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Abstract

Mine reclamation and closure plans have historically focused on returning disturbed
lands to a vegetative community, often without consideration of thexiséng natural
vegetation The resulting plant communitiese ofterdominated byhon-desirable, londived,
sodforming wheat grasses often utilized for agronomic purposes due to their heartiness and
ability to grow anywhereOnce establishedthese plantommunities often dominate, restricting
native species,nal enter a state with little successional advancemsnhnining egulatory
standardsindlocal community engagemebétween stakeholdehave increased, the closure
objective of mines have also changEdmmunityengaged closuravhich places more valuao
ecosystem function and native biodiversdaye now often the standardCanadaHighland
Valley Copper Minehas committed to working with Indigenous communities, specifically the
Nl akadbpamux peoples to i mprove hthaabjeativeoful t ur al
creating sustainable benefits for Indigenous communitiéle also securing social license with
the community to maintain business operatidtrescribed burning was traditionally used by the
Nl akadpamux peopl e b&andhera was mteresd reimtagnatdire asad s c ap e
management techniqu& unique industry Indigenous relationship formed to collaborate on the
use of fire to reintroduce native species on a formerly reclaimed tailings storage. fAsility
largescale diturbances, notably fire, have historically structured grasslands both naturally and
through Indigenous cultural use, and can alter successional trajédested the effects of
prescribed burning in a 2/earold minereclaimed nhondesirablegrassdominatedclosed
tailings storage facilityPrescribed burning was appliasl a means of shiftinye existing plant
community tavardsa native grasslandhe objectives of this thesis were 19 investigate if
prescribed burning can successfult as a disturbance to transition a-o@sirable, low
diversity, agronomic vegetative community to a native grassijnekamine the role fire
intensity plays in the vegetative community when trying to establish native species under
controlled conditios and 3) investigatd¢ he | evel of i nvolvement that
played in the prescribed fire project and examine the practices that industry professional
employed to connect with this communiBire severity was modified within the greenhewsal

at three levels (high, moderate, low) and held conskan) (n the field. Fire severity



adjustments were made via modifying the fuel load and time of burning per treatment. Plant
community composition shiftesignificantly within the greenhousecause of the burning
treatmentGreater effects were found in the greenhouse trial, likely due to better control of the
burn, such that native species colonization was obseffede results indicate that prescribed
burningcanplay a significant role istructuring ecosystems and aliog the reestablishment of
native plant species. Mgsults also suggest that the level of Indigenous involvement represents
a relationship formed out of necessity that
fulfilled throughout the implementation of the project. The findings of this study provide
important considerations for both mine reclamation practices and indlrstiigenous

relationships.

Keywords: Mine Reclamation, grassland restoration, prescrilyed thiaditional ecological
knowledge, semiarid grasslands, native spetneiigenous engagement
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Figure 4.7. Shannebiversity, Simpson Index, and Species Richness as an effect of burning
treatments (n = 6 for all treatments) at seven months postbt@), @nd analysis of interaction

effects between timing and burn treatitseiD>-F). All Pairwise comparisons were conducted in

A-C, and pairwise comparisons to control were conductedfn pvalues were adjusted with

BH corrections. 06*06 p < 0..05...40%%0..p..590. 01,

Figure 4.8. Percent cover of five plant functional groups across disturbancestreatrd timing
for pre-disturbance and-honths postburn in a mesocosm fire experiment (n = 6 within each
group, +£ 1 SE). Pairwise comparisons within treatment groups were completed and adjusted

with BH corr ect i-signifcant valuederemot plottéd...0..5..,......n.0..n102

Figure 4.9. Mean percent plant cover by species across all experimental mesocosm units by

timing of predisturbance to project completion at seveonths postrn. (n = 30 in each

Figure 4.10. Normalized aboveground net primary productivity (ANPP) by timing in pre
disturbance and-month postburn across disturbance treatments from each mesocosm unit (n = 6
for each group). Pairwise comparisons were completed within treatments between pre

disturbance, and final post burn conditions andloes were adjusted with BH corrections04

Figure 4.11. Relationship between normalized aboveground net primary productivity (ANPP)
and litter mass for a sevenonth mesocosm experiment. Rlisturbance: ANPP Normalized =
0.587 0.032 x liter mass, Adjusted®= -0.02, p = > 0.05, -fonth postburn: ANPP Normalized
= 0.761 0.46 x litter mass, Adjusted®R 0.15, P =< 0.05......c.ccceerrereeierecrieeereeee e, 106

Figure 4.12. Relationship between Shaniaversity and normalized litter mass for a seven
month mesocosm experiment (Adjusted R2 = 0.11087) w....cooeevviiiviiieeiieeiiciee e 107

Figure 4.13. Extracted By-Curtis Dissimilarity distance plotted by A) Disturbance Treatment
(sevenmonth postburn) and B) Timing for field mesocosm units extracted from HVC, Highmont
1= 11T PP 109

Figure 4.14. Total nitrogen, carbon, and carbon to nitrogen (C:N) ratio separated by top 10cm

and bottom 10cm of soibsnple extracted from each mesocosm unit (n = 6 for each group).
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Pairwise comparisons were completed within treatments betweelispuebance, and final post
burn conditions and-palues were adjusted using BH corrections. * = 0.05, ** = 0.01, *** =
0.001,**** = 0.0001. (Bot & Top 10 cm = bottom or top 10 cm of sample extracted from a 30
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Figure 4.15. pH of the top 10cm of soil extracted from each mesocosm unit (n = 6 for each
group). Pairwise comparisons were completed within treatments bepnegisturbance, three
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Chapter 1: INTRODUCTION

Industrial scaleesource extractiooperations present major challenges for biodiversity
and ecosystem servicdhe mining industry involves significant tradeoffs between ecosystem
servicegCostanza et al. 199@nd biodiversity conservation, as it converts multifunctional
natural ecosystems into mineral provisioning landscégesges et al. 2016)his conversioran
beresponsible for a signdanttemporaryloss in biodiversitylargely as a result of habitat loss
and altered plant communiti@Bercy et al. 20055rigg 2014) Beyond impacts to the
environment, when the mining industry entered Camadae beginning of the T'Sentury
operations resulted in Indigenous community disruption dispbssessioaf Indigenous
peoples from traditional landMelosi 2017) Thishistoricreality can bettributed in part to a
colonialist mindset and lack of policy, regulation, and checks and bal@nicesistrywith
respect to restorative or reclamation practices. This lack of policy, combined with little
forethought given to the impact occurring to ®csiem services, human livelihoods and health
has caused significant long lasting impd®fsgone et al. 2018)Due to this legacy, tihe
currently exists a vast heritage of degraded lands due to historical mining practices which
displaced communities and now require restoration, reclamation, and recondfBatidehaw
1997)

As mining industries faced significant amounts of scrutiny with respect to land use management,
sustainability issues, and other adverse seoMmironmental issueshis stimulated a response

from industryto place items like sustainability reporting, and social and environmental
assessments at the forefront of operations to prove due diligence is being met in order to secure a
social license to operaf@zapagic 2004Melosi 2017 Virgone et al. 2018)These efforts are

applied into properly managing both impacted and natural landscapes, working within
environmental policy, and collaborating with communities on end land use goals for mine
closure. In the transitioperiod between alternative and green technologies that can replace the
need for resource extraction, this industry is essewotilovideCanadians with modertay

comforts and economic freedom while reclamation and restoration science offer an attempt to
overcome environmental problems. Today, industry has the responsdditigress impacts

beyond that of thenvironmentModern reclamation and reconciliation efforts haegun to

encapsulate building and maintaining strong, resilient, and beneéatbnships with



Indigenous peoples and local communities to reconcile past inequities. The gold standard
moving forward for industries should be to move beyond a social license to operate and into
dynamic, trusted, and mutual management of the landsagpeommunitiesespecially when
operating on unceded Indigenous lands.

This thesis project examines a unique opportunity presented by a partnership Getekeen

Hi ghl and Valley Copper (HVC) Mine, and the NI
prescribed fire as a reclamation tool to enhance ecosystem reclamation on disturbed mine lands.
This project also represents its own unique position in scienceoaducted research on the

process of how the project came to be, and the effectiveness of prescribed fire to transform a
successionally stalled plant community to a highly diverse grasslanddtastevork presents a

new paradigm in whicindustry, stakehol@rs and particularly Indigenous communities are

collaborating on projects

HISTORY AND EXTENT OF MINING IN BRITISH COLUMBIA (B. C))

Historically when the mining industry entered Canada it promised job security and
economic gain to communities that papated. This unfortunately was not the case in all
circumstances. Throughout the Canadian north, mining was often attributed to toxic wastes,
warning signs of abandoned mine shafts, disdossessioaf Indigenous peoples and their land
(Melosi 2017) This reality existed as the industry was in its infancy and a list of unknowns were

present with respect to future impacts.

As the use of land to id materials for processing and creating goods and services represent
some of the most substantial changesdosystems, we must properly manage both our

impacted and natural landscapes to ensure a positive net balance is maintained with respect to
ecoystem functionVitousek et al. 1997)With this goal in mind, reclamation and restoration
ecology has emerged within the l&stv decades to counteract the worldwide degradation of
biodiversity and ecosystem servidé#lzel et al. 2018)Environmental awareness and the full
understanding of the complex chemical processes behind managing a mined landscape was not

fully understood until recentl As such, many current reclamation and restoration efforts are



simply lagging behind the need to effectively restore these disturbed communities to a state of no
net loss with respect to ecosystem functioning, and often take much longer than expected to

reach ecological targe(Ruggles et al. 2021)

Land management as it pertains to mining has been existent to some extent sincd3106&s
companies have been required to reclaim all lands disturbed by mining. However, as discussed
above, relamation tends to be costly and companies would often enter bankruptcy before
completing reclamation, leaving the abandoned landscaBe@otaxpayers to deal with.

Currently, the obligation to reclaim all mined lands is enforced throughlithes Act, and

rigorous provincial standards to maintain the environment. Before starting work, a reclamation
program must be created, and reviewed on an ongoing basis. In addition, a reclamation security
must be paid to the province to ensure obligations are kdphaney isheld by the provincéo

ensure reclamation occufiinistry of Energy Mines and Petroleum ResourckBning and

Minerals Division 2008)Unfortunately, reclamation efforts and mine closure still often leave
behind a legacy of active management and treatthanwvill need to remain in perpetuity, until

the environmental risks (i.e.; water quality, erosion, fugitive dust) can be managed passively
(Blanchette and Lund 20160 his constant management can partially be attributed to the
challenges of defining the success of restoration or reclamation for mines, in addition to the lack

of passive treatment optiongaalable to industry.

Mine reclamation has been defined as a success both in policy and academia when healthy, self
sustaining ecosystems are developed on previously mined landscapes and deemed satisfactory by
a chief inspector under tiMinesAct (Garris et al. 201,65overnment of British Columbia
Ministry of Energy 2008 Given the lack of a clear setmieasurable and enforceable
reclamation criteria, paired with broad and vague inspection procedures for regulators and
contractorsthe formal closing of mines is both rare and costly. The province of B.C. now carries
a large legacy of liability from old mes that were developed and abandoned when regulations

were looser.



GIS CONSIDERATIONS

To examine the extent of mining within the province of B.C. and add context to the history of
mi ning and reclamation st at us(Teucheérbtialn20ll@ase pr ov
used to download and extract spatial data from the-eperce BC Data Catalogue. Extracted
data and spatial layers were then imported into Q@ISion 3.18.0 to be analyzed. The

following data was downloaded from BC Data Catalogue:

1 Permitted Mine areasMajor Mine (Samuelson 2021)

1 MINFILE Production Databasgones R21a)

1 MINFILE Inventory DatabaséJones 2021b)

1 First Nations Community Locatiorf&rmstrong and Gowan 2020)

Figure 11 Depictsup to dateand historical data downloaded from the BC Data Catalogue on
currently operating major mines, historical abandonedosed mines in need of reclamation or
restoration, and First Nations communities. Analysis of this data included computations of the
total land area occupied by the 37 listed major mines within the permitted mine areas dataset, in
addition to total histic mines, and total ore extracted. Major mines are listed and defined by

those producing coal or miner&d@vernment of British Columbia Ministry of Energy 2008).

The 37 listed major mines operating within B.C. as per the BC Data Catalogue represent a

cunulative land area of 648 square kilometers, and have mined a total of 4.9 billion tonnes of

mineral or coal materigSamuelson 2021 his metric however represents an underestimated

val ue a stted MirearéaBa mor Mi ned dataset is missing
most updated, B.C. mine information webp@8€Mine Information2021) The author of the
OPermittedM3Mj oe Breaeaé8 dataset was contacted f
the dataset access was denied as it was still under construction. Additionally, historic mine data
from the O6MINFILE | natetal af b686yminesddatingbaak fromrazseartye s e n

as 1880, with a cumulative mined total of 9 billion tonnes (Jones 2021a).

Restoration and reclamation procedures in B.C. need to be outlined in greater detail, and industry
to be held to a higher standatd ensure a legacy of abandoned mines do not continue to burden

the province, and communities surrounding these mines.



A)

Highland Valley Copper

. *..

C)

A

0 50 100 150 km

N

Figurel.1. A) Extent of currently operatingajor mines, B) Historical mines in a state classified as: abandoned, closed, or
of reclamation or restoration, C) First Nations communities, D) All maps overlaid. Highlighting Highland Valley Copper A
Map was createdly Brandon WilliamsusingQGIS version 3.18.0 using opsource data collected from BC Data Catalogue
(Major Mines, MINFILE Inventory &First Nations Communities spatial data).



A BRIEF HISTORY OF COLONIALISM AND LAND MANAGEMENT IN
B.C.

Indigenous peoples in Carmdre estimated to represent approximatedyaof the
total population and represent over 3iillion peoples worldwide(Turner and Cliftor2009
Kumar Dhir 2016 Statistics Canada 201 Thdigenous communities in Canada and across
the globehave sufferedignificantinjustices and many continue to face marginalization,
exploitation, and exclusiommhis is especially presemt nations in the Global Southhere
political powers and powerful international businesses work to the disadvantage of third
world state lack opolicies(Hilson 2002 Munarriz 2008 Kumar Dhir 2016)

Human activities on the land inherently result in ecosystem change. Global and local scale
human induced environmental changes have caused a general decline in diversity by
replacing normal, predictab&zosystem functioning with a novel or unpredictable set of
traits and level of functiofLoreau et al. 2001)Globally, over half of the worlds land area

has been convied to humardominated landises(Watson et al. 2016)

The mining industry within B.C. plays a significant role in land use and represents a
significant portion of lands that need to be restored, reclaimed, or rehabilkajace(11).

The pursuit of mining and the developing mining industry has historically and currently
posed a significant vector for both ecosystem and cultural change. Mining has been a part of
B. C. 6s e c on o Am800sswithnactiee coahmenesnoratouver Island and the
presence of gold in the Cariboo. The onset of the Cariboo gold rush occurred when
Indigenous miners discovered gold and shared the information with European explorers
(Bellringer 2016Ignace and Ignace 201Marshall 2018) It was the discovery and quick

spread of information about the presence of gold in the Cariboo that spurred a massive
immigration of approximately 23,000 Eufomerican miners seeking their fortune. Reports
and print articl es anywhéerdbetweei®300dingoldtelmez y 6 pr on
excavated daily.

A mass migration to the Fraser River and sur
‘Fever 0 12),Rndgaon lead to conflicts between EArmerican miners and

Nl akaodopamux | wnerswhentimmingswad peotested on traditional land.



Ultimately, it was not long before the transient, selfving population of Eurdmericans

became abrasive to interactions with Indigenous peaglesnflict ensued due to access to

the land for miningThese conflicts began foster the ideology that a good Indian is a dead
Indian(Marshall2018) 1t i s at the root of these confl i
gold rush that has set the precedent for Indigenous rights in the province of B.C and the

unrest that lies within the province today @gards to land use and management on unceded

territory (Marshall 2018)

Mining has since expanded to all parts of the province and B.C. is now Gatadast

exporter of coal and producer of copper while producing over thirty additional industrial
metals. The diversity and wealth of natuegources within B.C. poses opportunity for
economic prosperity as evidenced by being the global hub for mineral exploration to over
1200 mine related companies, but also many thraatgng from environmental to cultural
disruption(Marshall 2019) Despite the fact that extraction and production of these metals
support current living standards and have lead to societal advancements, the cost often comes
to the detriment of the environment, ecosystems, and deleterious impacts on human health,
culture, and communitie@/irgone et al. 2018)To further complicate matters, significant
chdlenges arise as governments and communities are faced with a dilemma on how to find a
balance between the needs for resource development and biodiversity conservation, while
meeting demands for mineral commoditiengupta 19935rigg 2014)

Currentywi t hin B. C., |l egislation has been passec
Declaration on the Rights of Indigenous B p | es ( UN (Gogecniment ohBrifislo n ) 6
Columbia 2019)This framework towards reconciliation of Indigenous rights with the
interests of Canadian society places a duty

Il ndi genous peopl egplvratiopas welirdsoil and gas. This ihawevera |

does not explicitly protect Indigenous rights but rather mandates the procedural duty to

consult and accommodate. A fundamental flaw however does not address or respect

Indigenous rights fully as infringesnt can be justified, so long as consultation was upheld

under section 35 of th@anadianConstitutionAct (Horowitz et al.2018)
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The implications of industrial expansions have moved beyond environmemadjda
and have affected many communities and ways of living since the onset of the goldrush
within B.C. as individuals and industries began to seek rights to extraction and settled land
traditional Indigenous territories. As a result, Indigenous commesrive been placed at
risk by dispossessiofrom their traditional lands, loss of culture, and sense of jRakener
2005 Fernandez and Silver 201As global demands for resources increase, industry
sectors like mining will need to continue to expand restoration atahraton efforts to
support sustainable development while surpassing ecological objectives and work towards
reclaiming and restoring good faith with local and Indigenous communities to preserve
culture and protect the land. The task for the future is ngdvayond the approach of simply
receiving social license to operate, and instadlhborativelybuild social enterprise with

common objectives.

CHALLENGES IN RECLAIMAING MINED ECOSYSTEMS

In the pursuit to reclaim ecosystems within a mine setting tmenmany external
factors that place limits on the reconstruction of a plant community. Restoration and
reclamation following the mining process is both complex and challenging due to various
biotic and abiotic factor§Turner et al. Q06, Gasch et al2014) One of the first steps in
restoration or reclamation of these lands is typically revegetation. Outside of thargemi
environment and climate conditions that exert the primary control of plant productivity and
composition, many characteristics of mimastes often provide unfavorable conditions to
successful vegetation establishment, notably the levels of residual heavy metals, low nutrient
status, poor physical structure of soils, and extreme pH véloedoff et al. 2000Sample
and Barlow 2013)The combination and interactive effects of unfavorable substrate, paired
with low annual precipitation can compound the challengtsrestoration in higher
temperature, sendrid mine lands, and poses a unique challenge as these landscapes are

already attributed with a lower richness and diversity of spé0ssian and Barakbah 2011)

One of the major challenges to deal with when reclaiming or restoring function to disturbed

mine sites is the lack of volumaddegradation of topsoil over time, and an overabundance
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of mine wastes. Due to the nature of mining, stripping of the soil and vegetation is necessary.
Soils are then stockpiled during the life of operation for the mine, and have been found to
deteriora¢ in quality, ultimately becoming unfertile by the time of mine closure or use
(Ghose 2004)While topsoil is low in quantity, mine tailings waste is in large abundance.
Mine tailings present one of the most harmful and longeshéastivironmental liabilities

that needs to be manag@tbung et al. 2015)As such, it is a high priority for mines to

manage their tailings from entering groundwaters, rivers and lakes, and reduaingawvel.
Management techniques vary from riverine disposal, submarine disposal, wetland retention,
backfilling, and dry stacking storadleottermoser 2011)As every ton of metal extracted,
typically generates a ton of waste, and often orders ohitualg more due to inefficiencies

there is a large need to manage these tailings in som@ atgrmoser 2011Adiansyah et

al. 2015) Due to site specific geology, tailings compositions vary greatly inlmeta
composition but are universal with respect to being low in organic matter and essential plant
nutrients, and are often fine textured sandy maté@mple and Barlow 201Bossoff et al.

