2013). Natural
gas is a difficult product to transport, as its low density in gaseous form is expensive relative to
useable product to the end user (Ericson 2009). The need to compress natural gas for most
efficient transport requires specialized pipes as it requires storage and transportation under high
pressure, and ideally under low temperatures, to maintain a sufficient bulk density that provides

an acceptable cost and benefit to the purchaser (Thomas and Dawe 2003).

Construction of pipelines in forest ecosystems involves tree and other vegetation removal to
create a right-of-way between fifteen to thirty metres wide (Desserud er @/, 2010). This is
followed by trench digging, when soils are piled according to horizon (A, and B and C horizons,
Figure 1). One side of the trench is generally reserved for soil storage, and the other side of the

trench is used for vehicle and machinery access. These protocols can have adverse effects on soil
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pollution and air quality concemns, particularly during the construction phase of a pipeline {Van
Hinte ez al. 2007). Pipeline nght-of-ways impact forest ecosystems by fragmenting mature forest
stands (Nitschke 2008), disrupt caribou migration pattemns (Dyer ef @l. 2001), and increase wolf
predation of caribou by line-of-sight creation (Latham e7 o/, 2011). Social consequences of
pipeline development have been associated with decline in social fabric, shrinking productive
trapping areas, and lower participation in traditional activities for people in First Nations

communities (Angell and Parkins 2011).

2.4 Reclamation of Pipeline Rights-of-Way

2.4.1 Regulatory Context

The regulator of natural gas activities in B.C. is the British Columbia Oil and Gas Commission
(BC OGC). Reclamation of gas facilities in B.C. is described as “‘the process of restoring the
natural environment to acceptable condition, as near as reasonable to conditions that existed prior
to development” (BC OGC 2011 p 1). Reclamation guidelines for industrially disturbed sites are
governed by the BC OGC for issuing reclamation certification. The regulator has requirements
for operators that stipulate general vegetative requirements under the “*Schedule B Site
Reclamation Requirements™ (BC OGC 2013) regarding density, spectes composition and percent
cover; Schedule B requirements relate specifically to lands within the Agricultural Land Reserve
(ALR). Information about plant species use is not specified in forested lands outside the ALR.
The BC OGC stipulates that land be restored to an equivalent condition following pipeline
installation; however, there is no minimum replacement depth (MRD) of surface soil on linear
disturbances {BC OGC 2013). Topsoil salvage is required, although for soils with A horizons

less than [0 centimetres deep, no minimum depth is required in forested lands.
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activities should take place when compaction is less likely, such as winter or late summer in

cold, dry ecosystems on these soils.

Soil pH refers to acidity or alkalinity of a soil, and it influences the survival and growth of plants,
potentially more so during pipeline reclamation. Many plant species have a preferred pH range,
and unsuttable pH can affect establishment and growth of some plant species (Hartel, 1999).
Industrial disturbance may alter soil pH, for example mixing surface horizons with subsoil
matenal rich in carbonates (Hammermeister er a/. 2003); but some disturbed forest soils may not
always exhibit changes in soil chemical properties due to industrial disturbance (McConkey et al.
2012). This may be a site-specific factor, as research regarding pipeline installations found that
chemical properties of some soil types are altered differentially by disturbance (Naeth er al.

1987).

Soil temperature changes following industnal disturbance due to increased exposure to solar
radiation and the conditton of surface organic horizons (Stathers and Spittlehouse 1990).
Industrial disturbance can affect the range of soil temperature due to whole tree removal (Hayhoe
and Tamocai 1993; Mariani ef al. 2006). Soil temperatures can impact the regrowth of certain
plant species in cold regions such as those found at high elevations and latitudes (McConkey et
al. 2012). In some ecosystems, increased soil temperature may slightly extend growing seasons
at more northern latitudes (Way and Oren 2011). As some plants are more tolerant of wide
temperature variances throughout a growing season, the consequences of soil temperature effects

on plant growth are site- and species-specific (Hayhoe and Tamocai 1993; Schulze ef al. 2005).

Soil moisture is another variable that may be influenced by industrial disturbance. Soil moisture

is a critical component of plant growth; it influences species establishment in plant community
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4.1 Introduction

The resource extraction industry in western Canada has become the backbone of Canada’s
economy. Natural gas reserves in northeastern B.C. contiributed to approximately 27% of total
marketable Canadian natural gas production in 2014 (NEB 2015). A number of alternatives exist
for the transport of natural gas, and transport via underground pipelines is a common option. As
more pipelines are proposed and constructed, there is a need to understand the impacts of right-
of-way clearing and soil horizon disturbance on forest soils, to provide background information

for developing refined strategies for the reclamation of pipeline rights-of-way.

Right-of-way clearing for a pipeline involves whole tree harvest, and soil horizon disturbance
through trench construction (Desserud ez af. 2010). Following pipe installation, the trenches are
backfilled with stored soils, and prepared for reclamation. Mechanical site preparation is the
practice of recontouring a harvested area for planting, using heavy equipment to decompact soils,
remove unwanted woody debris, and sometimes to create microsites to facilitate plant
establishment (Bulmer and Krzic 2003; Lof e a/. 2012). It is commonly used to promote faster
regrowth of forest stands (Schmidt et al. 1996). Some research has found that increasing severity
(windrowing and burning) and complexity of site preparation techniques (fertilization plus tree
seedling planting) was associated with improved performance of conifers in reforestation of
mdustrially disturbed sites in interior B.C., and Sudbury, Ontario (Haeussler e al. 1999; Rayfield

et al. 2005).

Although the impacts on soils by forest practices are generally well understood, the
repercussions to soils from underground pipeline installation in northeastern B.C. are less well
known. Pipeline infrastructure installations change soil horizons, can remove organic matter and

wnay alter slope stability in mountainous terrain (Naeth et a/. 1987; Piirainen et al. 2007;
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Thiffault et al. 2011; Zummo and Friedland 2011; McConkey ef a/. 2012; Olson and Doherty
2012; Reeves et al. 2012), therefore it is critical to better encapsulate the effects of linear forest

fragmentation, whole tree removal, and soil horizon disturbance related to pipeline installations.

This study was conducted to understand the impacts to soils, plant communities, and field
performance of planted seedlings by right-of-way clearing and pipe trench construction for
natural gas transfer infrastructure. The objective of this study was to examine soil chemical and
physical properties, and topographic features present on a reclaimed natural gas pipeline right-of-
way in northeastern B.C. This primary objective was to improve knowledge of what roles soils
play in plant community recovery and plant growth and survival at a pipeline right-of-way
reclamation project in the Boreal White and Black Spruce wet cool biogeoclimatic subzone
(DeLong er al. 1991) and Engelmann Spruce — Subalpine Fir motst very cold biogeoclimatic

subzone (Coupé et al. 1991) in northeastern B.C.

4.2 Materials and Methods

4.2.1 Study Site and Experimental Design

The study site was located in the south Peace region of northeastern B.C., on the eastern slopes
of the Rocky Mountain range, 40 km west of the Alberta border. The study area was subject to
logging for nght-of-way cstablishment in 2007, except the area including the ESSF 4 block,
which was harvested in 2004 for winter road construction. The pipeline right-of-way was
established in 2007 at an asset leased by Shell Canada (see Chapter 3 for site details). The
dominant soil type in the research area was the Luvisolic order (Luvisols and Gray Luvisols were
noted at the site). Site soil moisture and nutrient regimes were originally reported by Shell
Canada environmental staff in 2007, and confirmed by the UNBC research team (Table 2) in

2012.
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exchange capacity (CEC). Core samples were taken for bulk density calculations. All results

were expressed on an oven-dry equivalent basis.

Table 3. Number of soil samples taken from each plot, block and biogecclimatic zone in 2012,

Treatments
Biogeoclimatic zone Block  Control ~ Pine  Cinquefoil Soil samples per block

BWEBS 1 9 8 3 20
BWBS 2 9 8 3 20
BWBS 3 9 8 3 20
BWBS 4 9 3 2¥* 14
ESSF 1 9 8 3 20
ESSF 2 9 8 3 20
ESSF 3 9 8 3 20
ESSF 4 9 4 3 16

Total 150

BWBS - Boreal White and Black Spruce

ESSF — Engelmann Spruce — Subalpine Fir

* One pine plot disregarded due to human interference in BWBS 4
** Two plots planted with cinquefoil in BWBS 4

4.2.2.1 Soil Pits

Soil pits were dug in 2013 to understand the physical features found within the area disturbed for
right-of-way clearance and construction. The components of soils considered in this study were
adapted from the Land Management handbook 25 (BC MoFR and MoE 2010) Soil Descriptions
chapter. One soil pit was dug on the right-of-way at each block, and one pit was dug in the forest
adjacent to the night-of-way block. Data were recorded for organic horizons, humus type, soil

horizon depth (A, B, and C), soil texture, and drainage.

