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ABSTRACT

| investigatedstanddevelopmenalongchronosequence and site productivity
gradiensin Nova ScotiaOs coastal black sprites@ mariani forests | determind if
gapphase dynamics wa&ontributing to uneveagedstructureswhich is indicative of
the OolgrowthO stage of stand developnaemt increased structural complexity in
lowland and upland ecositddound thatsmallscale disturbances weresulting in
unevenaged structureas the age of the oldest 30P4sal arencreasedTheupland
siteshada higher growth rate, whicliasresulting in increasesusceptibilityandfaster
development ofinevenaged structuresompared to thiowlands.Larger structural
features and increagspecies diversity are not observedsastands aged.|@eraged
standglid exhibitdeaeased snag volume the lowlnds and increased snag density
the uplandsTheonsetof the QolgjrowthO stage of development in the coastal boreal
forestappearedo occurearlier tharinlandboreal forestdocated in Ontario and Quebec
andother climax forest types in Nova Scotgecause @astal black spruderests are
climax communities that exhibiniquestructural featurglater instanddevelopment

they should be included nmegionalold forest management practices
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Chapter 1: General Introduction
Forest development: old-growth stage
Old-growth forestsarerecognized as sanctuaries that reflect cultural and social
values as well as being critical for preserving certain biodiversity and ecological values
(Spies and Franklin 1996; Hunter 1998; Mosseler et al. 2003a, 2003b;nxptal.
2004) In Canaa, maintaining and managintg-growth forestss identified as an
important policy and ecological iss(idosseler e2003b) With extensive forest
management practices occurring acrbesdountrythe public has growing concern
about the decline in the amount and disttion of oldgrowth forests at botregionat,
and landscape leve{Mosseler et al. 2003blParticularlyin eastern Canada where
Europeas firstsettledover five centuries agthe amountof old-growthforestsis
estimatedo comprise only0.1- 0.3% of thetotal forested landscajfeynds 1992)
Becauseld-growth forests are understood to contain rare features in an ecosystem,
provincial governments have recognized the need to create policies and adapt
management practices to identify, conserve and protect these diminishing communities.
Old-growth faestsoccur when autogenmr smaltlscale allogeniprocesses
become the main agennfluencingstand developmerOliver and Larson 1996Chen
and Popadiouk 2002Standdevelopmenis defined aghe changef stand structure
over time.Althoughdevelopmenis not a discrete and linear process, in the absence of
standreplacing events, most forests develop through four ademelopmentastages:
stand initiation, stem exclusion, understogynitiation and oldgrowth (Oliver and

Larson 1996)Forests in the oldrowth stage tysally exhibit multrcohorts andare



dominated by longdived species that have the abilitygersist on a landscape through
regenerating after smadcale disturbance®liver and Larson 1996

Forest stand structuresebroadly classified into two categories: evasyed
(single cohort) or uneveaged (multiple cohortgKershawet al. 2017. In general,
evenaged stands are composed of trees that are relatively the same age and have
originated from the same major disturbari®liver and Larson 199&pies 1996;
Kershaw et al. 20)7Evenaged stands can result from successidgaamics with
multi-aged cohorts, following the stem exclusion stage or understamitiegion stage
(Oliver and Larson 1996Chen and Popadiouk 2002 disturbance will éher remove
the overstory stems, enabliaghew cohort to establistr a few stera will be removd,
allowing remaining stems tmccupy the newly created space in the canopy (Oliver and
Larson 1996). Uneveaged stands result from multiple smakeale disturbances that
remove single or growof trees from the stand (Kershaw et all)0The stems
suppressed in the understory are then abdedw into the canopy when a few stems are
removed, resulting in cohorts from different disturbances occupying the canopy. This
process is @led gapphase dynamics aradlows the transition of stand fromaneven
aged to unevenged conditiotomposed o& mosaic of different ages, heights and
diametergOliver and Lason 1996; Sturtevant et al. 199Therefore, largeandsmalt
scale naturadlisturbance regimes dictate a forestt®selopmentapathwayand it
transition into the OolgrowthO stage of development

A Onatural disturbanceO can be defined as an event that disrupts the physical
structure and/or resource availability of an ecosygi#imte and Pickett 1985; Frelich
2002; Smith and Smith 2019)aturalforestdisturbanceregimescan be characterized

by: 1) amount of forest removal above thesgirfloa; 2) frequency or return inteal of



the disturbange3) size and shape of tdésturbedarea andl) amount of forest floor

vegetation and soil removéBrelich 2002; Neily et al. 2008The impact of a

disturbance also depends on the climatevesather, topgraphy and landforms, soll

typeand properties, forest type and composition, age classes, and numerous other factors
(Neily et al. 2008)Therefore, poper identification of theatural disturbances that affect

an ecosystem is needed to gain an undenstqmd theforest dynamicshat occur as a

stand develops.

Along with stand age and natural disturbance regimes, site productivity also
affectsstand developmetty influencingdevelopmentatesand alteringhe physical
characteristicef the fores{White and Pickett 1985; Frelich 2002; Harpéal. 2002
Boucher et al. 2006; Brassard and Chen 2006; Kuttner et al. 2013; Smith and Smith
2015) Typically, stands withichersoil conditions (i.e. nutrients and moisture
availability) devebp quicker tharsites with poorer sogtonditions resulting in uneven
aged structure (Boucher et al. 2006) and increased structural complexity occurring
earlier(Harper et al. 2002; Brassard and Chen 2006; Kuttner et al. 201&sktaui et
al. 2019) Thereforeto definethe OoldirowthO stagef development ifiorest
communities where thlate-successiondeatures are unknowthe specific foresand
site type as well asistorical and currenegimesof naturaland humanlisturbances
shouldbe considere@Hunter 1998) The following section will discuss criteria typically

used to identify and define a forest in the @abavthO stage

Old-growth definitions
The term Ooldrowth® encompasses numerous values, resulting in broad,

conceptual definitionfHunter 1998) Simplistic approdtes to defining oldyrowth



include Spies and Franklin@$896)definition, which characterizes oelgtowthas late
successional trees, afrde of human disturbance; Hunteff®98)definition is

relatively old and relatively undisturbed by humans. Dé&96)also defines Oold
growthCas forests that have minor evidence of human diahae, although he expands
to include forests that have not experienced a catastrophic event and possess the
characteristics of a OvirginO forest condifiorthermore Cogbill (1996) suggests
stands that have an average age of approximately half ofakienomm longevity of the
dominant tee species and contain maximaged trees are considered @pavthO
Although these definitions aload they fail to take into accouttie ecological process
and perspectives of cigrowth forestsDuchesng1994)concluded that one, Canada
wide definition for OoldrowthOsi contentious becausefoir main issuesl) different
values associated with old forests (i.e. ecological, social, economic); 2) different old
forest conditions among forest regions and ecogeographic zoragg3iteria for the
old-growth stage changing as forests age dhdefinitions not fexible to accommodate
all forest regions and olgrowth ecosystems in Canadderefore, definitionseed to
incorporatethe local ecology, forest type structure and development, and historical and
current patterns of natural and human disturb@Hceter 1998)Most definitions used
in research have multiple criteria and carfitted into one of the three definition

categories: structural, successigualbiogeochemicgWirth et al. 2009)

Structural definitios

Structural definitions of oldjrowth are typically based on quantitative

measurements of structural conditions and usually identify a minimum age of a specific



forest typgKneeshaw and Gauthier 2003; Bergeron and Harper 2B8#)klin and

Van Pelt(2004)identified two fundameiad tendencies in structural efffowth

characteristics: 1) accumulation of larger structures as both living and dead biomass and;
2) increase in structurabmplexity. Structural complexity is defined as the

heterogeneous variabilityoth vertically and horizontallacross the landscape. These
structural complexities have been understood to hold significant habitat and biodiversity
values(Franklin and Van Pelt 2004; Bergeron and Harper 20@8¥seler et al2003b)

further identified three ctria that are important for olgrowth age structure dynamics:

1) uneveraged distribution; 2) mean age of dominant tree species is half theezkpec
longevity of the species an8) some trees are closeth@ir maximum longevity.

Structural characteristics suakheight are typically correlated with agad can
beused as proxies for determining thevelopment stage ofstand(Wirth et al. 2009)
Woody detritus, in the form of snags and downed woody debris (DWD), is another
important structural component of forested ecosystems and can be an indicator of the
mortality piocess based on the distribut@md diversity ofvoody debris (Sturtevant et
al. 1997; Brassard and Chen 2007). Typically, forests accumulate DWD isla@adO
temporal pattern following an initial staméplacing disturbance with debris volume
peaking during the transitional stage from eaged to uaveraged structure
(Sturtevant et al, 1997; Spies et aB88&; Brassard and Chen, 200Fherefore, DWD
decay class volumis used to define the stand®selopmenstage and the presence of
gap disturbances.

These types of definitions focus on the pbgkattributes of a stand and are
formulated to identify age thresholds that exhibit the appearance -pihgae dynamics

(Wirth et al. 2009)However, forest age thresholds are typically not abrupt or apparent



(Oliver and Larson 1996and since there are numerous developmental pathways a
forest can take to reach GgtowthO state, discrete categories tend toinonta
arbitrarinesgHunter and White 1997; Hunter 1998; Pesklevits 200B¢refore, he

range of structural attributéisat contribute to old foresbaditions depends on the forest
type, site productivityand disturbance regiméduchesne 1994; Wirth et al. 2009)

This contrasis evident when trying to definthe Canadia coniferoudorest.Duchesre
(1994) usedhe example of Rowé¥1972 old-growth definition, which wa basecdn

the structural conditions speciessituated in Pacific NorthwesAlthough the definition
captures regional oldrowthfeaturesit doesnotaccuratly capturethestructural
conditions ofold-growth forests dominated by whitinus strobusand red pingP.

reinosg forests in the GredtakesStLawrenceregion(Day and Carter 1990)

Successional definition

Successional definitions @ld-growthCcan be used taddress the ecological
processes occurring as a forest develdpgseprocessescludethe transitions of
early-successional cohorts followingtge-scale disturbances to laseccessional
speciesand the presenad gapphase dynamics and singlee replacemerfMosseler
et al. 2003a; Fenton drBergeron 2011Based on such, Kneeshaw and Bu(tt#08)
suggest a populatieimased definition that emphasizes cohort or age classes. Kneeshaw
ard Gauthier 2003)use this approach to define ajdowth as Othe stage at which the
original cohort beginto die and the understory stems areutited to the canopyO
(p.S102) By conceptualizing okdyrowth in this way, the mortality and recruitment

processsof individual trees and cohoréssociated witlyapphase dynamicare used to



defineOolegrowthQ rather than structuraktributesMosseler et al. (2003aVirth etal.
(2009)and Fenton and Bergeron (2008, 20d4¢generalizeduccessiotbasedcriteria,
which includeghe presence of latguccessional tree species with ages close to their life
expectancy othemean age of trees isalf theexpectedongevity of the dominating
speciesand the presence oégeneration frongapphase dynamicassociated witthe
presence of shadelerant species, canopy gaps, large snags and logs in varying stages
of decay.

Johnsoret al.(1995)suggest that a proper concept of-gldwth forests should
be based on both landscdpegel andstandlevel propertiesSpies and Frankli{il996)
reiteratethis concept byuggesng that the disturbance history of the cohorts of trees
needs to be recognized rather than relying on age and structural characteristics.
Therefore, alternative successional definitidegermine a stand &ld-growthCbased
on whether the age of the stand excebdexpectedeturn interval of the prevalent
standreplacing disturbanceBromthis definition, thédentificationof @ld-growthGis
heavily dependent on theefjuency and type of disturbance that influences a particular

forest.

Biogeochemical definitian

Biogeochemistryefers to the natural cycle of biotic and abiotic elements being
transferred and transformed within a natural environment or ecos{Bteamer 1993)
Examples of these biogeochemical cycles include the hydrological, carbon, nianden
oxygen cycles. These cycles occur at allescandcanconnect regional and global
patterns and issu¢Butcher 1993)Old-growth forests have been understood to function

as regudtors of the hydralgical cycle and contribute &table carboand nutrient



cycles. Therefore, olegrowth forestsO role in lotgrm carbon uptakand sequestration
has been a topic of much discussion and deldieh et al. 2009) Through studying
carbon and nutrient cycled/irth et al.(2009)suggesthat a decline in netrpnary
production, biomass equilibrium, closed nutrient cycles and increased understory
vegettion are all indicators of olgrowth conditions and therefouse this criteria to
define OolgrowthO Although this type of definition can accurately account for
functional processes across a my#ar ecosystem, quantification of these parameters is

usually expensive and labour intens{Véirth et al. 2009)

Application of old-growth definitions

Forests and natural disturbances regimes are diverse acrosgGasaliing in
definitions of@Id-growthOvarying provincially. One strategy used by provincial
governments to manage forests for multiple values, includingroith faests, is
through an ecosystebased management approach. This approach accounts for the
specific forest type angims to emulatéhe inherent natural disturbance regirt@8ver
and Larson 1996; Bergeron et al. 1988elich 2002) Therefore, to manag#d-growth
forests, many provincial forest managers have developed guidelines to identify-the old
growth stage of development based on composition, structure and disturbance regimes
(Bergeron et al. 1999; Rei etal. 2009; Lecomte et a&016; Martin et al. 2018). Nova
Scotig Canadas a provincial example @&pplying arold forestdefinition that identifies

an OolgrrowthO age threshold based on structural and successional criteria.

Nova Scotia@®ld-growthQdefinition



The province of Nova Scotia is a peninsula located along CanadaOs east coast.
The climate is influenced by its proximity to the Atlantic Ocean, resultimguish
weather condions,with milder winters and coolesummers compared to inland regions
of CanadgECCC 1990)Due to itsclimatic conditions and local geology, Nova ScotiaOs
landscape is dominated by the Acadian Forest, with the esegdtsmall areas of
Maritime Boreal Ierest located along the Atlantic Coast and Cape Breton Highlands
(Neily et al. 2017; Figre 1.1.). The Acadian Forest is part of an ecological transition
zone, which connects more northerly conifer f@asid southdy temperate deciduous
forests (Rowe 1972). The forest is characterized by the presence of red Bpreae (
rubeng and assoctad shaddolerant species such as sugar magtee( saccharum),
yellow birch Betula alleghaniensignd balsam firAbies balsaméa(Rowe 1972). In
contrast, the Maritime BoreabFest is characterz by the absence of red spracelis
dominated by lack spruceR. mariang, balsam fir, and white spruck.(glaucg (Neily
et al. 2017). Since European settlement, approximately 400 years ago, Nova ScotiaOs
forests have been continuously exploited for their raw resources, resulting in the
fragmentation oforests that exhibit preettlement conditions (Lynds, 1992). Therefore,
the Nova Scotia government has recognized the need for identification and protection of
these unique ecosystems through establistitbenacting the OOId Forest PolicyO

(NSDNR2012)



Legend

B Maritime Boreal Forest Region
Acadian Forest Region

Figurel.1l. Nova Scotia's forest cover of Acadian and Maritime Boreal ecodisticts and
ecoregionss identified by Neily et a(2013)

Through this policy, Nova ScotiaOs Department of Lands aedtfo(NSDLF)
has defined OolgtowthO as a forest that 1) contains 30% or more of the basal area in
trees 125 years or older; 2) at least half of the basal area is composed of climax species
and; 3) total crown closure is a minimum of 30%. Tdefinition isbased on theld-
growthreference agéStewart et al. 2003)najority of the stand (>50% lesarea)
occupied by climax speci€Brelich, 2002)and canopy closure that distinguishes
between the classification of a forested area and an open wogNkihdet al. 2013)
To quanify Nova ScotiaOs potential eddowthforests, an OOlgtowth Scoring®
procedure is in place to allow NSDLF dtaf identify and rank the OedslowthnessO of

forest stands across the provifB(SDNR 2012; Appendix A)OOlegrowthnessO is
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defined as the degree of struetiwariabilty a forest stand expresses that whaaiuld

be found in olegrowthforests(Hunter and White 1997; Barbati et al. 2012)nter and
White (1997yecommend using the degree of @ptivthnessO as acceptable practice
to gain an understanding of the overall stand characteristics and values.