2014)

Tailings pose a sigficant risk as they often contain potentially hazardous contaminants and

trace heavy metals. In sewiid and arid environments, dry stacking storage is a common

technique and desirable for both economical and reclamation purposes. This process entails
filtered tailings emerging from a processing facility in the form of a slurry that are then

pl aced, spread, and compacted t1.8). Thioproogessa st ab
requires no dam to be built to retain the tailings and no water stgppé/maintained which

is advantageous considering water conservation and capital costs associated with

geotechnical desigfbavies 2011)
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Figurel.3. Overview image ofheclosed tailings facility (Highmont Tailings) located at
Highland Valley Coper Minelocated in Bitish Columbia Canada

One main advantage of dry stack tailings is that progressive reclamation can occur with
closure of the facility. However, with arid conditions, wind dispersion and water erosion of
fine particle tailings poses a large risk. To combat this issue, phylastabn and

revegetation is often used to reduce wind contamination and e{b&malez and Maier

2008 Davies 2011)Historically, the revegetation of these closed tailings facilities have not
utilized native planspecies and instead utilized agronomic grass spetidshave not
addressed a long term succession plan for the plant comniMeitdez and Maier 2008)

Due to the difficulty in reclaiming more complex ecosystems such as forests, and often
higher costs associated with the work, most disturbed sitesc@agmed to a grassland state.
However, most reclaimed grasslands are often characterized by a low diversitativen

agronomic, or exotic speciéSwab et al. 2017)This problem can partially be attributed to
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the large scale of reclamation operations and limited options of native seed compared with
large quantities of agronomic seed availability, low price, and heartiness or ease of

establishment of many of these species on harsh mine @aitsn and Burton 2002)

The practice of surfaemine reclamation and creation of artificial grasslands is evident in the
Appalachian region and midwestern United States where these grasslands comprise a
significant portion of the restored landsc#pBeothers 1990Swab et al. 2017)These lands
were reclaimed in the 197006s, and at this
monoculture olow diversity grasslands dominated by hardy,-native, forage crops.
Furthermore, reclamation was guided by two objectives; minimizing cost as most companies
did not budget funds for reclamation, and simply establishing vegetative(Boatrers

1990) Currently, many approaches to mine reclamation stilhoseative or exotic species

as a cover crop and do not utilize native spébiesl adaptations to attain the same goal.
Incorporating specific, well adapted native plants into reclamation can increase the
biodiversityof the ecosystem, and potentialigprove soil conditions more quickly than
nontnative plantfSwab et al. 2017Even as these landscapes have been vegetatively

recovered, ecosystem functioning, and biodiversity measures are nowhere near current

Figurel.4 Twenty-five-yearold reclaimed vegetative cover crop landscape
represented by a monoculture mos#ioondesirable agronomigyrass speciesuch
asBromus inermis, Elymus lanceolatasid Thinopyrum intermediudocated at
Highmont Tailings, Highland Valley Copper MifBritish Columbia Canada
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objectives held by stakeholders, industry, government regulators, and Indigenous

communities.

In the case of HVC, as evidenced by Figu, historical revegetation practices have used
hearty, fast growing, agronomic species to achieve their goal of revegetatingpuilse
However, the established agronomic plant species hinder the establigiimative plants
through competitive exclusigfyoung et al. 2015)

Restoration of mine lands is a complex issue with biotic, abiotic, and social factors all
playing a role. The new ecological problémwever lies within the fact that reclamation and
closure plans have historically ignored+apasting natural vegetation and opted for a hearty,
fastgrowing, nondesirable vegetative monocrop cover on nrspeils. The disparity

between historical praci& and new restoration and reclamation standards has now placed
new challenges to reclaim these already burdened lands to a more biodiverse ecosystem state
on established vegetative communities. As evidenced by Figyra ast array of mine sites
acrossB.C. need further restoration or reclamation and may already be composed of non
native communities due to historical practices. The problem abeath the recovery of

native communities in fields dominated by fgsbwing exotic species, which is often
impeded by the competitive advantages of the established comr(italigjian et al. 2017)

As the availability of native plant seed increases, combined with the positive effects and
viability of using natives on disturbed mine lands, it is clear that native plants can increase
ecosystem functioning, however a mechanism to assist these species establish is also a
guestion that needs to be addressed. A mechanism to transition these communities on mi
lands may be prescribed fire and represents a significant knowledge gap within existing

scientific literature that my research aims to examine.
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PRESCRIBED FIRE TO FACCILITATE ECOSYSTEM RECOVER Y IN
GRASSLANDS

In natural ecosystems, disturbancesahbyt fire, have major positive and negative
impacts on ecosystems as they can influence the abundance and diversity of species, nutrient
cycling, biomass accumulation, primary production and other procgasisford et al.
2016) In semiarid grasslands the relationship between prescribed fire and plant community
response generally does not follow a uniform consensus on therpatects on plant
communites (Rau et al. 20080verall effects of burning on plant and soileractions may
differ due to plant cover types, and differences in fine and woody fuels available which can

directly affect fire severityRau et al. 2008)

Generally, fire can modify relationships among species on the landscape and change
dominance in a community due to species specific responses to changes inssorkemo
nitrogen(N) cycling, and direct effects on meristem morta{iBhermandi et al. 2004
Augustine et al. 2014Jire in semiarid and arid ecosystems has shown to increase the
availability of inorganic N in the firsyear postourn, as well as for extended periods beyond
the burn(Rau et al. 2007)This increase in plant available nitrogen can influence regrowth,
native species seedling establishmantd establishmewf annual plantsThese factors
ultimately aid insite recoveryRau et al. 2007Augustine et al. 2014}herefore making it
beneficial in reclamation of mine spoils where nitrogen is limétedit is anobjective to
changdrajectory of the plant community

Grasslands also benefit from fireand and semarid environments where microbes cannot
readily breakdown accumulated plant littBrockway et al. 2002)A secondary bengfof

litter removal orconsumption of accumulated litter by figea result thabften favos
establishment of new species due to subsequent release of nutrients immobilized within the
dead plant tissue, increased solar radiation to the ground, anchgll@weriod of reduced
competition for new species to enfBrockway et al., 20025 cheintaub et al. 2009)

Additionally, in highly productive sites, litter accumulation that is left in a state without
disturbance or some form of reduction may ultimately restrict above ground net primary
productivity (ANPP), species richness, and favor tall lived species reducing functional

diversity in life form(Peco et al. 2012)
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Plant community responses to prescribed fire within the literature regarding community
composition, cover, and diversity have been presented as net neutral, positive, or negative
based on different studies. Scheintaub et al. (2009) found that spring buithimgansenm

arid shortgrass steppe community resulted in an overall decrease in ANPP by 20% in burned
vs unburned controls. However, as ANPP decreased through perennial and annual grass
productivity, perennial forb production and total vegetative cov@easedn response to

fire. Additionally, forb response to fire is most consistent with regard to increasing in total
cover after fire which remains consistent within literature presented by Ruthven et al. (2000)
where forb coverage was greater on burthesh unburned sites. This increase in cover is

likely due to an interaction between death of the apical meristem during spring burning in
select species which removes growth inhibition and spurs formation of new gharetst

Service- Rocky Mountain Research Station 200@) contrast to this, Augustine et €014

found that annual burning significantly reduesmbl seasoCs) plant production and forb

cover but did not affeatzarm seasofCs) plant production. Positive plant community
responses including increases in plant species richness and plant cover have been historically
noted in semarid grasslands by Kirsch et al. (1972) with a steep increase in plant richness
postfire from 38 to 69 species. More notably, McDonald et28111) found that prescribed

fire reduced the abundance of dominant-native grasses, while increasing the abundance
and diversity of native grasses and herbaceous dicotyledons. For these reasons, th
introduction of prescribed fire represents a promising opportunity to overcome some of the
challenges presented above with respect to recycling nutrients to nutrient limited tailings,

while also allowing for reduced competition and new species to éetecbsystem.

HISTORY OF INDIGENOUS USE OF FIRE & CHANGING LANDSCAPES

The historyof fire on the landscapaithin B.C. presents a complicated and ever
changing path forward as we continue to modify our ecosystems and the way we manage our
lands and the way we thinlds the semarid grasslands of the interior receive typically less
than 400mm of rainfall on average, thew precipitation patterns paired with warm summer

temperatures and moderate to high winds create a landscape that is naturally conducive to
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wildfire (Environmentand Climate Chang@anada 20B). Prescribed burning as the
purposeful application of fire to the landscape is regularly used in the management of fire
prone ecosystems worldwigeenman et al. 2011 he semiarid grasslands dB.C. present

a prehistoric history of anthropogenic burning by Indigenous peoples that feorges

roughly 7000 years before presdBiackstock and McAllister 20Q4.ewis et al. 2018)o

shortly after European settlementBnC. in the earlyl900s. Prescribed burning by
Indigenous communitighenwas halted aEuropearinterest in the forest complex no longer
permitted burning of any kind (Lewet al.2018).This EurecAmerican view directly clashed
with Indigenous traditional knowledge thatlized the benefits of prescribed burning
(Kimmerer and Lake 2001)

The common thought that Indigenous peopilesd acommonly circulated misconception
about minimal to no level of land use and managem@miasts with the reality that
Indigenous peoplgsractical a philosophy of respect for natural resource managetinaint
allowed for a sustainable lifestyle thmaximized productivity of food and materiglcurner

et al. 2000Kimmerer and Lake 2001).and management practices such as foraging and
harvesting that aided in the maintenance and enhancement of their lands, water, and
resources to support sustainable living is datifrom generations éhowledge being

passedn from experimentation and observat{@wirner et al. 2000)ndigenous use of fire
represents one of these practices that was utilized by many Indigenous peoples throughou
North America and B.QKimmerer and Lake 2001) meet ecologicabased goals of

selecting for desirable vegetation, and as a means of maintaining important grazing habitats
by controlling tree encroachment and managing forest fuel (Gacleer et al. 20005torm

and Shebitz 20Q6.ewis et al. 2018)

As the landscape &.C. changes due to emgnmental and social factors, like the
implementation of fire exclusion in the early 1890significant changes in the ecological

and cultural conditions across the province have occurred anealify visible upon

inspection of our vulnerable grassi@recosystems. Indigenous Elders from the

NIl a k a 6 (pheompson)Silx (Okanagan), Secweper(huswap)St | 6 a Lillodet) mx  (
and Tsoéil quot di n ( GduthdrnateribriofB)C. maeetrecalled andf r o m
reminisced when grasses were béligh to a horse and the state of the grasslands were

t

h
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thriving (Blackstock and McAllister 2004Many bunchgrass biogeoclimatic zornlestonce
naturally presented a high plant diversity to support ungulate speciesmaptexfoodways

for Indigenous communities have now been replaced with woody encroachment of sagebrush
(Artemisia tridentatpandponderosa pinéP{nus ponderogaThese zongarenow at risk of
shrinking in size and diversiffruhlendorf et al. 20Q& ewis et al. 2018)Cumulative effects

of overgrazing by cattle and fire exclusion have stronglyacted to cause shifts in the plant
community composition to be less productive and comprised of more ephemeral species.
These changes also affect the habitat of grassland specialists and keystone species as these
areas are slowly converted into shrublaadd forest¢Fuhlendorf et al. 200&ymstad and

Leis 2017)

Fire exclusion has also led to a shift in Indigenous community dynamics and the loss of
important cultural useof ancestral land€urrently, prescribed burning for many Indigenous
cultures is significantly reduced agan only be completed under strict gowvaent consent
and typically only under use for human asset protection through reducing fue{Feadsan

et al. 2011Lewis et al. 2018)However, a paradigm shift has occurred as larger incidences
of destructive firegreincreasing because of mismanagement and fire suppression efforts
(Flannigan et al. 2009Additionally, larger gantities of western scientific literature are
surfacingthat supportshe use of prescribed burning as a management techiocid in

the ecological health of fire derived ecosystems arahasosystem management strategy
(Sutherland 2019)This resulting change in thinking has come full circle as Indigenous fire
management practices are nbaing recognized and adapted asectiveway to manage
our landscape@Nikolakis and Robert2020)

As the grasslands &C have evolved naturally and anthropogenically in adiigen
ecosystemthe reintroduction oprescribed burning offers an approach to manage our

landscapes whiltosteringpositive ecological and culturbenefits
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THESIS RESEARCH OBJECTIVES

Thisthesisexamines a unique project and partnership betWweekHighland Valley
Copper (HVC) and t daRartditheabkildirg pfahis vekatiomskeipresis en
the intent to collaborate on the goal of reclaimamg restoring ecosystem function @hd
traditional land uses back to a prened landscape to the extent possible given the impacts
mining has created. This collaboration involves the implementatibrdimfenous traditional
ecological knowledgef prescibed burning blended with contemporary ecological theory

pertaining to plant community dynamickhe followingthree research questiowsre posed

1) What | evel of i nvolvement have the NI akabé
project and whapractices have industry professionals employed to connect with
these communities?

2) What role does fire intensity play in the vegetative community when trying to
establish native species under controlled conditions?

3) Can prescribed fire successfully act alisturbance to transition a nalesirable,

low-diversity, agronomic vegetative community to a native grassland?

Each research question is paired with an experimental procedure, and associated

methodology aimed at answering the specific question.

To addres the above questions, | have conducted a-paeestudy involving &ritical
analysis of the industriindigenous relationship (Chapter 2), a prescribed butfiefd)
study(Chapter 3)and a mesocosm prescribed burrmmgenhousstudy(Chapter 4)1 then

provide the management implicatiaiesconside(Chapter 5).

The objectives of the field study are thiffield: 1) to examine the role prescribed fire plays in
the vegetative community with respect to biodiversity measures, 2) to examine how
prescribe fire modifies soil nutrient cycling with respect to total cartO), total nitrogen,
and C:N ratioand3) to examine if differential establishment responses occurred between
seven native grassland species in {iiostconditions. The objectives of tiggeenhouse study
are thredold: 1) to examine the role fire intensity plays in the vegetative community when

trying to establish native species under controlled conditions, 2) to examine how fire
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intensity and disturbance treatment modify soil nutrisnth as total carbon, total nitrogen,
and C:N ratioand3) examine if differential establishment responses occur between six

selected native grassland species in{fiostconditions.

Additionally, in order to address the third question of intdrestducted a critical analysis

of how tre industry/ Indigenousworking partnership came to be with respect to the fire
project.More specifically, through the use of sestiuctured interviews my objective was to
examine: 1) What level of involvementthe Nddak p a mux peopl es had in
project and what practices industry professionals employed to connect with these
communitie® The results of this study will contribute to the body of contemporary

ecological knowledge regarding novel techniqussdun reclaimindpiodiversenative
bunchgrasgrasslands tow diversity, agronomic dominatedined environmentsThese
resultswill benefit reclamation practitioners and researciveenhancing biodiversity to low
diversity sitesl also examined andutline the history of mining within B.C. with respect to

land use, and | provide context on the use of prescribed burning through its use traditionally
with Indigenous peoples while also introducing other supporting literature to support its use

as a propsed reclamation tool (Chapter 1).

t
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Chapter 2 : EXAMINING INDIGENOUS INVOLVEMENT WITHIN THE
PRESCRIBED BURNING TRIALS CONDUCTED AT HIGHLAND
VALLEY COPPER MINE

[INTRODUCTION

The extent of mining impacts on Indigenous communities vary on the approach of the
mining company, regulatory regimes, seeimnomic conditions, and Indigenous community
responséHorowitz et al. 2018)The transformative nature of mine operations has often resulted
in the displacement of Indigenous communities from traditional territories, and the curbing of
traditional land uses. In some cases, these legacies have formed levels of distrust of the mining
industry and their practicéMelosi 2017) For Indigenous communities located adjacent or in
proximity to mines, mangoncerns arise from the environmental risks associated with mining.
Most commonly, downstream ecological effects from the mine are of great concern that result in
the community holding a decreased confidence in freshwater quality and their terrestrial
ecaystems. This ultimately results in the displacement of Indigenous lan{Lottesmoser
2011, Horowitz et al. 2018)

Historically, for mines operating on Indigenous territories, where communities have complex

and significant connection to the land, issues of downstream effects of mining were often
excluded from planning and decision making. In Canada, due to the vplatititineral

markets, paired with a lack of policy for managing abandoned lands, a legacy exists of
abandoned and contaminated sites that caused negativeesonmmic and environmental

impacts for nearby communitiéslonosky and Keeling 2031As public demands for socially
responsible and ecologically viable industrial practices have increased, mine companies have
responded by representing environmental planning, reclamation and restoration of disturbed
lands and Indigenous livelihoodsthe forefront of mine operatiorfgonseca et al. 2014%iven

the unique circumstances of mining, such that ore bodies may only be located in particular areas,
it is in the best interest of extraction companies to maintain a social license to operate and engage
with communities to gain access to land and ressurfeurthermore, changes in institutional and

legislative reforms within the province of B.C. have resulted in the promotion of cedressad
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and collaborative approaches that consider Indigenous peoples, their land, culture, and
economiegAllard and Curran 2021 Many mine companies in B.C. anmleracing a task of
responsibility to work with Indigenous communities. One way that industry has attempted to
engage with Indigenous communities is utilizing and integrating traditional ecological

knowledge.

Indigenous peoples of the southern interioBaE. have developed sustainable management
practices since time immemorial that utilize what we understand today as fundamental ecological
principles(Turner et al. 2000)This knowledge informs a way of understandind an intimate
connection to the land that facilitated a belief system that imposed social and spiritual sanctions
on people who did not treat all living things sustainably and with respect. All interactions with

the environment are grounded in respectfanging ecologies, and fine tuning ways to

sustainably harvest fish, plants, and animals to ensure sustainable yield for th€lgrnaoe

and Ignace 2017)This type of natural resource management style and philosophy is becoming a
focus of attention for many industries, professionals, and researchers that seek ways to advocate
for biodiversity and provide modefor sustainable practices that extend beyond western ways of
knowing. Traditional ecological knowledge and wisdom have also been recognized as
equivalents and complementary to western scientific knowledge. This has encouraged western

researchers to apptyaditional ecological knowledgdurner et al. 2000)

Highland Valley Copper Mine (HVC), located within British Columbia (B.C.), Canada, operates
within traditional Nl ak adpamnmunxe tNdrarkiatdbogpraymu xT hi es
around the Nicola Valley and stretches from the Fraser Canyon and Princeton in the south to

Cache Creek and Kamloops in the north (Figure 2.1) (British Columbia Assembly of First

Nations 2020, Cold Water Indian Band 2021).
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Figure2.1 Nlaka'pamux traditional territoryithin B.C.amended with
approximate location of Highland Valley Copper Mine (HVC) (Cold
Water Indian Band, 2021)

Highland Valley Copper Mine has committed to work with Indigenous communities to improve

their cultural awareness and inclusion with the objectiveesdting sustainable benefits for

Indigenous communities. Operations at HVC are developing programs to build meaningful
relationships and incorporate the interests o
centered frameworks and principles ofldgue to strengthen relationships with local Indigenous
peoples (Teck 2021). An example of HVC engagement with local Indigenous communities is a

prescribed fire trial that was i mplemented in



31

incorporate traditiorldndigenous knowledge of prescribed fire into reclamation practices. This
collaboration between traditional ecological knowledge and western scientific knowledge to

manage landscapes represents a promising strategy to reconcile past inequities while also

restoring the ecosystems we all depend on. The maintenance and legitimacy of these

relationships are sometimes questioned as Bernauer and Slowey (2020) argue that when

commodity prices are low, operations shift towards restoring profitability while rdifcg on

other commitments such as environmental and community commitments. This research aims to
examine the level of Indigenous involvement, while also assessing how project practitioners that

were instrumental to the project considered the needs andoperct i ves of t he NI ak
community when creating and conducting the prescribed fire trials at the Highland Valley

Copper Mine.