4.2.2.2 Soil Moisture

Volumetric soil moisture readings were taken in 2012 and 2013 growing seasons. Readings were
taken with a portable Delta T soil moisture reader, using a Theta Probe (type ML2x), at the
surface of mineral soil on the pipeline to a depth of 5 cm (probe length). Two readings were

taken from each plot, and an average of the two readings was reported. Fluctuations in wetland
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4.2.3 Data Analysis

In this chapter, the data were not subjected to standard tests for normality or ANOVAgs, as the
purpose was to characterize soil properties in the research blocks. The results described trends at
the blocks. Statistical refationships between soil properties and plants are presented in chapters 5
and 6. Results for soil moisture, bulk density, macronutrients (N, S, P), soil C and CEC were
separated between wetlands and uplands. Topographic variables were reported as whole
numbers. Soil properties were subjected to descriptive statistics, analysed with STATA® 13.1
{StataCorp LP, College Station, Texas, USA), means and standard errors were reported in the

results,

4.3. Results

Soil pit descriptions are shown for uplands only, as data was not available from the BWBS
wetland block. Resulis of major nutrients (total N, total S, and available P), soil total C, effective
CEC, soil moisture, and bulk density were separated between uplands and lowlands due to
marked differences in values. Soil class (texture) was recorded in upland blocks only, and results
of the BWBS 3 block were disregarded as the high organic matter content nullified the

usefulness of particle size results.

4.3.1 Soil Pit Descriptions

Soil physical properties were compared between the right-of-way and the forest to determine
effects of human disturbance. Organic layers (Table 4) for upland soils were shallow on the
right-of-way with the exception of BWBS 3. and in a few instances, there was no organic layer
present. The BWBS 3 block had the moder humus form on the right-of-way and in the forest,
whereas the BWBS 2 block had mor humus form on the right-of-way and moder humus form in
the forest.
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Table 4. Soil pit organic layer features for right-of-way and forest upland blocks.

Soil Organic Layer Depth (cm) Humus Form
Right-of-way Forest Right-of-way  Forest
Zone Block Maximum Minimum Maximum Minimum
BWBS | 0 0 9 7 N/A Mor
2 1 0 5 3 Mor Moder
3 20 15 36 20 Moder Moder
ESSF 1 0 1] 12 9 N/a Mor
2 0 0 3 1 N/A Mor
3 1 0 12 9 Mor Mor

Humus forms:

Moder: Some incorporation of litter into mineral soil

Mor: Mat of partly decomposed litter, not well incorporated in mineral soil
N/A: Not Applicable

Humus types from right-of-way samples were mostly fibric, although there was evidence of
decomposition in humus at the BWBS 3 block, where some mesic material was noted. At the
forest pits, humus types were fibric at the BWBS 1 block, while there was mesic material in the

crest and north facing sites. The humus type was fibric at all upland forest pits in the ESSF zone.

Mineral layers in upland blocks varied considerably (Table 5). There were three instances
(BWBS I, BWBS 2, and ESSF 2) where the A horizon was not discernable from the B horizon.
Where the A horizon was present, it was deeper than the A horizon depths observed in the forest
pits. At BWBS 3, the A horizon depth maximum on the right-of-way was greater than intact
forest soil by 1 cm. At ESSF 1, the A horizon maximum on the right-of-way was similar to the
intact forest soil {difference was 1 cm), and at ESSF 3, the right-of-way A horizon exceeded the
forest soil A horizon by up to 22 cm. Depths at which C horizons were observed varied between
blocks, however, highest points of C horizons were observed at a greater depth in the north-

facing blocks in each zone than either the south-facing or crest position blocks (Table 5).
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Table 5. Soil mineral layers for right-of-way and forest sample pits in upland blocks.

Soil Mineral Layers

Depth (cm) (Right-of-way) Depth (cm) (Forest)
Maximum  Minimum Maximum  Minimum
Zone  Block Laver  Suffix* Extent thickness thickness Suffix  Extent thickness thickness
BWRBS 1 A - not discernable h 0-9 9 7
B P 0-28 28 22 t 10-40 30 20
C k 29+ N/A N/A k 40 + N/A N/A
2 A - not discernable h 0-15 15 10
B P 0-3& 36 3z m 16-46 34 30
C k 36+ N/A N/A k 47+ N/A N/A
3 A h 0-16 16 12 h 0-15 15 12
B hf 17-71 46 4] g 15-85 75 70
C k 71+ N/A N/A k 85+ N/A N/a
ESSF 1 A he 0-19 15 12 h 0-18 18 16
B m 19-51 37 29 m 19-68 48 40
C g 51+ N/A N/A k 68 + N/a N/A
2 A - not discernable h 0-15 15 9
B m 0-35 35 33 g 16-48 36 27
C k 35+ N/A N/A k 48 + N/A N/A
3 A h 0-40 40 35 h 0-18 18 9
B m 41-83 42 35 B 19-47 33 29
C k 83 + N/A N/A k 47+ N/A N/A

* Suffixes as defined in Soil Classification Working Group {1998):
g: grey colours or prominent mottling

h: enriched with organic matter

he: natural eluviation with grey shades and somnetimes platy structure
hf: more than 5% organic C

k: presence of carbonate

m: slightly altered by hydrolysis, oxidation, or sclution

p: altered by human activities including pipeline construction

t: illuvial horizon enriched with silicate clay

Drainage of the upland sites varied according to slope position. Drainage classes were very well
drained in the south-facing blocks and the BWRBS 2 block; the ESSF 2 block was rapidly drained.
The drainage class for north-facing blocks were moderately well drained in the ESSF 3 block,

and imperfectly drained in the BWBS 3 block. Soil pits dug on the nght-of-way and in the
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Table &, Parlicle size {imeans and standard errors reporied in parentheses) for sand, silt and clay with associated soil
class for upland blocks. For each upland block, n =9 for control plots, n = 8 for pine plots, and n = 3 for cinquefoil
plots.

Block Treatment Sand % (£} Sift % (1) Clay % () Soil Class*
BWBS 1 Control 42,51 (4.18) 41.34 (2.45) 16.15 (3.95) L
Pine 42.81(2.74) 41.39(2.10) 15.80 (1.64) L
Cinquefoil 43.98 (1.45) 40.74 (1.40) 15.28 (0.05) L
BWRBS 2 Control 38.40 (4.08) 45.30 (6.03) 16.30:(4.21) SiL
Pine 3598 (4.82) 47.00(5.27) 17.01 (1.32) SiL/L
Cinguefoil 32.09(0.91) 55.21 (0.91) 12.69 (0.00) SiL
BWBS 3 Control * results invalid N/A
Pine * results invalid N/A
Cinguefoil * results invalid N/A
ESSF 1 Control 37.41(2.92) 50.01 (2.12) 12.58 (1.43) SiL
Pine 38.31(3.49) 49.44 (4.32) 12.25(1.93) SiL
Cinguefoil 40.59 (2.17) 46.68 (1.58) 12.73 (1.32) L
ESSF 2 Control 37.19(3.27) 48.47 (1.90) 14,34 (2.31) SiL/L
Pine 36.80 (3.47) 50.48 (4.18) 12.72 (2.78) SiL
Cinguefoil 33.89(1.25) 52.13(1.26) 13.99 (0.00) SiL
ESSF 3 Control 42.35(6.79) 41.18 (5.63) 16.47 (2.07) L
Pine 32.43(5.12) 50.44 (4.24) 17.13 (2.43) Sil.
Cinquefoil 33.02 (2.83) 49.49 (1.39) 17.49 (1.44) SiL/L
* Soil class:
L- Loam

SiL- Silty Loam
SiL/L- Silty Loam/Loam
N/A- Not Applicable

4.3.6 Soil pH

Soil pH levels were higher (5.92 - 7.41, + 0.24 - 0.83) at BWBS upland sites than ESSF upland
sites (4.62 - 4.96, £ 0.27 - 0.48) (Figure 12). Comparatively, average pH in upland blocks was
highest per zone for the south-facing blocks (BWBS 1 and ESSF 1), BWBS 3 exhibited the most
acidic conditions for all treatments in the BWBS zone, while in ESSF upland blocks, pH was
consistently higher in cinquefoil plots than either pine or control plots. Wetland block pH levels
were 6.13 + 0.28 for the BWBS 4 block, and 6.63 £ 0.27 for the ESSF 4 block (Figure 12), and

pH was higher in pine plots than in cinquefoil or control plots.
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Table 7. Mean CEC and exchangeable cations (Al, Ca, Fe, K, Mg, Mn, Na) and standard error (£) (Cmol (+} Kg'} of soil in upland blocks. For each upland
block, Contrel = 9, Pine n — 8, Cinquefoil n = 3.