However, the majority of old forest research in Novati@deas focused on the
Acadian frest types dominated by sugar mapédlow birch, red sprucémerican
beech Fagus grandifolia) eastern hemlocklguga canadensisandeasterrwhite pine
(Lynds 1992; Mosseler et al. 2003a; Stewart et al. 2003; Pesklevits ad®6minimal
research (e.g. Neily et al. 2004) being conducted on zonal and edaphically limited
Maritime Boreal climax species such as black spruce, bdlsamd red mapleAcer
rubrum). Therefore, the OGgtowth ScoringO and definition criteria are skewed towards
species that dominate the AcadiandsdRegion, which typically haxgreater longevity
and exhibit larger structural features than the bqftawartet al. 2003; Neily et al.
2009. To determine if the current definiti@pplies to the coastal boreal foresh®,
characteristics of the olgrowthstage need to be quantifig@urrently, there arao
forest data collected on the aldowth stageof Nova ScotiaCastal boreal forest.
Therefore, theegional forest type and local disturbance regimidsbe assessdd gain
anunderstanihg of the ecological process#sat are contributing ttate-successional

coastal boredbrests.

Nova Scotia’s coastal boreal forest
Forest type
From the list of Maritime Boreal climax species, black spruce typically

dominates the coastal inland landscépewe 1972; Davis and Browne 1998)

NP



understood to have a longer life expectancy than the other listed climax boreal species
(Lynds, 1992), and has the ability to sedplace after frequent anfrequent disturbance
eventySpies and Franklin, 1996; Ficit, 2002). Spies and Franklifh996) categorize
black spruce as both a shtivied species, typically living less than 250 years, with the
ability to mature through smalli.e. < 0.1 ha) and largé.e. >0.1 ha) scale
disturbances. Comparing this forest type to Nova ScotiaOs Aéamisintypes, Lynds
(1992) recognizes black spruce as a stable-GlimaxO forest system and suggests this
forest type, amongst others, deserves to be coesi@desrregional successional-old
growth

To distinguish a forestOs site productivitgydl ScoaOs Department of Lands
and ForestryOs (NSDLF)restEcosystem Classification (FEQ)ide (Neily et al.
2013) has determined that black spruce tsrakng the Atlantic coakve poor
nutrientavailability and afresh towet moisture regime. Dependiong the moisture
regime, coastal black spruce forest site productivity can be identified as either 1)
Edaphic WetPoor Black Spruce (MB4) or 2) Edaphic/Zonal Fresh/MBisbr Black

Spruce (MB2 and MB3).

Natural disturbance regimes

Natural disturbancesfluenceforest and landscape dynamics and have shaped
forests throughout Nova Scotiseily et al. 2008) Previous knowledge of Nova
ScotiaOs Atlantic coast suggests that 72% of forests experience frequent disturbances,
7% experience infrequent and 0% experience gap dyndhedy et al. 2008) The
following sections will detail the main types of natural disturbancesraag in Nova

Scotia and discuss their current frequesawvithin the coastal MaritimedBealForest
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Wildfire

Fire is a major disturbance agent that has shaped CanadaOs boreal forest
landscape. To determine the successional fire history of Nova Gsatiadern forests,
Green (1981; 1982) and Livingston (1968) have analyzed pollen and charcoal deposits
in lake sediments throughout Nova Scotia. Through these analyses, it is determined that
the postglacial vegetation consisted of spruce, pine and fitchmag surface strata
found in the forested regions of Labrador (Livingston 1968). Spruce began to dominate
the early forest landscape (10,9D9000 years B.P), resulting in a frequent fire regime
(Green 1981). However, as the climate warmed, landscagesstioned to pine
dominant and then pioneer hardwedaiminant forests (Green 1981). This transition
created a mixing of conifer and hardwood species. Because hardwood species are less
flammable, fewer intense fires and a lower fire frequency occurreabrt600@® 4000
and 340®0 year B.P (Green 1981). With a less severe fire regime, $bkedant
species such as American beech, sugar maple and yellow birch came to dominate. After
4000 B.P., the climate began to cool and become wetter, allowingefogghrgence of
spruce mixed with fir and larclLdrix). The less severe fire regime also contributed to
an Oequilibrium® period for vegetation community stability, which has resulted in the
mixed forest structure present today€én 1981). However, firadaptedspecies such
as jack(Pinus banksiang easterrwhite and red pinandwhite and grey birchBetula
populifolia), andnorthernred oak Quercus rubraare evidence of the active presence
fire still has on regional forest conditions (Louck 1962; Rowe 1972). This historic
timeline of vegetation history, although simplified, outlines the role climate has had on
the natural fire disturbance cycle and the ptax composition structure of Nova

ScotiaOs modern forests (Livingston 1968; Green, 1981; 1982).
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During preEuropearsettlement times, the use of fire by the Mi@q First
Nations communities vgaeviden{Drushka 2003; Joudry 201,6)owever Livingston
(1968)concludedhat there waso noticeable impact on forest composition during this
time. Once Europeans began to explore and settle {18040), humarcaugd wildfire
became a prevalent disturbance occurring across Nova Seatreow 1912; Wein and
Moore 1978)Vast amounts of unwanted forests were falehred by fire for
agricultural uséWein and Moore 1978; DrushiZ903)and localized encampment fires
frequenly became rampanParticuérly in the Atlantic coastakgion, fires were used
by settlers to expand their pasture landugles 1962) and clear the forestdergrowth
(Drushka 2003)Due to the preand postsettlement ifluences on Nova ScotiaOs
landscape, the true natural fire cycle is a contentious issue. Therefore, the following fire
frequencies discussed may not only reffkbe natural fire disturbandeit a corbination
of human and naturataused occurrences.

Methods such as charcoal fragment analyses in lake sediment (Swain, 1973),
pollen deposit analyses (Green 1981; 1982, Livingston 1963) and historical records
(Fernow 1912; Wein and Moore 1977; 1978) have been used to determine the fire
frequency and datée history of wildfires on the landscape. Black spruce research
conducted in the interior boreal of Ontario and Quebec suggests fire frequency typically
ranges between 47 to 172 ye@faeeshaw and Gauthier 2008yeraging around 100
yearreturnintervals(Johnson 1992However, frequency rates and rotation patterns are
different within Maritime provinceg~ernow 1912; Wein and Moore 1977; 1978)

In recent history{1919 t02018) the number of fires per year has not changed
significantly, typically ranging between 2@DO0 fires, however the area of forests

burned substantially decreased from 30,000 Hao/k500 ha y (Taylor et al. 2020)
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Because of intens@é suppression activities, most of the fires in the last decade have
been <10 h&Wein ard Moore 1978) Taylor et al(2020)havemapped the locations of
fires since the 1950s and identififmver fires occurring in the Cape Breton Highlands
and parts of the eastern and western ecoregions, particularly along the eastern coast and
inlandregion(Figure 1.2.) The map compilation accounts for the temporal variation of
fire frequency across the provincial landscape and shows that the fire frequency is not
the same for the entire province.

Based on provincial fire records between 1915 and M/é# and Moore
(1978) calculated the return interval for Nova Scotia to be 120000 years for theme
after fire suppression was initiated. This interval is significantly higherttiegre-
suppressiometurn interval estimate of 2Q@ars(Fernow 1912and 4@ yeargGreen
1981) Wein and Moore (1979) theexaminedeturnperiods based on LouckOs (1976)
vegetation types and compared their findings with FernowOs calculations (1912). For the
landscape along the coast, indick#es the spruefr coastal vegetation group, Fernow
(1912) estimated the annual byrercentage to be 0.18%, a 5&@arreturnperiod,
while Wein and Moore (1978) determined the annual burn percentagentach lower
at 0.05%, a 2,009earreturnperiod.The most recent estimate from Taylor e{2020)
is based on the forest type and ecosite and suggests the annual bemtageris 0.14%,

which is a 606year return interval for boreal forests located along the Atlantic coast.
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Figure1.2. Maps of Nova Scotia compiled by Taylor et al. (2020) showing the locations
and size of fires within Nova ScotiaOs ecoregions between 1950 to 2019. Minimal fire
activity is noticeable in the Western and Eastern inkaeds.



Spruce budworm

Similar to wildfires, spruce budwornChoristoneura fumiferarjeepizootics
have been influential in the development of Nova ScotiaOs dpriarests. Although
balsam fir and white spruce are the most susceptible to spruce budworm defoliation,
black and red spruce are also affeqtddnnigar et al. 2007)here have been seven
recorded widespread epizootics of the spluadvorm within the last 25800 years in
eastern Canad&SDLF 1977; Blais 1983)n Nova Scotia, the sprudie forests in the
Cape Breton Highlands are most affected, with evidence of epizootics occurtiBgpin
18191896, 19111915,19221927, 19601963, and 1974981(NSDLF 1977, Blais
1983; Ostaff and MacLean 198 However, epizootics are not isolated to Cape Breton;
major infestations have also occurred alarity the eastern mainland counties between
19521955(NSDLF 1977) Taylor et al. (2020&xamined and compiled maps of
defoliation between 1912 and 1986 and found that Cape Breton Island, the
Northumberland, Bras DOOr, and Nova Scotia Uplands ecoregions were the most
severely affected areas (Figure 1.3.). They also acknowledged a distinct line, where little
to no spruce budworm defoliation occurs southward. Along with the western region, the
eastermtlantic coast has little to no evidence of spruce budworm activity. This
observation is supported by Hardy et a11086)and Williams and Birdsey(®003)
spruce budworm map compilations of eastern North American (Figure 1.4.). These maps
both identified three areas that were not affected by the spruce budworm: southern
Maine, tre northern Lake States and southern Nova Scotia. The main contributor to this
is the localized climate and temperature, which can inhibit the overwintering survival of

the larvagRZgniere et al. 2012 aylor et al. (2020) stimatethat the return interval for
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spruce budworm along the Atlantic coast is 0.05%, which is approximately every 2,000

years.
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Figurel.3. Maps compiled by Taylor et al. (2020) tlsmmmarize the location and
severity of spruce budworm epizootics across Nova Scotia {2912) in two scales:
10km x 10km (A, C) and 50km x 50km (B, D). Maps A and B show occurrences of
defoliation every four or more successive years, while maps C ahdwthe total
number of years of defoliation.
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Figurel.4. William and Birdsey'§2003) spruce budworm compilation. The areas are
identified based on the frequency of defoliation between 1954288l A divide is

evident in southern Maine, the northern Lake States and southern Nova Scotia between
spruce budworm defoliation and no defoliation.

Windevents

Wind is a prevalent disturbance agent of forest dynamics in Nova Scotia due, in
part, to the proximity to the ocegBeymour et al. 2002; Neily et al. 2008; Taylor et al.
2019) The impact that wind has on a forest is influenced by a standOs windthrow
probability, which is determined by two components: the resistance threshold of a stand
and the occurrence of strg winds(Bouchard et al. 2009; Taylor et al. 2019he
resstance threshold determines the standOs ability to withstand severe wind and is
dependent on soil characteristics and forest structure and comp{@diahard et al.

2009) The occurrence of strong winds is dependent on topographic location and
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categorized by meteorological variables including the intensity and sustained wind
speed, duration of the event, and precipitabefore and during the evg®ouchard et
al. 2009) Generally, Nova Scotia experiences two types of major wind€ven
windstorms and hurricanes.

Windstorms are considered to have wind intensities betwed@@®®&m/hr
because events that have sustained winds of less than 50 km/hr are unlikely to cause
significant wind damagéStathers et al. 19940 eastern North America, several
researcherfDunn et al. 1983; Canham and Loucks 1984; Boose et al. 1994; Foster et al.
1998; Frelich, 2002pund that 100120 km/hr winds cause minor damage to trees; 140
180 km/hr winds cause partial destruntmf the forest canopy, and 200 km/hr winds
cause severe canopy destruction, resulting in two thirds or more of the stand basal area
to be removed in mature or efpowthstands.

The largest windstorms that affect Nova Scotia are ésapcal cyclones
(ETC), also referred to as midtitude cyclones, lowpressure systems or OnorOeastersO
(Taylor et al. 202Q)These windstorms can produce sustained northeast winds of 100
km/hr, bringing rain and/or snow. However, most of these windsttiaae <40 km/hr
winds, with fewer than 2% of annual windstorms reachi®g km/hr windgPlante et
al. 2015) Anothertype ofwindstorm that is more compact and originates from the
tropical ocean are tropical storms. With B84 km/hr winds, tropical storms can have
the same widespread effect on forests.

The National Oceanic and Atmospheric Administraiii®AA) have tracked
and recorded major wind events across the world since 1862. From this inventory,
between 1900 and 2019 Nova Scotia experienced a minimum of 27 tropical storms,

averaging to approximately one every four y¢dAlI®AA 2019. The most recent
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tropical storm was tropical storm Dorian in 2019, with sustained winds of 65 km/hr,
producing extensive damage to trees and powerlines. Other windstorms include
convection storms, tornados and severe thunderstorms, whidthareuacommon or
do not result in significant, widespread damage.

Taylor et al(2020)usedNova ScotiaOs Department of Lands and ForestryOs
(NSDLF) inventory of permanent sample plot (PSP) network to estimate the windthrow
damage rates caused by wstmrms. They found that 93% of plots did not show
evidence of any significant damage (i.6% downed tree biomass) between 2008
2017.The low severity windthrow igiven a lower limit of 5% to account for the natural
senescence of trees in the fordsble 1.1outlines the estimated annual disturbance rate
and return intervaldepending on wind severitin the Atlartic coastal ecoregion, there
is little evidence of any high to moderate severity events and the ecoregion experienced

approximately the samannual disturbance rate as all of Nova Scotia (1.4%).

Tablel.1. Estimate of annual disturbance rate and return interval from wind severity
based on NSDLFOs PSP inventory (Taylor et al. 2020).

Severity Downed tree biomas: Mean Annual Return Interval
(%) Disturbance Rate (%)
High (>60) 0.02 5,000
Moderate (30-60) 0.02 5,000
Low (5-30) 1.4 71

Once a tropical cyclone has reached 104 km/hr winds or sustained winds of
119km/hr for one minute, it is timeclassified as a hurricaiidOAA 2019) Hurricanes
are classified through Saf8impson (SS) wind intensity index, which is a wind scale
divided into five categories and based on the highest averagainate interval. Taylor

etal. (2020)found that from 1900 to 2018pproximately thirteen SS1 and four SS2
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hurricanes passed through Nova Scotia, averaging one hurricane every seven years
(NOAA 2019; Figure 1.5.)Similar to windstorms, hurricanes can cause widespread
forest damage, however no reliable data has been recorded on the extent of damage in
Nova ScotigTaylor et al. 2019)The most recent SS2 hurricane, Hurricane Juan in
2003, has been the most documeriidice 2004; Taylor et al. 2018nhd is used as a
representation to estimate the wind daenesge. Through aerial photography and
Landsat 5 imagery, NSDLF staff identified 91,484 ha of wind damage caused by
Hurricane Juan. Taylor et al (2019) determined that the most influential variables
affecting windthrow arewind speed and stand structuraltiables, particularly height
andspeciesomposition. Taller stands dominated by spruce and balsamefirore
susceptible to windthrow than stands with higher proportions of pine and hardwood
species (Taylor et al. 2019). Although Hurricane Juan wamasually strong hurricane
for Nova Scotia, global climate models predict that such events will become more
common over the 21 centuf@ale et al. 2001; Knutson et al. 2010; Taylor et al. 2017)
Table 1.2outlines Taylor et al.§®020)findings andconcludes that, although the
estimates may reflect the maximum disturbance levels, they are similar to disturbance
rates found in the Lake Stat@gelich and Lorimer 1991gnd New England forests

(Foster and Boose 1992; Lorimer and Whit@20
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Figurel.5. Hurricane tracks of the thirteen hurricanes passing through Nova Scotia
between 19002018 (Taylor et al. 2020).