METHODOLOGICAL CONSIDERATIONS AND RESEARCH METHODS

It should also be noted that not all Indigenous communities may have these same
experiences, and specific knowledge offerings should be understood within their own cultural
context, place on the land, and way of knowing apart from western ideologiesearud sc
(Kovach D09). | acknowledge that the scope of this analysis and overall examination has been
completed on western terms, without any direct Indigenous participation. | also acknowledge that
my analysis and consideration of this project is one that has a liscibge and only represents

data accessed through the interview process.

Semistructured interviews are valued for their use in many different research fields. The unique
variability in questions and prompts aims to draw participants more fully intogleeunoder
study(Rabionet 2011)Prompts typically include opeended and theoretically driven questions

that aimto elicit data that is grounded in the experience of the participants and guided by the
constructs presented by whoever is conducting the res@atietta 2012) The semistructured
interview nature allows for thaterviewee to engage in specific topics that were of interest to
them while facilitating time for reflection and digression from listed questions. This research
method was selected due to its compatibility with Indigenous Methodologies and oral foundation

that remains highly significant in Indigenous cultures, including the use of story and
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conversation to support intergenerational knowledge exch#ggce and Ignace 2017, Kovach
2012). Interviews were conducted under TRnan ethics applicatig#100999.

| used qualitative senstructured interviews with four neimdigenous mine industry

stakehol ders who were instrument al i n project
community. A total of four, irdepth interviews were completed with the wd an interview

guide to direct the topics of discussion (Appendix A). Each interview was approximately 60

minutes in length, with a total cumulative recording time of 288 minutes. All highlighted quotes

for the purposes of this research have been keptyanous. Our discussions were centered on

the following subjects or themes of inquify) Processes to build Indigenous / industry

relationshifs; 2) Limitations to the prescribed fire project and Indigenous engagpareig);

Opportunities to improve fute engagememnd collaboration

All interview data was recorded and transcribed verbatim for analysis. A transcript of each
respective interview was sent to each participant for final review prior to use. Of these
interviews, three participants workeaf the primary consulting company (Integral Ecology
Group) in charge of the prescribed fire project management. Integral Ecology Group (IEG)
assumed a major project role and was responsible for running workshops for HVC (Teck),
conducting the Indigenous twaach, research design, field data collection, and project

management the day of the prescribed burning.

Participant #1 is a landscape ethnoecologist with IEG and works with both the reclamation and
culture team where he primarily works with integrating Indigenous knowledge with scientific
data. Participant #1 has experience working with Indigenous peoplesnan where he studied
ethnoecological classification of mountain forests and compared Indigenous knowledge systems
to ecological classification systems. Participant #2 is an ecologist who began working with
Indigenous communities and the mining industhen she started consulting with IEG in 2011.
Participant #2 expressed interest in working with Indigenous communities and having the
opportunity to learn from them. Participant #3 is an ecologist and soil scientist. Participant #3
has a longstanding hisory of working with HVC since 1998 on various contracting services that
are focused on their reclamation programs. Participaah#&mployee alVC and supervises a
team of individuals within the environment department and conducts work for permitting an

reclamation at the mine. Participant #4 has a background in forestry and has played a role at
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HVC to advocate for early planning and closure of mine sites. Participant #4 also spends a
significant portion of time coordinating Indigenous technical workjraups and has worked for
HVC for 15 years. It must be noted here that individuals were not recruited for intefroews
the HVCcommunity team, the Indigenous contractors that worked on the staelghnical

representatives from the groups HVC engamgiés.

Table2-1. Overview of semstructured interview research participants for interviews conducted
in 2020

Participant # Interview Date Affiliation Position

Non-Indigenous, Landscape
Ethnoecologist, Specialty lies within
braiding reclamation and culture

Consultant, Integral

. July 14, 2020 Ecology Group Ltd.

Non-Indigenous, Ecologist, Liaising
and engaging with Indigenous peopls
onregulatory and planning initiatives

Consultant, Integral

z July 14, 2020 Ecology Group Ltd.

Non-Indigenous, Owneof Integral
Ecology Group, Ecologist, Specialty
lies within reclamation and restoratio
of mined landscapes with 20+ years
experience

Consultant, Integral

€ Aug 18, 2020 Ecology Group Ltd.

Non-Indigenous, Environment
Supervisor, Supervises and leads th¢
environment, permitting, and

reclamation team and coordinates w
Indigenous technical working groups

HVC Employee
TeckResources
Limited, Highland
Valley Copper Mine

4 Aug 31, 2020
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CREATING A RELATIONSHIP OUT OF NECESSITY

From the fur trade to the present, the extractive industry within Canada has always been a
key driver of the economy. However, extractive industries, and the mining industry specifically,
carry forward a set of processes that is premised upbreguires Indigenous dispossession
historically, and now Indigenous partnership to gain access to land and resources of interest
(Bernauer and Slowey 202@ommunities interested in maintaining a triadial relationship to
their land amidst natural resource extraction and land development have had to continually
struggle for their rights to participate in decisionmakinQ6 Fai r cheal |l ai.gh and
Even though mining has operated within the province of B.C. since th&805, it was ot
until the early 23 century that Indigenous peoples have secured a significant role in
environmental management with the passing of the United Nations Declaration on the Rights of
Indigenous Peoples (UN Declaration). This declaration places a dutg @nown to consult and
accommodate Indigenous peoples for mining, mineral, and oil and gas expl{v&rshall
2018)

The interviews support research in this specific context around missed opportunities to
acknowledge and accommodate community and Indigenous peoples interests at HVC up until
about the tne that the idea of corporate social responsibility and growing public awareness of
the human impacts on the environment came under larger public scrutiny within B.C. All
participants within the study were found to hold a high degree of optimism to emjpanci
engagement with Indigenous peoples and improving reclamation processes by learning what
different forms of knowledge can offer to improve larsk management. The participants in the
study all also directly referred to the idea of an industry / Indigemnelationship that served
multiple objectives. | discuss the idea that despite the formation of these relationships being
viewed as a positive step forward, several constraints still exist to produce optimal

collaborations.

Throughout all the interviewis was evident that up until around the year 2012, the capacity for
Indigenous engagement was low. This being said, the capacity at the community level to engage
also plays a factor as industry / Indigenous engagements increased. Participant #3 ifidlcated,

had never even heard the word Nlakabépamux [ un
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[ HVC] was taking seriously the aspect of recl
relationship with the NI ak athipguateirgpeeseftalidited . |t
scope into the direct community operations at HVC but does speak in some capacity to the
relevancy of shifting paradigms with conducting engagement. The fact that this work proposal

and scope of work also was granted wividuals (consultants) with expertise in the area speaks

to HVC beginning to take note of the importance to engage these communities to further support

mi ne operations. Participant #3 also expl aine
environmentand community department, hold a high degree of integrity and commitment

towards speaking honestly about the various damages that had been caused by the mine and
extending a desire to collaborate on repairin
expressed explicitly that outreach towards eng
and local communities for that matter takes form through impact benefit agreements and various
committees like technical working groups. Meetings with these gtoelpsassist the mine to

ensure any concerns brought forward do not compromise the ability of the mine to receive

permits. Participant #4 noted this:

Afeveryone has the duty to get consent on proj
itsopposedby t he communi twitheow Bavirfgbuwins&omahap | e,
communitieséwe could risk the whole [operatio

the communities were opposed to ito (2020).

Allard and Curran (2021) provide evidence at a local dbalesocial license, Indigenous and

community support is critical to ensuring mine operations can move forward. The above
mentioned mine (Ajax) was not given consent b
move forward within the culturally significhkarea known as Pipsell. Utilizing Secwepemc laws,
traditions, customs, and land tenure systems the community assessed whether members would

give their free, prior, and informed consent. This process resulted in the conclusion that the

impacts to this culiral heritage area was simply viewed as unacceptable and likely irreversible

(Allard and Curran 2021).

The idea of conducting this engagement is in part to ease any concerns of the local community at
hand and in this case the Indigenous community to ah@wnine operations to continue with

business. Therefore, enhancing Indigenous relationships is partially guided as a business wise
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decision in order to maintain a social license to operate and reduce business risk, which can put

limits on positive engageemt with Indigenous communities.

As the political climate ensured further pressure on industry to assume a higher level of social
responsibility HVC responded, and they increased engagement towards Indigenous communities

as a priority. Participant#4 nate t hat A[ HVC] has had an end | an:i
did not do any First Nations consultation on
land use plan to incorporate Indigenous intergdtdl@borative Land Use Planning at Highland

Valley CoppeR021). It was this update to the end land use plan that resulted in increased
engagement between HVC and the NIlakadpamux <co
twenty-four meetings in the period of 18 months. This level of engagementoteds as the first

of its kind held by HVC (Canadian Mining Journal 2021). Concern regarding the impacts of the

mine from the community resulted in a concerned response from the community as Participant

#1 explained that Atherthhast rarreéys ai coMmuax piry
leading the workshops and outreach Participant #4 also explained her experience conducting this

engagement:

Ait was the first ti me, r[veasdomiyggintoshe comraumites f r o m
to talk tothe community as a whole. Aédtalking about end mine use planning... may not be

what they want to talk about at all! So, | get questions on everything, like tailings, and

construction and water and everythargd a lot of times it was questions | could answer, or

you knowéhardéha@aldconver sati ons

This quote speaks to a level of commitment from HVC to engage with the community in a

manner that derived value as Participant #4 expressed that:

fwhen you stop and listened and acknowledge the implaat the mine has had to people... that
was when we started to be able to build relationships with the community members and just like
listen to what they sawnd like really try to develop this planédknow that their concerns have

been heardand so hat was really a huge learning experience foome( 2 02 0 ) .

This expression towards listening and continuing to improve engagement is a step forward to

produce relationships built on specific plans and appropriate objectives.
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It was two particulaworkshops held in December of 2017, totaling 5.5 hours where HVC had
committed to seeking input from community members. Objectives of this meeting focused on the
end land use planning of the mine with respect to biosolids application and fire in realamatio

that resulted in the prescribed burning projéggendix B, Figure B.1)A large sentiment that

was expressed by Nlakabdpamux participants dur
to reintroduce prescribed burning into the management of ladd@twhich is what

spearheaded the implementation of the prescribed burning project. Participant #1 noted that

Aprescribed burning is always something that

water, ités an i ssue itnhgati spedap li en ctoa Ipko raaht ceudt am
traditional ways of managing the |l andscape ar
was this expressed sentiment by the NIlakadpam
Asigni fi canicfei coal Ifyi rien seccdoesnytst ems and i mportar
knowl edge was valuedo (2020) that resulted in

implemented at HVC in 2019.

There was certainly a significant shift to increase Indigenous engagertoemine operations.
Industry / Indigenous relationships have been transformed over time and this relationship is
within its infancy in some capacities. Some critical questions to consider enhancing the industry /
Indigenous relationship should determihtine integration of Indigenous knowledge is enough

to constitute an acceptable level of engagement? | discuss additional factors that could constrain

or enhance industry / Indigenous relationships.

PRESCRIBED FIRE PROJECT PARTNERSHIP CONSTRAINTS AND
LM ITATIONS

A project partnership considers decisimaking, methodology, and project
implementation. Additional considerations must be taken into account when working with
Indigenous communities such as the duty to ensure Indigenous knowledges and peogles a
exploited(Kovach 2009) Ensuring these communities are not exploited typically involves in
depth engagements with Indigenous communities and partners that draw upon research

methodology that are in line with Indigenous values, while seeking ways to givenleack i
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purposeful, helpful, and relevant manfi€éovach 2009) With these considerations in mind, |
examined how the prescribed fire project betw
implemented and suggest ways in which this relationship could be further enhanced, noting that

my interpretation is limited becasi$ was unable to interview Indigenous participants.

An important sentiment that centers the argument around constraining the industry / Indigenous
relationship for this project was noted by Participant #4:

Al get a sense € thao hondwgehous]tocommsnes ee:

review. Theyéwant to be more part of the proc

In this case it is interesting that this sentiment was expressed by Participant #4 as this represents
an acknowledgment théindigenous communities are looking to be integrated at a level beyond
document review. Engaging with the community at this level presents a positive approach to
potentially enhancing the industry / Indigenous relationship by bonding with the commudity, a

the fact that many HVC workshops involving the Indigenous community suggests that HVC is
going beyond the level of document review by the Indigenous community. However, there were

missed opportunities to engage further with the community.

Through the ourse of approximately sixteen end land use planning and engagement workshops

with various Indigenous communities it was apparent that fire was a significant component that

the communities wanted to address. This interest resulted in a{atidiareehourworkshop

event as noted by Participant #2. During the tineer workshop, Participant #4 explained that

the | evel of Nl akabpamux involvement included
aspects of the Apur pos e Whenpgromptedrabont the rolé thabther ni n g
Nl akadpamux community played within this proj
knowledge of prescribed burning, all interview respondents expressed a similar sentiment.

Ultimately, all respondents alludedtotheact t hat the role of the NI
fire project was mostly technical through speaking about the aspects and timing of burning and
entailed a final review of a study design that was created by the consulting company.
Additionally, Part ci pant #2 explained that an A[ Il ndi gen
hel p conduct the burn, but beyond that | dond
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This level of involvement and technical guidance by the community is pavingaghérward

towards creating industry / Indigenous engagements that work toward mutual goals. HVC

showed commitment to listen to and integrate the community beyond document revision through

this act, but this workshop event still presented missed opjteetuto integrate Indigenous

knowledge and expertise to a greater extent. Participant #1 explain@dpghato p|l e e X pr e s s ¢
desire to carry out ceremonies before the burn to kind of make it something more meaningful

anc® involving more community membevgheremore people would come up to wadéchand

that di dndéé andathgenhappennk there were also h
project that there would be more participaéotut yeah | guess industry priorities go in

different directiom ( 2020) .

As Participant #1 assumed a significant role in conducting these workshops, this expressed

sentiment in the process acknowledges a missed opportunity.

A large disconnect was also noted between the desire to conduct engagement and theccapacity t
follow through at HVC. Both Participant #1 and Participant #2 presented plans of doing various
community engagement programs with the Indigenous communities to increase engagement on
the prescribed fire project.biHogetverealPiary i ch
(2020) from HVC quickly halted these desires and speculated that one reason this budget check
may have occurred could be because fApart of |
on how much money is flowing through HVC,anch at t hey can fund that I
obligatiBaonti(eoOpant #2 also expressed the not
2020] was supposed to be happeningéand then <c
(2020). Community engagement actiegtiwith Indigenous communities across all sectors were

limited in 2020 as COVIEL9 limited contact to reduce virus exposurike perceptions

presented here by the consultant should be verified through HVC to determine the cause of

budget shortfalls as comsing agencies like any business succeed by offering services that

sometimes can go beyond the scope of a projantteaseheirrevenus.

These expressions by both participants indicate the potential role that resource allocation could
play to constrairommunity engagement at HVC and ultimately the relationships with the

Nl akadbpamux. Bernauer and Sl owey (2020) argue
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constrain environmental and community values. This study demonstrates the importance of co

devebping objectives when traditional ecological knowledge from the community is involved.

OPPROTUNITIES TO IMPROVE ENGAGEMENT AND RECCOMENDATIONS

As extractive industries will continue to operate within the province of B.C., relationships
between industrand Indigenous communities will necessarily continue to evolve. These
relationships are establishing collaborative approaches with common and clearly defined goals
that are navigated outside of the boundaries of government mandates and instead focus on
aspects of wellbeing to foster relationships where mutual benefits are priorities. This helps to
evaluate whether or not community concerns have been addressed and creates a sense of
accountability. Engagement could be improved by creating a closer bonhevitbmmunity

and conducting engagement that revolves around a larger consideration and enactment of their
needs while considering Indigenous Methodologies tdengelop projects with sensitivity to
communitybased concerns. Additionally, community engagetsessions in the context of
collaborative projects would not be limited to a finite number of events but ongoing and on an as
needed basis to ensure both parties are involved at all stages of the project and come to a final
agreement before enactmens ikdustries move at a fast pace and aim to meet deadlines and
manage all aspects within their control, industry will need to recalibrate in order to engage
Indigenous communities in a way that operates to further engage and develop respectful dialogue
andrelationships. As noted previously, my interpretations are limited because | was unable to

interview Indigenous community members.

CONCLUSION

Many Indigenous communities continue to battle with issues of governance over
ancestral lands, downstream health effects from various industries, and continually need to fight
for maintaining a role in managing their lands in the face of indgst®y® Fai r cheal | ai gh

Corbett 2005Horowitz et al. 2018)Not all Indigenous communities are oppdgo resource
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extraction and remain unheard partners in all instances where industry / Indigenous relationships
are formedBernauer and Slowey 202®A central theme of all interviews noted the impoctan

of conducting Indigenous community engagement and assumed a role that appeared to advocate
for it in one way or another. Even in the practice of my s&mictured interviews there was a

lack of Indigenous engagement, thereby limiting my interpretaiodsmy conclusions.

Nevertheless, | detected a disconnect in the styles and patterns of communication on behalf of
the mine from the consulting company to the Indigenous community, and the capacity for the
Indigenous community to get involved in theseteratmay also play a significant role in
constraining the industry / Indigenous relationship. It appears this relationship is partially
managed on a basis of mitigating business risk in addition to being susceptible to market
influences to commodity priceddditionally, a missed opportunity by HVC was to act upon the
sentiment expressed by the Indigenous community that indicated atddsrevolved in a

significant sociecultural ceremony for this project. These factors suggest a continued
relationshipout of necessity, and a disconnect between each party in the roles being assumed
throughout the project. The natural resource and industry sectors need to recognize the potential
they hold to aid in positive social developments beyond what has curreatlicompleted.