Block Treatment Al Ca Fe K Mg n Na CEC
BWBS 1 Control 0.04 (0.08) 16.6 (5.04) 001(0.02)  0.43(0.03) 1[.69(0.55) 0.004(0.001) 002(0.01)  [8.47 (557)
Pine 0.06 (0.08)  15.16 (2.87) 0.02(0.02)  0.12(0.02)  143(0.55)  0.01¢0.00) 0.02(0.01)  16.80 (3.38)
Cinguefoil — ¢.(350.13)  15.49(3.13) 0.04(0.04)  043¢0.02) 1.21(0.17)  0.00(0.00)  0.01(0.01)  17.03 (3.40)
BWBS2  Control 0.10 (0.15)  18.36¢7.00) 0.02(0.03)  0.13(0.03) 236(1.21)  001(0.01)  0.01{0.00)  21.00 (8.00)
Pine 0.17(0.15)  13.00 (3.64) 0.03(0.02)  0.14¢0.03)  2.12(0.64)  0.03(0.03)  0.02{0.00)  15.51 (3.43)
Cinguefoil 029 (0.14) 134 8.09) 0.04(0.01)  0.13(0.05) 2.10(1.07)  0.02(0.02)  0.02{0.00)  16.31 (8.92)
BWBS3  Control 0.05(0.06)  38.81(16.31) 0.01(0.02)  027(0.08) 7.16(3.11)  0.06(0.04)  0.03(0.01)  46.38 (19.40)
Pine 0.03(0.05)  54.25(30.18) 0.01(0.01)  036(0.13) 10.12(427)  0.09(0.03)  0.04(0.01)  64.90 (34.49)
Cinguefoil o (((0.09)  51.09(25.06)  002(0.02)  0.33(0.19) 894(3.36)  0.07(0.04)  0.03(0.01)  60.594 (28.65)
ESSF 1 Control .10 (0.95)  5.55(1.49) 0.07(0.06)  0.15(0.02)  3.02(1.19)  004(0.03) 0.08{0.15)  10.01 (1.83)
Pine 1.98(1.21}  4.15{1.85) 0.10(0.06)  0.05¢0.02)  1.98(1.31)  0.03(0.02) 0.02(0.01)  8.42(1.95)
Cinquefoil 54 (0.39)  5.54(1.66) 0.04(0,01)  0.14(0.02)  3.33(1.00)  0.03(0.01)  0.02(0.00)  9.63(2.29)
ESSF2  Control 240 (099)  3.92(1.46) 0.11(0.08)  0.20(007)  1.41(058)  0.06(0.05) 002(0.01)  8.12 (1.68)
Pine 2.15(0.85)  4.06(1.70) 0.06(0.02)  0.20(0.05)  139(0.54)  0.07(0.03)  0.11(025)  8.04(1.70)
Cinquefoil 7 52(0.39)  3.00(0.22) 0.07(0.03)  0.19(0.03)  1.03(0.08)  0.05(0.01)  0.02(0.00) 688 (0.44)
ESSF3  Control 0.61(0.25)  7.39{0.68) 0.02(0.01)  0.24(0.06)  2.67(045)  0.05(0.03)  0.02(0.00)  11.00(0.74)
Pine 2.04(0.76)  6.10{1.53) 0.04(0.02)  0.26(0.05)  2.01(049)  0.11(0.14)  0.01 (0.00)  10.57 (1.44)
Cinquefoil 0 95(0.65)  6.88(0.81) 0.02(0.01)  0.28(0.06)  2.39(045 0.05(0.01)  0.0{(0.00)  10.58 (0.67)
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Most upland sites had comparable values of total C, with the exception of the BWBS 3 block
{Table 9). Inthe BWBS 1 and 2 blocks in the BWBS zone, cinquefoil plots had the lowest total
€, while the control plots had the lowest mean total C in BWBS 3. There was no consistency by
treatment for mean C values in the ESSF upland blocks. Total carbon was high in hydric soils in
both zones (Table 10). Total C in the pine plots was lower than the control or cinquefoil plots,

and lowest C values in the ESSF 4 block were observed in the cinquefoil plots.

Table 10. Mean and standard error (expressed in parentheses) of major nutrients (nitrogen, sulphur, phosphorous and
potassium} and soil carbon in wetland blocks all treatments {(BWBS 4 n =15, ESSF 4 n = 16).

Block Treatment Total N % () Total C % {+) Total S % (%) Avail, P mg Kg'' (£)

BWBS 4 Control 2.00(0.33) 48,75 (6.00) 0.262 (0.048) 338124
Pine 1.75(0.71) 40.81 (9.86) 0.200 {0.058) 4.73 (14D
Cinguefoil 1.91(0.18) 48.74 (3.87) 0.303 (0.016) 1.68 (0.37)

ESSF 4 Control 2,13(043) 4386 (5.17) 0.570 (0.294) 2.84 (2.3%)
Pine 1.66 (0.30) 44.94 (1.66) 0.339 (0.097) 4.40 (2.96)
Cinquefoil 1.43 (0.63) 39.13 (7.95) 0.399 (0.324) 4.04(3.19)

Total S was lower at upland blocks for both BWBS and ESSF zones than at wetland blocks
(Table 9 and Table 10). For upland sites, the north-facing blocks (ESSF 3 and BWBS 3) had
higher values than crest and south-facing slope blocks. At BWBS 3, S percentage was highest for
pine plots and lowest in the control plots. At the ESSF 3 block, highest values were observed at
cinguefoil plots and lowest in the control plots. Wetland total S was highest in the cinquefoil
plots in both BWBS and ESSF 4 blocks; lowest values were seen in the pine plots at the BWBS

4 block, while the control plots had the lowest mean S values in the ESSF 4 block.

Available P values in mineral soils were higher in the upland ESSF blocks than the BWBS
blocks (Table 9). For the BWBS upland blocks, cinquefoil had the highest amount of available P
in the BWBS 1 and 2 blocks, while the BWBS 3 block values were highest in the pine plots. In
the ESSF land 2 blocks, available P was higher in pine (29.40 mg Kg* + 17.47 mg Kg™) plots,

however in ESSF 3, higher P values were found in the cinquefoil plots than for either control or
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Soil temperature was higher in the ESSF | and 2 blocks than in the ESSF 3 block; the most
likely reasons were due to the aspect of the ESSF 3 block combined with mature forest canopy
influences on direct solar radiation, as these factors influence the temperature potential of soils at
northemn latitudes in the northern hemisphere (Stathers and Spittlehouse 1990; Astrom ef al.

2007; Warren I1 2010).

Soil nutrients were variable between blocks, although total N and total S were higher in the
ESSF 3 block. As the forest type did not differ between blocks, and as the ESSF 1 block did not
have higher nutrient values than the ESSF 2 block, wind may have influenced the movement of
these nutrients, however this could net be quantified. There was evidence of slash buming along
the nght-of-way at the ESSF 1 block, which has been cormrelated with volatilization of N and S

(Ballard 2000).

The ESSF 2 block had higher amounts of available P than the mid-slope blocks, although the
mid-slope blocks were on the same hill as the ESSF 2 block. One likely reason was that the A
and B soil horizons were shallower at the ESSF 2 block than the ESSF 1 or 3 blocks, and the
available P was potentially sourced from the parent materials, and therefore closer to the surface
in the ESSF 2 block as a result of soil horizon disturbance during trench construction. The data
from the ESSF 2 block showed a higher amount of available P in the pine plots than either the
control or cinquefoil plots. This was the only block in which high variability between treatments

was observed.

The ESSF 4 block was previously harvested in 2004 for a winter road construction, and was not
harvested for the right-of-way construction in 2007-2008 (see Chapter 3 for site description).

Therefore, this block was disturbed only for the trench digging and pipe installation. The ESSF 4
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block had adequate major nutrient values, and high CEC. It also had the highest average mean
temperature of all blocks within the ESSF zone, which is consistent with other findings of this
relationship (Davidson er al. 1998), although this relationship can have confounding seasonal
variability. High CEC values were consistent with the organic matter content of the wetland
block, and high total carbon percentage in the wetland block was consistent with other findings

(Fissore et al. 2009) of total carbon found in peat soils.

In both biogeoclimatic zones, the | and 2 right-of-way blocks had low or no humus layers, and
low amounts of total carbon. The ESSF 3 block also showed low carbon values although there
was CWD amendment. The BWBS 3 block had much higher carbon values, along with high
nitrogen. The placement of CWD in this block was denser than at the ESSF 3 block, however the
BWBS 3 block was adjacent to a mixedwood stand, whereas the ESSF 3 was adjacent to a pure
conifer stand. Soil pits dug both on the right-of~way and in the forest noted differences in A
horizon depth, and mixing of horizons in mineral soils. The differences between the right-of-way
and the forest suggest that current right-of-way construction practices may alter A and B
horizons, and remove organic matter, which contribute to total carbon and soil nitrogen losses

{Prescott 2002).

4.5 Conclusion

The research was conducted to understand the potential impacts to soil chemical and physical
properties of industrial activities in mountainous areas of nonheastern B.C. The results showed
that there were differences in soil organic layers and horizon integrity between a pipeline right-
of-way and a mature forest stand. Soil carbon and soil nutrient values vared between upland

blocks, and CEC was lower in the ESSF upland blocks than the BWBS upland blocks, likely as a
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5.1 Introduction

Boreal forests are disturbance-based ecosystems. Human activities, such as natural gas extraction
and transportation, are additive disturbances. The responses of boreal ecosystems to industrial
activities may not replicate responses to natural disturbances (e.g. fire, insect and disease
outbreak, wind damage). More recent human activities such as forestry and other resource (coal,
oil and gas, etc.) development have added to the disturbance footprint, and often replace natural
disturbance regimes, due to forest and infrastructure asset management. Further, industrial
disturbances contribute to soil compaction, increased soil bulk density, poor aeration, altered
moisture drainage and nutrient teaching (Smith ef al. 1999). These and other compounding
factors can affect plant biodiversity (Maestre 2004). Plant species diversity is a culmination of
two components, including the number of individuals of a species (abundance), and the number

of different species (richness) found within a specified area (Whittaker 1972; Huston 1979).