Tablel.2. Estimates oforest damage, disturbance rate and return interval from wind
severity after Hurricane Juan (2003) (Taylor et al. 2020).

Severity Downed tree  Windthrow Forest Mean annual Return
biomass (%) Damage (ha) Damage (%) disturbance rate (%) Interval
High (> 60) 22,871 25 0.08 1250
Moderate (30-60) 41,083 49 0.14 714
Low (<30) 26,530 29 0.09 1111

Nova Scotia’s Maritime Boreal Forest development

Although extensive researtias been conducted on Acadiardst types
(Mosseler et al. 2003a; Stewart et al. 2003; Pesklevits 2008)mal research (e.qg.
Neily etal. 2004) has been rducted Nova ScotiaOs Maritimer&alForest Recent

research on olgrowthboreal foests in eastern Canada suggleat, although stand
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replacing disturbances remain an importagentfor forestdevelopmentgapphase
dynamics ara@lsoan important proceg&neeshaw and G#her 2003 Pham et al.
2004; Harper et al. 200Boucher et al. 2006; Bergeron and Harper 2009; Lei et al.
2009; Rossi et al. 2009; Fenton and Bergeron 2dyever, he majority of this
research has been conducted in interior boreal forests of Ontario and Quebec, where
wildfire and spruce budwormpizootics are the two main natural disturbances
contributing to stand developmdidbhnson 1992; &icher et al. 2006Yhe esearch
conclude that gapphase dynamics ao®ntributing to uneveiaged suctures as forests
develop. Tle unevenaged forestsypically have distinctly different structurattributes
compared to eveaged, includingncreagd diversity of heights and diametekai{tner
2013, largerdeadwoodeaturegHarper et al. 2005and the presence late-
successionakhadetolerantspeciegRheault et al. 2009; Rossi et al. 2009; Wirth et al.
2009) Furthermoreit is understood thdhetransition fom everaged to uneveaged
stand structuresan be significantly influenced Isjte productivty, resulting inless
productive sites transitioning later in stand@lepment Harper et al. 2008oucher et
al. 2008.

Currently, there is a knowledge gap in our undansling of stand delopment
in forests locatedirectly along Canada@astern coasbue to higher precipitain
levels and a moista@limate, theboreal forestéocated along the coast of Nova Scotia
are classified as Owet boréRIGve 1972and experience a lower fire frequer(@yein
and Moore 1978; McCarthy 2001; Thompson et al. 2003; Harper et al. .28@&5nte et
al. 2006)and fewer spruce budworm epizoot{tsSDLF 1977; Blais 1983)ompared to
other areas of eastern Canada. Instead, low severity windstorms are the prevalent natural

disturbance occurring in this regi@Renton and Bergeron 2011; Taykt al. 2019,
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2020; Table 1.8 Therefore, the overarching goal of this research is to idehgfy
successional processge. gapphase dynamior landscapeacalg and their influence
on standdevelopmenin theboreal forest located directly along Nova ScotiaOs Atlantic

coast.

Tablel.3. Main disturbance frequencies fdova Scotia's coastal Maritime Boreal
Forest (Taylor et al. 2020)

Disturbance Severity Mean annual disturbance rate (% Return Interval
Wildfire High 0.16 600
Spruce High 005 2,000
budworm
Windstorm High 0.02 5,000
Moderate 0.02 5,000
Low 14 71
Hurricane High 0.08 1250
Moderate 0.14 714
Low 0.09 1111

Structure of thesis

This thesis is presented in a journal article format. Chapter 2 is formatted for the
Canadian Journal of Forest Researth Chapter 2, | investigate tlobaracteristics
associated with th@®ld-growthOstage of development in Nova ScotiaOs coastal boreal
black sprucdorests Based on the main disturbance of low severity windstorms and
black spruce forest type, | hypothesize thatghpse dynamics, opposed to landseape
scale processes, is the prevaleaiural disturbance contributing to stand development.
As aresult, | predict that unevaged stand structures occur later in stand development
and are more structurally diverse than eaged structures. Site productivity can also

influence stand devebment, therefore | further predict that richer, upland sites develop
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unevenaged structures feeg than poorer, lowland sites. | accomplish thtasés by
examining three objectives that focus on successional and structurabtorbstes
across a chramsequence and between lowland (edaphic;peet) and upland
(edaphic/zonal, fresh/motgibor) black spruce sites.

The first objectivedeterminsif stand age structure transitions frevenraged to
unevenraged. Iclassify each stand as evaged or uneveaged based on probability
density functions and discuss when the temporal transition is occurring iecesite
The second objectivassessswhethergapphase dynamics apFevalent in the
lowlands and uplarglbyexaminingthe deadwood dynamiasf downed woody debris
(DWD) decay class volunsand snag decaglass age Forthe final objective, |
guantitatively compare structural parameters and determine if there is a difference in the
structuralconditionsacioss the cfonosequence and site productivgipups

| haveapplied NSDLFOs olgrrowthdefinition to the Maritime Breal forests
because it incorporates both structural and successional criteig@adtical for
working within the jurisdiction. Bysing this definition, Icandistinguish whether Nova
ScotiaOs current OOId Forest Policy O (NSDNR 2012)iisncplatesuccessional black
spruce forestkcated in the Maritime Boreal Foresggtonor if altercations should be
made | summarize my findings Chapter 3 and offer future research recommendations
to continue improving our understanding of these unique forest communities. It is my
objective that the results of this study be used as a tool for improved forest management
practices and ensure treat ecosysterbased management approach is being applied to

these regional forests.
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Chapter 2: An empirical study of the temporal and site dynamics
occurring in Maritime Boreal black spruce (Picea mariana) forest
communities

2.1 Abstract

Conditionsof stand development and tr@ddyrowthO stage of developmarg
dependent on the forespe, site productivityand disturbance regimeSurrently, here
is limited knowledge of thdevelopmental processes occurring in boreal forests located
directly along CanadaOs Atlantic coast whenedeverity windstorms are the prevalent
natural disturbance influencing stand developmentaddress this knowledge gap,
coastal black sprucé’{cea mariang forestswere examinealongupland and lowland
chronosequensen Nova Scotia, Canadd.wasapparent thatmsall-scale disturbances
wereoccurring in both ecositegvhichcontributedto gapphase dynamics andheven
aged structures istands wth an oldei30%basal area age (OLD3AGH)plandssites
hada higher growth rate, which contributexlincreasedusceptibilityto smallscale
disturbancesnd faster sind development. Oldagedstands dichot exhibit larger
structural featuresr increased species diversityolever snag volume (STwas lower
in lowland sitesandsnag density (SDyas higher irupland sites Thestructural
conditionsand onsebf the OoldgrowthO stage of development occurred edharmon-
coastal boredbrests in Ontario and Quebec, as welbtdeer climax forest types in

Nova ScotiaThe uniqueness of the coastal black spruce communities merits their

inclusion in old forest management in the region.



2.2 Introduction

In the last twenty yeaysorestmanagement strategissCanaddiaveincorporated
more sustainable, ecosystérased approaches httempting to emulateegional naturia
disturbance regimes (NDRBergeron et al. 1999; Harvey et al. 2002; Gauthier et al.
2009; Waldron et al. 2013By imitating stanescale processes, this management model
results in a dynamic forest landscape comprising stands at diftereglbpmenstages
with attributescloserto historical forest condition&Gauther et al. 2009 The NDR
basedmanagement approachdsartialregponseto the publicOs concerneftensive
forest management practices occurring throughout Candigh has contributed to the
decline in the amount and distribution of forests in the-@roldthO stagef
developmen{Mosseler et al. 2003; Gauthier et al. 200 rticularly in easterCanada,
where Europearsettled over five centuries aggmme estimates suggest thia-growth
forestscomprise only0.1- 0.3% of the total forested landscapgr{ds 1992. Because
old-growth forestsare understood to contaimique features in an ecosystem, provincial
governments have recognized the need to create policies and adapt management
practices to identifyand conservéhese rare and diminishing communit{iBsSDNR
2012)

Studieson old-growth forestgGauthier et al. 19964arper et al. 2005; Boucher

et al. 2006; Lecomte et al. 2006; Fenton and Bergeron 2@i/&defined older forests
by their structural, successiopahd/or biogeochemical attributes (Wirth et al. 2009).
Definitionsaretypically created tassociatestand age, or time since the last stand
replacing disturbance, with characteristics such as, but not limited to: the accumulation
and diversity of woody detritus (Spies and Franklin 1988; Sturteh@8v; Brassard and

Chen 2007)transition of everaged taunevenraged structure (Frelich 200&losseler et
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al. 2003;Martin et al. 2012; Kuttner 2013ipcrease in structural diversitirianklin and
Van Pelt 2004; Brassard and Chen 2006; Bouchard et al. 2009; Kane et gl. 2010
presence of latsuccessional spes (Rossi et al. 2009; Rheault et al. 2009; Wirth et al.
2009) and an increase in the sequestration of carbon (Wirth et al. Z869¢ features
typically occur wherautogenic or smalscale allogeie processes become the dominant
agentof tree regenetsn within a stand (Oliver ahLarson 1996). These g@base
dynamicsallow a forest to transition from eveaged to uneveaged structure, creating

a mosaic of differenages, heights and diametassstandslevelop over timgOliver

and Larson 1996; Sturtevant et al. 199¥)hough developmaal pathways are not
alwaysdiscrete or linear process in the absence of stameplacing events most forests
develop through four maidevelopmenstages: stand initiation, stem exclusion,
understory initiation and oidrowth (Oliver and Larson 1996)

Along with stand age, site guctivity also affectstand developmeituy
influencing succession rates and altering the physical structure of the(Vuhetst and
Pickett 1985; Frelicl2002; Harper et al. 20(oucher et al. 2006; Brassard and Chen
2006 Kuttner et al. 2013; Smith and Smith 20K®rshaw et al. 20)7Typically, sites
that have richer sodonditions(i.e. nutrient and moisture conteagvelop quicker,
resulting in uneveraged structure (Boucher et al. 2006) and increased structural
complexity(Harper et al. 2002; Brassard and Chen 2006; Kuttner et al. 2013; Moussaoui
et al. 2019pccurringfasterthansiteswith poorer soil conditionsThereforeHunter
(1988)suggests that the site condition, forest type and disturbances regimes should be
considered whementifying the natual processesontributingto standdevelopment

In Nova Scotiapld-growthdefinition criteriawere established from the study of

the Acalian Foresstands characterized by the presence of red spfBaaa rubens
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and associateldng-lived species such as sugar mapledr saccharum yellow birch
(Betula alleghaniens)sAmerican beechHagus grandifolia) eastern hemlockiuga
canadensis)andeasterrwhite pine Pinus strobusjLynds 1992; Mosseler et al. 2003a;
Stewart et al. 2003; Pesklevits 2008pva ScotiaOs currédOld Forest Policydhich
aims to protect olgrowth standsn the province, defines OajdowthGs havindl) 30%
or more of the basal area in trees 125 years or older; 2) at least half of the basal area is
composed of climax species andi&pl crown closure 830% (NSDNR, 2012).
However these OolegrowthO critéa likely do not apply to tk lesscommonold-growth
stands from thdaritime Boreal Forest &jionin Nova Scotia, which ardominated by
zonal and edaphically limited climax species such as black spgPieEa(mariang,
balsam fir Abies balsameaandred maple Acer rubrum). Of these climax species,
black spruce typically dominates the coastal inland landg¢mee 1972; Davis and
Browne 1996)is a latesuccessional species (Lynd€929, and has the ability to self
replace after frguent or infrequent disturbance return inter¢&lgies and Franklin
1996; Frelich 2002)However,black spruce desnotlive as long asypical Acadian
climax species, wh known maximum ages around 1@&arsfor Maritime Boreal black
spruce (Neily et al. 20Q4hatrangesetween 25¢B00 yeardor the Acadian climax
speciegStewart et al. 2003 Furthermore, black spruce forests exhibit smaller structural
featuresincluding smalle diameter at breaselght (DBH) and heightcompared tdhe
Acadianclimax species (Stewart et al. 2003; Neily et al. 2004ye® thelower
longevity andcontrastingstructural featuredvaritime Boreal black spruderests are
typically no considered in forest planniag mature o@ld-growthO

Traditionally, species dominating the boreal forest haes bmderstood to

develop agvenaged stand structilsé€lJohnson 1992 Researcl{Harper et al. 2005;
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Boucher et al2006; Bergeron and Harper 2Q0@®ossi et al. 2009; Fenton and Bergeron
2011 Martin et al. 2018has determined that, although staeglacirg disturbances are
still an important catalysh borealforests gapphase dynamics alsofluenceforest
developmentHowever, the majority of research has been conducted inlémel boreal
forests of Ontario and Quebec, where wildfire and insect epizootics are the two main
natural disturbances contributing to stand developifd@mnson 1992; Boucher et al.
2006) The boreal forests located along the coastmfd\Scotia are characterized by
high precipitation leved and a moist, coalimate resulting inower fire frequency
(Wein and Moore 1978; McCarthy 2001; Thompson et al. 2003; Harper et al. 2005;
Lecomte et B 2006; Taylor et al. 202@nd fewer insect epizooti¢sISDLF 1977; Blais
1983)compared to other areas of eastern Canada. Instead, low severity windstorms,
defined as 80% downed tree biomass accumulation, are the prevalent natural
disturbancenccurring approximately every §@as in this regior{Taylor et al. 2019,
2020)

The goal othis research is toharacteriz¢he condition®f the OoldjrowthO
stage of development, as defined by the presence of uageehstructures caused by
gapphase dynamic processes (Oliver and Larson 1996), in the coastal boreal'torest.
understand the developmental processes occurrithgse forest camunities the
temporal and site productivity dynamics of lowland and upland stands will be examined
through the following objectives: classify the stand age distribution structure as either
eventaged or uneveaged and identify the age of transiti@esponts et al. 2004,
Martin et al. 2018)determine if the deadwood dynamics of downed watebris
volume and shag ages dhe resuing fromgapdisturbanceglLorimer 1985; Frelich

2002; Wirth et al. 2009)and examine changes in 10 stunal attributesssociated with
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old-growth character@Harper et al. 2005; Boucher and Gauthier 20Bé&ked on the
main disturbance of low severity windstorms #até-successionddlack spruce forest
type, | hypdohesize that gaphase dynamics, oppostdlandscapacale processes, is
the prevalent natural disturbance contributing to stand development. As a result, |
predict thatunevenaged stand structuls@ccur later in stand developmanidare more
structurally diverse than evagedstructuresSite productivity canlao influence stand
development. fierefore further predit thatupland sites with richer sadevelop
unevenraged structures faster than poorer, lowland slies.results of this study willdo
an important tool for improvingprestmanagement practices and ensutimgf an

ecosystenrbased management approach is being applied to these regional forest groups.