Positive momentum is occurring with respect to conducting this engagement and opening a line
of dialogue to address ways to enhance these important relatiotdtiipately, the integration

of Indigenous knowledge through technical paragipn is likely not enough to constitute as an
acceptable level of engagement. The koergn focus with creating industry / Indigenous
relationships should focus on building capacity tecoeate research initiatives that meet goals of
both parties and aisnto privilege Indigenous knowledge not only for its technical aspect. This
analysis represents a nrérdigenous, and limited perspective from the consideration and context
of this particular project. Future research should focus on continuing the reffgpiovith the

Nl akadbpamux and integrate the I ndigenous pers
implications of this relationship. Future engagements should further consider and enhance the
use of Indigenous Methodologies and epistemologies todeeiglop these relationships and
collaborate on projects that provide mutual benefit to both parties. Finally, future studies on
perception of Indigenous / Industry relationships needs to include direct Indigenous patrticipation
that was desired to be coraded in this study but due to limited timeline was unable to be

completed.
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Chapter 3: UTILIZING PRESCRIBED BURNING AS A TOOL TO
ENHANCE NATIVE GRASSLAND RECOVERY ON A TWENTY -FIVE -
YEAR-OLD RECLAIMED MINE -TAILINGS FACILITY DOMINATED BY
NON-DESIREABLE VEGETATION

ABSTRACT

Prescribed burning was introduced as a tool to enhance biodiversity within a-fiventy
yearold historically reclaimed grassland located at Highland Valley Copper mine in British
Columbia, Canada. The grassland is represented by a curremt tateb ar r est ed succ e s
characterized by a low diversity of ndesirable grass species suchltebgnus trachycaulus,

Elymus lanceolatusihinopyrum intermediurandBromus inermisAs mines have increasingly
noted the significance of biodiversity and native species to reclamation, goals set out by the mine
and local Indigenous community atgectedin reclaiming this ecosystem to a grassland state
dominated by largely more nativpexies. To determine the effects of prescribed burning, three
experimental treatments (Burn, Burn + seeded + tree planted, and ¢oaplitated three times

per treatmentyvere applied to 20 0-meterplots. Sowing of seed comprised of native species
and tree seedling plantinhatoccurred one day after burning. Prescribed burning resulted in a
significant increase of species richness and diversity within the plots thabuvaesl without

any other amendmenCommunity level divergence was signifidgrincreased across all
treatments due to burning. The role of litter and the highly productive nature of the previously
established plant community was found to play a significant role in arresting succession for the
site and limiting establishment of ngvsown and planted speciésonfirmed that a significant

negative relationship exists between litter and diversity. These results suggest prescribed burning
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alone owhenpaired with seedin@ this instancés not enough to allow new entrants into the
plant community. The established plant community remains to be a highly compatitive,

productive even after burning, which limits the succession of new species.

INTRODUCTION

Mining has taken place on a massive global scale for several centuridife Bifi@ mine
is limited, and damages that octarthe environment through extraction must be reclaimed or
restored after mine closu(¢enkateswarlu et al. 2016} is not uncommon knowledge that
mining operations are one of the major contributors to severe degradation of the environment
(Sheoran et al. 2010While leaving behind an amount of waste equivalent to the magnitude of
1:1, ore extracted to waste, and often orders more dueftwi@ncies(Lottermoser 2011
Adiansyah et al. 2015Mine tailings are one waste product of processing and grinding rock
material in order to extract the desired metal. Although variable chemical orahprsicesses
are implemented to remove each desired comm¢@8aynple and Barlow 2018ossoff et al.
2014) mine tailings are universal with respect to being low in organic matter and essential plant
nutrients, and a&roften fine textured sandy materi@ample and Barlow 201Bossoff et al.
2014) Mine tailings pose a significant risk as they often contain potentially hazardous
contaminants and trace heavy metals. As suchaihigh priority for mines to manage their
tailings from entering groundwaters, rivers and lakes, while also reducing eolian dispersion.
Management techniques vary from riverine disposal, submarine disposal, wetland retention,
backfilling, and dry stackingtoraggLottermoser 2011)n semiarid and arid environments,
dry stacking storage is a common technique and desirable for both economical and reclamation

purposess reclamation can occur progressively

Restoration or reclamation following the nmg process is both complex and challenging due to
biotic and abiotic factors that limit ecosystem productiyityrner et al. 20085asch et al.
2014) Many characteristics of mine wastes often provide unfavorable conditionscesstul

vegetation establishment, notably the levels of residual heavy metals, low nutrient status, poor
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physical structure of soils, and extreme pH valllesdoff et al. 2000Sample and Barlow

2013) In semiarid and arid environments this challenge is further exacerbated by lack of
precipitation which exerts a primary control of plant productivity and compogBates et al.

2006) As one of the first steps in reclamation or restoration of these lands is typically
revegetation, the combination, and interactive effects of unfavorable substrate, paired with low
annual precipitatio can compound the challenges with restoration in-seigimine lands and

poses a unique challenge.

Highland Valley Copper Mine (HVC), located within British Columbia (B.C.), Canada, along

with many other mines have created grasslands dominated by laogehative, longlived, sod

forming, highly productive, agronomic and forage crops in order to overcome the challenges

stated abovéBrothers 1990Swab etal. 2017) I n t he 19706s, a vast maj
landscapes utilized these types of grasslands to reclaim disturbed mine lands and provide a

simple vegetative cover. The focus on simply establishingtatge cover fails however, to

address a long term succession plan for the community and consider the needs of biodiversity in
ecosystem functiofMendez and Maier 2008Many of these ecosystems have converged

towards a monoculture or low diversity grassland state with aggressive competition resulting
from the hearty, forage species tha$wahehve ul't
al.2017) Thi s O ar r e s hegaitially attdbeitedscshigtdyrpéductiae communities
resulting in significant biomass and litter accumulation that reduces species richness and
biodiversity through altering plant community dynam(igsster and Gross 1998ollins and

Calabrese 2012)

In these communitiesitier accumulation if not managed can result in generational effects in
plant community organization by favoring previously established, or tall lived sffPeies et

al. 2012 Loydi et al. 2013) This generational effect can be attributed to accumulation ofihtter
excess amounts (~ 500 g3rthat act as a mechanical barrier to limit recruitment and seedling
emergence by changing the physical conditions that are needed for growth by restricting light
guantity, and changing soil moistyifeacelli and Pickett 1991 oydi et al. 2013)Unfortunately,
many approaches to mine reclamation still usemative or exotic species that will provide a
cover crop as fast as possible, resulting ligh accumulation of biomass and litter, ultimately

restricting the plant communityVhen reclaiming ecosystems or disturbed areas at this scale,
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incorporating specific, well adapted native plants into reclamation can increase the value of the
ecosystenby allowing room for other plants, and potentially improve soil conditions more
quickly than nomative plants through fostering biodiversi§wab et al. 2017)'he new

ecological problem lies within changing the trajectory of previously reclaimed plant
communities dominated by natesirable, hearty foge species to biodiverse, native plant
communities which we know to often be impedgthe competitive advantages of the
established communityahdjian et al. 2017)

This field trial representsapan er shi p bet ween HVC and the NI ak
combination of Indigenous knowledge of prescribed burning was paired with contemporary
ecological disturbance theory and western methods to increase diversity within the tailings

storage facility.

Fire canplay anintegral role in ecosystems by acting as a mechanism to sustain structure and
diversity in plant communitie@vioritz et al. 2014)The ecology of fire works primarily by

affecting and ultimately increasing the availability of resources such as light, while aiding in
nutrient cycling and increased nitrogen availabi(Bwanson et al. 2011\dditionally, fire acts

as a disturbance to remove accumulated plant litter which can favor the establishment of new
species through various abmand biotic ecosystem changes such as: increased solar radiation,
and allowing a period of reduced competit{@mockway et al. 2002Scheintaub et al. 2009)
Prescribed fire can ultimately modify relationships among species and change dominance in the
plant community due to species specifipp@ssegGhermandi et al. 200<€ollins and Calabrese
2012 Augustine et al. 204).

Specifically, the context in which prescribed burning has been used as a mechanism to aid in the
reclamation of disturbed communities on mine lands represents a significant knowledge gap
within existing scientific literature. The purpose of thissash was to determine the relative

effect that prescribed burning plays on a twefhtg-yearold historically reclaimed plant

community. Specificallyl examined the ability of prescribed burning as an ecosystem

reclamation tool to shift the ecosystem trajectory away from edesimable plant community

towards a native plant community resulting in increased biodiversity.
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METHODS

Study Site

In May of 2019, a total of twelve prescribed fires were conducted at Highland Valley
Copper (HVC; UTM Z10;638846E, 5594478N, Fig@r#) within thesouthernnterior of
British Columbia(B.C.), CanadaThe history of the Historic Highmont Tailings stordgeility
represents twentfive years of reclamation work. Notable reclamation efforts include a series of
seeding trials in 2008 (35kg/ha) with hearty, 1tl@sirable species, and the application of
biosolids treated municipal sewage, assisestablishrent ofa vegetative cover to the non
capped tailings material (FiguBe£2B). Biosolids were provided by Metro Vancouver and applied
in 2006 (200dt/ha).

The study site is located at an approximate elevation of 1500 m within the Montane Spruce
Msxk2 biogeotimatic zone (Government of British Columbia Ministry of Forests 1991). The

Montane Spruce zone is characterized by cold winters and moderately short, warm summers.

Legend

Highland Valley Copper Mine \t
I Highmont Tailings Storage Facility
] & Study Area Location

LJ
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The mean annual temperature 4.3 °C and mean annual precipitation ranges fromi3800
mm BC Climate Explorer 2021

The prescribed burns were conducted atiglmont Tailings facility (UTM Z10; 647608E;
5588930N), a twentjive-yearold, historic tailings storage facility that has been reclaimed to a
grassland dominated primarily by agronomic and-desirable @grass species such &ymus
trachycaulus Agropyron spp., Elymus lanceolatdd)inopyrum intermediur& Bromus inermis
Additional species include a very low abundance of@tleguminous forbsAchillea

millefolium & Sisymbrium altissimun Thesedorb specieseven though considered native, are
common to reclamation projects due to their positive response to poorly developed, well drained

soils and overall heartiness.

Figure3.1. Field study site located at Highmont Tailings, within Highland Valley Coppe
Mine, British Columbia, Canada.
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Figure3.2. A) Aerial photo of the Historic Highmont Tailings dry stack storage
Highland Valley Copper, April 2019. B) Current vegetative cover during peak
growing season at Highmont Tailings Storage Facility, August 2019.

Experinental Design

The experiment wasstablishedand treatments were applied in late Mdy2019. A total
of twelve plots (20 x 20 m) were arranged in a complete randomized block design spaced a meter
apart on each side. A single fire disturbance was applied to each plot which received a
combination of amendments to distinguish four treatmgréstyAmendments included
application of woody debris (W), seeding with native forb, legume, and grass spe¢iEs(8)
3-1.), and tree planting (P). Resulting in a total of four treatments replicated three times per
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treatment: Burn (W+S+P), Burn (S+P) (B), and control (no amendments or burning)

(Figure33) . Out si de consultants operationally adde
purposes of this study, this treatment was omitted from the analysis as the application of woody
debris did not raet the scope or objectives of our study. Additionally, due to operational

challenges in getting on site, preburn vegetation and biomass data was unable to be collected

prior to burning on certain plots.

[ Block 3
[ Block2
[ Biock
@  Burn woody debris seed plant
©  Burn Seed Plant
® Burn Only
@ Control
[ Highmont Tailings
Highland Valley Copper - Teck
-

Created by:
Brandon Williams S
QGIS 3.08

0 25 /N 5km

Figure3.3. Overview of experimental design located at the Historic Highmont Tailings
facility at Highland Valley Copper.

Amendments

Native grass, forb, and legume seeding occurred after the prescribed burn at a density of
20kg/ha using a broadcast siegg method (Tabl&-1). All seeds were acquired from a
commercial source, ségpendixC for germination test results. AspePadpulus tremuloides)

and lodgepole pinéPfnus contortawere planted post burn at a density of 5000 stems per
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hectare (sph). P and tree species were selected based on environmental data that would suit

the selected species.

# Common Name Scientific Name Functional Succession
Group

1 Western Yarrow Achillea millefolium Native Forb Early

2 Arctic Lupine Lupinus arcticus Native Legume Early

3 BT o Festucasaximontana Native Grass  Early

Fescue

4 Idaho Fescue Festuca idahoensis  Native Grass Late

5 Junegrass Koeleria macrantha  Native Grass  Early-Mid
6 Sandbergs Bluegrass Poa secunda Native Grass  Early

7 Bluebunch Wheatgras: Ps.eudoroegnerla Native Grass Late

spicata

Table3-1. List of native plant species included in the operational seed mix, indicating
successional status and plant functional group.

Fire Treatment

An Indigenous fire crew was contracted to carry out the presdoileiing. A single
point fire on each plot was initially attempted to allow thetiirearry naturally with the wind.
Due to the time of year, high elevation, high ground moisture levels, and greenness of vegetation
at the time of burning, the fire did not carry naturally. To conduct the prescribed burn, the fire
crew walked the entirety dhe plots with a Tiger Tordh (Model No. 95B) and removed all

above ground biomass and litter (FigGr¢).
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Figure3.4. A) Plant community present at Highland Valley Copper, Highmont Tailings site
to burning. B) Post prescribed bur)Q)glannh
community one month after burning.

Flame temperature was recorded within each plot usingge#tructed pyrometers utilizing
Omegala§ temperature sensitive paints ranging from 107 °C to 510 °C. The temperature
sensitive paints were applied at gradations of approximately 30 °C and painted on pieces of tin

that were placed at the center of each plot (Fi@ue Due to lack of ignition o site and thus
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lack of natural fire movement, the temperature pyrometers were ineffective and did not capture

data reliable for estimating flame temperature.

107°C 135 163 191 218 246 302 316 343 371 399 427 454 482 510°C

S

Figure35. Omegal agqE t e mpimsapplied at gradatiens ef apprioximatelyp38 °C us
guantify fire temperature. A) Omegal aqgE pai
change resulting from heat exposure in a lab setting.

Vegetation Assessment & Harvesting

Vegetation measurements were collected within each plot prior to burning and prior to
final harvest (15 months postburn), usaigsolute canopy cover estimation withina 1 m by 1 m
guadrat. Additionallyaboveground biomass and litterarecollected within a smaller, 0.5 m by
0.5 m subquadrat to quantify the above ground net primary productivity (ANPP). A total of
eight quadratsvere analyzed per plot, with biomass and litter only being harvested in four of the
eight quadrats. Each plot was selected randomly prior to arriving at the field by use of a random
direction and position from the plot centroith better understand placdmmunity dynamics,
richness was calculated as the number of species present within each quadrat, evenness and
dominance wrecalculated respectively using the Shanideiner index which accounts for
richness and evenness, and the Simpson index vehgehsitive todominancgMorris et al.
2014)

Postburn sampling occurred during peak growing sedsong early Augusto allow for
maximum biomass growth. Plant biomass samples were harvested as close to the soil surface as

possible and separated by spedigtser was collected after ANPP was collected by scraping
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dead material off the soil surface. All plants were egtgad for approximately 48h at 6& and

weighed.

Due to mine site access issues, preburn dat a

partner had begun completing the prescribed burning prior to our arrival.

Soil Sampling, Elemental Analgs pH
A total of nine random soil samples were extracted at varying time intepvatsu(n,
immediate posburn, six months podiurn andifteen months posburn). Soil samples were
extracted using a stainlesgelsoil sampling probe with a core diater of 2 cm. Only the top
15 cm of the soil profile was extracted for analySigils were analyzedt TRUfor total nitrogen
(TN), total carbon (TC), C:N ratio, and pH using a Thermo Scientific BiastiE E| e ment al
Analyzerand a Fisherbraiil a ¢ ¢ u nB450 BenchtopH meter.

Soi l preparation for el emental analysis inclu
(model DKN812) for 48 hours at 85 to remove any moisture. After drying, approximately 10

15mg of soil was weighed and placed into small éipstiles for placement into the elemental

analyzer autsampling wheel. A total of three technical replicates were taken from each soll

sample to ensure quality of analysis. In addition to examining each technical replicate against

one another, Organic Anaical Standards (OAS)f known nitrogen and carbon valya®vided

by Thermo ScientifiE were analyzed to ensure accurate estimation of elemental analysis.

Soil pH was measured in an aqueous matrix using a 2:1 water to sojQatier and Gregorich
2007) Air-dried soil was mixed and shaken witeionized water for one minute and then placed
in a centrifuge and run at 4000rpm for five minutegigherbranE accumet E AB150

benchtogpH meter was then calibrated with a pH 4, 7, 10 solution and used for analysis.

Statistical Analysis
All statistical analyses and figures were produced using R for Statistical Comjputing (
Core Team 2021 1n all cases, significance was defined by p < 0.05. Data were analyzed using

mi xed model of analysis of vari armdeneddi.ndgotrha
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analyses completed, the random effect was the plot from which the measurements were
performed. Fixed effects for all models were extracted through running an analysis of variance
(ANOVA) on the selected model. Post hoc analysis was dogerapleting pairwise

comparisons and theyalues were adjusted with Benjamidochberg (BH) corrections

(Benjamini andHochberg 1995)

All linear mixed effects models used were first checked to meet the assumptions of normally
distributed residuals, and homogeneity of variance. Transformations of the data paired with non

parametric methods were used when data did eet the above assumptions.

Plant cover data from each sampling quadrat was analyzed by examining Steensity and

Simpsondi versity indices that were calcul ated usi
computing Species richness was calculagésdhe number of unique species per quadrat.

Shannodi ver sity, Simpsonds index and species ri

disturbance treatments and timing using linear mixed effect modeling.

A permutational multivariate analysis of variafPERMANOVA) analyzing BrayCurtis

dissimilarity was used to assess commuteiyel divergence between treatments and timing.

This index is bound between zero and one, with zero indicating complete similarity in relative
abundance of all species, while andicates that no species are shared between the samples.

The 6adonisdéd function in the 6évegand package
assemblages were normalized first using the Hellinger method-@rdig dissimilarity

distances weréhen extracted in R to produce a boxplot to display dissimilarities between factors
and examine pogtoc pairwise comparisons. To determine what features were driving change in

thecommunityut i | i zed random forest macipackageinlRear ni n

To examine the relationship between burning, litter biomass and alpha diversity, the relationship
was plotted. Richness, Shanndinersity, and Simpsecdiversity were analyzed bonly
ShannorDiversity was plotted for visual representati@aadl diversity metrics represented

approximately the same relationship.

Aboveground net primary productivity (ANPP) and litter was collected fiftaenthspostburn

and analyzed by treatment, and functional group against the control treatments using linear
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mixed effect modeling. ANPP that was analyzed by functional groupadicheet the

assumptions for normality in some cases so data transformation using square root was applied.

Soil data was analyzed usinga F@starE E|l ement al reAimstdtal zer t hat
concentrations for various major elements. Total carbon, nitrogdrgaabon to nitrogen (C:N)

ratio were analyzed comparatively between disturbance treatments, timing from pre disturbance
to post disturbance using linear mixed effect modeling. Assumptions for running linear mixed
effect models for each elemental concatidin along with C:N ratio were validated, and no data

transformations were needed.

RESULTS

Species Richness, Evenness and Diversity

Examining the effect of burn treatments on alpha diversity metrics resulted in significant
effects within species riches and Shannediversity (Table3-2.). Comparisons of burn
treatments by podioc comparison resulted in significant differences between species richness
(F = 4. 77, p.ad]j = <0.01) and Shannon diversi
treatmen indicating increased diversity fifteen months after treatments were applied (Figure
3.6). The significance of these results indicate that addition of other amendments (seeding + tree

planting) did not aid in increasing diversity.
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Table3-2. ANOVA to determine the significance of burn treatment and timing effect on
richness, ShannebDiversity and Simpsoindex (D).

Model:

Species Richness = Burn Treatment + Quadrat ID (Error)

Effect

Burn Treatment

Sumof-squares Mean squares df F-Value p

21 10.9 2 4.77 <0.01

Model:

ShannonDiversity = Burn Treatment + Quadrat ID (Error)

Effect

Burn Treatment

Sumof-squares Mean squares df F-Value p

1.33 0.66 2 3.40 <0.05

Model:

SimpsonDiversity = Burn Treatment + Quadrat ID (Error)

Effect

Burn Treatment

Sumof-squares Mean squares df F-Value p

0.27 0.13 2 2.32 0.10
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Figure3.6. A) Species Richness, B) Shanriversity, C) Simpso+index (D) as an effect of
burning treatments (n control = 24, n Burn = 24, n Burn(S+P) = 24). Pairwise comparisor
conducted within each group and were compavetié¢ control and adjusted with BH
corrections. O0*0 p-significant vdlbes wedenadt plottgdurs(S+P) 0
treatment was seeded and planted with trees and Burn treatment was only burned.

