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Abstract
Sugar maple (AcesaccharumMarsh) treeseartheir northern range limit have been
affected bystressepisodes in the pashpacing radial growth This study examines the past
occurrence and causessifort and longtermradial growth suppression periodRadial growth
modelsusingonly climate variablesire producedor sugar mapland futureforecastg2000-

2100)are developed fdkew Brunswick and central Nova Scotia, Canada.

Improvement®over pastadial growthforecasting methodologies are sought to create
morereliablefuture model projectionsTreering samplesverecollected from ten sugar maple
stands in close proximity to lortgrm climate stations covering an area of climatic variabily.
nonstandard methodlasundertaken with the composition diroatic variablesfor application
to the forecasting modelsy using dailyclimaterecords iranattempt tomore effectively explain
past shorterm climatic events. Modeisereconstructed usma stepwise regression analysis
employingboth daily and monthly compiled variables for all ten sites. The model owtputs
then crosgeferenced to verify the important climate variables to sugar maple radial geowlth
the landscape patterns ofimatic respmses were noted Late winter thaw/refreeze eventere
examined for synchrony with sugar maple ragi@wth reduction periods, and Coupled Global

OceanrAtmosphere iteractionsvereevaluated for influence orugar maple climaticesponsg

Radial growth forecasthodel outputsllustrate agenerally decreasing radial growth rate
across all sitesand extreme radial growth reductiofos the moresouthern sites. Coupled
Global OcearAtmosphere mteractiorcorrelatiorresults indicat@ strongpositive relationship

between sugar maple radial growth and ibegn positive phases te Atlantic Multidecadal
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Osclillationindex. Additionally a strong negative relationshiyasdiscovered witlpositive

multidecadal phases tifie Nath Atlantic Oscillation winter index

When allstressoinformation is synthesized appearshata period of favourable
growing conditions may prevail until approximately 202&fter this time frameclimatic stress
should increase, pettially leading tauneveneffects across the landscapehis will caug
growth reductions, crown dieback and limited mortalitgugar maple across the study area
Consequences of this outcome ublbeanexpected impadb the volume of sugar maple sap
for use in thgroduction ofmaple syrugproductstheaestheticef fall foliage the availability of
maple wood productsndthe various ecalgical serviceshat sugar maple trees provide to the

Acadian Forest Region
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Preface

Today we no longer see the landscapestatic environment. Throughany scientific

processes we haegeated the capability to see far into the history of the plame we have

realized our world is an unstable place saturatill adaptive strategies. We haaigo seen that
ouractonsarddaving a direct affect on the stability
awareness of the cumulative effects of humans on the environment has grown to become
undeniable. This has helped conceive a vision of forthcoming ecologic transformation beyond

the natural variability of the distant past. Now we are learning to anticipate the shifts in

ecosystems that will define the pla@etuture.

The original research presented here represents a portion of a larger and ongoing body of work
regarding radial growthesponse of Acadian Forest tiggecies to climate change. The

guestions pursued in this work developed from a curiosity concerninggiiity of presently

rooted trees. Our awareness of shifting climate conditions informs us about the potential for
range migration of margpecies but how will those lo+liyed species with fixed addresses

cope? An understanding of the future prospyeritestablished tree populations not only informs

us of impending resource availability but advises us about potential shifts in biological
interactions dependent upon the largestdtiaictural component of forest ecosystems.

Anticipation of positive o negative reactions to climaileduced changes ife forests offers the
potential for mitigation and preparation. In this evaluation of sugar maple, the most
geographically expansive attempt at radial growth forecasting is undertaken.
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Chapter 1
1.0 Establishing the Framework
1.1  Introduction

Reactios to unprecedentedlimatic conditions arexpected in forests around the world
as they undergo compositional shifts to maintain climatic associations (IUFRO 2068).
species migration is oftemodeledwhen the longerm effects of climate change are
contemplated (McKeray et al. 2007, Iverson et al. 2008), while the response of currently rooted
trees to various forms of unusual disturbancestb@dew climate regimes is less quantifiable
(IUFRO 2009). Theconsiderably stressed ecosystemthefAcadian Forest Regiami New
Brunswick and Nova Scotia, Canadae no differenthan any other forest in the wodshd
much uncertainty exists concerning the future response of the tree species found within its

reaches (Vasseur and Catto 2008)

Sugar maple Acer saccharunMarsh)is of particular concern in the Acadian Forest
Region It hasexperienced periods gfowth stresshroughout its range, mainly in the latter half
of the 20" century,which have been associated with freezing and drought redatest §Bauce
and Alen 1991,Auclair et al. 1996, Robitaille et al. 1995, Payette et al. 1896)air 20095.