2.3 Methods
Study aea

The study area covered partdloé Atlantic coastline in the province of Nova
Scotia, Canaal particularlyin the Eastern®re (820) ecodistrict (Neilgt al. 2017;
Figure 2.1). The &stern bBore ecodistrict was selected because of its conditions that
support both edaphically limited lowlaaed upland black spruce foreatsdsimilar
natural disturbance reges(Neily et al. 2017). Extending from Chedabucto Bay
(Guysborough County) to St. MargaretOs Bay (Halifax County), thisérict is the
coldest on Nova Scotiafsinland due to a climate influenced by the od@eily et al.
2017) Strong winds, extended periods of fog, salt sprays, cooler summer tempeegatures,
long frostfree period, high precipitation, and milder winters all contribute to Maritime
Boreal forest condition@.oucks 1961; Neily et al. 2017frorested/woodlandsea

comprise 58% of the total ecodistrict land cover and are composed of zonal softwoods
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such as balsam fir, black spruce, and white spflem®a glaucy, scattered red maple

and white bircBetula papyriferqand the absence of red sprceucks 1961; Neily

et al. 2017)Based on settlement patterns, Neily e{2004)also concluded that the

eastern shore appears to have the highest prospect of finding natural, undisturbed forests

along Nova ScotiaOs shoreline.

Legend

B Eastern shore ecodistrict
I Maritime Boreal Forest Region

Acadian Forest Region

Figure2.1. Nova ScotiaOs Eastern shore ecodisifietdian Forest Region, and
Maritime Boreal Forest &gion (Neily et al. 2017).

Site lection
Ecosites, the smallest unit of the Ecological Lands€ifecation (ELC)
delineation, were used distinguish astandsite productivity(Neily et al. 2017). Neily

et al.(2013)defines ecosites as units which represent ecosystems that develop under
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various conditions and influences, but share similar site productivity based on moisture
and nutrient regime3.herefore, theecosite scale allows for de&ation between

forested sitesf different productivity depending dhe Forest Ecosystem Classification
(FEC) soil type and vegetation tyfggased orsite productivity| selected stands fowo
forest ecose groups1) Lowland: Edaphic WePoor BlackSpruce (MB4) and 2)

Upland: Edaphic/Zonal Fresh/MoiBbor Black Spruce (MB2 and MB3) (Ne#y al.

2013).

Chronosequence mettiewere usedo represent timelependent development of
a forest with homogenous disturbance reginBeasiCher et al. 2006; Fentand
Bergeron 2008Johnson and Miyanishi 2008)en stands of different ageere
surveyed in the two forest ecosite groups, allowing for the developmental stages to be
examined along a chrommpience Selectedstandswere black spruce dominated with
homogenous site productivity, located less than 5 km away from the coaatithe,
greater than 2din size. The sitesad no visible or knowavidence of human or recent
standreplacing disturbances order to capturblack spruce stands laterstage of
developmentStandselection wavased on a&l photographs, assessing Permanent
SamplePlots (PSPsand FEC plots, utilizing the Forest Inventory Database (FID),
historical records and maps from previous harvest plans and disturbance events, and
collaborating with local experts, government and industry.

The experiment ibased on aested design with 20 stands (samples) and 60
plots (subsamples) being assessed between the two edestes (2002) recommends
not using random plot selections to tap stand disturbance history because
disturbance regimes are spatiabgasses, causing tree chronolodgeebe dependent on

the site. Systematic sampling is moappropriate approach to determthedisturbance
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history and assess therial extent of aisturbance; | selectdtiree plotger stand using

systematic with random start& Avenza MapgAvenza Systems Inc.

Field methodology

Field datawere collectedetween May 1, 2019 and October 1, 2019. A soil
auger was used to determiie FECsoil type and forest floor vegeian was talliecby
speciedo determinghe FECvegetation type, allowinfpr the categorization of a
lowland (MB4) or upland (MB2 or MB33ite At theplot cener, basal area (ftha), tree
density (stem$&a) and live and dead tree composition westtmatedising a BAF 2
prism at breast height (1.3 mll live and dead tregcaptured in the prism sample were
tallied and numbered, had ooere extractedising an incremeriiorer at breast height
andthe pecies, statusliameter at breast heigi?BH) and heightecordedAll tree
heights(nearest 0.1 myere measured by using a sonic VertexhjypsometefHaglof,
Sweden)The same dteria were recorded for snags. Additionatlye top diametewas
visually estimatednearest 0.tm) to obtain the woody volumand the decay class was
recordedStewart et al. 2003; Appendix [Hollowing NSDLFOs research plot protocol,
each core was mounted on boards, sanded by 220, 300, 400 and 600 sandpafebr grit, a
aged based orountinggrowth rings under a microscope (Appendix B). For snags, the
outermost ring was used as the age of death (Aaaal. 2008

Any snag >45; leanfrom verticalwas considered downed and was tallied as
downed woody debris (DWDA fixed triangular linear intersé¢sampling (LIS) method
wasestablished fronthe plot centre with 30 m sidgo cgpture DWD(Apperdix C). All

intersectedWD " 7.5cm DBH(Neily et al. 2004 Kuttner 2013 wastallied and the
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species, diameter #te point of intersection and decay clagsrerecorded Stewart et
al. 2003;Appendix D.
A LIS methal was also used to determigap fraction. Gap fraction was defined
asthe ratioof gap length to transect length and wased as a general measurexient
of canopy disturbance (Runkle 198®artin et al. 2018). Following Martin et.&ls
(2018)methodology, gaps werefined as sections of transects whagedanopy was
below twathirds the height of the dominant tree (Pham et al. 2004) and greater than 2 m
in length. Based on these critettiag natuial separation of tree crowns colid
accouted for andrue gapsdentified (Martin et al. 2018)Fromtheplot centre, five
fixed 25 m transects were assessed to establish the overall percentage of canopy
openingdAppendix Q.
In total, 923 live tally trees were coratibreast heighsanded and agéxy
counting growth ring$o estimatehe stand age dynamic$rees were cored at breast
height to comply with typical forest management practices. Howthaxe are errors of
age underestimaticemnd the assumption of similar growth sfter the first 1.3 m
growth incrementvhen coring trees at bredstight (Wong and Lertzm&2001).
Thereforethe derived stand agdsscussed throughout this stuslyould beaecognized
as tle minimal age of the oldest &basal area obtained at brelsight.Following
Stewart et al.Os (2003) Oold reference ageO approach, the age of the oldest cohort of trees

was estimated by averag the age of the oldest 308btrees in each plot (OLD3AGE).

Statistical nethods
Evenaged structures are typically dedd as those having a symmetrical

unimodal, bellshaped or bimodal diameter distribution, while uneaged structures
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exhibit a skewed distribution (Oliver and Larson 1996; Kershaw et al. 2017; Martin et
al. 2018). fitted Weibull probability density fuations to quantitatively represent the
agedistribution of each stand (Bailey and Dell 197)e Weibull shape parameter
(WSP)(Bailey and Dell 1973and symmetry index (S{orimer and Krug 1983)

models weraised to classifpgedistributiors aseven or uneveragedstructures

(Frelich 2002; Desponts et al. 2004). The WSP egiimatedthroughEasyFit 5.6
Professional distribution fitting software (Mathwave Technologiss)g the following

equation:

f(!)=!(!g)><('3)! {—(i—)!};!!! Ola! 01>

wheref(x) represents Weibull density functidmis the scale parameteris the
shape parameter (WSP) ani the stems/ha (Bailey and Dell 1978hresholds have
been established for the WSP, which indicates the distribution type bagesl on
calculated value. useal the suggested WSP threshold of 1.5, with WSP values > 1.5
indicating asymmetricdistribution, and value# 1.5 representing aght skewed
distribution (Bailey and Dell973; Martin et al. 2018).

Sl was calculated by applying the following equation:

¢
)

whereM is the mode of the distributioXL is the loweshage in the distribution,

st

andX.95is the 98 percentile agin thedistribution (Lorimer and King 1983 he S
threshold interprets values close to 0.5 as reflecting aymenetricdistribution and 0
representing aght skewedlistribution (Lorimer and King 19§3Thereforea Sl value

of > 0.25was interpretedssymmetricaland aSl value of# 0.25 as aight skewed



distribution.

Linear mixed effects modeilvere usetb determinghe deadwood dynamics and
disturbance patternBecay class and ecosites were fixed factors while stand was
applied to the intercepts a random effechd pvalues <05 were considered
significant.By assessinthe fixed and randoreffectsfor downed woody ebris volume
and snag agefseemortality can be evaluateatross the chronosesnce andetween
ecositesModelcomparisons wereonductedhrough a loglikelihood ratio to determine
the model of best fiatnd chosen based trelowestchi-squared pralue.

Onesided and twesidedKolmogorov+Smirnov (KS)distribution test and a
two-side onetailed ttest (TOST)of equivalenceavere usedo explore theonditions of
10 structural attributescross the alonosequencand between thecostes(Table 2.).
The combination of these methaglsabled examination dlow an observed cumulative
frequency distribution (CFD) conformdd an expectettequency distributioiSokal
and Rohlf 1969; Zar 2014)nd ifdifferences exceauag a minimumnegligible
differenceof 10% couldbe detected (Robinson and Froe864).Thesample size in
this study limis the ability to conduct trditional mean differences testhgrefore,
applying distributiontestsand equivalence testtyucturalattributegTable 2.1) CFDs
couldbe comparedcross the chronequence antletweerecositego validate if there
wereany meaningful difference If structural attributes values were exactly the same
across the chronosequence, a uniform distribution would be expected ofdetted
onesided KS tests wettested against a unifm distributionfor any significant

differences fom the mean values (Table 2.7)



Table2.1. Description of the structural and successimaalablesmeasured at each plot

in the study.
Type Variable Acronym Unit  Description
Structural
Basal area BA m%ha Amount of area occupied by tree stems using a BA
prism.
The number of living trees per hectare. Calculated
Live tree ™ based on sum of trees in DBH class, multiplied by 1
density #/ha  TreeDensity Factor (TDF) and dided by number of
plots/stand (Kershaw et al. 2027
The number of dead snhags per hectare. Calculated
Snag density SNAG_N #/ha  based on sum of snags in DBH class, multiplied by
the TDF and divided bgumber of plots/starid
(Kershaw et al. 2007
Downed 3 Volume of dead woody <45 degrees vertical
woody debris DWD_v m/ha calculated using McRae et al(@879)volume
equatiof.
Volume of standing timber >45 degrees vertical.
Snag volume ST m? Volume (m?) calculged using Smalian's formdland
multiplied my theindividual snag density to obtain
volume per hectare (ha)
. Percent of gaps across a five 25m linear transects
0, ~
Gap fraction  GF % from plot centre using Runkle(}982)gap rati§
(Martin et al. 2012).
Diameter at Diameter at breast height determined by the quadr.
. DBH cm
breast height mean of the stand.
Height HT m Heights based on the unweighted mean of the stan
Coarse woody Diameter at breast height for snags and diameter a
debris DBH CWD_dbh cm point of intersection fobWD.
Shannon and Weaver1949)formule’ to indicate
Species sC i diversity of tree spcies based on the basal area (X
composition and densityD) importance valu¥Kershawet al.
2017).
Successional
- 0
Stand age OLD3AGE  years The minmum age of the oldest 30% of thasal area
obtained at each plot.
Snag decay SA years Ageof snags based on decay class.
classage
DWD decay DWD_decay m%ha Volume of downed woody debris based on decay
volume class.
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2.4 Results

Age structure tassification

4 o) — 1""# of "#$%& 'gap
GF(/O) T 1"#$ llength!l" ltransects
Sim =t (1))
p: = importancevalue(l;) of theith species
61! — !?! %)

l;= importance value of thigh species

n; = the number of sampling units where the
ith species is present

N = total number of sample units

d; = the number of individuals of théh
speciepresent in the sample population

D = total number of individuals in the
sample population = Y di)

Standages (OLD3AGE) rangel between 75 to 108 yearsthe lowlandsand

between 66 antl04 yearsn the uplandsHeartwood decay was presemtl1 upland

trees and 11 lowland trees, resultin@% of trees not being age&cross all stands,

black spruce wathe oldesindividual found on both the lowlarsctand upland, with the

oldest beindl55 years in the lowlands, and 132 years in the uplands. The overall black

spruce mean age for the two groups differeith lowland sites averaging 84 years (21.1

sd) and uplaa sites 72 years (16<2l). In generallowland live tree agesere

significanty older than the uplarsdp = <.001).

The age distribution from lowland to upland chronosequencesexdion the

stems per hectaand associated agEigure 2.3. From the sampled stands, two of the

ten lowland sites and four of the ten upland sitese identified as having unevaged

stand structure (Figure 3.3 owland sandswith an OLD3AGE valuef 100 andl03

yearsand upland stands with an OLD3AGE valueg@f82 92 and 104 yeansere

classified ahavinguneveragedstructure while theremaining stands werassified as

o)\



havingevenragedstructurebased on tle thresholds o?WSPvalues> 1.5and Sl values >
0.25 indicating a symmetric distribution and WSP vakiéss and Sl value# 0.25
representing a right skewed distribution

Thelowest(1) tohighest(10) stancage valueslid not exhibit agradual
reductionfrom even-agedstructurevalues (top rightjo unevenragedstructurevalues
(bottom left)and there waso distinct divide betweethe ecositegFigure 2.3) Based
on the structuradefinitions and methabf calculating stand ageneveraged
structuresvereprimarily identfied in stands withanolder OLD3AGE valueFromthe
sampled standsjx out of nineuplandstandswith an OLD3AGE o0f70 yearsor greater
wereclassfied ashavingunevenagedstructure At the80-year threshold, three out of
four standswith an older OLD3AGE agerere considered to havmevenaged
structuregFigure 2.4)In the lowlands, uneveagedstructure did not appear until later
in the chronosequencafter the OLD3AGE wagreaterthan100 years old, two out of
threelowlandstands wer@entifiedashavingunevenagedstructureswith all of stands
younger tharthe 100yearOLD3AGE thresholdclassifiedasevenaged structures

(Figure 2.4).
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Deadwooddynamics
Downed woody debris

Black spruce accounted for the majority of the DWD volume in both ecosites,
comprising 59% of theowland and 55% of the upland volume. Balsam fir (38% and
43% respectively) and tamaradla(ix laricina; 3% and 2%espectivelyomprisel the
remaining volume. Froraxamining the DWDQlecay data, therwere no noticeable
patternsof speciesilominatingtotal DWD volume across the chronosequence or

occupying a particular decay class.
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Based orthemodel comparisorthere was significat interaction between
ecositeand decay class and significant aéion explained when addirtigerandom
effects assoated withstand(Table 2.2. Thedistribution of DWD_decayvas different
between the ecositgesulting in D% of the variation being exptad by the fixed
effects (Table 2.3 In thelowlands DWD_decay wa more gually distribuedacross
themoreadvancediecay classesvith similar volumeobservedn decay class IV and
significantly more volume in decay clasgTable 2.4. However, in the uplandke
majority of DWD volumewas observeth thelesserdecay classes (I, Il and Ill), with
significartly less volume in temore advancedecay clases (IV and V; Table 2.4A
continuousdistribution ofdeca was evidentin the lowlandswith the gradual reduction
of volume howevewolumeabruptly decreasdaetween th decay class Il and I%6r
theupland (Table 2.4.