Plant Community Analysis

The response of ti@ant community to fire treatment and timing was further
investigated with a permutational multivariate analysis of variance which revealed that
community structure based on Br@yrtis dissimilarities was significantly different between

plots (p<0.001, @ble3-3).

Generally, fire treatment and timing appear to have resulted in a significant shift in the
community structur e. Pairwise comparisons rev
(S + P)O6 when compar ed igroficantly greaterdBrayCurtis | pl ot s,
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dissimilarity distance such that less species are shared between plots (p<0.00B.Figure
Table 33). Plant community response to timing based on #astis dissimilarities was also
found to be significant (p<0.001lidtre3.7., Table 33).

Table3-3. PERMANOVA testing community structure based on the effect of burn treatment

(control, Burn, Burn (S+P)) and timing (preburn anem&nth postburn) for plots located on
Highmont Tailings, HVC. NB perms: 999

Source of Variation df F p
Burn Treatment 3 3.37 0.001
Timing 1 5.62 0.001
Burn Treatment*Timing 2 0.32 0.797
Residuals 12

Total 128
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Figure3.7. Extracted BrayCurtis Dissimilarity distance plotted by A) Burn Treatment (fiftee
months postburn) and B) Timing for field plots located on HVC, Highmont TailBgs (S+P
treatment was seeded and planted with tree®Banad treatment was only burnetb Months

Postburn pools all treatment plots excluding the control and Preburn pools all treatments
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Random Forest
Random forest (RF) modelling was completed to evaluate variable importance to

determine what was driving the observed change across alpha and beta diversity measures in
timing and treatment factorkplotted variable importance as mean decrease Girfnéotop four

variables of importance (FiguBe).

A)
Litter

Elymus trachycaulus

Descurainia sophia

Achillea millefolium

0.0 25 5.0 7.5 10.0 125
Mean Decrease Gini

B)

Elymus trachycaulus

Variables of Importance

Litter -

Achillea millefolium

Sisymbrium altissimum

0.0 25 5.0 7.5 10.0
Mean Decrease Gini

Figure3.8. Random forest generated variables of importance driving beta diversity
response due to factors: A) Timing and B) Burn Treatment for field [oated at HVC,

Highmont Tailings
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Each variable of importance was then analyzed for significance using linear mixed effect
modelling among treatment and timing factors to validate variable importance (Bgurénly

variables of significance withimodelling were included in figures.
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Figure3.9. Percent cover of litter across factors of A) Timing (n preburn = 33, n fifteen months
postburn = 95) and B) Burn Treatment (n control = 42, n Burn = Baym(S+P) = 24), and

percent cover oAchillea millefoliumacross factors of C) Timing and D) Burn Treatment.
Pairwise comparisons for Burn Treatment facto
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and adjusted with BH cOrOécti ong*oo0p&0Op0e0a,0b
Burn (S+P) treatment was seeded and planted with trees and Burn treatment was only burned.

Significant differences in percent cover between preburn and fifteen months post burn were

found with respect to both litter cover (Figld®A., F = 34.03 , p <0.0001 ) arcthillea

millefolium (Figure3.9C., F = 13.203, p = <0.001). Total cover of litlexcreased fifteen months

after burning while total cover @chillea millefoliumincreased indicating a positive trend

toward forb response to fire. Response to 6Bu
only a significant difference was foundw h r espect to cover of | itte
( S+ P) 06 3.9BI, F g3125 p.adj = <0.05). Percent coveAohillea millefoliumapproached

significance but was not statistically significant giién = (Figude3.9D), F =2.74, p =

0.07).

Litter & Diversity Relationship

To examine the relationship between diversity and litter, linear regression was conducted
examining Shannediversity, Simpsons Index, and species richness against litter biomass. There
was a significant but weak negatireationship among all diversity measures against litter
biomass (ShanneBiversity = 0.96 0.005 x litter mass, AdjustecfR 0.12 p = 0.02, Simpsen
Index = 0.511 0.003 x litter mass, Adjustec?R 0.11 , p = 0.03, Species richness = 4.0602
x litter mass, Adjusted = 0.13, p = 0.02). Only Shanndiversity was plotted for visual
representation (Figur@10). This relationship reiterates the negative effect that litter appears to

place on the plant community, as it appears to limit diversity.
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Figure3.10. Relationship between Shannbiversity and litter mass fifteen months
postburn. ShanneBiversity = 0.96i 0.005 x litter mass, AdjustecfR 0.12 p = 0.02.

Disturbance, Productivity antitter

Burn treatment did not result in any significant effects on ANPP (F = 1.09, p > 0.05,
Table3-4., Figure3.11A.) suggesting that burning did not result in any significant change of
productivity to the plant community. However, burn treatment resulted in significantly reduced
litter (F = 8.34, p < 0.01 Tabl@4.).
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Table3-4. ANOVA to determine significance of burn treatments on ANPP and Litter for field
plots located at HVC, Highmont Tailings facility.

Model: ANPP = Burn Treatment (Fixed) + Quadrat (Error)
Effect

Sumof-squares Mean squares df F-Value p
Burn Treatment 7381 3690 2 1.09 >0.05
Model: Litter = Burn Treatment (Fixed) + Quadrat (Error)
Effect

Sumof-squares Mean squares df F-Value p
Burn Treatment 16630 8314 2 8.34 <0.01

Pairwise comparisons show a significant decre
treatment fifteen months postburn (p < 0.05, p.adj = <0.001, F&jit8) These results suggest

that burning alone or paired with additional amendments does narappsgnificantly

increase or decrease ANPP, but significantly decrease litter (Adure The importance of

these results suggests that burning aids to removing litter, while not reducing the productivity of

the plant community which may have implicas in enhancing diversity on site as seen in the

results above.
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Figure3.11. A) Aboveground net primary productivity (ANPP) and B) Litter by burn treatment,

fifteen months postburn (n control = 12, nrBa 12, n Burn(S+P) = 12). Pairwise comparisons
analyzed treatment againstcontrolandp | ues wer e adjusted with BH
0**86 p < 0. 01, -signtficart Gapues wer@dnotplottEBurn ($6P) treatment was

seeded and phted with trees and Burn treatment was only burned.

Plant productivity was further analyzed by examining ANPP across burn treatments by plant
functional groups of forbs, netesirable grass, and native grasses at fifteen months postburn.
Burn treatmentesulted in a significant effect when analyzing forb ANPP (F = 3.54 , p < 0.05,

Table3-5, Figure3.12). Productivity within the other categories did not result in any significant

change. Poghoc pairwise comparisons between burn treatments resulted in a significant increase
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of forb ANPP within the O0Bur ndé osulisyggaststhaht me nt
burning without the addition of amendments favors the productivity of forb production (Figure
3.12).

Table3-5. ANOVA to determine significance of burn treatments on ANPP of Forbs, Non

desrable grass, and Native grass for field plots located at HVC, Highmont Tailings facility.

Model: Forb Biomass = Burn Treatment (Fixed) + Quadrat (Error)
Effect

Sumof-squares Mean squares df F-Value p
Burn Treatment 12.223 6.11 2 3.54 <0.05

. Non-Desirable Grass Biomass = Burn Treatment (Fixed) + Quadrat
Model:
(Error)

Effect

Sumof-squares Mean squares df F-Value p
Burn Treatment 6533 3266 2 0.8 >0.05
Model: Native Grass Biomass = Burn Treatmen{Fixed) + Quadrat (Error)
Effect

Sumof-squares Mean squares df F-Value p

Burn Treatment 9.97 4.98 2 0.69 >0.05
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Figure3.12. Aboveground net primary productivity (ANPP) of A) Forbs,NB)n-desirable

grasses, and C) Native grasses by burn treatment, fifteen months postburn (n control =12, n

Burn = 12, n Burr(S+P) = 12). All pairwise comparisons were analyzed, avalyes were
adjusted with BH corr ect*i*o*nosp. <0 *@gniparival@éoOns, O

were not plottedBurn (S+P) treatment was seeded and planted with trees and Burn treatment
was only burned.
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Soil Elemental Analysis & pH Response to Burning

Linear mixed effect modeling resulted in no significantedtdnces in concentrations of
total nitrogen, carbon, or C:N ratio due to treatment effects. Timing as a factor, however, resulted
in a significant effect across all soil elements (Tab&e). Pairwise comparisons between
preburn to fifteen months postiuresulted in almost a twofold increase in total N (F = 17.73 , p
<0.01), total C, (F = 23.35, p < 0.01) and a significant increase in C:N ratio (F = 26.68, p<0.01)
within the top fifteen cm of soil (Tabl&6, Figure3.13).

Table3-6. ANOVA to determine the significance of burn treatment on total N, total C, and C:N
ratio.

Model: Total N =Timing (Fixed) + Plot (Error)
Effect

Sumof-squares Mean squares df F-Value p
Timing 0.09 0.09 1 17.73 <0.01
Model: Total C =Timing (Fixed) + Plot (Error)
Effect

Sumof-squares Mean squares df F-Value p
Timing 14.05 14.05 1 23.35 <0.01
Model: C:N =Timing (Fixed) + Plot (Error)
Effect

Sumof-squares Meansquares df F-Value p

Timing 284 284 1 26.68 <0.01
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Figure3.13. Comparisons of A) Total nitrogen, B) Total Carbon, and C) carbon to nitroget
(C:N) ratio (n preburn = 6, n fifteen montpgstburn = 9) for soils extracted from Highland
Valley Copper, Highmont Tailings prior to burning and fifteen months after burning was
completed. * = 0.05, ** = 0.01, *** = 0.001

These results indicate that soil nitrogen and carbon levels increasetiho likely as a result

of prescribed burning, generally.

pH values did not significantly differ due to burn treatment (T&8klg.



Table3-7. ANOVA to determine the significance of bureatment pH

Model: pH =Burn Treatment (Fixed) + Plot (Error)

Effect

Sumof-squares Mean squares df F-Value p
Treatment 0.08 0.4 2 1.89 0.17

6.81

6.4 1
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Control Burn Burn (S+P)

Figure3.14. pH of the top 15cm of sodxtracted fifteen months postburn from burn treatme

(n =9 for each group) located at Highland Valley Copper, Highmont Tailgs. (S+P)
treatment was seeded and planted with trees and Burn treatment was only burned.
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DISCUSSION

Impacts oDisturbance and Amendments on Diversity

Prescribed burning resulted in a significant but limited effect on the species diversity and
richness. Species richness and Shartheersity when compared to the unburned controls was
greater interestingly only withn t he O Bur n 63.6A)rAn mdtrease mspedieEi gur e
diversity and richness following prescribed fire is a similar result in many st{&pesks et al.
1998 Durigan et al. 2020)Additionally, I found that the amendments of seeding and tree
planting after burning did not appear to have any significant eflestigjgest two ways to
explain why this occurred. As no species losses occurred after prescribed burning, and no
significant effects in rieness or Shannon diversity were noted with the seeding amendment, the
prefire composition appears to play a major factor in determiningfppestomposition,
especially with herbaceous covers that responded quickly to disturf&pargs et al. 1998])t is
likely that due to the continued dominance and competitive exclusion by the heavy herbaceous
cover of rhizomatous grasses, that native seedling establishment was limited and the increase in
richnesd obsened was a direct result of species that were already part of the seedbank which
comprised mostly forbs that were able to respond quektl/positivelyto disturbance (Figure
3.12A) (Kirkman et al. 2014Swab et al. 2017)5econdly, as it was observed in FigB#C, the
nontdesirable grass species responded exhefast to the burning disturbance which likely
resulted in the native seeded species being shaded out very soon after disturbance. The
observation in richness and increase in forb covel thlaserved was likely that of shade
tolerant and tall lived spees that were already part of the plant community and able to grow
away from the shaded conditions that the seedlings fail@@dmmers et al. 2013Evidence of
this extreme competition for light and shealeidance response within the higansity
monoculture could ligly be observed in future studies comparing shoot to root development as
more carbon is allocated towards shoot development to avoid being shaded out, in addition to
exploring photosynthetically active radiation rates over time since disturf@ooemers et al.
2013)
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Litter Dynamics in the Plant Community

Impacts of prescribed burning resulted in changes to comrrlienity divergence due to
treatment and timing effects (Figus&’). Exploration of the factors predicted by random forest
modelling confirmed that this divgence was largely due to changes resulting from the
consumption of litter and increased cover of forshillea millefoliun after burning (Figure
3.9). Furthermore, litter was a significant factor in limiting plant diversity on site as a negative
relationship between richness, evenness and diversity were all observed with respect to
increasing levels of litter (Figui®10). In grassland plant communities, this result has been
observed in many studi¢slaret and Wilson 2009.amb 2008 Collins and Calabrese 2012)
The significance of this result points towards the use of prescribed burning to reduce the amount
of litter that provides barriers to seedling emergence as litter tends to alter the physical
ervironment through intercepting light and shading seeds and seedlings, ultimately depressing
germination and establishmdifacelli and Pickett 199Maret and Wilson 2005)n
consideration of reducing litter, and providing the best changes for seedlings to geWarage,
et al.(2021) found that fall burning resulted in greater impacts to community composition and
ultimately a longer time to recover to prebgonditions and greater length of time with exposed
soil surface. As limited success was found within the applicatispraig burningburning in
the fall may present the best opportunity to decrease levels of litter,offieitang a prolonged

period of reduced competition for new seedlings to establish.

Disturbance, Productivity and Litter

The effects of prescribed burning on total ANPP, and ANPP by functional group were
consistent with findings from Scheintaub et(aD09) and Augustine et a(2010 within a serm
arid grassland which found neutral effects of burning on total ANPP and ANPP of perennial
grasses, and increased ANPP of forbs (Figut#). The neutral response in ANP8&bserved
may be a result of timing dfurn as early season burns allow for more opportunity to recover
through the rest of the growing seag@vang et al2021) As the goal is to transition this
grassland away from a nalesirable and towards a native grassland community these results
support the use of burning to at the least not enhance productivity-ofesoable grasses while
opening a window for @w species to enter. In examining Fig8rELB., only fifteen months



75

after burning litter levels are already beginning to approach levels-gligitgbance shown by
the control. These results continue to show just how productive this system is and foew nar
the window is for new species to enseiccessfullyand fight for space before being choked out
by the established community

Soil Elemental Analysis & pH Response to Fire

Elemental analysis results of the experiment indicate an overall increasa imtrogen,
carbon, and C:N ratio from preburn to fifteeonths posburn. No significant differences
between burn treatment types were observed as all treatments received the same burn treatment.
The increase in total N and C into the system is tineince of the addition of wateoluble
components of ash that become available for plants through biRatitak et al. 2017)n low
intensity burning, N losses to the atmosphere are minimal when temperatures are bef@y 200
while biological and noibiological processes after burning are able to transform organic N into
plant available inorganic N (NH NOzs) (Knicker 2007 Alcafiiz et al. 2018)A similar result
found byRau et al(2008 resulted in soil inorganic N (NH NGOs) significantly increasig post
burn, and remaining elevated for extended periods upwards of two yealsipusthese results
are significant as they suggest that-fireven nutrient losses were not observed, and clearly did
not limit plant productivity as no decreases in ANWRere detected (FiguBel1A). As NH
concentrations are commonly correlated with biomass consun{@aington and Sackett
1992) prescribed burning in this instance has played a significant role in cycling nutrients from
aboveground biomass and litter that would otherwise take years to breaf@loekway et al.
2002)
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CONCLUSION

The results of this study show that this grassland ecosystem, in its present state of
dominance by undesirable, hearty, highly productive grasses, is likely to return to a prateurn st
without continued disturbance of some kind. This is evidenced by the lack of establishment of
native plants and the continued dominance ofa@sirable grasses almost two years ldter.
found that burning did significantly increase diversity on sitedme extent. The effects of
burning to increase diversity appear though to be halted sharply due to other Factoesable
to expound omnesignificant factor: litter accumulation, that when paired with the high
productivity on site, contributes sidicantly to restricting plant diversity within this community.
The limited succesisobserved from the use of prescribed burning to enhance biodiversity may
be a result of time of burning being conducted in the spring when moisture levels were high. To
optimize the window for seeded species to enhance diversity on site, fall burning should be
prescribed in addition to selecting species that are early colonizers and shade tolerant to best
compete with the established plant community. Further researcldstomsgider the application
of annual burning or an annual disturbance treatmesdidition to timing of disturbande
examine the effects on ANPP of ndasirable species and the colonization rates of introduced

species.
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Chapter 4: TESTING PRESCRIBED BURNING INTENSITY IN A
MESOCOSM AS A METHOD TO SHIFT A NON -DESIREABLE GRASS
COMMUNITY TO A NATIVE PLANT COMMUNITY

ABSTRACT

Changes in plant diversity, abundance and soil nutrients following experimental
disturbance were studied in experimental mesocosm units extramted fwentyfive-yearold
historically reclaimed grassland located at Highland Valley Copper mine in British Columbia
(B.C.), Canada. Experimental mesocosm units were dominated by non desirable grass species
such a€lymus trachycaulugklymus lanceolatusihinopyrum intermediurandBromus
inermis The disturbance treatment was fire, represented by three fire intensities (low, moderate,
high), replicated six times per treatmeantd treatments wemaodified by theweight of dried
litter applied to each mesocosm unit, along with the time each grass turf was burned. Clipping
was added as an additional disturbance treatment to compare between fire disturbance treatments
and undisturbed control plots. One day after the disturbance treatmssagcosm units were
seeded in order to examine effectiveness of plant establishmemigtasbance. Disturbance
treatments resulted in higher overall alpha diversity, richness, evenness, beta daretstyjl
nitrogen and carbon. Plant community chesmgncluded colonization of seeded native forbs,
grasses, and legumes in response to disturbance. Aboveground net primary productivity (ANPP)
was slightly reduced within the clip and light burning disturbance treatments. Litter reduced
plant diversity andANPP, indicating that litter was a major factor in plant community dynamics.
These results suggest a positive plant community response towards the use of disturbance to
increase diversity of serairid grasslands, and to aid in shifting plant communitiggeterred

states.
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INTRODUCTION

Fire is anatural ecologicatlisturbance, but due to its heterogenous and environmentally
specific behavior the effects on plant communities based on fire severity has not been well
quantified(Duff et al. 2017) Field studies on fires often arise from opportunistic sampling and
anaysis where fires have occurred due to natural and anthropogenic agents rather than planned
ignition. Such studiesesult inlimitations with quantifying fire effects by limiting the project
scope to postburn conditions often where no data has been abpeicteto burning(McCarley
et al. 2017)A mesocosm, microcosm or excised community aims to mimic a natural system
while exracting ecologically relevant information and providing a simplified model for complex
disturbances within particular ecosystems (Fraser and Keddy 1997). This study examines a
mesocosm based approach to examine how fire disturbance can be used as torskitiad
nontdesirable plant community to a native plant community. The experimental design focused on
a gap in literature surrounding plant community, and soil nutrient response to fire severity

effects.

