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SOIL STOCKPILE SEED VIABILITY DECLINES WITH DEPTH AND 1S
IMPACTED BY SURFACE VEGETATION!

Jennifer Buss?, Bradley D. Pinno

Abstract: Stockpiled soil will be used to operationally reclaim approximately half of
the area disturbed by one oil sands mine in northern Alberta, Canada over the next few
decades. However, there are concerns regarding the viability of native seeds in
stockpiles relative to directly placed reclamation soil. To test the germination of seeds
from a four-year-old soil stockpile, we took samples at different depths up to 90 cm
from three surface vegetation communities (sweet clover, sow-thistle, and wheatgrass
dominated). These samples were placed in the greenhouse on top of potting soil to
allow any seeds to germinate for nine weeks. The highest species richness (42% of
species) and total plant abundance (68% of all plants) were found at the surface of the
stockpile (0-10 cm). Most of the species found in these soil samples were native (63%)
and the most abundant species was slender wheatgrass, a native grass Species.
Vegetation type did not affect the species richness, but there was a higher average
seedling abundance in the sow-thistle treatment. The vegetation types did impact the
seed-bank community at the surface of the stockpile, with the most abundant species
on the surface having the most impact on the seed bank community for each respective
vegetation type. However, below the surface the most abundant species in the seed
bank did not always reflect the dominant surface vegetation. Using soil stockpiles for
final land reclamation in the future may be an issue because of the low number of
viable seeds below the surface.
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Introduction

Topsoil stockpiles are created during oil sands mining when the surface soil layers are salvaged
and stockpiled for later use in land reclamation. Topsoil is essential for land reclamation because
it enhances growth of plants, but these piles can sometimes sit for a long time before being utilized
(Ghose, 2004), potentially resulting in the loss of viable seeds and plant propagules. One of the
main goals of land reclamation is to have a native and diverse plant community that is similar to
the natural boreal forests that were present before disturbance (Alberta Environment, 2010).
However, acquiring native plant propagules can be a challenge since many boreal forest species
are unavailable commercially (Lanoue and Qualizza, 2000). Given the concern of reduced plant
propagules in soil stockpiles, direct placement of fresh soil from a donor site is preferred to the use
of stockpiled soil for reclamation (MacKenzie, 2012). However, stockpiled soils will have to be
used to reclaim a large area of the oil sands, with one mine planning on using them to reclaim
approximately half of their lease (I. Sherr, Reclamation Vegetation Specialist, Canadian Natural

Resources Limited, personal communication, 2018).

In the Alberta oil sands region forest floor-mineral mix (FFMM) is one of the main types of
soil that is stockpiled and used in reclamation as a cover soil (McMillan et al., 2007). FFMM is
made up of the organic forest floor layer and underlying mineral soil salvaged prior to mining and
is an upland forest soil (Pinno et al., 2012). Most sites in the oil sands area are being reclaimed to
upland ecosystems, even though there is a limited amount of FFMM soil available (Rooney et al.,
2012). Therefore, stockpiling FFMM soils may result in more of a risk to desirable plant
propagules for reclamation, which is why the focus of this study is on the impacts of stockpiling
FFMM soil.

Seed longevity in natural forest soil is increased at lower moisture conditions, and decreased
by mechanical injury (Bewley and Black, 2012, p. 9; Moore, 1972). Stockpiling soils can result
in an increase in volumetric water content, and injury to seeds through the stockpiling and
placement processes, which can decrease seed viability (MacKenzie, 2013; Koch et al., 1996).
Stockpiles in Australia, the United Kingdom, and the United States show a decline in the number
of viable seeds with depth; stockpile age due to germination at depth; subsequent death before
reaching the surface; loss of seed inputs, and seed predation (Bellairs and Bell, 1993; Dickie et al.,
1988; Golos and Dixon, 2014; Harris and Birch, 1987; Iverson and Wali, 1982).
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In natural forests the abundance of viable seeds also declines with depth due to the reduction
of seed input (Harper, 1977). Even though cover soil stockpiles are made up of the top 15-30 cm
of the soil profile, which is high in seed density, seeds are lost at depth over time and overall
stockpiles are seed-poor (MacKenzie, 2012). Most of the seed bank in undisturbed soils is in the
top few centimeters of the litter and mineral layers (0-5 cm) (Fyles, 1980; Kellman, 1970; Kramer
and Johnson, 1987). This results in a mixing of the surface seed-rich soils with seed-poor subsoils,
which leads to burying of seeds and dilution of the seed bank when soil is stockpiled (Mackenzie
and Naeth, 2007; Scoles-Sciulla and DeFalco, 2009). Overall stockpiling results in a loss of seeds

at depth and a dilution of the seed bank.