Other evats such as nutrient limitatipmsect outbreaks and pollution have also been implicated
as sugar maple stressoist¢lka and Raynal989,Hartmann andvessier 2008St. Clair et al.
2008). Some combination of climatic triggering events (Bauce and Allen 1991, Payette et al.
1996), further exacerbated by local site factors (St.Clair et al. 2008) sd@vetoee nthe cause

of sugar maplerowndieback andadial growth reductions the past Moreover, Auclair has

linked ocearatmosphere interactions, northern hemisphere temperatures and general climate



change to the occurrence of climatic triggering events (Auetat. 1996, Auclair 2005).
Although te probable causes thieregionalsugar maple stressare diverse and complex
usingalocalexample likeanice stormit is relatively easy to imagine the cascading ecological

effects on sugar maple trees that begin withragleclimatic event (Smitland Shortle 2003).

A mix of continental and maritime air masses influence the climate ovéwctian
Forest Regiomesulting in less drouglfP hillips 1990, Payette et al. 1996) but more
thaw/refreeze eventienin other portions of the sugar mapéngedue to the closer proximity
of oceanic influence@ hillips 1990). This difference in climate from other areas of the
northeasteriorth Americarhardwood biome may predispose sugar maple itaglian
Forest Regiomo moee frequent freezing strems. Analysis of the historic growth response of
sugar maple trees these types of stressdrshr oughout t he speciesbd ranc
routinelythrough treering investigationsn more continental regioriauce and Allen 1991,
Lane et al 1993Yin and Arp 1994, Payette et al. 1996, Tardiff et al. 2001, Goldblum and Rigg

2005) buthaveneverbeen attempteth a more maritime environment

Dendroclimatological analysis is well suited to assess the past extent of sugar maple
stress and evaluateetipotential future success of the speciesng time periods can be
examined for radial growth suppression through this technighige models of future radial
growth rates can be produced. Typicaflyonthlyresolutionclimate data is regressed onto
annualtreering measurement indices to estimtdte extent and timing of climatic influence on
radial growth Payette el al. 1996, Tardiff et al. 2001, Goldblum and Rigg 2005, Phillips and
Laroque 2008,)However,theability of monthly climatic data tcapturedaily or weekly
extremeeventshas been questioned by both Graumlich (1993) and Payette et al. (11986). |

thereforethe objective of this study to attempt a reconstruction of potential stress events from the
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instrumental daily climate recordther than using the more traditional monthly format
Although freezing events have often been indicated as a trigger for sugar maple stress, never
before has an attempt to model and fastsuch conditionsn a daily temporal scaleen

accomplished

Theproduction of radial growth forecasts for sugar maple under @potentially
complex series of influencesaformidable challenge.The uncertainty oGlobal Climate
Modeltrajectoriesinto the futurefurther obscures the process being attemptzd. But,
keeping tlse challengs in mind, it is hopedhat thismore inclusivemodelingprocess will

result ina morepersuasive forecast that whihally start toinfluenceactive management plans.

1.2  Hypothesis

Evidence is mounting in support of the theory thlabal changes causing stress on
manyforests(Auclair 2005, Beier et al. 2008an Mantgem et al. 200%and in particular, thaw
freezecycles have been implicated as agents of stress in multiple species including sugar maple
(Bauce and Allen 1991Auclair et al. 1993a, Auclair et al. 1996, Robitaille et al. 1995, Payette et
al. 1996, Auclair 2005, Beier et al. 2008) his evidence raises mangw questions, such as
how will thawfree ze affect trees in the futurghat maritime climate processes are causing it in
the present, and has it affected them in the more distant plsta radial growthanalysis in

the Maritime Provincesan help answetheseguestionss in part, the point of this study.