Fire is a principal ecological process that influences the evolution of numerous plant species
while acting as a mechanism to sustain structure, diversity and productivity of fire dependent
ecosystemgMoritz et al. 2014)In grasslands, plant communities are primarily influenced by a
combination of biotic and abiotic factors including fire, grazing, and clirf@tdlins and
Calabrese 2012)he ecology of fire on the landscape works primarily by affecting and
ultimately increasing the availability of resoascsuch as lighwhile resulting in increased
nitrogen availability and nutrient cycli@wanson et al. 20117 his in turn can modify
relationships among species and change dominance in a community due to species specif
responses to changes in these varigi@&rmandi et al. 200€ollins and Calabrese 2012
Augustine et al. 2014)

Patterns of plant diversity are largely dependent on interactions between frequencies of
disturbance and aboygroundbiomass of the vegetatig¢Rekin et al. 2012)in highly productive
sites, biomass and litter accumulation that is left in & st&hout disturbance or some form of
reduction may ultimately restrict above ground net primary productivity (ANPP), species

richness, and favor tall lived species reducing functional diversity in life Boster and Gross
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Peco et al. 2012Reduction in plant diversity can largely be attributed to biomass accumulation
in the understory sequestering limiting merits and restricting light availability to the

environment below, resulting in competitive exclusion fromltedld speciegGrime 1973

Pekin et al. 2012)North American oak stands thaere frequently burned resulted in nearly
double the species richness of less frequently burned stands suggesting fire prevented
competitive exclusion of grasses and forbs by taller lived species such as trees and shrubs
(Peterson and Reich 2008imilarly with highly productive grasslandslisturbancesuch adire

is an important determinant in increasing richness of grasses and forbs for the cgmmunit
through reducing competitive exclusion, evidenced by a > 50% reduction in grass species
richness in the absence of disturbatiegmn et al. 2004)

As species richness of vegetation tends to peak within a few years following fifetrtife

diversity can change significantly over time with respect to disturbance return intervals. Species
with shorter juvenile periods able to mature and set seed will be favored in higher disturbance
regime areas where obligate seeders might be redufta@ beaturatior(Pekin et al. 2012)Fire

plays a significant role in plant community composition and structuring grasslandteoasys

Post fire conditions often favor establishment of new species through various abiotic ecosystem
changes such as: decreased soil moisture, removal of accumulated litter and subsequent release
of nutrients immobilized within the dead plant tissue,@ased solar radiation to the ground, and
allowing a period of reduced competiti(Brockway et al. 2002Scheintaub et al. 200Pekin et

al. 2012)

Beyond plant community responses, fire in sannl and arid ecosystems has been shown to
increase the availability of inorganic N in the first pbatn year and extended periods beyond
the fire. This increase in plant available nitrogen can influergrewdh, seedling establishment
of native species, invasion of annual plants, and ultimately site red@vauyet al. 2007

Augustine et al. 2014gxtending its use in reclamation of mine spoils where nitrogen is limited.

Despite the ecological benefits andammes of prescribed fire, its application within the
reclamation and restoration setting is rarely utilidddKenna et al. 2019ut its efficacy as a
management tool is rapidly changing and mfienes is used to manage rangelands and fuel
loads in fire prone ecosysterficaylor 2003 Penman et al. 2011fire managers and ecologists

are utilizing burning in Canadian national parks to reduceifikear reintroduce disturbance to
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an ecosystem for management purpgSeseintaub et al. 200Sutherland 2019)There is a
lack of research however, on how fire intensity on a controlled scale may affect plant and soil

community responses.

The purpose of this research was to determinectlaéive effect that fire disturbance and fire

intensity plays on a twentfive-yearold historically reclaimed plant community, and to examine

the ability of a sixspecies plant mixture, to establish in pfast conditions. The goal of burning

paired withseeding is proposed as an aid to shift an undesirable plant community dominated by
largely fast growing, nowesirable grass specidsdymus trachycaulydromus inermisand

Thinopyrum intermediujrto a native plant community more typical of local graisdk. The six

plant species selected for our experiment v@astilleja miniata(commonred paintbrush)

Galllardia aristata.(brown-eyed susan}estuca campestrigough fescue)-estuca

saximontangrocky mountain fescueDxytropis campestriffield locoweed) antlupinus

arcticus(arctic lupine).l chose these species for a number of reasons: (1) To examine functional
group responses to disturbance, (2) They repr
grassland commmities, (3) They align with the desired end land use reclamation goal objectives
setout byTeckHi ghl and Vall ey Copper and I ndigenous p
and (4) They are expected to tolerate site conditions including high elevatitm$a49 m and,

neutral to slightly alkaline soils, while also holding characteristics of drought tolerance and ease

of establishment (Dobb and Burton 2012).

A mesocosm experiment may ease difficulty of studying the effects of fire on plant and soill
commuirities due to the spatially heterogenous behaviour of fires that occur in the wild due to
changing environmental conditions. Ecosystem responses correlated with measures of fire
intensity can more accurately be demonstrated and understood within comredledosm
experiments. The information produced from this study will be of most interest to aid future
researchers and resource managers when making decisions on how to utilize fire intensity as a

predictive tool in reclamation and restoration activities.

A mesocosm experiment was designed to answer three questions: (1) What role does fire
intensity play in the vegetative community with respect to increasing biodiversity and

establishment of native species? (2) Does fire intensity effect soil nutrientasstathl N, and
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total C?and(3) How does fire intensity effect the establishment of early and late successional

grass, forb, and legume species?

METHODS

Term Clarification

Regarding the quantification and the characterization offfrestffects, thee exists a
lack of concrete terminology surrounding the tefimesintensityandfire severity(Keeley 2009)
For the puposes of my research and future research, the most important aspects of prescribed
burning come down to replicability. This research was conducted under the understanding that
fire intensity translates into fire severity such thean quantify and modjfvariables

surrounding intensity to result in scaled severity.

Fire intensity for the purpose of this research is restricted to a measure of energy output by fire.
Fire intensity was modified to be a function of residence time (heating duration), plaessir
and organic matter available for combustion (fysary et al. 1999)t should be noted that
other factors including pfire species composition, topography, substrate, and climate will have

some effect on how fire intensity translates into fire severity (Keeley 2009)

Fire severityfor the purpose of this research represents a quantification of how fire intensity
affected the ecosystem. More specifically, fire intensity wsesito match the empirical
observations of fire severity that centres on the loss of aboveground biomashk and a
characteristics. The table below represents a fire severity matrix adapted and modified from
Keeley (2009) and Dobb and Burton (2012).
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Table4-1. Fire severity matrix related to above ground biomassiwoption adapted from
Keeley (2009) and Dobb and Burton (2012).

Fire Severity Description

Low Severity Surface litter scorched, charred, consumed

Moderate Severity All understory plants charred or consumed, ¢
litter consumed, light colored ash

High Severity All understory plants consumed, all litter

consumed, larger quantity of lightlored ash

Mesocosm Unit Extraction Site

Mesocosm experimental units were extracted in August of 2019, from the Historic
Highmont Tailings Storage Facility (TSF), located approximately five kilometersoivesgan
Lake, British Columbia (B.C.) within Highland Valley Copper Mine (HVC; UTM Z10;647739E,
5588766N, elevation 1500m, Figutd).

British Columbia

Highland Valley Copper Miné-’ :

7

Highmont Tailings

7/, Highland Valley Copper
Y T

Figure4.1. Mesocosm unit extraction site located withiighland Valley Copper Mine,
Highmont Tailings Storage Facility, British Columbia, Canada.
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Highmont Tailings is located within the Montane Spruce MSxk2 (very dry, cool) biogeoclimatic
zone(Government of Brish Columbia Ministry of Forests 199This location is characterized

by cold winters and moderately short, warm summers. The mean annual temperatuei€3

and mean annual precipitation ranges fromi3800mm (BC Climate Explorer 2021).

The histoy of thehistoric Highmont Tailings storage facility represents twentg years of
reclamation work. Notable reclamation efforts include a series of seeding trials in 2008 (35kg/ha)
paired with biosolid application (200 dt/ha) to aid in establishingtasige cover onto

unamended tailings. The selected seeds represent various introducdiveldngpdforming

wheat grasses often utilized for agronomic purposes due to their heartiness and ability to grow in

nutrient limited, and water limited environnisn

The plant community in the study area represents a low diversity, patchy landscape that is
primarily composed of a few dominant, and highly productive aesirable grasse&lfymus
trachycaulusAgropyron spp.Thinopyrum intermediur& Bromus inermisthat make up the
majority of the plant community. Additional species include a very low abundance-of non
leguminous forbsAchillea millefolium& Sisymbrium altissimun These species even though
considered native, are common to reclanmfimjects due to their positive response to poorly
developed, well drained soils. The species listed above throughout the paper are listed as non
desirable due to the updated land use plan set out by the mine company in partnership with the
Nl a k a 6 pramunity. This apdated land use plan places more focus on increasing
biodiversity and shifting the site trajectory towad#sired species that represent locally native
bunchgrasses, forbs, and legumes more indicative of an undisturbed grassland fatiribe.pro
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Figure4.2. A) Aerial photo of the Historic Highmont Tailings dry stack store
at Highland Valley Copper, April 2019. B) Current vegetative cover during
growing season alighmont Tailings Storage Facility, August 2019.

Experimental Design

The experiment was established in the Summer of 2019 and treatments were applied in
January 2020 and ran for 227 days (approximately seven months). The experimental design was
a randomied complete block design with a single factor (disturbance treatment), with five levels
(control, clip, Ight burn moderatdurn, heavy burijpand six replicates per level, for a total of
thirty individual experimental mesocosm units. Clipping disturbareament was added to
assist in differentiating between fire disturbance response and disturbance response generally.
Each experimental unit was hasdeded with a custom native seed mix at a rate of 200
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seeds/spp./mesocosm unit after disturbance tream@400 seeds / for ~ 1200 seeds /
mesocosm unit) (Tabk-2). All seeds were purchased from commercial soufees.Appendix
D (TableD-2) for results of germination trial and information about seed source. Treatments

were randomly assigned to eacbdd and mesocosm unit.

Seed=lection, Preparation & Seeding Rate

A total of two native grasses, two native forbs, and two native legumes were selected for
seed application in the mesocosm experiment (T&R)e Within each of these three functional
groyps an early and mid or late successional species was chosen based on their expected level of
tolerance to site conditions including neutral to slightly alkaline soils, elevation range (1500 m),
drought tolerance, and ease of establishment (Dobb and BA@1@). The native species also

represent common species found within B.C.0s

with target species within the end land use goal of the mine.

Prior to the application of the hard coated legume species onto eacbase unit, seeds were
scarified using sandpaper and water imbued for five h@&askin and Baskin 199&imura and
Islam 2012) All seeds were then placed into an envelope packet along witig 26 sand to

help achieve even dispersal when sowing.

Based on theesults of the germination trial (see AppenDixTableD-1 & D-2), the pure live
seed (PLS) rate obtained was approximate878PLS/nT). This seeding rate represents the
upperlimit that has been placed approximately at 1400 PL5(Barr et al. 2017and 750° 1500
PLS/nt for degraded grasslands to optimize richness and div¢Rsityon et al. 2006)
Germination data fror@astilleja miniatawas excluded from the PLS calculation due to lack of

any germination.
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Table4-2. List of plant species selected for the mesocosm experiment indicating successional
status and functional group

# Common Name Scientific Name Type Succession

1 Common Paintbrush Castilleja miniata  Native Forb  Late

2 Brown-eyed Susan Gaillardia aristata Native Forb  Early-Mid

3 Rough Fescue Festuca campestric Native Grass Mid-Late

4 Rocky Mountain Fes_tuca Native Grass Early

Fescue saximontana

5 Field Locoweed Oxytrop|s_ NETS Early-Mid
campestris Legume

6 Arctic Lupine Lupinus arcticus Eaﬂve Early

egume

Mesocosms

The indoor mesocosms used to test the effects of fire intensity on the plant community
were extractedrasd iumti a csiO2degHDyImagh Statage Birks o
(Figure4.3). All mesocosm units were then transported back to Thompson Rivers University
(TRU) research greenhouse. The experiment was conducted under cogtegiaidouse
conditions operated bagralAnd grtifisidf light: day/nigholBh/6b;y s t e ms
temperature: day/night 2C; humidity: 5060%).

The bins and turf sizes were selected to obtain an approximate area wf Q816 dimensions:

L0.56 m by W0.46n by H0.38 mYor vegetation analysis purposes and to ensure each grass turf
contained intact root systems and soil profilee soil profile within each mesocosm contained

an Ahorizon layer ranging from approximately 3 cm, with the subsequent layer representing
fine textured mingailings. Each mesocosm container had a total of fifteen 1 cm diameter
drainage holes, in addition to landscape fabric that was placed on the bottom to stop the release

of fine textured tailings during watering events.

The mesocosms wefee draining to allow for natural soil moisture profiles and watered as
needed. Plants were monitored daily for signs of stress and wilting within the greenhouse. The

typical watering schedule included approximately three times a week during wintesrandth
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every second day during summer months. Increased watering in summer was essential due to the

extreme observed temperatures within the research greenhouse.

Figure4.3. Extracted Mesocosm grass tudrit Highmont Tailings
Storage Facility, Highland Valley Copper Miriritish Columbia,
Canada
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Fire Treatment

Fire intensity treatments were modified through amending the weight of dried litter
applied to each mesocosm unit, along with modifying the time each grass turf was burned with a
cast iron head, propane, Tiger e (Model No. 95B)(Figure 44). The litter that was applied
to each mesocosm was first quantified by taking dry weight, and then reapplied ensuring there
were no seed heads on any applied litter to mitigate the introduction of additional seeds. The cast
iron head was held at the same height (30 c¢cm)
for torching each unit. Gas pressure and flame intensity remained constant throughout the

process and was regulated using the controls on the TigerEorch

Figure4.4. Mesocosm units and their respective treatments; A) Control, B) Clipigaght), C
High Intensity (200g litter applied, 20 s burned), D) Moderate Intensity (1509 litter appliec
burned), E) Low Intensity (50g litter applied, 10 s burned). All mesocosm units were seec
the same time, and at the same rate after tredtwees applied.

Flametemperature was recorded within each mesocosm unit usirgpsstiructed pyrometers
utilizing Omegala& temperature sensitive paints ranging from 107 °C to 510 °C. The
temperature sensitive paints were applied at gradations of approximately 30 °C &l grain
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pieces of tin that were placed at the center of each mesocosm unit. Each pyrometer was analyzed
after the burn treatment and results collected by a single observer. Temperature sensitive paints
were determined to reach their specified target wheragp drip was observed indicating

melting, in addition to the loss of the original color and a shift from matte to glossy finish after
treatment (Figurd.5).

107°C 135 163 191 218 245 302 316 343 371 399427 454 482 510°C

: et # 5
Figure4.5. Omegalaf temperature sensitive paints applied at gradations of approximate®y &ed t
quantify fire temperature. A) Omegafaqg pai nts from | owest to hig
burn analyzed at approximately 343. C) Moderate severity burn analyzed at approximately’G4B)
Low severity burn analyzed at approximately 302

Vegetation Assessment & Harvesting

Vegetation measurements were collected within each mesocosm unit prior to burning,
using absolute canopy cover estimation on the entire grass turf, approximating a 0.5 m by 0.5 m
guadrat. Additionallyaboveground biomass and litter were collected frorohegesocosm unit
besides the control to quantify the above ground net primary productivity (ANPP) as a baseline
for productivity. Mesocosms were then allowed to grow for seven months, after which above
ground biomass and litter was collected again. Thetplaere harvested as close to the soil
surface as possible and separated by species to quantify ANPP. Litter was collected after ANPP
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was collected by scraping dead material off the soil surface. All plants wereogdrior
approximately 48h at 68C and weighed to a constant weight to determine dry matter biomass

separated by above ground biomass and litter.

Vegetation community assessment via absolute canopy cover estimation was completed pre
disturbance, onenonth post, threenonths post, senonthspost and prior to final harvest
(sevenmonths post). To better understand the plant community dynamics, evenness and
dominance was calculated respectively using the Shavrener index which accounts for
richness and evenness, and the Simpson index \@hellgzes dominance. Species richness was

considered the number of species present in each grass turf at the time of sampling.

Soil Sampling, Elemental Analysis & pH

A single soil sample was taken at random from each mesocosm unit at all time intervals
gpecified in the above paragraph. Soil samples were extracted using a staedessil
sampling probe with a core diameter of 2 cm. Each core extracted the entire soil profile of the
mesocosm unit and was separated into the top 10 cm and bottom 10acralysis (Figurd.6).
Soils were analyzed for total nitrogen (TN), total carbon (TC), C:N ratio, and pH using a Thermo
Scientific FlasBmarE E| e me nt aahd a&isherbrgtd esc cumet E AB150 ben

pH meter.

Soil preparation forelementalnal ysi s i ncluded air drying with
(model DKN812) for 48 hours at &5 to remove any moisture. After drying, approximately 10

15 mg of soil was weighed and placed into small tin capsules for placement into the elemental
analyzer autsampling wheel. A total of three technical replicates were taken from each soll

sample to ensure quality of analysis, resulting in a total of 868 individual samples run. In

addition to examining each technical replicate against one another, Organidoah&8tandards

(OAS)with known nitrogen and carbon valye®vided by Thermo Scientifit were analyzed

to ensure accurate estimation of elemental analysis.
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Soil pH was measured in an aqueous matrix using a 2:1 water to sojQatier and Gregorich

2007) Air-dried soil was mixed and shaken with deionized water for one minute and then placed
in a centrifuge and run at 4000rpm for five minutestigherbranE accumet E AB150
benchtogpH meter was thecalibrated with a pH 4, 7, 10 solution and used for analysis.

—
= Bottom 10 cr=— = Top 10 cr==—

Figure4.6. An intact soil core extracted frormasocosm unit. The top 10 cm and bottom 10 cm
separated and used for soil analyses.

Statistical Analysis

All statistical analyses and figures were produced using R for Statistical Computing (R
Core Team 2021). In all cases, significance was defined by p < 0.05. Data werednaing
mi xed model of analysis of variance using the
analyses completed, the random effect was the specific mesocosm from which the measurements
were performed. Fixed effects for all models were extrattenigh running an analysis of
variance (ANOVA) on the selected model. Post hoc analysis was done by completing pairwise
comparisons and theyalues were adjusted with Benjamidochberg (BH) corrections
(Benjamini and Hochberg 1995)

All linear mixed effects models used were first checked to meet the assumptions of normally
distributed residuals, and homogeneity afia@nce. Transformations of the data paired with-non

parametric methods were used when data did not meet the above assumptions.
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Plant cover data from each mesocosm unit was first analyzed descriptively by examining species
richness, ShanneWeinerand Simpon di versity indices using the
statistical computing. Shannon diversity, Sim
comparatively between disturbance treatments and timing using linear mixed effect modeling.

Data normalizabn was completed on ANPP data to meet the assumptions of normality. Fifteen
months postburn and poesturbance ANPP data for each mesocosm was normalized against its

paired control ANPP weight at fifteen months postburn.

To examine the relationship beten burning, litter biomass and ANPP, the relationship was
plotted as outlined b$§cheintaub et a(2009) Only data from burn treatments was plotted
against litter to examine the relationship of ANPP fromdisturbance to project completion at
7-months postburn. To examine the relationship between burning, litter biomass and alpha
diversity, the relationsphs were analyzedlpha diversity metrics were calculated using
Richness, Shannediversity, and Simpsecdiversity. All metricswere analyzed bunly
ShannorDiversity was plotted for visual representation as all diversity metrics represented the

same riationship.

A permutational multivariate analysis of variance (PERMANOVA) analyzing -Brais

dissimilarity was used to assess commuteiyel divergence between treatments and timing.

This index is bound between zero and one, with zero indicating etergmilarity in relative

abundance of all species, while one indicates that no species are shared between the samples.
The 6adonisdéd function in the O6vegand package
assemblages were normalized first usimg ltellinger method. Bragurtis dissimilarity

distances were then extracted in R to produce a boxplot to display dissimilarities between factors

and examine post hoc comparisons.