Vegetation occurring on the surface of the stockpile also impacts the seed bank. This
association of the above-ground vegetation and seed-bank communities has been found in
naturally occurring forests as well as on soil stockpiles (Beatty, 1991; Olano et al., 2002; Rydgren
and Hestmark, 1997). In the past, stockpiles were originally seeded with grass or legume species
to prevent erosion and invasion by weeds, which could influence the seed bank available for
reclamation (Brown and Hallman, 1984; Busby, 2014). Soil stockpiles are also more susceptible
to invasion by fast growing and reproducing weedy species when they are first placed. Therefore,
weedy or undesirable species may come to dominate the seedbank of stockpiled soils rather than

desirable native forest species.

This study explored the effect of depth and current dominant vegetation on seed bank seedling
abundance and species richness in a 4-year-old upland soil stockpile. We hypothesize that seedling
abundance and species richness will decrease with depth, and that the surface vegetation will
contribute to the seed-bank community with the seed bank ultimately reflecting the surface

vegetation.

Materials and Methods

Samples were collected from a 4-year-old stockpile in August 2017 at an oil sands mine north
of Fort McMurray, Alberta, Canada (57.31440659, -111.8648645). The stockpiled soil was
originally from an upland, boreal mixed-wood site (“d” ecosite, Beckingham and Archibald,
1996). The stockpile consisted of material from multiple years of placement, with the latest
placement (4 years ago) occurring on the top of the stockpile and extending past our sampling
depth.
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Aboveground vegetation cover was sampled in 10 m? plots at each sampling location with a
focus on more dominant species. Based on the aboveground vegetation surveys the stockpile was
sorted by unseeded volunteer vegetation types, which were each dominated by one species. The
three vegetation types were: sweet clover (Melilotus sp.), perennial sow-thistle (Sonchus arvensis),
and slender wheatgrass (Agropyron trachycaulum var. trachycaulum) (Fig. 1). Sites were selected
based on the following vegetation type criteria: one vegetation type made up more than 30% cover
of the vegetation plot, had the highest overall cover, and an average percent cover of at least 45%
across all plots. Wheatgrass had an average percent cover of 47% in its respective plots, sweet
clover 50%, and sow-thistle 53%. Across the site, three sampling blocks were identified that had
each of the main vegetation types within a short distance of each other. Then, within each block
in each vegetation type a soil pit was dug and a trowel was used to extract approximately 900 mL
of soil at depths of 0-10 cm, 10-20 cm, 20-30 cm, and 80-90 cm. Two sub-samples were taken for
the 0-10 cm depth at each pit location. The 0-10 cm samples were taken adjacent to the soil pit,
to avoid the area of soil disturbance. In total there were nine sampling locations and 45 soil

samples collected.

A Wheatgrass Community B sweet clover Community

C Sow-thistle Community

)
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Figure 1. Soil pits for sample collection on a 4-year-old stockpile. (A) wheatgrass, (B) sweet
clover, and (C) sow-thistle dominated plant communities.

Samples were stored at 4 °C (Baldwin et al., 1996; Wilson et al., 1993) for 7 weeks. It is not
likely that storing the seed-bank samples at this temperature led to a decrease in viability of the
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seeds as the study area is subject to winter temperatures. However, it is possible that this storage
temperature was not low enough to break the dormancy of some of the seeds. Samples were mixed
thoroughly and sieved to a volume of 500 mL using a 4 mm sieve to remove any large debris. The
0-10 cm depth sub-samples were processed and placed separately. Samples were then spread over
approximately 4.27 L of Pro-Mix potting soil in greenhouse flats (28 cmx55cm x 6 cm)ata 1l cm
thickness (Fig. 2). Ten control flats that contained only potting soil were also placed randomly

throughout the greenhouse.