There is an increasing need to better understand the role of natural regeneration of the
herbaceous layer of forests, in addition to regeneration of tree species (Roberts 2004). Two types
of colonizing understory plant species are invaders, which utilize wind as a vector for seed
dispersal, and evaders, which rely on existing seed banks in a disturbed setting (Nguyen-Xuan e#
al. 2000; MacDonald er al. 2012). Invader plant species, different from invasive plant species,
utilize specific conditions (e.g. disturbance) to propagate in a site, and can spread quickly
(Lieffers and MacDonald 1993). Adding to this complexity is the dominance of some plant
species in areas of low diversity, compared to that of communities with high species diversity
(Grubb 1977). An area of disturbance in a single patch basis may also impact the likelihood of
germination from existing seed banks in boreal forest soils. Greene et al. (1999) postulate that

existing soil seed banks in boreal forests may be inadequate to be a significant source of
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germinants due to low seed productivity and poor gemmination rates of seeds in intact forest

floors.

Information about the regeneration of plant species in the Peace region of northeastern B.C. is
fragmentary. The topographic and climatic challenges to plant community regeneration at high
elevations, and substrate disturbances that compromise or remove soil horizons and availability
of nutrients are poorly understood. To improve boreal forest ecosystem responses to industrial
activities, it is important to understand how quickly seed banks respond to open forest canopies,

increased soil temperatures, more variable soil moisture, and nutrient availability.

The objective of this study was to determine plant species diversity on a reclaimed natural gas
pipeline right-of-way in northeastern B.C. The research was conducted to address the tssue of
plant species richness and abundance observed on a reclaimed pipeline right-of-way in a boreal
forest ecosystem altered by industrial activities. This would fill a knowledge gap regarding plant
community recovery in the Boreal White and Black Spruce wet cool biogeoclimatic subzone
(Delong er a/. 1991} and Engelmann Spruce — Subalpine Fir moist very cold biogeoclimatic

subzone (Coupé et al. 1991) in northeastern B.C.

5.2 Materials and Methods

5.2.1 Study Site and Experimental Design

The study sites were located in the northeastern region of B.C ., east of the Rocky Mountain
range, and about 40km west of the Alberta border. The site was established in 2007 within the
operations area of Shell Canada (See Chapter 3 for detailed site information). In this study,
control referred to unplanted plots within the study blocks, and treatments referred to the plots

planted with lodgepole pine or shrubby cinquefoil.
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5.4 Results

The species diversity values met the assumption of normality using the Shapiro Wilk test (a = <
0.05, p=0.212); an ANOVA for species diversity considered differences in mean /" values
between treatment, block, and zone. Significant differences were shown in species diversity
between treatment (F5 145 = 8,33, p = 0.000) and block {F43 2o = 8.67, p = 0.000} but not between
zones (F) 75 = 1.85, p = 0.178). A Tukey test was conducted to find where the differences were
located, and for treatments, the significant differences were observed between control and pine
{p = 0.001), but not between cinquefoil and control {(p = 0.249) or between pine and cinquefoil (p
= 0.221) (Figure 17). By block, the Tukey test returned significant differences between wetland
and south facing blocks (p = 0.020), and wetland and crest position blocks {p = 0.001) (Figure

18).
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Figure 17. Mean with standard error of species diversity (/') value by treatment. Control n =72, pine n =55,
cinquefoil n=23. Letters indicate Tukey results, and means sharing a letter were not significantly different at the o
= 0.05 level.
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cinquefoil plots in the ESSF 3 block. Species diversity throughout the study site was consistently

lowest in control plots in each block.

In upland BWBS and ESSF blocks, fireweed (Chamerion (Epilobium) angustifolium) was
recorded in 106 of 120 plots. Occurrences in plots upland ESSF blocks was less (n = 50) than for
BWRBS (n = 56) blocks. At lowland blocks, this species occurred in two plots in the BWBS 4
block, and one plot in the ESSF 4 block. There were very few observations of naturally
regenerated lodgepole pine seedlings in any of the upland blocks, and no observations of
lodgepole pine in either of the wetland blocks. There were no observations of natural

regeneration of shrubby cinquefoil in any block.

5.4.1 Species Diversity

Table 12. Mean and standard error (in parentheses) of naturally regenerated species diversity, abundance, and
Shannon Diversity Index (/") value of upland blocks. For each upland block, n=9 for control plots, n = 8 for pine
plots, and n = 3 for cinquefoil plots.

Block Treatment Species Richness Species Abundance H value (Diversity)
BWBS | Control 6.67 (1.66) 53.22 (15.06) 1.25(0.33)
Pine 9.38 (2.26) 103.50 (23.14) 1.48(0.22)
Cinguefoil 7.67 (2.08) 82.00 (35.03) 1.41 (0.17)
BWBS2  Control 5.33(1.32) 34.22(13.98) 1.28 {0.25}
Pine 6.75(0.71) 74.86 (32.59) 1.35(0.18)
Cinquefoil 7.00 (1.00} 55.67 (12.34) 1.45 (0.06)
BWBS3  Control 6.89 (3.14) 45.44 (18.66) 1.38(0.41)
Pine 11.75 (3.85}) 102.75¢31.77) 1.86{0.43)
Cinguefoil 7.33(1.53) 87.00 (40.58) 1.48 (0.22)
ESSF 1 Control 4.22(1.79) 24.78 (19.66) 1.06 (0.35)
Pine 7.63(2.13) 74,63 (26.61) 1.56 (0.29)
Cinquefoil 4.67 (2.08) 27.00 (19.52) 1.08 (0.45)
ESSF 2 Conirol 244 (1.81) 10.44 (14.83 0.67 (0.56)
Pine 7.13(1.64) 72.25 (40.87) 1.52{0.35)
Cinquefoil 2.33(2.52) 5.67 (5.51) 0.70 (0.74)
ESSF 3 Control 4.44 (1.81) 41.11 (19.63) 1.11¢0.32)
Pine 7.38 (2.50) 81.13 (3247) 1.36 (0.40)
Cinguefoil 8.67 (4.73) 111.33 (15.70) 1.53 (0.27)
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ANOVAs were run for species diversity to determine whether there were significant differences
in control, pine, and cinquefoil plots, based on the /’ values calculated from natural
regeneration. The factor variables were significant (p < 0.05) for the controls by treatment (F2,72

= 10.87, p = 0.000), and by block (F35 = 8.83, p = 0.000) but not by zone (F,7, =185, p=

0.178).

Table 14. Hierarchical regression for species diversity in combined control, pine and cinquefoil plots, all blocks.
Variable B B SE p (< 0.05)
Moisture 0.01 0.01 0.200
N 1.35 0.59 0.023*
C -0.04 0.02 0.017*
5 0.12 0.64 0.852
P 0.01 0.00 0,008+
K -0.41 0.61 0.495
CEC 0.00 0.01 0.981
pH -0.06 0.05 0.276
Bulk Density 035 0.13 0.007*
Elevation 0.00 0.00 0.139
Soil temp. 0.00 0.17 0.995
LFH -0.07 0.37 0.846
Slope 0.01 0.00 0.000%
Clay 0.01 0.01 0.575
Treatment 0.11 0.03 0.001*
Random
effects:

Zone (SD)  9.45E-13

Block (SD)  9.11E-13

SD (residual)  0.2264471
* Significant at < 0,05

The hierarchical regression (Wald chi® 149.97, Prob > chi® = 0.000) (Table 14) for all treatments,
found that species diversity in all blocks was significantly affected by total N, total C, available
P, soil bulk density, slope, and treatment. As the clay percentage was not considered significant
in the model, a separate regression was performed for each treatment, and excluded clay as a

variable (Table 15).
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Table 15. Hierarchical regression for species diversity in separate control, pine and cinquefoil plots, all blocks.