The modekxplainedapproximately 30% of the total variatigtne fixed plus
random effectsTable 2.3) The addition otherandom effed associated witthe stand
accountedor ggnificant (p < .000) additionalamouns of DWD __decayvariation
suggeshg that thevolumedistributionvariedby standin the lowlandsthe highest
distribution(20.41m%ha) occurredvhenOLD3AGE was greatethan80 years(Figure
2.5).However, he lowest amount of DWD_decéy.58m’ha)is observedaround the
same age84 year9. In the lowlands, e lowest OLD3AGEsitesaccountedor the
lowestDWD _decayalues, increasedndthen slightly decreased in the stands with the
greatest OLD3AGE valuén the uplandsthere wa less volumadlistributedin the
youngerstand, peakedat 31.55m°ha, and then decreased and levedédn the largest

OLD3AGE standgFigure 2.5.
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Therewas also anoticeablencrease in decay clasadross théowland
chronosequenc&tandswith an OLD3AGEvalue< 97 yearcontained34% of the total
decay Ivolumewhile standsith values' 97 yearscontained7% (Figure 2.5. In the
uplands, the volume ¢ésserdecagdlogswasdistributed in the standsith a lower
OLD3AGE valueand didnot appear to exhibit@fferencein decay clasdistribution
across the chronosequendesmall distributiorof later decaylasses wasvident

within each stand, howevlassdeayed (I, Il and 1) wasstill dominant

Table2.2. Log-likelihood nodelcomparison to determine the model of best fit for
downed woody debris decay class volume (DWD_decay) based on the fixed effects of
Ecositeand Decay and the random effeassociated witht&nd.

Variable Equation X° df pvalue
DWD decay  Ecositet+ Decay Class

Ecosite+ Decay Classt+ Stand 14.613 1 0.0001
Ecosite* Decay_Class 0.000 3 1.000
Ecosite* Decay Classt+ Stand 15.435 1 < 0.0001

RF



Table2.3. Linear mixed effects model for DWD_decay based on the significant
interadion of the fixed effects (Ecosite and Derand random effestassociated with
Stand(s(ky)).

Factor Parameter Estimate Standard Error

Fixed Effects Intercept 1.6866 0.6924
Decay?2 2.0638 0.8139
Decay3 0.6500 0.8139
Decay4 -1.1752 0.8139
Decay5 -1.589 0.8139
Upland 2.8517 0.9792
Decay2:Upland -2.1763 1.1510
Decay3:Upland -0.9207 1.1510
Decay4:Upland -1.8441 1.1510
Decay5:Upland -2.7211 1.1510

Random Effects Stand(s(ky)) 1.482

Regression rMSE 3.152

Summary
pseudo R 0.2011
(fixed)
pseudo R 0.3048

(fixed + random)
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Table2.4. Mean, standard deviatiqed)and rangef theDWD decay class volume
(DWD_decay andsnag decaglass agesSA) in the lowlands and uplands

Variable Lowlands Uplands
Mean sd Range Mean < Range

DWD_decay

I 169 191 0.00b6.39 4.53 3.67 0.00010.67
Il 3.75 3.05 0.66D8.65 4.42 2.70 1.12D68.37
1 233 224 0.29D8.35 4.26 3.87 0.00b12.11

\Y, 0.511 0.61 0.00b1.73 1.52 1.12 0.00Db3.56
\Y, 0.18 0.20 0.00b0.55 0.25 0.57 0.00Db1.82
SA

I 71.69 19.83 29,5103 7110 10.29 55B91

Il 70.64 20.19 36D119.3 51.38 13.43 24.5B83
1 5840 24.11 44D108 50.86 20.66 28-84
vV 415 8.8 33Db51 NA NA NA
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Snag decayge

In total, 255snags were cored draged.Thirty-seven upland and twenty lowland
shags were rotteaind exluded from analyse3hemodelcomparisorshowedhat there
weresignificant interactioabetween the decay class aabsitewhen detemining the
shag agefA), however there waso additionalvariation accounted for with the
inclusion oftherandom effect of stand p <0.011;Table 2.4. Therefore, the random
effects associated with stand, including the OLD3AGE value, did not have a significant
effect on theSA value The SAwas significarly differentbased on the decay class and
ecosite(Figure 2.6) Fixed effects accouatfor approximaely 20% of the totadnag age
variation(Table 2.5. Theaveragdowlands@A across all decay classes viagerthan
the uplandswith total agesaveragings6 years an&8 yeargespectively.

In the lowlands sites, the SA décay classsl and Il weresimilar (Table 2.9
and haccomparableangeof ages Table 2.7. Thesnags in a more advanced state of
decay(decay class Il and IV) were younger, resulting in the SA inangassdecay
classdecreasedFigure 2.6) A similar distributionwasobservedn the uplads,
however onlytrees identified as decay class | weemescing at a similage.The SA
standarddeviation (sdxslightly decreasein the earlier decay classes, resultinéess
decayedreeshavinga similar distribution of agethantreesearlier in stand
developmentNo decay class IV snags (aged or unagezteobservedn the upland

sitesanduplanddecay class Il SAvassignificantly lower than the lowland$able 2.5.
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Table2.5. Log-likelihood nodelcomparison for snag decay class age (SA) based on the
fixed effects of Group and Decay and the random effassociated witBtand

Variable Equation X2 df  pvalue
SA Ecosite+ Decay_Class
Ecosite+ Decay Class + Stand 0.0000 1 1.000
Ecosite* Decay_Class 6.5095 1 0.011
Ecosite* Decay Class + Stand  0.0000 1 1.000

Table2.6. Linear model for snag decay age (SA) based on the signifidanaction
between Ecosite and Decay Cfass

Factor Parameter Estimate Standard Error
Intercept 71.6905 3.8504
Decay?2 -1.0547 5.3830
Decay3 -13.2857 6.0879
Decay4 -30.1905 9.6259
Upland -0.5869 5.5129
Decay2:Upland -18.6739 7.5129
Decay3:Upland -0.6907 9.8542
Decay4:Upland NA NA

Regression pseudo R 0.2037

Summary (fixed)

! Random effects associated with stand were not significant (p > .05).
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Figure2.6. Boxplotsindicating the mean and upper and lower quartifabe snag
decay class age (SA) within the lowlands and uplands.

Structural @mplexity

The majority of structtal parameters in the two ec@sitwere not significantly
different across the chronosequence. Live black spruce DBH and HT in the coastal
forests did not significantly increase as the OLD3AGE value increased, with stand
averages remaining relatively constant (Figure 2.10). Largerwtalif¢atures, both live
and dead, also remained constant along the chronosequence. There was also no

difference in the composition of live trees (SC) as stands developed.
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In the lowland standsnag volume&T) was theonly structural attribute that
was significantly different fronthe uniform distribution (p F004). Eightof theten
stands@alueswerelessthan the mean (34.26%ha) causing a righgkewed distribution
(Figure 2.7. Becausesnag densitySNAG__N) wasnot significantly differenfrom the
uniform distribution the snag frequency ditt explain the change in volume.

In the uplands, snag density (SNAG_N) significantly differed (p = 0.033) from a
uniform distribution, with siof the tenstands exhibiting values less than the uniform
valueof 1882 stems/ha, causing a right skewed distribution (Table 2.5; Figure 2.9).
From thetotal stems/ha, 84% of snags wbtack spree, 15% were balsam fir and 1%
wastamarack. SNAG_Nvasconsistent across the younger stands, with stands that have
an OLD3AGE value less than 97 years exhibiting SNAG_N less than the mean. When
OLD3AGE was older than 82 years, theresnaasignificant increase in stems/ha, with
the four standwiith the highest OLD3AGE valual being higher than the average

(Figure 2.10).
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Figure2.7. Cumulative frequency distributiof€FDs)of the 10 structural attribute in
the lowlandcoastal black sprucgandsGap fraction (GF), live tree density (TD), snag
density(SNAG_N), snag volume (STowned woody debris volume (DWD_v), live

basal area (BA), black spruce diameter at breast height (DBH), black spruce height

(HT), species diversit{SC) andcoarse woodyebrisdiamete(CWD_dbh)
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Figure2.9. Cumulative frequency distributiof€DFs)of the structural attributes in the
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Table2.7. Mean, standard deviation (sd) and range of live basal area (BA), kve tre
density (TD), snadensity (SNAG_N, downed woody debris volume (DWD_v), snag
volume (ST), gap fraction (GF), diameter at breast height (DBH)hh@ty), coarse
woody debris diametdCWD_dbh), and species diversity (5C

Variable Lowland Upland
Mean sd Range Mean sd Range

BA 30.67 5.13 21.33b36.67 31.4 453 26.67D40.67
TD 4641 1295 24026347 3982 1010  2765- 5423
SNAG_N 1980 765 8292993 1882 1043  1002- 4329
DWD v 8.45 6.02 1.58Db20.41 14.50 7.84 2.69D31.55
ST 34.26 13.84 20.46b70.51 4262 17.10 20.51b73.86
GF 38.97 13.16 23.23b59.6 27.35 6.66 18.37D37.63
DBH 10.92 1.73 9.00b14.31 11.99 0.99 10.38b13.44
HT 8.54 1.23 7.0010.10 9.35 0.66 8.62b10.41
CWD_dbh 9.84 1.55 7.81D12.94 11.05 1.12 9.5D12.92
SC 0.46 0.25 0.00D0.84 0.49 0.17 0.29D0.72

Table2.8. P-values forone-sample KolmogorosEmirnov (KS)test versus aniform
distribution by ecosite and stand variablevo-sample KS test and WelchOs two sample
TOST equivalence test (epsilorD4) for lowland vs.uplands by stand variableive

basal area (BA), live tregensity (TD), snag density (SNAG_Npwned woody volume
(DWD _v), snag volume (ST), gap fraction (GH)ameter at breast heigbit black
spruce(DBH), heightof black spruce (HT);oarse woody debris diame{@WD _dbh)

and species diversity (SC)

Variable Onesample KS test Lowlands vs. Uplands
Lowland Upland Two-staer:tple KS Equivalence tes
BA 0.353 0.156 .. 0.988 0.140
D 0.525 0.225 0.418 0.689
SNAG_N 0.883 0.033 ** 0.787 0.415
DWD v 0.2145 0.174 0.168 . 0.920
ST 0.004  *** 0.725 0.418 0.718
GF 0.485 0.827 0.168 . 0.960
DBH 0.401 0.568 0.168 . 0.458
HT 0.518 0.329 0.168 . 0.432
CWD_dbh 0.465 0.829 0.418 0.566
SC 0.552 0.645 0.995 0.436




In general, the uplands appedto have larger structural features quared to
the lowlands (Table 2)7From the twesample KS testshere werano significant
differenceqp > .05)between angtructural attributefom thelowland versusipland
ecositesTheequivalence tests also conclddbat none of thattributeswvere
statisticallyequivalentat epsilon = 0.1Table 2.§. Therewerenoticeabldaifferences
between thecositesat p < 0.2Table 2.§. The structural attributes gfap fraction (GF),
black spruce diameter at breast height (DBH), black spruce height (HT) and downed
woody debris volume (DWD_\uended to belifferent (p < 0.2) beteen the two
ecositegFigure 2.11)Live tree density (TD), live tree basal area (BA),gsdansity
(SNAG_N), snag volume (ST), coarse woody debris diameter (CWD_dbh) and species

diversity (SC)were not significantly different or gtstically equivalen{Figure 2.11)
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Figure2.11. Cumulativefrequency distributionsQFDs9 of the structural parameters
between the in the lowland and upland coastal black spruce S&apifraction (GF),
live tree density (TD), snag dgity (SNAG_N), snag volume (STJowned woody
debris volume (DWD_v)ljve basalarea (BA),black spruce diameter at best height
(DBH) and black spruce height (HBpecies diversity (SC) andoarse woody diameter
(CWD_dbh)

2.5 Discussion

Gap dynamics and scale of disturbance

Previous sidieson forest developmettave identified thagent ancécale of
disturbance through observitlge temporal pattern of deadwood d@hedistributionsof
decay classs(Spies et al. 1988; Sturtevant et al. 1997; Brassard and Chen 2006;

Campbell and Laroque 2007; Edman et al. 20B&jticularly n balsam fir and black

St



spruce forestkcated inCape Breton, Nova Scotia, the rate of decaynderstood to
take onaverage 12 years to move from one decay class to the next, resulting in a decay
period of approximately 60 years (Carepland Laroque 20Q7Therefore, the
progression of decay classes can be assessed to understand thesdghaoady
debris ovem relatively bng period otime.

For the stands observed in this stuthg distribution oflowned woody debris
volume PDWD_v) wasexamined alongach ecosite chronosequenasulting inthe
site productivity (as defined by ecositejt accouning for thedifferencesof DWD v as
the OLD3AGE values increasdehst researc(Spies et al. 1988; Sturtevant et &97;
Brassard and Chen 2008uggestethatDWD volume typically followeda U-shaped
temporal pattern, with a large amount of volume occurring after a-statating event,
reducing in the intermediate stages of developrapdaccumulatingexponentiallyas
the forest ages and live trees begin to sen€xm&rary to the typical t$haped pattern,
the initial high accumulation earlier in development was not apparent in the coastal
boreal stands observed in this study (Figure 2.5). Althougittempt was made to
obtain a broad range of stand ages, the lack of DWD volume earlier in development
could be due to inadequate samplingti#nds that experienced a recent stand replacing
disturbanceresulting in an underepresentation of the dynamioscurring at the
beginning of stand development (Harper et al. 20@%)milar distributionwas evident
in the intermediateoastal boreadtands, with the lowest DWD _decay values being
accounted for in stasdvith a lower OLD3AGE valuéFigure 2.5)However, he
distribution of volume appeared to level off or slightly decline in the sites with the
greatest OLD3AGE value instead of accumulating exponentially as observed in other

forest communitiegSpies et al. 1988; Sturtevant et al. 1997; Brassard and Chen 2006)
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Thevolumedistributedlater in stand development halso been associated with trees
becoming larger with agend a transitionfespecies composition (Brassard and Chen
2009. Howevercoarse woody debris diame{@WD _dbh did not significantly differ
for either of the ecositeF ble 2.8 andthere was no apparent transition of species
comprisingdeadwood/olumeas stands agedherefore, the increase wblumeacross
the lowlands and uplands appeatede dueo abiotic or biotic disturbancesoppose
to sitespecific conditions

Thedistribution of decay class volwartan also be used to understdrekscale
andtiming of disturbancesvolumedistributedevenlyacross all decay classies
indicative ofa constantdisturbance patternvhile anunequal dstribution is evidence of
disturbance occurringatrelatively differenttimes throughout developme(pies et al.
1988; Delong and Kessler 2000; Jonsson 2000; Karjalainen and Kuuluvainen 2002)
Although the coastal stands didt exhibitaneven distribution of volume across all
decay classeshe majorityof decay classesithin a stanchadsimilarvolume The
oldest decay class (V) accounted $anificantly less volumewith thelesserdecay
classes contributing the majority oketloume acrossost ofstandgTable 2.3)
Therefore, it wasipparenthatconstant disturbancesoppose to infrequent
disturbances wereontributing to the distribution of DWRolumein lowland and
uplandstand developmeiiTable2.3; Figure 2.k

Theincreaseof decay class dominance coalldo be assessed to understand when
disturbances wereccurring throughout stand developmdésidual wood from a
previous largescale disturbance typically contributes to an increase in later deadwood
decay earliem stand development (Sturtevant et al. 198re advancedecay

classes couldlso be the result of stem exclusion. However, becstese mortality

TV



typically occurgan smaller individuals, the DWRccumulated during this stagesisall
and debris could have decayed quidltlgng 1985; Sturtevant et al. 199Therefore,
younger stands typically hageeaterdeadwood debris voluresén amore advanced
decay class, while older stands begin to accumldagerdecay classeSpies et al.

1988) In the coastal boreal, ane advance®WD decay classes hdlde least

distribution ofvolume(Table2.3). The significantly less distribution of volunseuld be
the result oprevious largescale disturbance activity and/or stem exclusion processes.
Theincreaseof decay classvYolumewasnoticeable in the lowlands, with lessal

decay clas | volume in the stands aged younger than 97 yeaimcreasd afterthe
OLD3AGE s older than 97 yea(Figure 2.5. However, the uplands ditbt exhibit an
increase of the lesser decay clagsds, 11l) as stands developed and instead have equal
distribution of across all stan@sigure 2.5.