Figure 2. Greenhouse setup showing all samples placed in greenhouse flats.

The samples were placed in a greenhouse that received 16 hours of light a day, with day
time/night time temperatures of 22 °C/18 °C, and 60% humidity. The samples were watered for
20 minutes every day. Flats were left in the greenhouse for 9 weeks, and seedling germinates were
identified to the species level, counted, and removed from the greenhouse flats once a week starting
on their second week growing in the greenhouse. Seedlings were not harvested until the second
week to allow for seedlings to become large enough to identify. Plants were identified using the
Flora of Alberta (Moss and Packer, 1983). For any individuals that could not be identified as
seedlings, five identical seedlings were repotted to grow out and flower (Fig. 3). If not all the five
seedlings turned out to be the same species, the ratio of individuals that were later identified as the
same (# out of five) were applied to the data to account for any possible identification mistakes.
Epilobium ciliatum was present in many of the control flats, so an average across all flats was

taken (five individuals) and then subtracted from all flats. Harvesting ended after nine weeks, once
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most flats did not have any new seedlings emerge for over two weeks and overall germination had

ceased.

Figure 3. Greenhouse setup, including repotted plants that could not be identified initially in the
greenhouse flats.

Counts from the two sub-samples taken at 0-10 cm were averaged before being analyzed. All
statistical analysis was done using R (version 3.4.0). Seedling counts for each sample were
aggregated before being analyzed using a generalized linear model (GLM) with a Poisson
distribution using the Stats package in R (R Core Team, 2013). An analysis of deviance was
performed on a GLM model to determine if there were any differences in seedling abundance (#
of seedlings/500 mL of soil) or species richness (# of species/500 mL of soil) across depth or

vegetation types, or if there were any interactions between the two treatments.

Multiple pairwise comparisons (Tukey’s test, 0=0.05) were done using the Multcomp package
in R (R Core Team, 2013). The data was subset by vegetation type to determine differences in
seedling abundance and species richness across depth treatments for each vegetation type. In order
to compare native and non-native seedling abundance and species richness, pairwise comparisons
were performed by sub-setting the data by either depth or vegetation type and then comparing the
number of native individuals or species to non-native. Pairwise comparisons were also performed
on non-native individuals and species across depth treatments. Non-native and native species

cover in the aboveground vegetation was also compared for each of the vegetation types.
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Seed-bank communities at the 0-10 cm depth of the three surface vegetation treatments were
compared using a non-metric multi-dimensional scaling (NMDS) ordination from the Vegan
package in R (R Core Team, 2013). A stress test was performed to determine the appropriate
number of dimensions to use (3 dimensions), and Bray-Curtis was used as our distance
measurement. The percentage of variability that is explained by the first dimension is 52%, 19%
for the second dimension, and 14% for the third. Multiple response permutation (MRPP) was used

to compare seed bank plant communities among vegetation treatments and sampling blocks.
Results

There was a total of 15 aboveground species observed at the time of sampling (12 native, and
3 non-native). Five species that were detected in the aboveground community were not found in
the seed-bank community. The three vegetation types were abundant in the seed bank (sow-thistle,
wheatgrass, sweet clover) (Table 1). However, other species which were also abundant in the
aboveground communities, such as Trifolium hybridum, Hordeum jubatum, and Chamerion
angustifolium were present in the seed bank, but were not one of the ten most abundant species in
the seed bank (Table 1, Table 2).

A total of 62 species germinated from the stockpile seed bank, with 39 native species, 14
non-natives, and 9 unidentified species. The five most common species that germinated across all
treatments were Agropyon trachycaulum (slender wheatgrass, a native grass), Melilotus sp. (sweet
clover, non-native forb), Glyceria striata (fowl manna grass, native grass), Potentilla norvegica
(rough cinquefoil, native forb), and Sonchus arvensis (perennial sow-thistle, non-native forb).
These species made up 77% of the total seedling abundance.

Table 1: Average total aboveground cover, stratified by aboveground vegetation community type.