This researchtherefore testedthe following two hypotheses

1) Thaw/refreeze late winter conditions are injuring sugar maple trees and these events are
occurring more frequently irhé southern portionsf New Brunswick and central areas

of Nova Scotighan in more northern portions of the provincas;
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2) Late winter thaw/refreeze events are likely to affect trees more often in northern areas of
New Brunswick aguture climatic changs advanceand moralominant influences of the

adjacent oceans are felt



Chapter 2

2.0 HypothesesBackground

2.1  Sugar Maple Characteristics

2.1.1 Range and Climate

Sugar maple rangmcludesall of the MaritimeProvincesof Canadaut nears its
northern latitudinal boundariy the northern reaches of New Brunswiglg. 21). Throughout
theranget he average winter time |lowlBe@pdependenyg
latitude and elevation, and the average summer bighp e r at ur e varies bet wee
(Burns et al. 1990). Precipitation averages vary between a low of 510 mm annually along the
western edge of the range to a high of 2030 mm in the Southern Appalachian Mountains (Burns
etal. 1990). These amountd pe Maritime average somewhere near the median rangesvalue
of -4e Quinters, 21.8 Gummers and 1270mm of annual precipitati@iven that the Maritime
range is currently near the northern boundary of the greater range and both the temperature and
precpitation amounts experiencadthe Maritimesare roughly equal to that of the intermediate
values associated with the species, it is reasonable to éRkparimate change and increasing
temperaturewill have little effectonthe geographic distributioof trees in this area. In fact,
climate envelop models running the higledium SRES A2 climate change scenario only show

slight sugar maple range contraction in Nova Scotial®p2AD (McKenney et al. 2007).

2.1.2 TemporalAbundance

Based mainly opollen abundance in sediment cores taken from lakes in southwestern

New Brunswick it appears that maplé¢er most likely first appeared on the landscape in the



Maritime Provinces sometime after 9500 years B.P. remaining relatively insignificant asé for
dominated by pineRinug. Around 6600 years B.Pmaple populations increased along with
other hardwood genera and hemlo€kugg. Population levels shifted again at approximately
5100 years B.P. when hemlock declined and befeag9 numbers ina¥ased to dominate the
forest along with maple, birc{Betulgd, ash(Fraxinug and other hardwoods. Near 3000 years
B.P, hemlock populations had rebounded and they dominated along with the hardwoods. About
1000 years B.Rhemlock declined and sprudei¢ea) increased while the hardwoods, such as
beech, maple and odRQuercug, dominated but not to the same degree as in the previous 4000
years (Mott 1975). By the time European settlement started to influence the composition of
regional forest¢circa 18M), the maple genusccounted for 18.4% of trees, based on a witness
tree study conducted in Kings County New Brunswick (Lutz 1997). Reigeme$ indicate the
maple genusas realized a reduction of two percentage points dropping to about 16.4% of total
trees in the same area. Ofcourse this naay &cross the landscape aarant sugar maples

likely to have experienced much larger declines wiiiée moreintolerantmaple species, such as
red maplgAcer rubrun), have likely increased in abundance (Woodley et al. 1998). This
substitution in species would have made up much of the diffegemtenaintained the maple

genuspopulation levels.

Palynological research hakown that maple trees have rbed far greater abundance
past situations when the climate was much warmer than it is today in the Maritimes. Pollen
analysis completed by Livingstone (1968) in eastern Canada shows that even though former time
periodssupportedyreate maple populations, theaplegenusexpanded and contracted greatly
over time as past climates fluctuated. The human impact on maple populations is partially

outlined by Loo and Ives (2003) where they describe the disturbances of ageicldaring and



industrial forestry operations on diverse hardwood communities. These historical perspectives
indicate that anthropogenic forces can greatly influence the abundance of sugar maple trees over
long time periods and that large fluctuasan the sugar maple population should be expected

with changing climates.

1000 km

Figure 21. Sugarmaplerangemap in eastern North Americautlining the geographiange
wherethetrees have been observed growing and reprodeshgpted from Farrar 1995)



2.1.3 Habitat, Life Expectancy and Size

Sugar maple prefers nutrient rich, moist soils that are well drained (Ritchie 1959). Itis
most commonly found in upland tolerant hardwood forests in the Maritimes mixed with yellow
birch(BetulaalleghaniensiBritt.), American beech (Faggsandifolia Ehrh.) and sometimes
red sprucgPicearubensSarg.)(Zelazny et al. 2003). Sugar maple is an extremely shade
tolerant tree and it reaches full photosynthetic activity at approximately one quarter full sunlight.
Due to its high shade tolerantke species can survive for long periods in the forest understory
before becoming a canopy treBugar maplas a long lived northern hardwood species and can
achieve life expectancies of 300 to 400 yearsfull size measures about 27 to 37 m in height

and 76 to 91 cm diameter at breast height (Burns et al. 1990).