Thehistoryof distuwrbance coul@lsobe assessed based oa ttynamics of snag
ages Snagdypically havea slower decomposition rate compared to DWD because they
remain standing and are therefore a better indicator of the stand age andHigkpst
al. 2000) Although the agent of mortality was not recorded &arhesnagnd cross
dating was not conducted wasevident that as decay class decreased, SA increased
both ecosites. Because the random effects associated with stand were not sighiicant
apparent that SAid not differ depending othe OLDAGE value (p < 0.01)nstead, an
even distribution o6A was evidenacross the chronosequenctarfils wee producing
mortality earlier instanddevelopmentresulting inlonger standingnagssenescing &
youngerage. It should be noted that althoughe#fiort was made it ecurately count the
age of each snag, the reduced ageafe advancedecay class snags could be

influenced by the issue of an increase in missing ringsmattedecomposed wood
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(Aakala et al. 2008 Although all snags were attempted to be ageetages of later
decay classes might not be accurate because of the inability to obtain the age of trees
that were too decayed. From examining the unaged snags in both ecosites, ages were
missing across alletay classes and black spruce accounted for the majority of missing
ages. Therefore, the snag decay classes ages did not exhibit missing species or decay
classes, allowing for the samples obtained to be used as estimates of the decay class age
(Aakala 2003. For the purposef this researcttheage trends were of more importance
insteadexact tree ages, allowing for the estimates to be used to understand the dynamic
of snags throughout stand development.

The gradual reduction in SiAdicatedeverraged deglopment processegere
occurring throughout the stand development in both ecdsitgsre 2.60liver and
Larson 1996)However, with similar mearand a largedistributionof recently decayed
shag ageéTable2.4), there didappear to be a transition to unexaged mortality
structura later in lowland stand developmdRigure 2.6) Because of the low range of
ages indecay Il and lli(Table2.4), this transition to uneen-aged mortality structures
wasnotobserved in upland stand developmémstead, the upland day 11 (51 years)
was significantly younger #m the lowland decay class Il (71 yeavehichimplied that
the upland sites werinducing snag mortality faster than the lowlam@scay IV wa
present in lowlands and not in uplands, suggedtiegmortality of snags could be
occurring earliein developmenin thelowlandsandbr upland snags weret
remainng standing long enough to reach decay clasd hérefore, the lowlands were
exhibitingthe typical distributiorof SA associated with uneveaged structwe from
smallscale disturbances later in stand developr{fégure 26). Although onstant

smallscaledisturbances weralsocontributing to upland stal developmenthe
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implications orstand development from the minor disturbeswwa resulting in faster
senescence of tre@Sigure 2.6)and consisterdistributionof lesserdecay volume

(Figure 2.5)as stands agdOLD3AGE).

Age and structural development

Unevenagedstructureswereprimarily identified inthe older aged (OLD3AGE)
stands. Although uneveaged structures were present by the/@ér threshold, the
likelihood of a stand havingnevenragedstructurewas higher after the 8gear
threshold and therefore was a better inicaf the transition from eveaged to
unevenragedstructuresTransition ages of 80 years (OLD3AGE) in the uplands and 100
years (OLD3AGE) in the lowlandse the best estimates for unexsged structures for
the stands observed in this styéygure 2.4. However, the majaty of structural
attributes wereot significantly differenas OLD3AGE values increasand there was
low variation from the meafTable 2.7; Table 2)8Therefore, larger live structures
were not apparent amasteadremairedsmall, resulting in low diameter and height
diversity as stands ageAlong with physicalive tree structure, no significant
differenceqp > .05)were observed in the area occupied by trees,livgtree density
(TD) andlive tree basal are®A) values notdifferent from the uniform distribution
(Table 2.8) Increased species diversitytoansitionof live species compositicalso
werenot present as the coastal boreal foregelbped.Larger deadwood features were
not evident, with thelistribution ofsnags and downed woody deldiameter
(CWD_dbh) for the lowlands and the uplands not being significantly different from the
uniform distribution(Table2.8). However older stands were not more compositionally

diverse and did not exhiddrger structural features or a transition of species
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compositionBlack spruce accountddr the majority of snags and DWD, overstory
trees, andindersory recruitment. Because black spruemaineddominantthroughout
stand developemt the coastablack spruce forest types arlimax communities within
the Maritime Boreal Forestdgion

Althoughlarger structural features were not observetth@olderagedstands
there wee differences in the strtiral conditions osnags based on the OLD3AGE
value.In the uplandssnag densitySNAG _N) wassignificantlylargerlater in stand
developmentwith the standthatexhibited a larger OLD3AGE havinggreater value
thanthe mean of 1882 stems/lm£0.033. Past researdhee et al. 1997; Sturtevant et
al. 1997; Harper et al. 2005; Brassard and (G2@§}6)observed that the aatwlation of
SNAG_ Ntypically followeda bimodal €mporal distribution with densityighest in the
younger, post staneepladng stage of succession, reductogower density in the
intermediateaged stands, reaching the nmaxm in the mature stands before decreasing
slightly again in the oldest stands.the coastaliplandsthe significantly higher values
in SNAG_Nwasevidert later in stand developme(iigure 2.10andcould be the result
of stem competitiorfOliver and Larson 1996; Chen and Popadiouk 2002¢s reaching
their maximum longevityChen and Popadiouk 2002; Brassard and Chen 20Q8her
smallscale disturbancé€lark 1988; Oliver and Larson 1996; HZIy et al. 200Bgre
was no ewdence of SNAG_Npeaking in earlier developmentottever this could be
due to the lack of sampling in stands at the very beginning of successiorb®@. 0
years old)The increase in SNAG_hBlso did not appear to be due to a transition in
species commition, with black spruce accounting for the majority of snag density
across all standSNAG_NwassignificantlylargerwhenOLD3AGE wasgreaterthan

82 years, which waalso tle onset of when three out of faypland stands beguo
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exhibit uneveragedstructurs. Becausef the presence afnevenraged structures arad
significantincrease ir6NAG_N it appearedhatthe newly creaspace in canopy
allowed theregenerating cohott establishrasopposedo being filled by thedominating
cohort Thereforesmallscaleprocessesuch adreesreaching life longevity or death
due to exernal minor disturbancessopposed to stem exclusion processgseaedto
be contributing to tree mortality, resulting the initiation of the suppressed undergt
layer.

The lowlands exhibited a decrease in snag volume ((5¥p.009. From
referencing the snag datawiés apparent that large balsam fir snags greater than 20 cm
were common in stands withlowerOLD3AGE valug andgradualy reducedas
OLD3AGE values increased (Figure8. Particularly when OLD3AGE vgeaolder than
80 years, the larger balsam fir snags contribtaehe highest volume (70.5ha).
Similar ST dynamicswereobserved in CanadaOs AspgeminatedLee et al. 1997and
mixed boreal forest&Chen andPopadiouk 2002)Large gaps promote balsam fir
establishment, resulting in balsam fir growing quicker after a-gageor stand
replacing disturbancg&hen and Popadiouk 2008nags produced in theter stages of
development wersmaller due t@ompetition and seltinning(Lee et al. 1997; Chen
and Ppadiouk 2002)Thereforethe large balsam fir snags wenadence of previous
large gap formation in the lowlands. Contrary to the lodgative DBH typically
increasedvith stand age, causing trees to become larger again chanagy transition
As trees gelarger, they inherently occupyore of the forest canopy, vdhi inhibits
other trees to growlypically, forests that exhibiarger trees in the later stages of
development also experience a reduction in live tree dgi@pigs and Franklin 1996)

Therefore, snags that dief agerelated mortality later in development texdo be
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larger, causing another increase in SThimaldest standt.ee et al. 1997)Because the
coastal lowlands la@dlarger live trees in the later segjof development, the stands
did not experience the typical increase in ST volume as seen in other foregSyess

and Franklin 1996; Mosseler et al. 2003a)

Influence of site productivity on stand development

Thepresence of right skewed age distributionthaolder aged stands indicated
thatunevenaged stand structures wevccurring in the uplandd lowland black spruce
standgqFigure 2.2) The uplandsippeaedto bedeveloping uneveaged structureat an
earlier OLD3AGEthan the lowlandswith uneveraged transitionsf 80 years in the
uplands and of 100 years in the lowlafEigure 2.4) In the uplands, black spruce trees
have considerably largeiametes at breast heighQBH) andheights (HT) compared
to the lowland§Table2.8). Half of the lowlandsfean DBH values weless than 10
cm, whilenone of the upland stands haaues less than the lowland me&mgure
2.17). Similarly, ralf of the lowland sites hadT values less than 8 m, while all the
upland sitetadvalues greater than 8 (Rigure2.11). The larger values in the uplands
indicatal that treesvereexperiencing higher growth rate. Growth rataetypically
lowerin harsh environmental or unfav@able sites and result in increased tree longevity
(Wagener and Schulman 1954; Laberge et al. 260Cher sites witlgreatergrowth
rates induceaxlier tree senescence aggically have fastedevelopmentates(Romme
and Knight 1981; Prach et al. 1998) general, black spruce tree mortality has been
related to height, with taller trees being more susceptible to wind events det#usir

shallow root systertFarrar 1995)



The growth rate and susceptibly of trees in the coastal ecasiteassessed
through examining the decay dynamics of deadwood features throughout stand
developmentln the uplands,acent tree mortality appearambe contributindo a
significant increasin early DWD volume and eveaiged developmemattern of snags.
ThecumulativeDWD volumes were considerably different between the lowland and
upland groups, with averages of 8.1%ma in the lowlands and 14.5Cma in the
uplands Table2.7). From comparing the ecosites, the lowlands exddatright skewed
distribution, withhalf of the stands having less than 8.%4ma(Figure 2.11) In the
uplands the distribution wa relatively symmetric, however onbyneof the tenstands
hadless than the lowland meéifigure 2.11)The volumeof DWD was influenced by
both the input of volume from dead trees and the decay rate. Decay rates are
predominantly determined by biotic and abiotic factors such as disturbance regimes,
temper#ure, soil moisture content, species chemical properties and physical properties
of the substrat@Harmon and Hua 1991; Sturtevant et al. 198#hough the lowlands
and upland havthe similar disturbance regingthe higher distribution of DWD
volume andsignificantly earlier decay class Il snag mortalitythe uplands suggests
that the uplands weraore severely impacted from minor distances compad to the
lowlands.In terms of decay rateparse woody debris diamet&WD _dbh wasnot
significantly differentor datistically similar (Table 2.83nd there waso apparent
distributionof deadwood species compositioetween thecosites The higher soil
moisture content ialsoknown to speed up the decay rate of sprage because of
increasedxposurego decomposer@N¥ssset 1999; HZly et al. 2000hereforeijt
appearedhedifference in the soil condition, particularlyomsture regime, wa

contributing tohighersusceptibilityandslowerdecay rate in thaplands The site
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quality also influencethe timing of DWD volumaistribution with upland sites
exhibitingmore volume at an earlier agsgusing a shift of the tgmoral distribution to
the left.Based on these observatiorte trees locatkin the uplands appeared to grow
quickerand reach the point of susceptibility faster than the lowlands. Additional
environmental variables other than the moisture regime, suele@ation, soil depth
(Boucher et al. 2006) and slofidartin et al. 2018¢ould also be influencing the
susceptibility and longevity of trees, however thatiributes were not assessed.
Another noteworthy differendeetweerthe ecosites was the distribution of the gap
fraction (GF) values. The lowlands hadnsiderably higher values of canopy openings
than the upland®All the upland stands exhibite@lueslower than 40%while almost
half of thevalues in the lowland sites h&F greater than 409igure 2.11) The
lowland sites had greater range in values, Nehthe uplands didot significantly
deviate from its respectiveean(Table 2.7) McCarthy(2001)determined thatite
productivity has been understood to influemmhvidual treecrown sizes and
distribution of gap sizes in the boreal forestshough thesegap characteristics were
not assessed,dan be hypothesized that ttiéferences of tree crowns and/or gapes

could beresulting in considerably different gap fractidretween the ecosites.

Old forest mnagementmplications

Thecoastal blaclspruceforestcommunitiesare a climax forest type the
Maritime Borealbecausdlack sprucevasself-perpetuating throughostand
developmentHowever these forestmckedthe typical structural featuresd
compositional diversitghat are found inther ®@ld-growthCforests Instead, le stand

dynamics occuing throughoutoastal standevelopment weranigue andcould
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potentially be important for regional biodiversity (Bergeron and Harper 2Bégause
theforestryindustryis gradually moving towards more ecosysteased approaches, the
natural processes occurrimgthe coastal boreal should be calesil in old forest
management practicds wasapparent that sieroductivity (as defined by ecosit@)as
influencing wherthe transition from eveagel to uneveragedstructureoccurred with
the uplands exhibitingnevenaged structureat an earlier OLD3AGHEhan the
lowlands. Both ecosites dicansition tounevenaged structuresvhich isindicativeof
the OolgrowthO stage of developméasterthanotherclimax forest types in Nova
Scotia(Stewart et al. 2003However, lased on Nova ScotiaOs current-GrathO
definition, the coastal black spruce stands exhibigagures associated with thkl-
growth stage of developmewbuld not be identifiedAlthoughall the stands hachore
than50% climax spcies anaver30% canopy closenone were older than the
OLD3AGE thresholdof 125 years.

Black spruce forest communities are also identified @snax forest typean
Ontario and Quebec. In these forests, uneagad structuresccurredn the later stages
of development and shaksimilar structural attributeas the coaat boreal including a
lack of large structural features (Harper 2005; Resal. 2009, no differences in
speciesomposition odiversity (Boucher et al. 2006; Bergeron and Harper RG0O®I
the presence afiversedeadwoodiecay HZly et al. 2000Ter-Mikaelian et al. 2008
Bergeron and Harper 20p%However, it was amrent that the dynamics of snagsl
timing of unevenaged structuewereunique to the coastal bore&tand ages 050
years(Bergeron and Fenton 201&20nd 160 170 years (Martin et al. 2018)nce the
most recent fire disturbanemd maximum tree age of 2@8ars(Rossi et al. 2009re

identified as bein@ccurate age estates of stands transitioning to the etfowth stage
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of developmentor the inland boreaFurthermoremaximum black spruces ages of
340+ years in QuebdBoucher et al. 2006; Rossi et al. 20885 200+ years in Ontario
(Uhilig et al. 2003)werehigher than the oldest black spruce found in the coastal boreal
(155 years in the lowland and 132 years in the uplarrefore, uneveaged
structures and the onset of the-gldwth stage fodevelopment i®ccurring earliemn
the coastal boreal comparede inlandborealand other climax forest types in Nova
Scotia Because of the different structuitributesandtiming of uneveraged
structures throughowstand developmenthis study supports the knowledge that forest
communities should be understoodamegionakontext;findings from Ontario and
Quebecshould nobe readily applied to forest management practices in Nova $cotia
othergeological areasTo address the diffenefeaturesassociated with th@olegrowth®
stage of developmentross CanadaOs forested landscape, forest managers should
establisiold forestdefinitions and management practices based on a scale that
incorporates both the regional forest type andmsieuctivity factors to ensure these
unique communities ateeingidentified

It wasevident that gajalynamicss a prevalentatural disturbance occurring
laterin Nova ScotiaGmastal black spruce forest developm@hie diversity of decay
classesvas indicative ofconstant smalécale process. Agradual increase in snag
decay agén both ecosites suggested that eaged processexcurred during the more
advanced stages of snag decaigh a transition to uneveageddynamicsfor the lesser
decaye snags in the lowlandBor both ecosites nevenaged stand structures and a
change in structuralttributeswere apparerds stands temporally progredsHowever,
site productivity didnfluence when this transition occed, with the upland sites

exhibitingunevenraged structureat an earlier OLD3AGHhan the lowlands. When
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stand ag€éOLD3AGE) was older than 80 years for the coastal uplands and 100 years for
the coastal lovdnds, uneveiaged structures weli&ely. Although larger live and

deadwod featues and species composition diok change as stands d©LD3AGE),
attributesassociated with snags diffetethe lowlands exhib#tda decrease in large

balsam fir (>20 DBH}nag volume and the upland radincrease in snag density later

in devebpment. Because of the signditt increase in snag densigarlier DWD decay
classesand everaged snag decay age dynamitsvas apparet that minor

disturbances haghore severe impacts on stand development in the uplands compared to
the lowknds. Thencreasedmpact couldbe attributed to theoticeably greater DBH

and HTin the uplands, which wassulting inhigher growth rateompared tdhe

lowlands. Theuplands@creased growth ratgppearedo becausingtreesto reactthe

point of susceptibility fastemresulting inuneveraged structuresccurring @rlierthan

the lowlands.