Highlighted boxes represent aboveground covers for a species in their respective
vegetation community. Species included were the most abundant in the aboveground

communities.
Aboveground Species Sow-thistle Community Sweet clover Community Wheatgrass Community
Agropyron trachycaulum 2.7 4.5 47
Melilotus sp. 3.3 50 5.7
Sonchus arvensis 53.3 6.7 4
Trifolium hybridum 0.7 13.3 10
Calamagrostis canadensis 4.7 0.7 3.3
Hordeum jubatum 1 5.7 3.3
Chamerion angustifolium 7.3 2.3 0
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Table 2. Proportion (%) of total seedling abundance sorted by vegetation type. Highlighted lines
represent seed-bank abundances for the same dominant aboveground vegetation species.

Sow-thistle Community Sweet clover Community Wheatgrass Community
Seed bank species 0-10 10-20 20-30 80-90 0-10 10-20 20-30 80-90 0-10 10-20 20-30 80-90
Agropyron trachycaulum  1.49 0.28 0.69 0.03 473 0.00 0.03 0.00 6.99 0.28 0.00 0.06
Melilotus sp. 0.03 0.00 0.00 0.00 2.37 0.00 0.00 0.00 0.98 0.00 0.00 0.00
Sonchus uliginosus 299 0.17 0.19 0.06 0.77 0.08 0.06 0.00 0.25 0.06 0.03 0.00
Potentilla norvegica 3.92 3.38 5.04 0.19 2.06 0.112 0.19 0.00 1.81 0.112 0.03 0.00
Urtica dioca 0.03 0.03 0.11 0.00 0.22 0.72 0.19 0.03 0.01 0.00 0.00 0.03
Epilobium ciliatum 0.33 0.03 0.25 0.17 0.40 0.22 0.11 o0.61 0.19 0.00 0.00 0.00
Glyceria striata 0.97 0.30 0.22 0.08 1.47 0.22 0.06 0.30 0.98 0.22 0.14 0.03
Mitella nuda 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.08 0.00 0.03 0.00 0.00
Plantago major 0.00 0.03 0.36 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00
Lepidium densiflorum 0.03 0.08 0.08 0.00 0.87 0.00 0.00 0.00 1.34 0.11 0.03 0.00

Total seedling abundance differed by depth and vegetation type, but plant communities did not
differ by block (Table 3, p=0.788). Total seedling abundance was greatest from the surface of the
stockpile, with the 0-10 cm depth containing 68% of the total number of germinated seedlings
(p<0.001 for all depth treatments), and all vegetation types having a higher seedling abundance at
0-10 cm (Fig. 4a). The sow-thistle treatment had the highest average seedling abundance when
compared with the wheatgrass (p<0.001) and sweet clover (p=0.002) vegetation types. The
wheatgrass and sweet clover treatments showed no difference in average seedling abundance
(p=0.142).

Table 3: Analysis of deviance table for a GLM model including depth and vegetation type for
seedling abundance and species richness.

Seedling Abundance df Deviance Residual p

Depth 3 2697.63 <0.001
Veg.Type 2 30.87 <0.001
Depth:Veg.Type 6 465.25 <0.001
Species Richness df Deviance Residual p

Depth 3 59.19 <0.001
Veg.Type 2 0.851 0.653
Depth:Veg.Type 6 11.396 0.077

There were more native individuals than non-native individuals across all depth treatments
(p<0.001 for all depths). The proportion of native individuals at 0-10 cm was 75% of all
individuals, 90% at 10-20 cm, 90% at 20-30 cm, and 87% at 80-90 cm. There was a higher number

of non-native individuals at the 0-10 cm depth compared to the other depth treatments (p<0.05 for
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all comparisons). All vegetation types also had more native individuals than non-native (p<0.001

for all comparisons). There were 74% native individuals in the sow-thistle, 74% in the sweet

clover, and 86% in the wheatgrass.
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The figure caption is on next page.