Control Pine Cinquefoil

Variable § BSE  p(<0.05) B BSE  p(<0.0%5) ] BSE  p{<0.05}
Moisture 0.00 0.00 0.087 0.00 0.00 0405 0.01 0 0.000%*
N 0.02 0.03 0.374 -0.21 0.03 0.000* -1.69 0.23 0.000+*
C 0.00 0.00 0.186 0.01 0.00 0.000* 0.06 0.01 0.000*
S .02 0.04 0.710 -0.41 0.05 0.000* 2,19 0.29 0.000*
P 0.00 0.00 0216 0.00 0.00 0.739 0.00 0.00 0.769
K 0.00 0.04 0.922 -0.04 0.06 0.503 0.24 0.14 0.080
CEC 0.00 0.00 0994 0.00 0.00 0.000* 0.00 0.00 0.881
pH 0.02 0.01 0.025* -0.04 0.01 0.000* 0.1¢ 0.03 0.001%
Bulk Density 0.18 0.02 0.000+ -0.31 0.02 0.000* 0.40 0.04 0.000*
Elevation 0.00 0.00 0.000* 0.00 0.00 0.000* 0.00 0.00 0.000~
Soil temp. 0.16 0.01 0.000* 0.40 0.02 0.000* 0.00 0.04 0.952
LFH 0.56 0.19 0.004% 0.40 0.34 {.256 0.04 0.1 0.834
Slope 0.02 0.00 0.000* 0.00 0.00 0.387 0.20 0.00 0.000*
Random effects:

Zone (SD) 2.24E-13 9.88E-{2 340E-13

Block (SD) 1.90E-01 3.34E-01 1.59E-{(1

SD (residual) 0.0205574 0.580154 0.0445749

* Significant at < 0,05
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5.5 Discussion

Species diversity observations showed that plant species diversity varied by slope aspect of cach
block. Wetland blocks had high species diversity, while south-facing and crest blocks were the
least diverse by plant species noted. Treatment was also related to species diversity in many of
the research blocks; control plots were generally the least diverse, and pine plots often had the

highest diversity values within each block.

5.5.1 Aspect

The arrangement of blocks by aspect allowed for distinctions to be made about species diversity
relative to aspect in this study, South-facing and crest blocks had comparably low diversity, and
were statistically similar to each other. Higher values of diversity were observed in north-facing

blocks and wetland blocks in both biogeoclimatic zones.

5.5.1.1 South-facing Blocks

The south-facing blocks had low species diversity (Figure 20). Diversity was lowest in control
plots and highest in pine plots in both biogeoclimatic zones. Both BWBS and ESSF blocks were
adjacent to mature pine stands, however the BWBS 1 block was adjacent to a frequently used
access road for pipeline maintenance, while the ESSF 1 block was at a high elevation, and
subjected to wind exposure due to the linear alignment of the right-of-way clearing. Some
research has found that wind exposure in mountainous environments can adversely affect plant

establishment (Litaor ef a/. 2008), which was more noticeable at the ESSF 1 block in this study.
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laricina) was regenerating naturally (there were plots planted with tamarack in this block), and

there were mature individuals off the pipeline right-of-way.

Nitrogen levels between treatments and controls were not significantly different. although the
regression models highlighted that total nitrogen was negatively correlated with species diversity
in the planted plots, but positively correlated for the controls. Net N accumulation has been
asserted as a driver for increased species composition over time (Bobbink ¢f o/. 2010). and this

study noted greater /i~ values in blocks (BWBS 4, ESSF 4) where total N was high.

5.5.2 Treatment

Species diversity varied by treatment in the study blocks. There was a significant difference
observed between control and pine plots. but not between pine and cinquefoil or control and
cinquefoil. Low species diversity was observed in control plots. while natural regeneration was

variable between pine and cinquefoil plots.

3.5.2.1 Control Plots

The control plots consistently had lower species diversity than pine or cinquefoil plots. likely due
to smaller plot area (Brummer ¢/ of. 1994: Zdenka and Milan 2006), which was a flaw in the
experimental design. There were plots in the ESSF 2 block where no natural regeneration was
observed. and in the BWRBS 4 block, the species diversity value in control plots was the same as
in the pine plots. The control plots however. had lower diversity in all study blocks than either
the pine or cinquefoil treatment. and the results of this study are consistent with other work that
examined the influence of soil disturbance correlated with lower species diversity (Peltzer ef al.

2000).
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Soil properties including pH. bulk density and soil temperature. presence of OM. elevation. and
slope influenced species diversity in control plots. Elevation was negatively correlated with
species diversity, and diversity values were lowest at the ESSF 2 block (elevation 1369 m.a.s.l).
Soil pH was low in ESSF upland blocks, which could account for the association between higher
pH and higher diversity values. Slope was positively associated with diversity, but this may have
been a confounding effect. as crest blocks and wetland blocks were on level ground. and the

associated diversity was low at crest blocks. and high in wetland blocks.

5.5.2.2 Pine Plots

Pine plots had the higbest species diversity in five of the eight research blocks. This was
observed in both the BWBS and ESSF 1 blocks. and less consistently for the other slope
positions. The diversity values were higher in three ESSF blocks and two BWBS blocks.
Lowland species diversity in the ESSF 4 block was greatest in the lodgepole pine plots. which
showed the greatest diversity by number of species. species abundance. and associated £ value.
Depending on site conditions. lodgepole pine is not always a strong competitor and the young
stand age did not demonstrate that it was outcompeting other species for resources such as light.
The negative association between total N and species diversity in pine plots could be related to
the low diversity value in the BWBS 4 block. where nitrogen levels were high. This block had
extensive bluejoint abundance (Figure 25). and the prevalence of this species adversely
influenced species richness in this block. Pine plots in upland blocks were given a fertilizer
amendment (N:P:K 25:0:0) at planting. The N levels in pine plots were not higher than N values
in control and cinquefoil plots when soil samples were taken in 2012, but the initial input of N

fertilizer could have influenced establishment of naturally regenerated species soon after the
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Figure 26. Cinquefoil plot at ESSF crest block. demonstrating low species diversity observations.

Results of the regression analysis showed that nitrogen. carbon. phosphorus, bulk density. slope
and treatment were significant contributors to naturally regenerated plant species within the
treatments. In upland blocks. pine seedlings were given a fertilizer addition at planting which
may have temporarily increased total nitrogen levels. but the differences in nitrogen between
treatments was not consistently higher in pine plots in 2012 when soi! analyses were performed
(see Chapter 4). Soi1l carbon values were highest in the BWBS 3 block. and the two wetland
blocks (BWBS 4 and ESSF 4). but carbon values were not consistently associated with any of
the treatments considered in this study. Available phosphorus was variable between the
treatments, but was higher in the ESSF upland blocks than BWBS upland blocks and either of
the wetland blocks. Planting density of shrubby cinquefoil was high, but planting density was
not consistent with low species diversity in cinquefoil plots. Bulk density was a significant

contributor to species diversity, however lowest bulk density values were observed in wetland
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blocks, where species diversity was higher than in upland blocks. ESSF 4 had the least amount of
area affected by industrial activity for pipeline installation, and had the highest diversity values
by zone and treatment. Slope was correlated with species diversity, but this may have been a
confounding variable, as both crest and wetland blocks did not have a slope percentage, and
wetland blocks had high diversity values, while crest position blocks had low diversity values by
zone. The findings of this study are supported by other research that asserts wetlands are highly

productive and dynamic ecosystems (Xiong et al. 2003; @kland ez al. 2008).

The comparable species diversity in control plots with the treatments in the BWBS 4 block and
the ESSF 2 block in this study suggest that there may be instances were natural regeneration 1s a
plausible strategy, but the lower values should be cautionary as to the efficacy of natural

regeneration as a reclamation option.

5.4.3 Limitations

This study did not consider ongoing disturbance as a variable, which may have impacted species
diversity by suppressing species that are susceptible to mechanical damage, and for the potential
for introduction of invasive species on vehicles. Soil samples were not analysed for seed bank
content, which could have shown the diversity of viable seeds for future natural regeneration.
Wind was not included in the analysis; it acts as a vector for seed dispersal in some plant species
(Tackenberg et al. 2003), and inhibits successful seed establishment when high winds are
combined with poor microsite preparation. The smaller size of control plots may have also
contributed to consistently lower values of diversity compared to pine or cinquefoil plots. This

could have been corrected by use of consistent plot sizes for control and treatment plots.
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5.5 Conclusion

This study was conducted to determine the effects of industrial activities on the capacity of
upland and wetland sites in mountainous areas of northeastern B.C. to recover naturally after
human-based disturbances. The differences in species diversity between the control, pine, and
cinquefoil treatments showed that planting increased species diversity in the BWBS and ESSF
biogeoclimatic zones in this study. The lower species diversity in control plots than either of the
treatments implies that planting programs can aid in natural regeneration of available seeds, but
high density planting can inhibit species diversity, as was observed in cinquefoil plots. In this
study, higher species diversity was observed in wetland blocks than in upland blocks. The
number of species that were not identified also increased with greater species diversity, and
accurate identification may have altered the numbers by plant type, but not overall diversity. The
greater diversity observed in the ESSF wetland may be related to the greater length of time
between the disturbance and the observation years in this study, although it is unclear if time

would increase the species diversity in the upland blocks or the BWBS wetland block.