Based on the Nova ScotiaOs current definition ofg@mithO, coastal black
sprue forests in the QedpowthO stagef stand development would not beritiéed.
Theclimaxblack spruce forest types in Ontario and Quehstsitionto unevenraged
structue laterthanthe coastal boreal. The difference in stand development
characteristics between these regional boreal forests supports the knowledge of
understanding regional forest communigs®ppose to applying practices from a
different getogical arear forest typeFor an ecosystefbhased management approach
to be applied to thederests provincialold forest management practicdsould be
implementecht a scale that incorporates btk regionalforest type and site

productivity factors.

up



2.6 Literature Cited

Aakala, T., Kuuluvainen, T., Gauthier, S., and De GrandprZ, L. 2008. Standing dead
treesand their decaglass dynamics in the northeastern boreaigotivth forests
of Quebec. Forest Ecology and Management 25542

Bailey, R., and Dell, R. 1973. Quantifyingacheter distributions with the &bull
function. Forest Science 19:8104.

Bergeron, Y., and Fenton, N.J. 2012. Boreal faedteastern Canada revisiteddO
growth, nonfire disturbances, forest succession, and biodiversity. Botany @D: 509
523.

Bergeron, Y., and Harper, K.A. 2009. @dowth forests in the Canadian boreal: The
exception rather than the ruldf@ Old-growth Forests: Faction, Fate and ®lue.
SpringerVerlag Berlin Heidelberg, Heidelberg, Germany. pp.E12%.

Bergeron, Y., Harvey, B., Leduc, A., and Gauthier, S. 1999. Forest management
guidelines based on natudhsturbance dynamics: Starehd forestevel
considerations. Forestry Chronicle 75(1)B84.

Blais, J.R. 1983. Trends in the frequency, extent, and severity of spruce budworm
outbreaks in eastern Canada. Canadian Journal of Forest ResearcE887539
Boucher, D., Gauthier, S., and GrandprZ, L.D. 2006. Structural changes in coniferous
stands along a chronosequence and a productivity gradient in the northeastern

boreal forest of QuZbec. fcoscience 13(2)E1BD.

Brassard, B.W., and Chen, H.Y.H. 2006.rfstatructural dynamics of North American

boreal forests. Critical Reviews in Plant Sciences 25(2)BP1135A

uc



Campbell, L.J., and Laroque, C.P. 2007. Decay progression and classification in two
old-growth forests in Atlantic Canada. Forest Ecology and Manage238(E8):
293801.

Chen, H.Y.H., and Popadiouk, R. V. 2002. Dynamics of North American boreal
mixedwoods. Environmental Reviews 10(3): DBG6.

Clark, J. 1988. Effect of climate change on fire regimes in northern Minnesota. Nature
334: 23¥035.

Davis,D., and Browne, S. 1996. The natural history of Nova Scotia. Nova Scotia
Museum of Natural Resources, Nova ScBteggpartment of Education, Halifax, NS.

Delong, S.C., and Kessler, W.B. 2000. Ecological characteristics of mature forest
remnants left by wilfire. Forest Ecology and Management 1EB)1 93106.

Desponts, M., Brunet, G., BZlanger, L., and Bouchard, M. 2004. The eastern bereal old
growth balsam fir forest: A distinct ecosystem. Canadian Journal of Botany 82:
830EB49.

Edman, M., JSnsson, M., Ja®), B.G., Applications, S.E., and Mar, N. 2007. Fungi
and wind strongly influence the temporal availability of logs in argotdvth
spruce forest. Ecological Applications 17(2): 8820.

Farrar, J.L. 1995. Trees in Canada. Fitzhenry & Whiteside Linflad<ham Ontario.

Fenton, N., and Bergeron, Y. 2008. Does time or habitat makgroVdh forests
species rich? Byophyte richness in boreal Picea mariana forests. Biological
Conservation, 141: 1388399.

Fenton, N.J., and Bergeron, Y. 2011. Dynamicgrowth forests? A case study of
boreal black spruce forest bryophytes. Silva Fennica 45(50983

Frelich, L.E. 2002. Forest Dynamics and Disturbance Regimes. Cambridge University

UF



Press, Cambridge, UK.

Gauthier, S., Leduc, A., and Bergeron, Y. 1996. Falgsamics modelling under
natural fire cycles: A tool to define natural mosaic diversity for forest management.
Environmental Monitoring and Assessment 39:134.

Gauthier, S., Vaillancourt, MA., Leduc, A., De Grandpre, L., Kneeshaw, D., Morin, H.,
Drapeau, P., and Bergeron, Y. 2009. Ecosydiéamagement in the Boreal Forest.
Québec: Les Presses de I’Université du Québec, Quebec, Quebec.

Harmon, M.E., and Hua, C. 1991. Coarse woody debris dynamics in tvgoavdh
ecosystems. BioScience 41(9): 6640.

Harper, K.A., Bergeron, Y., Drapeau, P., Gauthier, S., and De GrandprZ, L. 2005.
Structural development following fire in black spruce boreal forest. Forest Ecology
and Management 206: 25306.

Harper, K.A., Bergeron, Y., Gauthier, S., and Drapeau, P2.Z0@stfire development
of canopy structure and composition in black spriorests of Abitibi, QuZbec: A
landscape scale study. Silva Fennica 36(1)Era9.

Harvey, B.D., Leduc, A., Gauthier, S., and Bergeron, Y. 2002. Stenu$cape
integration in natral disturbancdased management of the southern boreal forest.
Forest Ecology and Management 155 E388%5.

HZly, C., Bergeron, Y., and Flannigan, M.D. 2000. Coarse woody debris in the
southeastern Canadian boreal forest composition and load variatrehegion to
stand replacement. Canadian Journal of Forest Research 3038874

Johnson, E.A. 1992. Fire and \&gtion Dynamics: Studies FrommetNorth American
Boreal Forest. Cambridge University Press, Cambridge, UK.

Johnson, E.A. and Miyanishi, R008. Testing the assumptions of chronosequences in

UC



succession. Ecology Letters 11: 44131.

Jonsson, B.G. 2000. Availability of coarse woody debris in a boregroldth Picea
abies forest. Journal of Vegetation Science 11(15661

Karjalainen, L., ad Kuuluvainen, T. 2002. Amount and diversity of coarse woody
debris within a boreal forest landscape dominated by Pinus sylvestris in Vienansalo
wilderness, eastern Fennoscandia. Forest Ecology and Management 3@)1): 147
167.

Kershaw, J.A., Ducey, M.J., Bee T.W., and Husch, B. 2017. Forest Mensuration.

Fifth. John Wiley and Sons Inc., Hoboken, NJ.

Kneeshaw, D., and Gauthier, S. 2003. Old growth in the boreal forest: A dynamic
perspective at the stand and landscape level. Environmental Reviews 11()Supp.
14B109.

Kuttner, B., Malcolm, J.R., and Smith, M. 2013. Mwdhort stand structure in boreal
forests of northeastern Ontario: Relationships with forest age, disturbance history,
and deadwood features. Forestry Chronicle 89(3)E2UB.

Laberge, M., Pgette, S., and Bousquet, J. 2000. Life span and biomass allocation of
stunted black spruce clones in the subarctic environment. Journal of Ecology 88(4):
584E593.

Lang, G.E. 1985. Forest turnover and the dynamics of bole wood litter in subalpine
balsam firfforest. Canadian Journal of Forest Research 1FPB&2

Lecomte, N., Simard, M., and Bergeron, Y. 2006. Effects of fire severity and initial tree
composition on stand structural development in the coniferous boreal forest of
northwestern QuZbec, Canafleoscience 13(2): 15163.

Lee, P.C.., Crites, S., Nietfeld, M., Nguyen, H. Van, and Stelfox, J.. B. 1997.

UF



Characteristics andigins of deadwood material insfpendominated boreal
forests. Ecological Society of America 7(2): €901.

Lorimer, C.G..andKrug, A.G.. 1983. Diameteristributions in everaged stands of
shadetolerant and midtolerant tree species. The American Midland Naturalist
109(2): 33E8B45.

Lorimer, C.G. 1985. Methodological condsiderations in the analysis of forest
disturbance historyCanadian Journal of Forest Research 15E208.

Loucks, O.L. 1961. A forest classification for the Maritime provinces. Nova Scotian
Institute of Science 25(2): 8h67.

Lynds, A. 1992. Provisional ecological characteristics ofgrtulvth forests for Nova
Scotia: An Acadian forest perspectiva.Science and the Management of Protected
Areas. Elsevier Science Ltd, Acadia Unviersity, Nova Scotia. pf33i39

Martin, M., Fenton, N., and Morin, H. 2018. Structural diversity and dynamics of boreal
old-growth faests case study in eastern Canada. Forest Ecology and Management
422: 12%136. Elsevier.

McCarthy, J. 2001Gap dynamics of forest trees:r@view with particular attention to
boreal forests. Environmental Reviews 9(B59.

McRae, D.J., Alexander, M., and Stocks, B.J. 1979. Measurement and description of
fuels and firedbehavior on prescribed burns:handbook. Environment Canada,
Canadian Forestry Servicgault Ste. Marie, ON.

Mosseler, A., Lynds, J.A., and Major, J.E. 2003a.-@lowth forests of th&cadian
Forest Region. Environmental Reviews 11(Suppl. 1194

Mosseler, A., Thompson, I., and Pendrel, B.A. 2003b. Overview ejmth forests in

Canada from a science perspective. Environmental Reviews 11(Suppbgy. S1



Moussaoui, L., Leduc, AEenton, N.J., Lafleur, B., and Bergeron, Y. 2019. Changes in
forest structure along a chronosequence in the black spruce boreal forest:
Identifying structures to be reproduced through silvicultural practices. Ecological
Indicators 97: 8899.

N¥asset, E.999. Decomposition rate constants of Picea abies logs in southeastern
Norway. Canadian Journal of Forest Research 29(3EB872

Neily, P., Basquill, S., Quigley, E., and Keys, K. 2017. Ecological land classification.
Nova ScotidDepartment of Natural RearcesHalifax, NS. Report FOR 201%.

Neily, P., Basquill, S., Quigley, E., Stewart, B., and Keys, K. 2013. Forest ecosystem
classification for Nova Scotia. Nova Scobapartment of Natural Resources,
Halifax, NS. Report FOR 2018.

Neily, P., McCurdy, D., Stewart, B., and Quigley, E. 2004. Coastal forest communities
of the Nova Scotian eastern shore ecodistrict. Nova Soepiartment of Natural
Resourcedalifax, NS. Report FOR 74.

Nova Scotia Department of Lands and Forests (NSD1%77. Nova ScotiaOs spruce
budworm situation. Nova Scoti2epartment of Lands and Forediglifax, N.S.

Nova Scotia Department of Natural Resources (NSDNR). 2012. Nova ScotiaOs old forest
policy. Nova Scotidepartment of Natural Resourcétglifax, NS. Report FOR
20124,

Oliver, C.D., and Larson, B.C. 1996. Forest Stand Dynamics. John Wiley and Sons Inc.,
New York, N.Y.

PesklevitsA.D. 2006. Old growth forests: donceptual and empirical examination.
Graduate thesjPalhousie University, Halifax, NS

Pham, A.T., De GrandprZ, L., Gauthier, S., and Bergeron, Y. 2004. Gap dynamics and

Ul



replacement patterns in gaps of the northeastern boreal forest of Quebec. Canadian
Journal of Forest Research 34: BS&4.

Prach, K., Py$ek, P., and %milauer, P. 1993h®rate of succession. Oikos 66(2):
343846.

Romme, W.H., and Knight, D.H. 1981. Fire frequency andapime forest succession
along a topographic gradient in Wyoming. Ecology 62:EBPS.

Rossi, S., Tremblay, M.J., Morin, H., and Levasseur, V. 20@d3ttructure and
dynamics of Picea mariana on the northern border of the natural closed boreal
forest in Quebec, Canada. Canadian Journal of Forest Research 323AH)7

Rowe, J.S. 1972. Forest Regions of Canhiddural Resources Canada, Canadian Eores
Service Ottawa, ON.

Runkle, J.R. 1982. Patterns of disturbance in somgradth mesic forests of eastern
North America. Ecology 63(5): 158B8546.

Shannon, C.E., and Weaver, W. 1949. The Mathematical Theory of Communication.
University of IllinoisPress, Urbana.

Smith, T.M., and Smith, R.L. 2015. Elements of Ecoldgydth edition. Pearson
Education, Hoboken, NJ.

Sokal, R.R., and Rohlf, F.J. 1969. Biometry: The Principles and Practice of Statistics In
Biological Research. W.H. Freeman and Compélew York, N.Y.

Spies, T. a, and Franklin, J.F. 1996. The diversity and maintenancegrbelth
forests.In Biodiversity in Managed Landscapes: Theory aratfce. Oxford
University Press, New York, N.Y. pp. 25&14.

Spies, T.A., Franklin, J.F., and Thas) T.B. 1988. Coarse woody debris in dougdilas

forests of western Oregon and Washington. Ecological Modelling 69(6)P1689

UL



1702.

Stewart, B.J., Neily, P.D., Quigley, E.J., Duke, A.P., and Benjamin, L.K. 2003. Selected
Nova Scotia olehrowth forests: Ae,ecology, structure, scoring. Forestry
Chronicle 79(3): 632644.

Sturtevant, B.R., Bissonetee, J.A., Long, L.N., and Roberts, D.W. 1997. Coarse woody
debris is a function of age, stand structure, and disturbance in boreal
Newfoundland. Ecological Society America 7(2): 702712.

Taylor, A.R., Dracup, E., MacLean, D.A., Boulanger, Y., and Endicott, S. 2019. Forest
structure more important than topography in determining windthrow during
Hurricane Juan in CanadaOs Acadian Forest. Forest Ecology and Management
434(0October 2018): 2%R63.

Taylor, A.R., MacLean, D.A., Neily, P.D., Stewart, B., Quigley, E., Basquill, S.P.,
Boone, C.K., Gilby, D., and Pulsifer, M. 2020. A review of natural disturbances to
inform implementation of ecological forestry in Nova Scoianada.

Environmental Reviews (506)B£100.

Thompson, I.D., Larson, D.J., and Montevecchi, W.A. 2003. Characterization of old
Owet borealO forests, with an example from balsam fir forests of western
Newfoundland. Environmental Reviews 11(1 SUPPL.E1B4

Uhilig, P., Harris, A., Craig, G., Bowling, C., Chambers, B., Naylor, B., and Beemer, G.
2003. Old growth forest definitions for Ontar@ntario Ministryof Natural
ResourcesPeterborough, ON.

Wagener, W.W., and Schulman, E. 1954. Longevity under sithy@n conifers. Science
119(3103): 88B884.

Waldron, K., Ruel, J.C., and Gauthier, S. 2013. The effects of site characteristics on the

U\



landscapdevel windthrow regime in the nortihare region of Quebec, Canada.
Forestry 86(2): 190171.