Species richness followed a similar pattern as abundance, with a decrease in richness with
depth (Table 3). However, there was no difference among vegetation types. The species richness
was highest at the 0-10 cm depth (42% of species). The wheatgrass and sweet clover vegetation
types had differences in species richness between the 0-10 cm and 80-90 cm depths while the sow-

thistle treatment showed no differences in species richness across any of the depths (Fig. 4b).
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Figure 4. (a) Seedling abundance/500 mL of sample soil (b) and species richness/500 mL of sample
soil across different depths, vegetation treatments and native/non-native species. Values
are mean and standard error. Letters represent significant differences (Tukey’s test,
a=0.05) in total seedling abundance and species richness between depth treatments
within each individual surface vegetation type.
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There were also more native species than non-native across all depth treatments (p<0.001 for
all depth treatments). At 0-10 cm, 66% of species occurring were native, 77% at 10-20 cm, 81%
at 20-30 cm and 82% at 80-90 cm. The 0-10 cm depth had a higher number of non-native species
than the other depths (p<0.05 for all comparisons). There were also more native species across all
vegetation types (p<0.001 for all vegetation types). For the sow-thistle vegetation type, 72% of

species were native, 76% for sweet clover, and 67% for wheatgrass.
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The aboveground vegetation showed a slightly different trend, with an increased average native
species cover across the native wheatgrass vegetation type (57% native species), but an increased
non-native species cover in both the non-native sow-thistle (57% non-native) and sweet clover

(71% non-native) vegetation types (p<0.001 for all vegetation types).

Seed-bank communities from the 0-10 cm depth differed among surface vegetation types
(p=0.032, Fig. 5), with the most abundant aboveground species at the time of sampling generally
having the highest impact on the seed-bank community of that vegetation type. The NMDS
ordination shows grouping of the seed-bank community by aboveground vegetation type. The
vector overlays of Melilotus sp. (sweet clover), A. trachycaulum (wheatgrass), and S. uliginosus
(sow-thistle) were the longest vectors corresponding to their respective aboveground vegetation
type (sweet clover, wheatgrass, and sow-thistle). Therefore Melilotus sp. had the biggest impact
on the sweet clover vegetation type seed-bank community, A. trachycaulum on wheatgrass and S.

uliginosus on sow-thistle.

A. trachycaulum was more common in the wheatgrass vegetation type, S. uliginosus in the
sow-thistle, and Melilotus sp. in the sweet clover than in other treatments at 0-10 cm (Table 2). A.
trachycaulum was the most abundant species across all depths in the wheatgrass treatment, except
20-30 cm, and was the most abundant species at the surface in the sweet clover treatment. Sonchus
arvensis and Melilotus sp. were both the second most abundant species in their respective
aboveground vegetation types (sow-thistle and sweet clover plots), but only at the surface (0-
10 cm). P. norvegica was one of the most relatively abundant species in all three vegetation types
and was the most abundant species across all depth treatments in the sow-thistle vegetation
treatment. At depth (80-90 cm), the most abundant species were Epilobium ciliatum, Glyceria
striata, Urtica dioca, Potentilla norvegica and Mitella nuda, with the most abundant species at 80-
90 cm being E. ciliatum (Table 2).
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Figure 5. NMS ordination comparing seed bank plant communities across the different surface
vegetation types (3 dimensions). S=sow-thistle vegetation treatment, W= wheatgrass,
C=sweet clover.

Discussion

For all surface vegetation types studied there was a marked decline in the stockpile seed bank
seedling abundance and species richness (except for the sow-thistle community) with depth. This
is a common trend found in stockpiled soils around the world, with many studies finding that seed
viability declines with stockpile depth and age (Dickie et al., 1988; Iverson and Wali, 1982; Tacey
and Glossop, 1980). Dickie et al. (1988) found a higher relative seedling abundance in Derbyshire,
England at the surface of the stockpile than in this study, with 80% of seedlings at the surface of a
4-year-old stockpile, compared with our 68% of seedlings germinating at the surface of the

stockpile.

We also saw a reduction of viable seeds with depth in naturally occurring forests, where most
of the seed bank occurs in the organic surface layers of soil (Granstrom, 1982; Moore and Wein,
1977; Qi and Scarratt, 1998). Whether the soil is stockpiled or not, there is only an input of seeds
at the surface of the soil resulting in a higher concentration of seeds at the surface. After salvaging
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and stockpiling redistributes the seeds throughout the soil profile, there is likely germination at
depth and then subsequent death due to failure to reach the surface, or fungal pathogens and
predation (Bellairs and Bell, 1993; Dickie et al., 1988; Golos and Dixon, 2014; Harris and Birch,
1987; Iverson and Wali, 1982). The combination of an input of seeds at the surface of the
stockpile, and loss of seeds throughout the stockpile over time could lead to the gradient in the

seed bank that we are seeing.