Future reclamation projects in the peace region of northeastern B.C. that encompass the BWBS
and ESSF biogeoclimatic zones should include prescriptive planting, as the results of this study
showed that unplanted areas had less natural regeneration than plots planted with lodgepole pine
or shrubby cinquefoil at higher elevation sites in upland research blocks. The slope aspect
variable and surrounding forest types provided valuable knowledge regarding the challenges to
reclamation related to creating a functioning ecosystem along reclaimed pipeline right-of-ways.
Other considerations should be given to traditional use of the land, and input from local First
Nations would provide insight to augmenting planting projects with cultural keystone native

plant species for food or medicinal values.
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6.0 Growth and Survival of Lodgepole Pine and Shrubby Cinquefoil on a Reclaimed
Natural Gas Pipeline Right-of-Way in Northeastern British Columbia

Abstract

Environmental conditions in boreal forests of western Canada can be challenging to plant
growth. Construction of a disturbance such as a pipeline right-of-way creates aboveground and
substrate disturbance factors that can affect environmental quality. The study objective was to
determine the growth and survival of lodgepole pine (Pinus contorta var. latifolia) and shrubby
cinquefoil (Dasiphora fruticosa) on a reclaimed natural gas pipeline in northeastem British
Columbia. Lodgepole pine seedlings were measured for aboveground height, stem diameter, and
height diameter ratio (HDR). Shrubby cinquefoil seedlings were measured for total height, stem
count and cover area. There was greater average plant height at BWBS upland and wetland
blocks than at ESSF upland and wetland blocks for lodgepole pine and shrubby cinguefoil
seedlings. The findings suggest that soil physical and chemical properties can influence plant
growth, and reclamation practitioners should consider site conditions when determining species

use in reclamation projects.
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6.1 Introduction

Forest fragmentation from natural gas infrastructure in northeastern B.C. is replacing natural
disturbance patterns of boreal forests. Natural disturbance patterns such as fire, wind and insect
outbreaks open forest canopies and facilitate establishment of plant species that produce
serotinous cones. Industrial disturbances in boreal forest ecosystems do not emulate natural
disturbances, and there is a need to understand the differences between natural and industrial
disturbances, and the role of industrial disturbance to plant growth in high elevation boreal

forests.

Industrial disturbances in the south Peace region of northeastern B.C. have increased in recent
years, and have exacerbated forest fragmentation from existing natural disturbance regimes and
forest harvesting. Pipeline construction creates linear forest canopy gaps, removes vegetation,
compromises forest soil horizons, and affects soil temperature and soil moisture regimes (Naeth
et al. 1987; Shi et al. 2014). Displacement or loss of soil horizons, removal of canopy cover,
edge effect, changes in levels of exposure to minerals and macronutrients, erosion potential, and
alterations in soil moisture and temperature regimes, all alter growing conditions for plants

(Manani et a/. 2006; Hope 2007).

Although the impacts to vegetation fromn forestry and vegetation mnanagement are well
documented, plant growth after pipeline installations in northeastern B.C. is less well understood.
In order to comprehend plant growth after linear forest harvest and soil horizon disturbance, it is

important to determine how plants respond to altered forest soils.

The pnmary objective of this study was to determine the effects of industrial disturbance on

plant growth and survival of two selected plant species, lodgepole pine (Pinus contorta var.
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latifolia), and shrubby cinquefoil (Dasiphora fruticosa) along a reclaimed natural gas pipeline
right-of-way in the Boreal White and Black Spruce zone (wet cool subzone) and the Engelmann

Spruce — Subalpine Fir zone (moist very cold subzone) in northeastern B.C.

6.2 Materials and Methods

6.2.1 Study Site and Experimental Design

The Ojay research site was situated in a mature managed lodgepole pine stand. Lodgepole pine
dominated the tree canopy in most upland blocks, although one block was adjacent to a
mixedwood stand. Identified canopy species off pipeline at upland blocks included lodgepole
pine (Pinus contorta) at all upland blocks, and at one block in the BWBS zone, trembling aspen
(Populus tremuloides), and balsam poplar (Populus balsamifera) were also observed. Off
pipeline tree species noted at wetland blocks included black spruce (Picea mariana), and

tamarack (Larix laricina).

The Ojay pipeline was constructed in 2008 in northeastern B.C. In 2010, eight blocks were
selected by representatives of Shell Canada for experimental planting at upland and wetland
sections of the pipeline right-of-way (see Chapter 3 for further site details). Within each block,
there were plots planted with lodgepole pine (eight in each upland block, four in each wetland
block), and shrubby cinquefoil (three in each block except BWBS 4, where two cinquefoil plots

were established and planted.

6.2.2 Sampling and Data Collection
In June 2012, pine and cinquefoil seedlings were identified and tagged within each plot.

Exclusion and inclusion criteria involved confirmation of plot boundaries witha2 mx 2 m
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and plant survival, and independent variables included soil physical and chemical properties,
topography, block, and biogeoclimatic zone. A 95% confidence level was used for the models.
Regression reporting included the coefficient, standard deviation, random effects parameters, and
p value; results were considered significant when a < 0.05.

6.3 Results

Lodgepole pine seedling growth was complex, as plants were taller in north-facing block, while
total biomass was highest in crest block in both the ESSF and BWBS biogeoclimatic zones. Pine
mortality was consistently higher in the ESSF zone than the BWBS zone. Shrubby cinquefoil
seedlings were also tallest in BWBS and ESSF 3 blocks, vet total biomass was greatest in BWBS
and ESSF 1 blocks. Growth and biomass of lodgepole pine and shrubby cinquefoil was low in
wetland blocks.

6.3.1 Plant Growth

Lodgepole pine seedlings were measured for total height, stem diameter, HDR; and shrubby
cinquefoil seedlings were measured for total height, and cover area. In August 2013,
representative individuals from each planted plot were destructively sampled, and both species
were weighed for aboveground, belowground, and total biomass.

6.3.1.1 Lodgepole Pine

Plant growth and survival data were subjected to the Shapiro-Wilk test for normality. The height
data for pine met the criteria for normality at a = 0.05 (p = 0.493). Pine stem diameter was also
normal at @ = 0.05 (p = 0.086). The ANOVA for plant height showed significant differences in
pine height means by block (F3 95 = 3.58, p = 0.020) and by zone (F 33y = 9.76, p = 0.003). The
Tukey test for pine height observed significant differences between 1 and 3 blocks (p = 0.024)

{Figure 27).
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Figure 27. Mean and standard error of pine seedling height by block. Numbers in parentheses represent block
designation. Letters indicate Tukey results, and means sharing a letter were not significantly different at the a = 0.05
level.

The ANOVA results for stem diameter of pine seedlings showed significant differences between
means by block (F3 o5 = 4.86, p = 0.005), but not by zone (F,_ 330 =0.16, p = 0.695) (Figure 28).
The results of the Tukey test observed significant differences between south-facing and crest

blocks (p = 0.009), and between crest and wetland blocks (p = 0.014).
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Figure 28. Mean stem diameter with standard error by aspect (block). Numbers in parentheses represent block
designation. Letters indicate Tukey results, and means sharing a letter were not significantly different at the a = 0.05
level.
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level.

Table 19. Height diameter ratio (HDR) for lodgepole pine in 2012 and 2013 plus interannual change; standard error
(+) reported in parentheses. BWBS 1 n =96, BWBS 2 n= 94, BWBS 3 n =80, BWBS 4 n = 37: ESSF 1 n = 62,
ESSF 2 n =66, ESSF 3 n= 68, ESSF 4 n = 43.

HDR 2012 HDR 2013 Interannual change
BWBS 1 53.09 (10.83) 50.79 {9.35) -2.30
BWRBS 2 44.13 (16.14) 44,98 (10.90) 0.8¢
BWBS 3 65.69 (12.92) 58.53(940) -7.16
BWBS 4 61.12(13.89) 58.45(11.10) -2.67
ESSF 1 25.54 (11.55) 33.41 (10.9%) 7.87
ESSF 2 30.45 (15.97) 35.92(16.41}) 5.48
ESSF 3 45.78 (21.29) 46.37 (17.50) 0.58
ESSF 4 50.70 (7.52) 48.63 (7.53) -2.07
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Table 20. Results of mixed effects regression for lodgepole pine total height, stem diameter, and HDR.

Height Stem Diameter HDR

Variable B BSE  pn(=005) B BSE  p(<0.05) B BSE p{<0.05)
Moisture -0.46 3.35 0.890 -0.02 0.05 0.633 -0.08 0.29 0.783
N -628.11 309.46 0.042* -8.46 4.68 0.070 -27.30 26.66 0.294
C 7.59 11.01 0.491 0.08 0.17 0.613 0.60 095 0.525
S 175.86 352,98 0.618 2.55 5.33 0.632 4.9G 3041 0.870
P 243 0.94 0.010* 0.02 0.01 0.136 0.30 0.08 0.000*
K 489,26 391.84 0.212 7.57 592 0.201 31.30 33.75 0.354
CEC 7.35 4.86 0.130 0.12 0.07 0.114 0.17 0.42 0.688
pH 32.21 30.87 0.297 -0.25 0.47 0.597 7.41 2.66 6.005*
Bulk Density 210.02 89.33 0.019* 3.01 1.35 0.026% 12,82 7.70 0.0%96
Elevation -2.26 1.26 0.073 -0.02 0.02 0.359 -0.27 0.11 0.012*
Soil temp. -182.97 111.60 0.101 -1.82 1.69 0.281 -16.66 9.61 0.083
LFH -21434 22182 0.334 -3.58 3.35 0.285 -10.17 19.11 0.595
Slope -2.20 1.38 0.112 -0.06 0.02 0.004* 0.11 0.12 0378
Clay -6.44 6.23 0.301 0.08 0.09 0.383 -1.42 0.54 0.008*
Random
effects:

Zone (SI))  1.66E-07 1.47E-12 3.20E-09

Block {(SD) 7.45E-08 6.05E-13 1.04E-09

SD (residual) 80,2705 1.213096 6.914726

* Significant at < 0.05

The Shapiro-Wilk test for normality showed biomass of destructively sampled pine seedlings
{aboveground biomass p = 0.000, belowground biomass p = 0.000 and total biomass p = 0.000)

were not normally distributed.