2.1.4 Foliar Phenology

Sugar maple, yellow birch, and American beech form many of the upland tolerant
hardwood forests in the Maritimes (Zelazny e28I03) and it would be expected that strong
competitive associations exist between these species. In fact, only days separate the spring time
bud burst of sugar maple, yellow birch, and American beech (Richardson et al. 2006). The
competitive advantage dking the first tree species to develop foliage in a deciduous forest is
seltevident, however, the disadvantages could be more subversive. Late winter subzero
temperature swings can not only damage new leaves, but early biological processes of
dehardeed tissues during winter thaws in yellow birch haverbghown to put trees at risk for
freezing damage of their roots (Cox and Zhu 2003). Typicaillgar maple requires 2500 hours
of chilling temperatures before bud dormancy is broken in northerngiignd (Burns et al.

1990). Records gathea between 1982002 at Hubbar®rook (259m asl) in the White



Mountains of New Hampshire, positioned roughly
indicate the mean day for a sugar maple leaf development ofyi 14" and the mean day

for 50% of leaf drop is October £8giving an average growing season of 157 days. For every
additionall00 m increase in elevation, bud break occurs approximately 2.7 days later and leaf
drop occurs approximately 2.5 daysliear(Richardson et al. 2006). The area where this data
was collected roughly reflects the climatic conditions experienced in the Maritimes and is one

degree of latitude farther south than the most southerly point of the study #nesathesis
2.2  Dieback Phenomenon
2.2.1 CrownDieback Defined

Crown deback in trees is a type of branecalated mortality that first occurs at the
terminal end of the branch and advances toward the bole. This phenomenon must appear in the
upper crown of the tree to loensidered dieback and have no obvious physical injury signs; in
other words, inwardo outward afflictionAuclair 2005). An obvious characteristic symptom of
dieback is reduced radial growth due to the inability of the trée #&nough carbomo form

normalannualgrowth rings (Auclair 1998.

Crown deback was studied by many researchers throughout theg@ury. Early
research centered on climatic causes transitioned to atmospheric pollution theories of
causation (Walker et al. 199illers et al. 1989). More recentbausation theories haveoved
forward to atribute thawfreeze and drought as the major underlying probBau¢e and Allen
1991, Auclair et al. 1993pAuclair et al. 1996, Robitaille et al. 1995, Payette et al. 1996la4

2005, Beier et al. 2008).
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2.2.2 Dieback Research

In 2009 researchers from the west coast of North America released aillepivating
increasing mortality rates in forests from that area. They contributed evidence that this mortality
occurring among young and old trees was connected to a changing climate in which water
deficits are more frequent (van Mantgem et al. 2009). A year earlier in 2008, researchers in
southeastern Alaska produced evidence supporting theories that warmiacs wiete causing
late winter severe thalveeze events manifesting in the decline and mortality of yellow cedar
(Chamaecyparis nootkatengi3. Don) SpachfBeier et al. 2008). Most recently on the east
coast, Auclair (2005) has shown a 22 year cycleetfack affecting sugar maple, multiple ash
speciesmultiple birch species, and red spruce . Another study from the same year assessed the
spatial extent of past winter thafree ze events in relation to birch declines across eastern North
America (Bourqueet al. 2005). Previous to these more recent projéeisiair completed
extensive work in dieback associated with winter tifeegze in northern hardwoods of North
America, western white pin@inus monticoldD.Don) from the Pacific Northwesand Norway
spruce(Picea abieqL.) H. Karst)and silver fir(Abies albaMill.) in Europe (Auclair et al. 1990,
Auclair 1993, Auclair et al. 1996). Tdresearctalong with many prior studiesonsistently
relate climatic events to externally expressed symptom&oous tree species covering many

disjunct regions.