The surface seed bank (0-10 cm) was influenced by surface vegetation with the dominant
aboveground vegetation species being more abundant in the seed bank for their own vegetation
type. For example, Sonchus arvensis was most abundant in the sow-thistle vegetation type, A.
trachycaulum in the wheatgrass type, and Melilotus sp. in the sweet clover, when compared with
other vegetation types, at 0-10 cm. However, there was a decline in the abundance of these surface
dominant species at lower depths, so in this stockpile the influence of the aboveground vegetation
does not appear to apply to lower depths in the seed bank. For example, when sweet clover is
dominant in the aboveground vegetation and in the surface of the seed bank it is not present below
0-10 cm in the seed bank.

The influence of surface vegetation on the surface seed bank is also common in unmined
forest soils, as the seed bank has been found to be mainly influenced by the canopy and understory
plant community seed rain, micro and structural habitat characteristics, and adjacent plant
communities (Beatty, 1991; McGraw, 1987; Olano et al., 2002). At the surface of the soil, there
is an input of seeds from growing plants that is not present at depth and it takes time for seeds to
naturally move down the soil profile. In this case, the vegetation growing on the surface of the
stockpile (wheatgrass, sow-thistle and sweet clover) are all species which can produce many seeds
in one season, thus contributing significantly to the surface seed bank (Tilley et al., 2006; Stevens,
1932). As a result, the surface seed-bank community is often more comparable to recent surface
vegetation and the deep soil seed bank to previous communities, with a decreasing similarity to

aboveground vegetation over time at depth (Grandin and Rydin, 1998).

The influence of the aboveground vegetation on the seed bank did not appear to extend past
the most abundant species (sweet clover, wheatgrass, sow-thistle). However, the percent cover of
these species could help explain the discrepancy between the most abundant species in the

aboveground and belowground communities. These three dominant species made up almost half
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of the average total aboveground cover, while the next abundant species did not cover more than
14% (Table 1). The differences between the dominant species in these communities could also be
due to a loss of seed viability when soil is stockpiled, damage to rhizomes, movement of seeds
from neighbouring communities, and seeds that remained from the original community before
disturbance. For example, Calamagrostis canadensis was a more common species in the
aboveground community, but did not appear in the seed bank at all. This species mainly
reproduces by rhizomes, which could be damaged when soil is stripped and stockpiled (Hitchcock
and Chase, 1971). The species that were abundant in the seed bank, but not in the aboveground

vegetation, like P. norvegica could be coming in from neighbouring communities (Beatty, 1991).

The species present lower in the seed bank seem to be capable of seed dormancy for long
periods of time and producing many seeds, which increase their likelihood of being present in the
seed bank for longer periods. For example, P. norvegica (rough cinquefoil), one of our most
common species in the seed bank, can produce many seeds per season (13,150 seeds per plant)
and has a spike in germination with increases in light levels (Taylorson and Borthwick, 1969;
Werner and Soule, 1976). If this species requires light to germinate, it could explain why rough
cinquefoil had high germination rates at lower depths in our study. These seeds were able to
remain dormant in the stockpile, until reintroduced to light in the greenhouse. E. ciliatum and
Urtica dioca are also known for being able to produce many seeds in a season, and M. nuda is

capable of periods of seed dormancy (Bassett et al., 1977; Evans et al., 2008; Tu et al., 1998).

Most of the seedlings that germinated from our samples were native (63%), which has also
been found in other soil stockpile studies, where the percentage of native seeds was approximately
60-85% (Bellairs and Bell, 1993). However, the relative number of native species may decrease
with time (Golos et al., 2016). This decline in native species could be due to the influence of
aboveground vegetation. In this study, there was an increase in the number of non-native
individuals and species in the seed bank at the surface of the stockpile, and the sow-thistle and
sweet clover treatments had a higher non-native species cover and number of non-native species
in the aboveground community. If non-native species colonize a stockpile, they could influence

the seed bank and thus reduce the proportion of native seeds in the stockpile over time.