Height to diameter ratio changes were variable within blocks and zones. There was a negative
change in BWBS 1 and 3 blocks, and both the BWBS and ESSF 4 blocks. The BWBS 2 block
and the three upland ESSF blocks showed an increase in HDR between the two measurement
years. An ANOVA test demonstrated that the differences in HDR was significant between

biogeoclimatic zone (#3130 = [37.96, p = 0.000) and between blocks (F3 o5 = 40.36, p = 0.000).

In the BWBS upland blocks, greatest pine biomass was observed in the BWBS 2 block, while
biomass in the 1 and 3 blocks was similar, and lowest biomass was found in the BWBS 4 block

(Figure 31, Table 21, Table 22).
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Table 21. Mean whole plant oven-dry biomass with standard error (reported in parentheses) of lodgepole pine

seedlings (approximate age = 4 years at time of sampling in 2013} in upland blocks. BWBS 1 n =8, BWBS 2 n = 8§,
BWBS3n=8;ESSF1n=8ESSF2n=8 ESSF3n=8§.

Block Stems (g) Needles (g) Total aboveground (g) Roots (g) Total Biomass (g}
BWBS 1 4,32 (2.89) 4,72 (3.60) 9.04 (6.45) 241 (0.78) 11.45 (7.06)
BWBS 2 6.95(5.53) 8.16 (6.29) 15.11 (6.45) 3.51 (1.87) 18.62 (13.48)
BWBS 3 4.95(2.26) 4.80(2.32) 9,75 (4.55) 2.25(0.88) 12.00{5.30)
ESSF 1 2.20(1.26) 2.36 (1.64) 4.56 (2.84) 1.79 (1.15) 6.35 (3.85)
ESSF 2 9.72 (9.54) 12,92 (14.86) 22.64 (24.34) 5.2} (4.24) 27.86 (2852
ESSF 3 524 (5.21) 5.21(4.96) 10.45 (10.09) 1.91 (1.36) 12.36 (11.35)

Table 22, Mean whole plant biomass with standard error (reported in parentheses) of lodgepole pine in wetland
blocks. BWBS 4n=3 ESSF4n=4.

Block Stems (g) Needles (g)  Total aboveground (g) Roots {(g) Total Biomass (g)
BWBS4  4.89(2.82) 3.28(3.03) 8.17(5.84) 2,73 (1.83) 10.89 (7.59)
ESSF 4 1.74 (0.06) 1.21 {0.65) 2.95{1.20) 1.20 (0.04) 4.16 (1.54)
50.00 -
T
40.00 A
= 30.00 A
2
_E 20.00 1 B Aboveground biomass
:; Belowground biomass
L]
S 10.00 A
.00 - W = *
BS BWBS BWBS BWBS ESSF 1 ESSF 2ESSF 3ESSF 4
1 2 3 4
-10.00 -

Block designation

Figure 31. Mean above and below ground biomass with standard error of oven-dry lodgepole pine seedlings in all

blocks. BWBS 1 n=8, BWBS2n=8 BWBS3n=8 BWB54n=3;ES5F1n=8 E558F2n=8,ES5F3n=_§,
ESSF4n=4.

The ANOVA for aboveground biomass showed that differences were not significant between
zones (F; 25 = 2.81, p = 0.094), but were significant between blocks (F3 g = 38.57, p = 0.000);
and belowground biomass differences were significant between zones (£ 23 =4.55, p = 0.033)

105



























6.3.1.3 Plant Mortality

Plant mortality of lodgepole pine varied between zones (Figure 37). Normality of pine mortality
was not achieved at a = 0.05 (p = 0.003). Differences in mortality between zones were
significant (£ 5; = 29.46, p = 0.000), but not between blocks (F3 » = 0.80, p = 0.499). The
results from the Tukey test found that differences observed between zones was significant (p =
0.000), however, a lettered group option could not be generated as there was only one

comparison between zones.

NI

-l 1BWBS1 BWBS2 BWBS3 BWBS4 ESSF1 ESSF2 ESSF3 ESSF4

Plant mortality (No.)

-2
Block Designation

Figure 37, Lodgepole pine seedling moriality (mean and SE) in all blocks. In 2013, the numbers of surviving
seedlings per block were: BWBS 1 n=96,BWBS 2n=94, BWBS53 n=80.BWB54n=37%¥ES5F 1 n=62,
ESSF 2 n =066, ESSF 3 n=68, ESSF 4 n=43.

*BWBS 4 numbers exclude 15 secdlings in the P] ¢ plot. which was disregarded due to ongoing human disturbance.

Three hundred and seventy seedlings were planted in summer 2010 in the BWBS zone, and
another three hundred and seventy seedlings were planted in the ESSF zone. By end of summer
2013, there were three hundred and seven individuals in BWBS plots, and two hundred and
thirty-nine individuals in ESSF plots. The mortality in the BWBS zone occurred between

planting and the first year of measurements. Mean mortality within the BWBS upland blocks
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Average soll moisture values were lowest at the crest position site, where changes in plant height
were highest between 2012 and 2013, which supports prior research that found a preference of
lodgepole pine for xeric soils (Despain 2001) although other factors not considered in this

analysis may also contribute to plant height.

Lodgepole pine biomass in the BWBS 4 block was greater for aboveground than belowground.
Other research has noted greater accumulation of aboveground biomass in lodgepole pine in
moist {(mesic) sites (Comeau and Kimmins 1989) related to older trees, but this association could

also be important for seedlings in saturated (hygric to hydric) conditions.

Hierarchical regression of pine biomass showed slope was significantly correlated with pine
biomass. Slope was a confounding factor in pine biomass, as biomass was greatest for both
biogeoclimatic zones in south-facing blocks (seven percent slope in BWBS 1, and thirty percent
slope in ESSF 1), however pine biomass was lowest in the BWBS and ESSF 3 blocks (twelve

percent slope in BWBS 3 and twenty-two percent slope in ESSF 3).

Factors affecting lodgepole pine height in BWBS upland blocks were not consistent between
blocks. Bulk density was positively correlated to plant height in BWBS 1, CEC was significant
{positive correlation} in BWBS 2, and moisture was significant (negative correlation) in BWBS
3. Average aboveground biomass at the BWBS blocks was greatest for upland positions. This
contrasts the findings of Comeau and Kimmins (1989), who noted a higher proportion of
biomass allocation to belowground biomass on drier sites, and higher allocation of biomass to

aboveground production on mesic sites.

Pine allometry considered in this study (total height, stem diameter, and HDR) was, according to

the hierarchical regression model, significantly (p < 0.05) affected by total N (total height),
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Appendix 1. Soil Analysis

Laboratory/Analysis

BC MoE Laboratory

Reference and analysis Description

Efective CEC

Total Sulphur
Available Phosphorous

Particle Size Analysis

Total C, total N

Hendershot WH, Lalande H, Duquette M. 1993. Ch. 19. Exchangable cations and
effective CEC by the BaCl12 method. Soil sampling and methods of analysis. Carter
MR. editor. CRC Press. (FL): Boca Raton. pp 168-169

Hendershot WH, Lalande H, Duquette M. 2008, Ch. 18. 501l chemical analyses: ion
exchange and exchangable cations. Soil sampling and methods of analysis. 2nd
edition. Carter MR, Gregorich EG. 2008. editors. CRC Press. (FL): Boca Raton. pp
197-206

Kalra YP, Maynard DG. 1991, Easily extractable phosphorous: Bray 1 (dilute acid-
flouride) procedure. Methods manual for forest soil and plant analysis. Forestry
Canada. (AB): Edmonton. NOR-X-31%. pp 74-76

John MK. 1970. Coloric determination of phosphorous in soil and plant materials with
ascorbic acid. Soil Sci. 109 (4): 214-220

Kroetsch D, Wang C. 2008. Soil physical analyses: Particle size distribution. Soil
sampling and methods of analysis. 2nd edition. Carter MR, Gregorieh EG. 2008.
Canadian soeiety of soil science. CRC Press Roca Baton FL. p 713

Kalra YP. 1998. Handbook of reference methods for plant analysis. CRC Press. (FL):
Boca Raton, pp 81-83

Rutherford PM, McGill WB, Arocena M, Figueirdo CT. 2008. Soil Chemical
analyses: Total nitrogen. Soil sampling and methods of analysis. 2nd edition. Carter
MR, Gregorich EG. 2008. editors. Canadian society of soil science CRC Press. (FL):
Boca Raton. p 198