Wein, R.W., andMoore, J.M. 1978. Fire history and recent fire rotation periods in Nova
Scotia Acadian forest. Canadian Journal of Forest ResearchB:7856

White, P.S., and Pickett, S.T.A. 1985. Natural disturbance and patch dynanfiks.
Ecology of Natural Disturbze and Patch Dynamics. Academic Press, London,
UK. pp. 316.

Wong, C.M., and Lertzman K.P. (2001) Errors in estimating tree age: implications for
studies of stand dynamciSanadian Journal of Forest Research 31: 12&71.

Zar, J.H. 2014. BioStatistical Analysls.Fifth. Pearson Indian Education Service Pvt.

Ltd., Noida, India.

VV



Chapter 3: Conclusion

3.1 Overview of Thesis

In Chapter 2stand development wassessed aloraychronosequence mwland
and uplandasites | examinel three objectives to quantitatively assess the successional
and structural processes occugras stands developehlly first objective determined
that uneveraged structures wepcurring in the black spruce forest communities along
Nova ScotiaGmasterrshore The Weibull shape parameter (WSP) and symmetigxn
(S1) determined that there wao distinctgradient of stands transitioning from even
aged to unevenged based ostand agéOLD3AGE) or ecosite However, all uneven
agedstructuresexeptfor upland stan@ged 72/ears wereidentified n the older aged
sites. The onséDLD3AGE of unevenraged struttires wasapproximately80 yearsn the
uplands and 100 yeairs the lowlandsUpland sitesappeagdto havea higher
developmentate than the lowlands becausevenaged structurewereoccurring
earlierin standdevelopmentBlack spruce maintained dominance of deadwood and
overstory and regenerating cohorts. Therefdneasapparent that thiewland and
uplandblack sprucdorest communities ar@imax forest typein the Maritime Boreal
Forest Region.

My second objective examin€WWD volume and srpages based on decay
classesvithin and between thecositesBased on the linear mixed effechodel, the
fixed effects ofecasiteand decay had significant interaction and tmandom effect
associated witlstand accountefr significant variation of DWD decay waine.The

temporaldistributiondid not follow the typical Ushaped pattern. Although an increase

VN



in volume was observed, in both the lowland and uplaitds,total volume decling or
leveled offin the oldest stand3he majority of decay class volume within the ecosites
was not signifiantly different.For snag ages, the fixed effectsegbsiteanddecayclass
hadsignificant interaction whil¢ghe random effestassociated witetand didhot

account for any additional variation. Thenefpsnag decay agdgl not differ depending
onthe OLD3AGE of thestand Theupland sites had lower decay Il value, which
implied that the upland sites were inducing snag mortality faster than the lonwdaads.
mortality did exhibiteverraged developmerit the beginning of stand development
However, inthe lowlands it appeared that mortality structures transititowvedrds more
unevenraged conditionsThese findings confiredthe presence of ggphase dynamics
caused by smalBcale disturbancas both ecosites. élvever trees in theiplands
appeaedto be samescing earlier and contributemla significanincrease in earlielDWD
volume.

My third objective determinethatsnag volume&T) was significantly lowem
the lowlands andnag density§D) significantlyincreasedn the uplands as the
OLD3AGE value increase@alsam fir snags >20 DBH wepgesent in the younger
lowlands sitesand werecontributing toan increase i85 T. In the oldest stands, tlaeger
size of balsam fir snags waset present and overall snag DBHs less than younger
OLD3AGE standsThe sigificant increase in upland SD was the samethgeshold
when three out of fouof the stands exhil@tunevenaged structure3.henatural
senescencef trees and/ondernal smalscale disturbancappeagdto be inducing
significantuplandsnag mortality, resulting in the regeneration layer occupying the
newly created space in the canofiyie other parameters wemet significantly different

as standsged (OLD3AGE) Thereforeplder baeal forests dishot exhibitlargerlive
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tree structuraleaturesor compositional chang®lo parameters weggnificantly

different between thecositeshoweveruplands ldnoticeably(p < 0.2)greater BBH

and HT values, which suggestadhigher growthrate. The highegrowth rateappeared

to causancreased susceptibility amdore severe impagbn stand development than the
lowlands. Aong with DBH and HT, the uplands exh#tnoticeably higher downed
woody debris volume (DWD_\gnd lowergap faction GF) values comared to the
lowlands Chronosequence or site productivity gradientsndilaccount folive tree
densiy (TD), basal areaBA), species diversity3C), andcoarse woody debris diameter
(CWD_dbh, which suggesttheseattributeswereeither inheratly similar or another
factor wa contributing to their value.

My objectives determirtethat gapohase dynamics is@evalent nattal
disturbance occurring later aoastal boreal black sprucanddevelopmentUneven
aged structures are identified in tHdey (OLD3AGE) stands, with the uplands
exhibiting inevenaged structures earlidran the lowlands. Although the majority of
structural attributes are not significantly different from a uniform distributianables
associated with snags differdtiwas apparent thdilack spruce is a coastal climax
community, howevethe onset ofittributesassociated with the I@a@rowthO stage of
developmentvasdifferent compared to the boreal forests of Quebec, Ontarithand
climax forest communities currently identified in Nova Scotia. Therefore, both the
regional forest type and site productivity factors should be incorporated into old forest

managemenpolicies andoractices.
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3.2 Application of Old-growth Definition

NovaScotiaOs currefiolegrowthO definitin didnot apply to the coastal black
spruce forestHowever, the lowland and upland cah$&lack spruce forest types are
climax forest communities occurring Wih the Maritime Boreal Forest atitey exhibit
unique conditions indicativef the OoldgrowthO stage of developméfiterefore, the
definition criteriacurrently useghould be altered to address the stand dynamics
occurring in coastal black spruce fore3tsrough this research, | used@d@mbinationof
structural and successiorgfinition parameterso understand when the transitianthe
OolegrowthO stage of development was occurrBugrcessioal definition criteria
includedthe presence of latguccessional, climax forest types and-ghpsedynamics
Structural definitions criteria includete presence of uneveged structures and
changes in structural attributd3y utilizing both successional and structural parameters,
the processes occurgmater in stand development wedentified From incorporating a
combination of these criteria, appropriateapproach for determining @oldégrowthO
definition based on the regionarést type and site productivity factaran be

established

3.3 Other Boreal Forest Management

Black spruce foregypes have been identified as lsteccessiondbrest
communitiedn the inland boreal forests of Ontario and QueBawilar to thecoastal
speciescomposition andhcreasd speciesliversity werenot significantly different
throughoutOntario and Quelmestand developmeriHarper et al. 2002, 2005; Boucher
et al. 2006; Bergeron and Harper 2009; Kuttner et al. 2@&®)cler et al. (2006)

attributethis to both a lack of species composition change and the fact that black spruce
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forests have inherently low species diverdityvasalsoidentified that black spruce
forestslackedthe ke structural attributes that wetgpically associated with olgrowth
forests, including the abundance of lalige structural feature@Harper et al. 2005;
Bergeron and Harper 2009; Rossi et al. 2008 er similarities includediversity of
snag and DWDlecay class throughout stand development (Bergeron and Harper 2009).
However,volume was highethan values observed the coastal borealith averages
of 34 nt/ha in northwestern Quebec (HZly et al. 2000) and 48&/anm Ontario Ter-
Mikaelian et al. 2008)The structural features obseniedhe inland boreal werdightly
larger than vales in thecoastaborea) with DBH mean values ranging from
approximately 15 cmbP16.5 cm and éight rangingrom approximately 8.5 14 m
(Ter-Mikaelian et al. 2008; Rossi et al. 2008Jthough slightly large, live structural
features werstill similar, which suggests théihe hgher DWD volume could be
attributed to an increase in DWD log frequency insteadrgelr deadwoogdieces.
Higher accumulation of DWIbgs has been understoodndicatethe timing and
severity of disturbancg8rassard and Chen 2006; Bergeron and Harper 2009)
Althoughsmaltscale disturbancese both identified as processes influencing &ore
stand developmenit is apparent that the scale and severity of disturbdraes
different impacts on stand develoent in these regional forests.

Although the Ontario and Quebec boreal forests exukibme differences ithe
temporal progression of structugdtributes there are still similaritieassociated with
the OolegrowthO stage of developmédcause ofhesesimilarties, management
recommendationsom theinland boreatould be adjusted to represent the coastal
borealstand developmenitlanagement recommendations include stand strischeimg

diversified byage ratheritansize (Rossi et al. 2008maintenance dftructural
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attributes particularly deadwood featuresgsociated with later stand development
(Bergeon and Harper 200%nd addressing the importanaf stand development based
onsite productivity Boucher et al. 2006 These recommendations could be
incorporated into other management practices other than old forest management,
allowing for features a®ciated with each stage advelopment to be maintained

throughout the coastal bordahdscape.

3.4 Recommendations

Future climate pedictions suggeshe coastal boreal will experienceiaorease
in the frequency and severity of stor(isylor et al. 2019)Therefore this study can be
used as a reference point for curneid disturbancesO influence on fostelopment
From this researcheddwood features ppar to be the best indicator understanding
the temporal dynamics of stands in the upland and lovdamites.However, the agent
of mortality was not assessed. Therefojggestutureresearciocusonthe mortality
agent ofdeadwood structural features within eadositeto understand trees are
senescing due to winttpm reaching the peak of longevity other external
disturbancesTherefore, Giture changes in disturbance regiraad theinnfluenceonthe
structural condition of the coastal forests bedetermined

My researcHocused on structural and successional tree features within a forest
and did not take into consideration the richness of herbaceous plants, bryophytes, and
animals. Because forests in the later stages of development are known to have an
increase in biodiversity featuréSpies and Franklin 1996; iHter 1998; Mosseler et al.
2003a, 2003pDesponts et a004) | recommend future research focus on plant and

animal habitatichnesan relation to forest structurély research identified differences



based on the site and temporal conditions of the stlhekforel recommend including
theseas factors in future habitat researthis would allow for a holistic approach to

forest and habitahanagement within this region.
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Appendix A: Nova Scotia Department of Lands and Forestry ‘old forest scoring’

sheet
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Appendix B: Nova Scotia Department of Lands and Forestry research plot protocol

Age and Structural Characteristics of Remnant Red Spruce
Old Growth Forests at Cape Chignecto

CField Sampling Procedure®

General Description

The project will involve nofdestructive sampling of remnant old growth red spruce forests at
Cape Chignecto. The primary objective is to develop a scientific understanding of age structure
and long term stand dynamics in old growth forests through exéeimgirement coring. Macro
features of coarse woody debris, snags, tree size (diameter), basal area, vertical structure and
canopy condition will be measured to assist in the evaluation and development of the N.S. Old
Growth Scoring system.

Purpose

Develop a scientific understanding of the age structure and stand dynamics of Old Growth
Forests. Evaluate the Nova Scotia Old Growth Scoring System.

Objective
Obtain detailed measurements of stand age and stand structural elements.
Methods

Up to 5 samfe points will be established systematically through selected old growth stands. At
each point, live and dead tree composition will be measured by point sample using a 1, 2, and 3
BAF prisms. All sampled trees will be increment cored, and cores wiglkes tto the lab for
preparation and aging. Other noteworthy trees will also be selectively sampled.

Coarse wood debris will be sampled along a 105 m triangular shaped line transect (35 m sides).
Stand vertical structure and canopy condition will be Vig@ssessed.

Results

Data will be summarized to provide a quantitative description of stand conditions. Age data will
be analyzed and stand age class structure will be determined and used to describe stand
disturbance dynamics. The overall resulth be used to evaluate the old growth scoring

system.

In each stand, all sample trees will be aged by extracting increment cores, that will be prepared

and aged in the lab using stand tree chronology techniques. Cores will be permanently mounted
and be wailable for future study if occasion arises.

Study Sites

Remnant old growth stands of red spruce were identified from the Cape Chignecto area
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using photogrametry. These remnant forest stands occur within a larger landscape of younger red
spruce that arose following clearcut harvesting in the mid 1990's.

Sampling Instructions

- Establish 35 sample plots per stand

- Collect a minimum of 50 increment cores per stand, representing the full range of age/diameter
classes in the standhib will include a full sampling of all trees tallied by prism sample, as well

as other selected individuals with noteworthy characteristics suggesting very old age (the
intention being to capture the maximum stand age, as well as the age distribttimstaht]).

At each sample plot:

1. Collect or record gps location (utm nad83)

2. Use 2 or 3 BAF pam (15- 20 live trees/plot) to record live and dead trees by species by
2 cm dbh class. For snags record the length of bole by 10cm diameter class. For trees less
than 10 cm dbh sample using a 1 BAF prism.

3. Establish a 105 m line transect triangle (35ides) beginning at each sample point. For
all transected downed wood > 9.0 cm, Record diameter at intersection (mm), species, and
decay class.

4, Visually inspect and record the overstory canopy condition (uniformly closed, canopy
openings, mosaic ofedhsities)

5. Visually inspect and record the number of understory layers not including seedling (0, 1,

2,>2)

Record evidence of past human or natural disturbance (type, amount, when)

Measure and record depth of duff layer near plot center

Sanple all trees tallied by prism sample, as well as other selected individuals with

noteworthy characteristics suggesting very old age

© N

For each sample tree record:

a. Tree number
b Species
c. Dbh
d. Height
e
f.

Status (Live or Dead)
Amount of crown dieback (stag tree?)

Store and Label cores:

a. Store core in straw in order aftteaction and affix label at
the bark end of the straw.
b. On label record: date, species, dbh, stand name, plot#, tree#

Increment Core Preparatiorffrom David W. Stahle, tree chronologist):
recommended websightttp://web.utk.edu/~grissino/
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1. Upon collection, store cores in straws in the order of extraction from the tree. Attach
label to the straw at the ObarkO end of the core.

2. In the lab, slice open straws, and leave cores to dry inside straw for a few days.

3. Permanently mount cores ngiwood glue into a shallow 2mm wide groove cut into a
narrow board. Cores should have the tracheids extended vertically (ie. see radial/cross
sectional surface)

4. Polish cores with sandpaper through the following grit sequence: 220, 300, 400, 600

5. Count rings using strong magnifying glass, or dissecting microscope.

Materials

1. Prisms (2 & 3 BAF

2. Diameter Tape

3. Increment Borer

4. Compass

5. 30 m tapes (2)

6. Laser Hypsometer

7. GPS

8. Straws

9. Labels (for straws)

10.  Marker

11. Masking tape

12.  Clipboard

13.  Cruise Sheets

14.  Aerial Photos

15. Grooved 1" Pine boards for mounting cores

16. Wood Glue

17.  Sandpaper 220, 320, 400, 600 (Lee Valley Tools)

18.  Windendro system
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Appendix C: Downed woody debris (DWD) and gap fraction (GF) fixed linear

transects

DWD Assessment

30m

Gap Fraction

360°

wsg

288°
% 3
25™

216° 144°
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Appendix D: Stewart et al. (2003) modified decay classes based on Sollin (1982)

Decay Classes

Freshly dead, bark intact, branches intact (including small), needle/leaf
retention, bole sound, bole raised off group on branches.

Beginnings of decay but rot not well establisired/ood that was sound at
time of death. Bark mostly intact, branch stubs, bole not raised on branc
bole mostly sound.

Rot becoming established but sound at core. Bark loose and mostly flak
off, bole beginning to rot but maintaining structurtaésgthbround,
straight, not sinking into ground

\Y Advanced decay. Bark mostly absent, bole mostly decayed with little or
sound wood present. Colonized with vegetation. Lacking structural stier
bole oval and bending to shape of ground. Lagfestar snag, which will be
rotted, wobbly, and could be easily pushed over.

Vv Rotted through, becoming humus. Sunken into mound on the ground, b

retaining a woody character, not yet part of the sail.
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