Our species richness and seedling abundances for the non-native vegetation types contradicts

this theory about the impact of native species on the seed bank. In this study, having a non-native
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species (sow-thistle or sweet clover) cover the surface of the stockpile, and more non-native
species in the aboveground community, resulted in no significant difference in average species
richness when compared with the native vegetation type (wheatgrass) and had an overall higher
percentage of native species and individuals than non-native in the seed bank just like the native
vegetation type. The average seedling abundance was higher when our non-native sow-thistle
species dominated the aboveground vegetation community than when the native wheatgrass
species did. Having a high native species richness and seedling abundance despite being
dominated by non-native species in the aboveground community is beneficial for reclamation sites
that are taken over by weedy species because it means their seed bank could still be useful for
reclamation. However, in future seasons the native species richness and seedling abundance could
decrease due to the seed input from the non-native species growing aboveground. Also, in many
cases, when stockpiles are used for reclamation, they are older than four years and could have lost

more of their native seed-bank community than our stockpile.

Management Implications

The decline in viable seeds with stockpile depth is a potential problem for reclamation because
it decreases the volume of soil dense in plant propagules for reclamation. Boreal forest plant
propagules are a valuable resource for reclamation, which is reflected in the preference for direct
placement over using stockpiles. However, stockpiles will need to be used for future reclamation.
Changing the shape of stockpiles could help to maintain the seed bank by creating flatter stockpiles
which would reduce the volume at lower depths that do not have a seed input (Bell, 2004; Ghose,
2001). This technique is ideal for maintaining seed viability when soil must be stockpiled for a
long period of time (Bell, 2004). However, the trade-off of this approach is that a larger area is
taken up by a stockpile for a long period of time and this may not be operationally feasible,
ecologically desirable, or meet regulatory requirements focused on a reduced industrial footprint.

After only four years, this stockpile had a significant decrease in the number of viable seeds
with depth, assuming that there was a relatively equal density of seeds throughout at the time of
placement. Stockpiling the soil for a shorter period might help to reduce the number of viable
native seeds lost from the seed bank at depth. The longevity of a seed depends largely on the
species, with some seeds only remaining viable for a few years (Bewley and Black, 2012).

Therefore, the shorter period that a seed is stockpiled, the greater the chance that native species
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from the original undisturbed site will be able to germinate on a reclamation site, and more of the
original species diversity of a site is preserved. Another approach to maximize the stockpile
volume might include using thin layers for soil placement. The top of the stockpile, which has a
dense seed bank and a higher proportion of native seedlings than non-native overall, could be
removed first to be used for reclamation. This may allow the seed bank to re-establish on the
surface of a stockpile before being stripped again later. However, getting the seed bank to re-
establish after stripping could be a potential problem due to the loss of native plant propagules,
and some older stockpiles may not have a diverse native seed-bank community. Another option
could involve removing the top 0-5 cm of a soil profile and using it for direct placement on a

reclamation site, and only stockpiling the seed-poor soil below (Tacey and Glossop, 1980).

Vegetation management should be considered on soil stockpiles because of the effect surface
vegetation can have on the seed bank. If we encourage native species, the chances of them
occurring in the stockpile seed bank increases, which then increases the chances of these species
being present on reclamation sites. Being proactive about weed management to ensure a native
seed bank before reclamation is best because seeding does not contribute as much to species
diversity as the seed bank can (Ward et al., 1996). Some of the most common methods of control
for non-native species includes mechanical removal, fire, and biological control (D'Antonio and
Meyerson, 2002; Masters and Nissen, 1998). Also, using woody debris or rock on sites to increase
surface roughness and provide more niches for seeds has been shown to increase species diversity
and the number of native species (Brown and Naeth, 2014). However, our results show that the
native species richness, and total seedling abundance of a site will not necessarily suffer as the
result of non-native species growing on the surface of a stockpile, so it is possible that management
of non-native species does not always have to be priority when using younger stockpiles for

reclamation.

In the future, we will need to get a better idea of where in the stockpile soil profile seed
densities drop off and how long soil can be stockpiled before seed viability decreases. It would
also be useful to know more about the impacts of the surface vegetation community on the seed-
bank community to maximize the ability of surface vegetation communities to enrich the seed bank

with desirable boreal forest species.
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