Skjemstad JO, Baldock JA. 2008. Soil Chemical analyses: Total and organic carbon.
Soil sampling and methods of analysis. 2nd edition. Carter MR, Gregorich EG. 2008.
editors. Canadian society of soil science. CRC Press Boca Raton FL. p 198
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Appendix 2. Complete list of species planted in Ojay research blocks

Research Block  Cover Type Genus Species n. Planted 2010
BWBS 1 Canopy Finus contorta 100
Picea glavca x engelmannii 60
Understory Dasiphora Jruticosa 200
Dryas drummondii 1200
Hedysarum boreale 23
Aster alpinus 30
BWBS 2 Canopy Pinus contoria 100
Picea glauca x engelmannii 60
Understory Dasiphora Sfruticosa 400
Drvas drimmiondii 45
Hedvsarunt boreale 23
Juniperus horizontalis 18
Arctostaphyios wya-Hrsi 30
Aster alpinus 40
BWEBS 3 Canopy Pinus contorid 100
Picea glauca x engelmannii 60
Understory Dasiphora Sruticosa 400
Betula puniila 600
Hedyvsarum boreale 23
Aster alpinus 40
BWBS 4 Canopy Pinus conlorta 60
Picea mariand 100
Larix laricina 340
Understory Dasiphora Sruticosa 600
Betula pumila 400
ESSF 1 Canopy Pinus contorid 10¢
Picea glowca x engelmannii 60
Understory Dasiphora Jfruticasa 400
Hedysarum boreale 30
Drvas drummondii 1200
Aster alpinus 30
ESSF 2 Canopy Pinus contorta 100
Picea glauca x engelmannii 60
Understory Dasiphoru Sfruticasa 400
Dryas drummondil 1200
Aster alpinus 30
Arctostaphyios wva-ursi N/A
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Appendix 3. Alternative Species Diversity Index including Planted Lodgepole Pine and
Shrubby Cinquefoil

Appendix 3A. Cover by Plant Type Including Planted Lodgepole Pine and Shrubby
Cinquefoil

Means and standard error (in parentheses) of percent vegetative cover by plant type in Control, Pine and Cinquefoil
plots. For Control plots n = 9 (al! blocks); Pine plots BWBS 1,23 and ESSF 1,23 n=8 BWBS4n=3 ESSF4n~
4; Cinquefoil plots BWBS 1,2,3 and ESSF 1.2,3, 4: n = 3 each block, BWBS 4n=2.

Block Treatment Tree Shrub Herb Graminoid Other*
BWBS 1 Control 1.00 (0.00) 1.38(1.12) 3.05(3.15) 4.38(3.20) 1.00 (0.00)
Pine 3.00{1.15) 2.11(1.36) 4.52(5.29) 4.12 (4.80) 1.33(0.58)
Cinquefoil 0 12.60(10.14) 3.00(3.51) 2.62(2.06) 0
BWBS2 Confrol 0 1.67(0.58) 2.45(1.79) 336(2.11) 3.33(3.21)
Pine 3.11(1.27%) 1.86(0.69) 6.91{10.18) 3.89(3.34) 1.00 {0.00)
Cinquefoil 0 6.43 {6.80} 243 (1.81) 3.86(2.91) 1.00 (0.00)
BWBS 3 Contro} 0 2.78 (1.39) 11.51(19.55) 5.18 (5.76) 2.00(1.00)
Pine 522380 5.14{6.41) 598(8.51) 5.08 (3.70) 333(1.5%)
Cinguefoil 0 11.67 (8.76) 12.64 (13.37) 6.67 (2.89) 4.00(1.41)
BWBS 4 Control 0 1.85(1.21) 1.50(0.52}) 4.60 (2.2R) 3.40(3.56)
Pine 3.67(1.15) 6.00{6.22) 1.60 (0.89) 4.20(3.56) 7.00 (3.46)
Cinquefoil 0 4.80 (3.56) 2.25(0.96) 8.14 (5.24) 6.00 {4.62)
ESSF 1 Control 1.17(0.41) 2.50(3.12) 2.71 (2.52) 2.22(2.95) 3.00 (0.00)
Pine 2.25(1.28) 2.25(2.41) 3.17(2.50) 1.65 (0,70} 4.80 (5.85)
Cingquefoil 1.00 (0.00) 12.83 (12.09 2.75(2.06} 1.25 (0.50) 1.00 {0.00)
ESSF2  Control 1.25(0.50) 6.75 (6.95) 2.63(3.07) 2.00(1.55) 0
Pine 2.88 (0.99} 7.00(11.90) 6.47(5.17) 1.46 (0.66) 1.47¢0.74)
Cinguefoil 0 15.25(12.53) 1.00 {0.00) 1.00{0.00) 0
ESSF 3 Control 1.00 {0.00) 233(1.15) 5.56 (5.32) 1.82 (1.60} 0
Pine 2.89(2.26) 3.15(2.70) 6.72(8.61) 6.60(6.01) 1.00 (0.00)
Cinguefoil 0 7.00 (8.16} 8.29 (7.00) 6.00 (5.10) 0
ESSF4  Control 1.00 {0.00) $.71(6.72) 9.56(17.61}) 13.80(16.21) 22.33(23.63)
Pine 3.60(2.88) 4,00 (3.70) 5.93(9.95) 5.85(7.90) 21.64 (25.96)
Cinguefoil 1.00 (0.00) 7.56 {9.03) 7.15 (8.66) 14,57 (16.45) 30.00 (0.00}

* “Other” designation was used for mosses, lichens, and unidentifiable plants.
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Appendix 3B. Count by Plant Type Including Planted Lodgepole Pine and Shrubby

Cinquefoil

Means and standard error (in parentheses) of count by plant type observed in Cantrol, Pine, and Cinquefail plots.
Far Centrol plots n=9 (all blocks), Pine plots BWBS 1,23 and ESSF 1,23 n =8 BWBS 4 n=3, ESSF4n=4;
Cinquefoil plots BWBS 1,23, n =13, BWBS 4 n = 2: and ESSF 1.2,3, and 4, n = 3 each block,

Block Treatment Tree Shrub Herb Gramineid Other*
BWBS 1 Control 1.00 (0.00) 2.69(5.23) 8.78 (9.46) 14.56 (13.76) 2.13(2.47)
Pine 2.8(6.21) 2.78 (1.86) 15.70(18.11)  10.94(13.79) 1.33 (0.58)
Cinquefoil 0 52.00(49.09) 16.5 (14.20) 11.84 (15.86) ]
BWBS 2 Conirol 0 1.00 (0.00} 7.45(6.44) 5.68 (5.44) 10.33 (9.50)
Pine 10.44 (5.85) 3.71 (4.08) 1691 (17.61)  9.83(10.26) 1.50(1.00)
Cinquefoil 0 38.14 (43.42)  9.86(11.4]1) 10.29 (7.54) 1.00 (0.00)
BWBS 3 Control 0 2.33(1.80) 7.69 (8.07) 6,91 (6.92) 4.00(5.20)
Pine 2.11(3.48) 4.81(4.34) 10.12(14.48) 11.00(11.66) 3.67(1.53)
Cinguefoil 0 40.00(49.07)  12.57(13.59)  23.33(23.09) 1.50(0.71)
BWBS 4 Control 0 1.92 (0.95) 7.69 (8.53) 19.50 (7.59) 2.47 (2.64)
Pine 11.33 (4.16) 7.75(8.42) 5.00 (8.40) 14.60(10.53) 12.83 (13.63)
Cinquefoil 0 30.40(38.37)  5.00(3.56) 28.57 (13.45) 5.50 (5,20)
ESSF 1 Control 2.17(1.17) 5.88(5.33) 8.86(8.32) 2.11(1.62) 20.00 (0.00)
Pine 2.88(4.49) 6.69 (8.66) 14.43 (12.01) 4.00 (2.76) 18.00 (17.89)
Cingquefoil 1.00 (0.00)  43.00 (48.92) 2.00(7.16) 2.5(1.29) 10.00 (0.00)
ESSF2  Control 1.00 (0.00) 9.25(12.28) 550(5.1%) 1.50{0.84) ]
Fine 10.75(5.12) 9.00 (6.63) 19.11¢12.91} 2.31(1.49) 6.33(2.29)
Cinquefoll 0 53.50(38.77)  3.00(1.73) 2.001.00) 0
ESSF3  Control 1.00 (0.00) 6.33(3.21) 12.68{9.58) 3.00(1.34) 0
Pine 6.67 (4.21) 8.77(12.17) 15.00 (16.42) 6.53(4.31) 1.00(0.00)
Cinquefoil 0 26.50(36.19)  19.86 (17.65) 6.86{7.52) 0
ESSF4  Control 2.00 (1.41) 4.81 (3.66) 1272 (16,11} 13.07(16.80) 2.17(3.95)
Pine 9.40(7.30) 7.00(4.98) 13.20(17.21) 7.69 (7.89) 10.93 (12.96)
Cinquefoil 1.00 (0.00) 20.22 (25.02) 10.38 (11.72) 5.86 (5.48) 1.00(0.00)

* “Other™ designation was used for mosses, lichens. and unidentifiable plants
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