Soil data was analyzed usinga Fl@starE E| ement al refumsitdtal zer t hat
concentrations for various major elements. Total carbon, nitrogen, and carbon to nitrogen (C:N)
ratio were analyzed comparatively between disturbance treatments, timing from pre disturbance
to post disturbance and level of soil depth usingdr mixed effect modeling. Assumptions for
running linear mixed effect models for each elemental concentration along with C:N ratio were

validated, and no data transformations were needed.
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RESULTS

Disturbance and Alpha Diversity

Disturbance significatty impacted all alpha diversity metrics with respect to analyzing
the factor of disturbance treatment alone (Figure A-C). The interactive effect between
disturbance treatment and timing resulted in only significant differences being found within

Shamon diversity and species richness (Figlie D-F).

Comparisons of burn treatments when examining Shannon and Simpsons diversity to the control
resulted in a significant increase in diversity within the clip, light, and moderate burn severity
treatmentgFigure4.7A, B). A similar, but stronger trend was observed such that species

richness increased significantly across all disturbance treatments when compared to the control
(Figure4.7C). The significance of these results indicates that light to meddisttirbance

treatment generally resulted in an increase in diversity, whereas heavy burning did not

significantly increase diversity.
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Figure4.7. ShannorDiversity, Simpson Index, and Species Richness as an effect of burning treatn
= 6 for all treatments) at seven months postburCjAand analysis of interaction effects between tim
and burn treatments (B). All Pairwise comparisons werconducted in AC, and pairwise comparisons
control wereconductednD-F. p val ues were adjusted with |
6***96 p < 0.001.

The interactions between timing and disturbance treatment were significant wheniegami
Shannon diversity and species richness (FigutB, F). Maximum Shannon diversity and

species richness was observed and significantly different within therttmet postburn period

in all disturbance treatments when compared to the control. Ehik redicates an increasing

trend in diversity up until the third month, followed by a marked decreasing tr&méimon
diversity and species richness nearing the end of the experiment. In all disturbance treatments
over time with respect tBhannondiversity and species richness, a humpback typed trend is
observed such that diversity is maximized in the middle of the experimtrtns of timing and

burning treatment
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Functional Group Analysis & Community Species Assemblage

Plant percent cover increed slightly due to the factor of timing across disturbance
treatments (Tablé-3). Only models resulting in significant findings were posted in Tédt8e
See AppendiE (TableE-1.) for a plant inventory by functional group acidssification of
species as per this studyover of nordesirable grass, timing between-glisturbance and
seveamonth post burn resulted in a significant effect (F = 8.3862, p <0.001). This was also the
case when analyzing cover of native grasses aaelal herbs (F = 5.1158, p<0.05, F = 13.479,
p<0.001) respectively. Pairwise comparisons within treatment groups were completed to

determine the significant differenclestween treatmen{&igure4.8).

Pairwise comparisons between disturbance treatmedtsraing show greater cover of non
desirable grass from puisturbance to sevemonth postburn (Figuré.8). Observationally, as
disturbance level increased (cligight burni moderate burii heavy burn), cover of non
desirable grass also increasedwduer, only the heavy burn treatment resulted in a significant

increase in non desirable grass cover (p < 0.01, p.adj = < 0.05).

As with native grass species, all disturbance treatments allowed for an increase in cover from
pre-disturbance to postburn ae native species were present prior to disturbance. Post hoc
pairwise analysis resulted in only the moderate burn treatment significantly increasing cover (p <
0.001, p.adj = 0.01).

Ruderal herb species significantly increased in cover post disturlveat@ént but was only

found to be significant within the light burning treatment (p < 0.001, p.adj = 0.01). Both forbs
and legumes failed to result in any significant increases frordiptnerbance to seven months
postburn. These results still are sigrafit in the sense that new native species and legumes were

able to colonize post disturbance and increase site diversity and functional plant group diversity.



101

Table4-3. ANOVA to determinesignificance of disturbance treatment and timing effect on
percent cover of plant functional groups for mesocosm units.

% Cover Non-Desirable = Disturbance Treatment (Fixed)

Model: + Timing (Fixed) + Turf ID (Error)
Effect
Sumof-squares Mean squares df F-Value p
Disturbance Treatment * Timing 1886.9 471.6D 4 1.733 0.174
Disturbance Treatment 303.8D 75.99 4 0.279 0.888
Timing 2281.6D 2281.6D 1 8.386 <0.001
Model: % Cover Natiye_Gras; = DisturbanceTreatment (Fixed) +
Timing (Fixed) + Turf ID (Error)
Effect
Sumof-squares Mean squares df F-Value p
Disturbance Treatment * Timing 143.83 35.958 4 0912 0.464
Disturbance Treatment 143.83 35.958 4 0.912 0.464
Timing 201.60 201.667 1 5.115 <0.05
Model: % Cover Rude_ral_ Herb_s = Disturbance Treatment (Fixed)
+ Timing (Fixed) + Turf ID (Error)
Effect
Sumof-squares Mean squares df F-Value p
Disturbance Treatment * Timing 454.10 113.50 4  1.986 0.127
Disturbance Treatment 461.5@® 115.39 4 2.0188 0.122

Timing 770.4D 770.4D 1 13.479 <0.001
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Figure4.8. Percent cover of five plant functional groups across disturbance treatment anc
for pre-disturbance and-onths postburn in a mesocosm fire experiment (n = 6 within ea
group, +£ 1 SE). Pairwise comparisons within treatment groups were completed and adjt
with BH corr ect i-signifcant valuedwene notplobed.0 5, non

Examining plant community assemblage by species comparirgjgitebance to seven months
postburn, it is evident that postburn conditions allowed for a significant increase in ruderal herb
species, along with seeded native grasses, legumes, and fdreseasgecies were not observed

in the community prior to disturbance (Fig4r®). Two notable non desirable grass species:
Elymus trachycauluandBromus inermisesulted in an increase in cover from-piisturbance

(40 & 3 %) to postburn (44 & 6%) respeely. This increase in cover is confirmed in ANPP

results shown below (Figurk9).
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Figure4.9. Mean percent plant cover by species across all experimental mesocosm units by
timing of pre-disturbance to project completion at seveanths post burrControl plots were
not considered in the postburn category lfeferedisturbance= 30, n 7 Months postburn = 24

Aboveground Net Primary Productivity

The interaction term (between distartze and timing) in our model showed a significant
effect on normalized ANPP (F = 11.3225, p <0.001, T4kl Additionally, disturbance
treatment alone represented no significant effect, while timingdjptarbance & #fmonths
postburn) show a slightub nonsignificant effect (F = 3.9811, p = 0.09, Talld). Pairwise
comparisons within treatment groups across treatment and timing were completed to determine

where the significant differences were (Figdre0).
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Table4-4. ANOVA to determine significance of disturbance treatment and timing on normalized
ANPP for mesocosm units.

Normalized ANPP = Disturbance Treatment (Fixed) *

Model. Timing (Fixed) + Turf ID (Error)
Effect
Sumof- Mean df  E-Value 0
squares squares
Disturbance Treatment * Timing 0.621 0.207 3 11.322 <0.001
Disturbance Treatment 0.050 0.016 3 0.926 0.445
Timing 0.054 0.054 1 2.981 0.099
E3 Pre-disturbance B8 7 Months postburn
1.25 ,—|
1.004
o
o
4
<
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s
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Figure4.10. Aboveground net primary productivity (ANPR9rmalized against its paired
controlby timing in predisturbance and-ihonth postburn across disturbance treatment:
from each mesocosm unit (n = 6 for each groBp)rwisecomparisonsvere completed
within treatmerg between préisturbance, and final post burn conditions andioes were
adjusted with BH corrections
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Pairwise comparisons between disturbance treatments and timing show significantly greater
normalized ANPP from prdisturbance to sevemonth postburn conditions when the

experiment was completed (Figutd0). Significan differences were found within the heavy

burn treatment (n = 6, p = <0.01 p.adj = <0.001). Clipping treatment was found to be
significantly different prior to gralue adjustment (n = 6, p = <0.05, p.adj = 0.08) and approaches
significance after adjustmenthese results suggest that light disturbance such as clipping and
light burning decreases ANPP ®rieadncreasing intensity adisturbanceesults inincreasd

ANPP (Figure4.10).

Fire Disturbance, ANPP & Litter Relationship

There was no significant mgionship between litter mass and ANPP ingisturbance (
ANPP Normalized = 0.58 0.032 x litter mass, AdjustecfR -0.02, p = > 0.05) and a
significantly negative relationship after burning within tAm@nth postburn period (ANPP
Normalized = 0.76 0.46 x litter mass, Adjusted®R 0.15 , p = < 0.05) suggesting a negative
effect of litter on ANPP. Prdisturbance metrics also represent a larger amount of variance with
litter appearing to limit ANPP while disturbance generally appears to increase (&igfoRe
4.11)
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Figure4.11. Relationship between normalized aboveground net primary productivity (/
and litter mass for a sevanonth mesocosm experiment. Riisturbance: ANPRormalizec
= 0.58i 0.032 x litter mass, Adjustec?R -0.02, p = > 0.05, -fnonth postburn: ANPP
Normalized = 0.76 0.46 x litter mass, Adjusted’R 0.15 , p = < 0.05.

Disturbance, Diversity & Litter Relationship

To examine the relationship betweeneatdsity and litter, linear regression was conducted
examining Shannediversity, Simpsons Index, and species richness against litter biomass. There
was a significant negative relationship between among all diversity measures against litter
biomass from prelisturbance to project completion at seveonths postburn (Shannon
diversity, Adjusted R=0.11, p = 0.007, Simpsendex, AdjustedR? = 0.12, p = 0.03, Species
richness, Adjusted = 0.13, p = 0.03). Only Shannaliversity was plotted for visual
repreentation (Figurel.12). This relationship reiterates the negative effect of litter on the plant

community, as it appears to limit plant diversity.
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Figure4.12. Relationship between Shannbiversity andnormalized litter mass for a sew
month mesocosm experiment (Adjusted=F0.11, p = 0.007) .

Plant Community Analysis

The response of the plant community to disturbance treatment and timing was further
investigated with a permutational multivariate lgges of variance which revealed that
community structure based on Br@yrtis dissimilarities was significantly different between
plots (p<0.001, Tablé-5).

Generally, all disturbance treatments and timing appear to have resulted in a significamt shift
the community structure (p<0.001, Fig4ré&3. , Table4-5). Plant community response to timing
based on BrayCurtis dissimilarities was also found to be significant (p<0.001, Figaf:
Table4-5).
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Table4-5. PERMANOVA testing community structure based on the effect of disturbance
treatment (clip, control, and all burn treatments lumped together) and timindigprebance,

and all postburn timings lumped together) for mesodosues extracted from Highmont

Tailings, Highland Valley Copper mine.

Source of Variation

df F p
Disturbance Treatment 4 9.07 0.001
Timing 4 9.26 0.001
Disturbance Treatment*Timing 16 0.88 0.727
Residuals 125
Total 149
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postburn pools all treatment plots excluding the control andliiBrerbance pools all
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Soil Elemental Anabis

Soil level and timing (pre disturbance vsmonth post disturbance) significantly affed
nitrogen and carbon concentrations, where as the interaction of disturbance treatment and timing
were found to significantly effect the C:N ratioafdle4-6). Direct comparisons of major
elements by soil level depth were not directly of interest amicttbre not pursued. Pairwise

comparison postoc analysis was completed to determine the pairings of significant differences.



Table4-6. ANOVA to determine significance of disturbarteeatment, timing, and level on total nitrogen concentrations for

mesocosm units.

Model:

Total N = Disturbance Treatment (Fixed) + Timing (Fixed) + Level (Fixed) + Turf ID (Error)

Effect

Sumof-squares Mean squares df F-Value p
Disturbance Treatment 0.101 0.025 4 1.434 0.252
Level 1.170 1.170 1 66.072  <0.001
Timing 0.237 0.237 1 13.399 <0.001
Model: Total C = Disturbance Treatment (Fixed) + Timing (Fixed) + Level (Fixed) + Turf ID (Error)
Effect

Sumof-squares Mean squares df F-Value p
Disturbance Treatment 7.957 1.989 4 1.049 0.401
Level 125.353 125.353 1 66.141  <0.001
Timing 22.46 22.480 1 11.850 <0.001
Model: C:N = Disturbance Treatment (Fixed) * Timing (Fixed) + Level(Fixed) + Turf ID (Error)
Effect

Sumof-squares Mean squares df F-Value p
Disturbance Treatment * 109.632 27.407 4 4190  <0.01
Timing
Disturbance Treatment 9.739 2.434 4 0.372 0.826
Level 14.023 14.023 1 2.144 0.146
Timing 3.512 3.511 1 0.537 0.465




Pairwise comparisons between disturbance treatments and timing show significantly greater
nitrogen concentrations from pdésturbance to sevemonth postburn conditions when the
experiment was completed (Figutd4). Pairwise comparisons highlighted ligh =6, p =

<0.01 p.adj = 0.02) and heavy burn (n = 6, p = <0.01, p.adj = 0.02) treatments as increasing total
nitrogen content within the top 10 cm of the soil. A similar trend was observed upon analyzing
total carbon, such that significantly greaterbca was observed within light (n = 6, p = <0.01,

p.adj = 0.01) and heavy (n = 6, p = <0.01, p.adj = 0.01) post burn conditions when compared to
pre-disturbance. Comparisons of C:N ratio were found to be significantly different prier to p

value adjustmenwithin the clipping treatment (n = 6, p = 0.01, p.adj = 0.06) and approaches

significance after adjustment but fails to mget 0.. 0 5

Generally, concentrations of total nitrogen and total carbon were found to be greater within the
top 10cm of soil after diurbance treatment. Additionally, the C:N ratio remained generally

stable likely due to both nitrogen and carbon increasing together.
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Figure4.14. Total nitrogen, carbon, and carbon to nitrogen (C:Nd isgparated by top Xn and bottom 1
cm of soil sample extracted from each mesocosm unit (n = 6 for each group). Pairwise comparisons
completed within treatments between-gdisturbance, and final post burn conditions andlues were
adjusted usig BH corrections. * = 0.05, ** = 0.01, *** = 0.001, **** = 0.0001. (Bot & Top 10 cm = bott
or top 10 cm of sample extracted from a 30 cm soil core pulled from each mesocosm unit).

Pairwise comparisons across total nitrogen, carbon, and C:N ratio fombb® cm of soil were

all insignificant with no apparent trend or affect occurring across treatment types.

pH

A total of three pairwise comparisons were made within each treatment for a total of
fifteen tests. Each comparison examined median pH acroskstuebance, thremonths
postburn, and sevemonths postburn (Tabk 7). The range of average soil pH in pre
disturbance conditions was 6.566.16, while the median range was 6i5b.09. After fire
disturbance, the light burning treatment resulted in a significant average and median pH to a
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value of 7.25 for both values (p<0.01, Figdt&5). Both heavy andigl disturbance also resulted

in significant differences in median pH in comparing thmeenth postburn to sevenonth

postburn. Although significantly different, the median pH change appears to be an increasing
trend within the control, regardless of angtdrbance treatment (Figudel5). Interestingly, the

light burn treatment had a decrease in pH from 7.16 adipterbance to 6.79 thraaonth post

burn, in addition to the heavy burn treatment which resulted in a small pH decline from 6.83 to
6.71.

Table4-7. ANOVA to determine significance of pH across disturbance treatment and timing
within mesocosm units

pH = Disturbance Treatment (Fixed) * Timing (Fixed) + Turf

Model: ID (Error)
Effect

Sumof-squares Mean squares df F-Value p
Disturbance 0.398 0.099 4 2006 1.24E01
Treatment
Timing 2.175 1.087 2 21.907 1.47E07
Disturbance 0.776 0.097 8 1.954 7.22E02

Treatment * Timing




114

E3 Pre-disturbance B8 3 Months postburn B8 7 Months postburn

-

7.0 | ‘ E. .* |

m
B
-
il

[
m

6.51 . | .

6.07

Control Cllip Lig';hl Moderate He:'avy
Disturbance

Figure4.15. pH of the top 1@m of soil extracted from each mesocosm unit (n = 6 for e
group). Pairwise comparisons were completed within treatments betwedistpréance,
threemonths postburn andmonths postburn andyalueswere adjusted using BH
corrections. * = 0.05, ** = 0.01, *** = 0.001, **** = 0.0001.

DISCUSSION

Impacts of Disturbance on Diversity and the Plant Community

Disturbance treatment regardless of severity resulted in an increase in EpkoEss,
evenness, and diversity when compared to the control. bight moderatdurn, and clipping
disturbance all appear to be synonymous with one another with respect to relative increases in
diversity metrics while heavy burning resulted in thedstwesponse across treatments.

Furthermore, it appears as though the light and moderate fire disturbance were not fully
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distinguishable from one another such that a similar response was observed within each

treatment.

The moderate and lighiurnresponsdound within this experiment slightly coincides with the
generally alackedmoed!| éh(ompIB), which states the
the moderate or middle range of a physical gracéptant productivity or disturband&rime

1973 Fraser et al. 2015A similar result was also found within the fieldrmrore recethwork by

Ashouri et al(2016 andHeydari et al(2017) whereby maximum values for richness

corresponded to sites with moderate stress that were characterized fromlovgbased on fire

disturbance and grazing

In examining disturbance treatment with timing effect together we can better understand how the
plant community responded. A slightly hurbpcked distribution between disturbance treatment
and time was observebhitially, when disturbance treatment is applied, and the community was
observed one to three months post burning, diversity metrics approach thierumasalues,

while diversity decreasland stabilizd near the end of the experiment at seven monthis. Th

initial increase and maxum value in diversity and evennessslikely due to highly favorable
conditions posburn which aiédin the germination of the seeded native species. However, as
the experiment proceeded, the dominantdesirable rhizomataugrasses beg to expand both
above and belowground, depositing a layer of litter on the ground surfatiecagioly

outcompeting new seedlings for space, and reso(ifeeelli and Pickett 199Bcheintaub et al.
2009) A similar respnse was found bigirkman et al.(2014 where dominance of a

rhizomatous grass was thought to be a factor facilitating community dominance after prescribed
burning.This relationshipvas furtherexemplified within the heavy disturbance treatrmesnt

diversity measures across treatments were lowest (Figure 4.7 D), but ANPP after disturbance

was highest (Figure 4.10).

Early successional species that were able to withstand competition, contrilgniédasitly

more to the increase in biodiversity over time. Although competition was not directly measured,
observationally this result aligns with the péist stages and benefits of postfire conditions. The
first stage repr esreenatds wah eonr atchee rteo iosc cluiptyt Iteh ec o

(light, water, space, etc.). Secondly, as growth continues resources become progressively more
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i mportant, and r epr es e (Ghamaddieha 200&chemtaub ettalo ma i n
2009)

The impacts of disturbance treatment and timing were also analyzed for comtaueity

divergence. Both timing and disturbance treatment resulted in significant changes to the plant
community. This divergence is likely due to the similar compostiomell-established non

desirable grass species across experimental units, being contrasted by the later established native
species that responded differently to disturbance treatments and other environmental gradients
(Matthews and Spyreas 2010Yhen examining divergee over the experimental period with

respect to timing, we find significant community change away from thdipterbance

community likely due to the increased number of new native species over time from seeding and

new ruderal species appearing duet® diisturbance (Figur&8 & 4.13B).

Total Cover and Plant Functional Group Response to Disturbance

All disturbance treatments resulted in a differential response among the plants treated
within each mesocosm experimental unit. In all experimental dratiotmer species found in
pre-disturbance observations were observed sevenths post disturbance (Figut®). The
community shift sevemonths post was still largely dominated by +u@sirable grasses but also
resulted in the establishment of opporstici ruderal herbs and native seeded species that took
advantage of the secondary succession. This response is consistent with an appearance of a
6fugitived community after disturbances which
case was represted by ruderal herb speci@Shermandi et al. 2004)

All plant functional groups studied responded to disturbance such that cover increased after
disturbance (Figurd.8). This increase is to be expected in consideration of the native seeded
species but more importantly waould consider how disturbance affected the aesirable

grasses. The increase in cover for-a@sirable grass species remains consistent with similar
studies that have shown burning to increase cover in tall grass sgesiese and Owensby

1984 Peterson and Reich 200@8rkman et al. 2014)This ircrease in cover of nedesirable

grass species is likely a factor of rhizomatous spread. This spread and increase in cover then can
facilitate continued dominance and exclusion of other species due to their strong ability to

increase in size via vegetatigpread, while occupying the canopy increases its competitive
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advantage to native bunchgrass spe@eserson and Reich 2008ough et al. 2012 Augustine

et al.(2014 andCollins and Calabreg2012 examined burning in a semiarid grassland and
tallgrass prairie and found that @rass production was reduced in burn treatments, while C

grass production remained unaffected by burn treatments aedsed in tallgrass prairies. The
results from this study, however, indicate that burning treatments did not significantly reduce the

cover or ANPP of nowlesirable grass species occupying the mine site.

Seeded native grasses and forbs performed theviibstespect to establishment on postfire
conditions and should continue to change the trajectory of the site towards more native species
colonization through natural reseeding events. A small change in forb cover was observed in
burn treatments, howevelager response was observed within the clipping treatrheatnot

say for certain that fire disturbance alone results in increased forb cover, due to the significant
increase observed within the clip treatment, however this result remains consistent with other
studies observing forb increases post fire disturbéRathven et al. 20Q@oergen and

Chambers 20Q%5cheintaub et al. 2009)

Impacts of Disturbance on Aboveground Net Primary Productivity

The impact of disturbance on ANPP was found to remegative to neutral with respect
to light disturbance, while productivity appeared to increase as severity increasaeddderate
to heavy burning. The light moderate disturbance fire observation remains consistent with
investigation of productivity éécts of fire on Mediterranean type grasslafidisrvey 1949
Henry et al. 2006and more recent work completed within a samd shortgrass steppe
(Scheintaub et al. 2@). The net neutral to negative response to productivity may be more of an
effect of timing of the burn with respect to whether the grass species are physiologically active or
dormant. Scheintaub et §2009 found that the consumption of live tissmay have negatively

impacted plants more than dormant season fire.

The significant increase in ANPP found within the heavy burn treatment is more consistent with
findings of burning completed in tallgrass prairie(Byiggs and Knapp 1993 urner et al. 1997)

that found ANPP across burned plots was significantly higher than unburned plots and was
correlated to soil moisture and removal of litter. The relationship of ANPP to litter however was

not found within tiis study as a very weak relationship was found (Figur@). In a semarid
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environment, this relationship suggests that litter in this case does not inhibit ANPP and perhaps
may even increase water retention by decreasing evaporati&tbtssntaub et al. 2009piven
the large variation within the heavy treatment, the relationship is still believed to be net neutral to

negative which remains consistent with other studies.

The general theory that terrestrial ecosysteodpction is limited by N availability, to a point

where productivity inhibits diversity is supported in this case and reflects the community
response to disturbance we have observed thBdts et al. 2012)'he obseved increase in

total N (Figure4.14), only reflects a minor to neutral change in productivity (Figuke), but

increased cover of netesirable grass species (Figdt®) resulting in higher competitive

exclusion to other species through resource ctitigrewith greater N uptake, resulting in

shading through increased cover. The plant response to disturbance that resulted in consumption
of litter is more suggestive of a significant contributor to increase site diversity as control
treatments across tleard resulted in lower diversity, evenness, richness, and had a lower

species composition.

Litter Dynamics in the Plant Community

Significant interactions were found between the dynamics of plant litter and its effects on
the plant community productiyit ANPP), and diversity. A significant negative relationship was
found between ANPP and litter, such that productivity decreased sharply with higher levels of
litter (Figure4.11). Additionally, the relationship between diversity and litter was examirgtd an
a similar effect was found such that plant community diversity was maximized when litter was
removed by disturbance (Figutel2). This response can be attributed by site productivity
overall, in addition to the species found within the environmenttrtibute to litter
deposition. Litter alters the physical and chemical environment directly and indirectly through
release of nutrients in breakdown, intercepting light, shading seeds and seedlings, and reducing
soil temperatur¢Facelli and Pickett 199B5cheintaub et al. 2009Rhizomatous spread byeth
nontdesirable grass species are a significant factor in facilitating continued dominance within the
community and exclusion of other species through competitive exclusion of the resources listed

above(Kirkman et al. 2014)This result remains concurrenttkvother studies that have found
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when accumulated litter is not periodically removed by grazing or fire disturbance, productivity,

and plant diversity decline (Anderson 19@®llins and Calabrese 2012).

Soil Elemental Analysis & pH Response to Fire

Elemental analysis results of the experiment indicate that there was an overall increase in
total nitrogen and carbon across treatments within the top 10 cm of soil while the bottom 10 cm
resulted in no significant change. With respect to the top 10 cm, iaiEpiat disturbance
treatment resulted in a larger total increase of N and C into the system which was likely an
influence of soil nutrient addition by ash from burning. The increase in nitrogen by clipping is
harder to explain however, as a similar stadgducted byarion et al. 199%ound no
significant increases across clipping treatments. Soil nitrogen increases from burning are
however consistent with other studies whereby the availability of soil inorganic N, (NGk)
was found to increase in response to {iMarion et al. 1991Covington and Sackett 199Rau
et al. 2008Augustine et al. 2014)Commonly, NHincreases areirctly correlated with

biomass consumptioi€ovington and Sackett 1992)

Loss of nutrients through burning also commonly is in question when conducting prescribed
burning. Howeverthe highestemperature achieved during prescribed burning was
approximately 343C and evidently provided no total nitrogen losses through volatilization.
Nutrient loss through volatilization is largely dependent upon fuel load, efficiency of combustion
and resultig temperature. Major soil nutrients such as N, K and P, become volatile’at 200

760, and 774C respectivelf{Rau et al. 2007)With respect to the slight decrease in C:N ratio
across disturbance treatments this could be attributed to rapid mineralization and release of the
increased inorganic N, resulting in the slight increased cover eflesinable grass observed in
previous results and other studies (Figu8 (Enwezor 1976Fujimaki & al. 2009 Biswas and
Micallef 2019)

Soil pH increased significantly over the course of the experiment as observed within all
treatments. The resultant increase in pH due to fire disturbance is common and has been reported
in both field and laboratory experimeiitsbeda et al. 20Q%charenbroch et al. 2012)his is

likely the result of increased availability of cations and organic acid denaturation occurring
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during burninglUbeda et al. 2005)n this experiment however it appears something else is
occurring to esult in increased pH over time regardless of disturbance. Possible explanation of
this could be heavy metal leaching or oxidization of minerals occurring through watering events,

resulting in pH increases as these metals accumulate in the experimestal uni

CONCLUSION

The results of this study show diversity enhancements towards shifting the plant
community composition from a negesirable grass dominated grassland community to a native
grassland. Disturbance by burning or clipping hataificant influence on plant community
response whereby clipping in this case was similar to moderate disturbance burning resulting in
agreement wbackedmblde |l dbhum@pe t oestallishedstateofteent | y we
dominant grasses within timeesocosm units, disturbance paired with seeding is recommended as
a tool to enhance the diversity of the site to aid in shifting the ecosystem towards a native
grassland as new species were only observed in disturbed treatments. Plant community
compositionshifted as a result of disturbance. Native species establishment although minimal is
projected to continue to change the trajectory of the mesocosm units over time towards a native
grassland. Further research should consider distinguishing betweewvéingyseffects through
greater detail to disentangle clipping effects from fire disturbance while also implementing a
severe fire treatment. Additionally, watering events and leachate from mesocosm units should be
tracked to examine soil characteristic mpas over time with respect to plant response to water

and productivity.
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Chapter 5 : Research Implications, Conclusiong Appendices

As disturbances to our ecosystems continue to occur through the extraction of resources,
it is of necessity that we are able to restore and reclaim ecosystem function to disturbed lands.
My research provides an approach that implemented contemporary Bgevaedisturbance
ecology with traditional Indigenous knowledge pfescribedurning to enhance ecosystem

recovery on disturbed mine sites.

Utilizing prescribed burning as a method to enhance and accelerate ecosystem recovery within a
disturbed mine téings facility found varying success. In a field setting that comprised a
grassland ecosystem that in its present state is dominated by largely undesirable, agronomic,
highly productive, rhizomatous grasses, a single disturbance event is not likelystitoinethe
ecosystem towards a native grassland. However, evidence was found that resulted in increased
plant diversity, and forb productivity with limited succ€Ssheintaub et al. 2009} is likely

that without a continued disturbance of some kind, the ecosystem will return to its preburn, low
diversity state. Similar results were gathered in a greenhouse setting wherebydiseupbance

plant community continued to dominate, howeaenore significant shift occurred in the plant
community that allowed for increased diversity under controlled conditions and a larger
percentage of native species to germinate and take hold in the community. | suggest that the
disparity between the obsed effects of prescribed burning in the field resulting in a reduced
level of species diversity in comparison to the greenhouse trial hinges largely upon requirements
for seedling germination. In the greenhouse, unlike the field, seedlings were waseldédg in

better germination. | speculate that this boost is a major contributor towards the seeded species
being able to withstand the fast growth response of the agronomics postburn which allowed a
larger window in which the seedlings could remairhim fight for resources$.were also able to
elucidate a significant factor that is likely responsible for limiting the plant community. Plant
litter was found to significantly limit the diversity of the plant community as diversity decreased
with increasiig amounts of plant litter deposited by the fgiwing agronomic speci€boster

and Gross 1998)

From this study it iglear that disturbance has a role to play in changing the trajectory of the

plant community. It is also clear that the plant community at HVC, Highmont Tailings, is being
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limited by a combination of highly productive agronomic grasses and their subskitgrent

deposition.

As the desire to complete this project was
project can be seen as a success such that western scientific and traditional Indigenous
knowledge was considered in efforts towards a comgoah of enhancing biodiversity on a
previously reclaimed site. This type of partnership is unique with respect to collaborating on
mine reclamation goaknd is gaining positive momentum towards starting a dialogue to creating
a mutual industry/ Indigensurelationshiplndigenous perspectives and consideration of

IndigenousMethodologiexan and should be furthdeveloped irfuture projects

Considerations for future research should focus on a more precise, replicable application of fire
disturbance whin a field setting. In addition to this, teasing out the effects of fire severity should
continue to be examined as it is clear there is a role to be played with respect to varying plant
community response. Finally, any future projects that aim to cag&t@tionship with

Indigenous communities should pay respect to Indigenous ways of knamdgnfgcus on

integrating Indigenous Methodologidhese relationships should focus on ways to collaborate

to extendmnodern scientific practice that respects bo#tysvof understanding.
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Appendix A: SemtStructured Interview Guide

Q1: Can you describe your job title, responsibilities, and history working with Highland Valley

Copper?

Follow up: How did you first get involved in what you do and what inspires you to do your

work?

Q2: In your opinion, what responsibility if any, deWwave in restoring or reclaiming ecosystems

and landscapes on disturbed land?

Follow up: How would you describe Highland Valley Coppers approach to restoration and

reclamation efforts?

Q3: To you, what role does community engagement, social respgiipsénid maintaining
relationships with key stakeholders play in the minmdustryand whowould you list asome

thekey stakeholders?

Q4: What sort of relationships does Highland Valley Copper have with important stakeholders of
the area and can you describe those relationships?

Follow up: From the prescribed burning project, | understandrégna¢Highland Valley Copper

hasarelatiomhi p with the NIlakadpamux peopl e. How di

Follow up: Can you describe the process by which the prescribed fire project came to be?
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Follow up: How active are you in managing and facilitating this relationship and can you

describe your experience with this? What does this process look like?

Follow up: What are some of the challenges or opportunities, that you see in these relationships

and incorporating multiple viewpoirts

Follow up: In the field of restoration and reclaimon what role does traditional ecological
knowledge play?

Foll ow up: What strategies do you use to mai

Q5: Aside from this project, can you describe some ways, if any, that the local community and

Indigenous ollaboration are incorporated into the operations at Highland Valley Copper?

Follow up: Can you describe the relationship between Highland Valley Copper and the

Nl akadopamux in terms of what the expectations

Follow up: Outside of providing the rationale based on traditional ecological knowledge for
prescribed burning, can you describe the rol

prescribed burning project?

Follow up: What sort of feedback, ifatyave you received from the
projects? What does this relationship look like after project completion?

e

NI
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Q6: Can you describe the extent or scal e

involved in other operations withinigghland Valley Copper?

Follow up:Can you describe what the consultation may look llketderstand your company
ran and conducted workshops, what did these look like?

Q7: What is the most significant aspect of working with the local Indigenous connestatit

Highland Valley Copper?

0



Appendix B: HVC Indigenous Engagement Workshop Invitation

HYC COMMUNITY WORKSHOPS

Teck Highland Valley Copper (HVC) is seeking input from Nlaka'pamux communities

to determine the focus of future reclamation research. This research will help achieve the
Returning Land Use Plan objectives set out by community members in 2015-2016.

Two identical day-long workshops will be held in December. All Nlaka'pamux community
members are welcome to attend both workshops.

DECEMBER 4™ DECEMBER 5™

Lytton Memorial Hall Merritt Civic Centre
9:30 am to 3:00 pm 9:30 am to 3:00 pm
Lunch will be provided Lunch will be provided

EACH WORKSHOP
WILL DISCUSS:

ALTERNATIVES TO BIOSOLIDS

Biosolids are no longer used in reclamation at
HVC due to concerns raised by Nlakapamux
community members. HVC is seeking
Nlaka'pamux input on potential alternatives.

FIRE IN RECLAMATION

HVC plans to test the use of fire to enhance R <
vegetation on the mine site. HVC would like to o2
incorporate Nlaka’pamux knowledge related to

fire reclamation process.

For more information, please contact:

Jaimie Dickson
Environment Supervisor, Teck Highland Valley Copper
e c hone:
Ph i email:

traditional burning practices to help guide the B, i T

FigureB.1. TeckWor kshop i nvitation sent
2019.

1
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Appendix C: Commercial Seed Germination Rates for Field Experiment

Germination rate data for western yarrokeljillea millefoliunm) and arctic lupine

(Lupinus arcticuswas unavailable.

Report of Sead Analysis 101, 5906-50 Street

i CFiA Accredited Laboratory No. 1215 Leduc, Alberta TSE ORE
SEECCHECK I

* TECHNOLOGIES INC. il et e

Fax: (780} 980-8375

LAB#: 19-92884 www.seedcheck.net
Sender Information:
Customer:  Fremier Pacific Seeds Ltd, SeedType: Bluebunch whaatgrass
#203, 18315 - 96 Avenue Scientific Name:  (Pseudorognenia spicata)
Surrey, B.C. V4N 4C4 Lot BDHE01-24

Analyzed According to Canadian Methods & Procedures for Testing Seed
Tests:  Germination , Canadian Purity,

Total Grams Analyzed: 5030 Per Date Received:  Mar 11, 2018 Per
25 Purity Date: Mar 11, 2019 25
Prohibited Noxious: 0 Other Crop Seeds:

Primary Noxious:

Total Primary 0

Secondary Noxious: Total Other Crop Seeds 0%
(Bromus tectorum) Downy bromea 3 Sweet Clover (Melilotus sp ) 0
Brassica spp. 0
Ergal Bodias 0%
Total Primary & Secondary Noxious 3
Other Weed Seeds: Percentage Test] 2.0640
Pure seed % 88.9
Other crop % 0.0
Weed Sead % 0.0
Inart mattars 1.1
Date of Germination| 3/25/18
% GERMINATION 73
Abnormal Seedlings%s 4
Dead Seedi 17
Fresh Sesd% 1]
Total Noxious & Other Weed Seads 3 Pure Living Seed% 78
Advisory Tests & Remarks:

SENIOR MEMBER
aF
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Lisa Gresnan



135

v Montana State Seed Lab
PO Box 173145
G Bozeman, MT 59717-3145
MONTANA Laboratory Report Of Analysis
STATE UNIVERSITY
Account Mo. Date Recelved | Date Completed | Lab Number
2132 01/3017 02/07/17 17-3178
Seaborn Seeds, Inc.
Box 8, Site 11, R.R. 3 E’?“ ';”9 =
i n escue,
Rocky Mountain House, AB T4T Genus/Species  Festuca idahoensis
2A3 Lot Number 16-1438-216
Class Sarvice
Purity Analysis Viability Analysis
Component in 2.9549 grams Purity Germ  Dormant  Hard Viabla
Fescue, Idaho Festuca idahoensis 85 .34% -N- -M- M- -M- M-
Waed seed 0.00%:
Crop seed 0.01%
In Inert matter 4.65% —
Other Crop Seeds in 29549 grams #Seeds #perlb | | Noxious Weed Seeds in 30 grams Mone Found
Canarygrass, reed Fhalars sundinacea 1 154 || For: MT
{(PIProhibitsd Noxious (R)Rastricled Noxious
[Weed Seeds None Found | [ Other Determinations-
TE test Fescus, ldaha 92 %
Status: Completed
Tests Requested: Purity, TZ test. No other tests requestad.

This is not a bill. Please do not pay until we send you an invoice.

WAFFIANTY. \Aa marmant fiat e purity S grarminafon bas resuls sepeiu o 4 1 his bean cormied st n acooredance with ACKA reius smlsis oimanwiss spaciSed. Toet rasuls o i candfton of e

submitid sample and may not rellect the condiion o the seed ot lrom which T pamplo was talon,

DISCLAMER OF WARRANTIES: WE MAKE NO OTHER WARRANTIES OF ANY KIND, EXPRESSED O [MPLIED, INGLUDING BUT MOT LIMTED T0 THE IMFLIED: WARRARTIES CF MERGHANTABILITY
4.

OR ATHESS FOR A PARTICULAR PLIRPOSE.

sanawre: 2 = () L atfutf

Seal #139
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Report of Seed Analysis 101, 5906-50 Strast

CFlA Accredited Laboratory Mo. 1215 Leduc, Alharta TOE ORE

L SEELCHECK Phone: (760) 880-8324
“ TECHMOLOGIES INC, Fax {Taﬂ} GBO-8375
LAB#: 18-88519 www.seedcheck.net

Customer:  Premier Pacific Seeds Lid, Sender Information:

SeedType. ldaho fescue
';2?3' 1%3::5 ;jﬂdﬁﬂ::'-g:ue Scientific Mame:  (Festuca idahoensis)
urrey, B.C. Lot 16-1436-216

Tests:  Germination , (Mon-Tabled), Tetrazolium,

Test Results According to Canadian Methods & Procedures

Date Received Oct 18, 2018

Date of Germination Mov 08, 2018

% GERMINATION 91

Abnomal Seedlings® 2

Dead Sead% 7

Fresh Saedd% 0

Method: TP 15/25C, 21 days

Advisory Test ! Remarks

Tetrazalium % Viable: 87 Oct 19, 2018

SENIOR MEMBER OF

98
Morgan Webb
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