In a more directly related studg this work Payette et al. (1996) completed an extensive
dendrochronological investigation on the probable causes of sugarcreywledieback during
the 1980s iQuebec The relevance tthe presenstudy is the geographic proximity of the sites
sampled and the potential to consider the-tneg chronologies produced from both sampling

efforts as one network sharing similar climatic growtivehs. Although themethodsused in the
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Quebec studdliffered from the methods used hetige results offer a useful comparison.
Among those results, Payette et al. (1996) concluded that winterfidhares and summer
droughts ofteroincidedwith periods ofadial tree growh suppression Theconclusions of past
field research wasnportant evidence in the formulation ofgfstudy, andheresults of

experimental researatere alsaessential

2.2.3 Experimental Research

Over the past two decadexperimental work regarding thafreeze had®een donevith
many researchers attempting to get at the root of the problem. Many studies on various tree
species havélustratedthat freezing and thawing of stem, branch, twig, and root portions of trees
causes air blbobles to form in the xylem vessei§the wood (Sperry et al. 1988, Hacke and
Sauter 1996, Zhu et al. 2002, Cox and Zhu 2003). Tireskks in the fluid tensioare more
commonly referred to as xylem cavitations or xylem embolisms and cabeatsused by water
stress or drought conditions (Hacke and Sperry 20Different treespecies have dissimilar
xylemmorphdogy, which triggers variance in response to climatic events amongst species
(Hacke and Sperry 2001). The result of a highgeage of xylem cavitations is reduced water
flow to the canopy and decreased canopy productmibjch can be extensive enough to cause
the individual organism to suffer decreased vigor for several years or even cause death (Bergeron
and Sedio 1999). Xyleravitation is a regular part of seasonal change in many temperate tree
species, but when severe winter temperature events happen, the root systems can bermdamaged
several potential poorly understood waysdepleted of the necessary energy to fullyoest
xylem conductivity (Robitaille et al. 1995, Hacke and Sauter 1996). These results can then be
seen in crown dieback, potential mortality, and reduced radial growth or temporary growth
suppression (Beier et al. 2008)espite the researdited here there is still a need to develop a
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more specific understanding of winter ecological processes. The lack of winter study regarding
sugar maple climate response will continue to affect the comprehengioteotial effects of
weather events dimg thattime of year,ultimately resuling in continuingpredictive uncertainty

(Campbell et al. 2005).

2.2.4 Potential Connections to Ocean Conditions

Trees growing on most continents have shown strong connections to multidecadal
oscillating ocean conditions (& etal . 2008, Cook). Autldirettab(@296)i go 20
found a strong relationship among global climate phenomena and episodes of dieback in the
northern temperate forests of eastern North America. More specifically, links were made
between the &uthern Oscillation Inde{SOIl)and Northern Hemisphere temperaturéghile
the influence of the SOI on northeastern areas of the North American continent is relatively weak
(Auclair et al. 1998, Northern Hemisphere temperaturesals® known to benodified by
conditions in the North Atlantic OcegSutton and Hodson 2005This suggests North Atlantic
Ocean conditions such as the North Atlantic Oscillation and the Atlantic Multidecadal
Oscillation mayplay arole in the climatic drivers associated witbe growth and dieback
episodesln this regard, a wintespring connection that may link these phenomena to-thaw
refreeze events could also be underlying parts of the dieback prod@seetassessments of
these potential oceanic influences hgeeb be addressed and they may provide important

insights intotree responsan the Maritime Provinces.
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Chapter 3
3.0 Study Area
3.1  Study Sites

Tensampling sites were selected for this study and were mainly chosen near Adjusted
Historic Canadian Climat®ata(AHCCD) centres. Fivéocationsnear AHCCD centresere
selected in New Brunswick, and two more were chaeeNova Scotia (Fig..3). Three more

sites were selected in New Brunswick that did not have AHCCD centres nearby.

The studysiteareas bor dered by MaVionthe wedttrnSideAandbpt 6 7 ¢
the Gaspe Peninsul a, Queb e\ Totle easthhe GuifofiStt h at a
Lawrence, and more specifically Chaleur Bay and Northumberland Straight, create a marine
boudary at appr dxadlthagh hd most Gebterly Sit@ i$ located in Nova Scotia
c | os e . FioallyGoZzhg soutiNew Brunswick is bordered by another marine body in the
Bay of Fundy and Nova Scotia is bordered by the Atlantic Oceanwh&thh h cr oss t he 4

|l atitude on a 45e¢ angl eFipdl9gve which all sites
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Figure 31. Studysite map with the geographical positions of the ten sugar maple sample sites
and ten climate statiorfiom New Brunswick and Nova Scotisged in his study Base map ©
2001. Her Majesty the Queen in Right of Canada, Natural Resources Canada.

3.2 Climate

In the study site regionrgdominant winds flow from the west bringiagth thema
strong continental influence which subdues much of the marine effect produced by the various
water bodies (Phillips, 1990). Coastal regions are still dominated by the marine influence and
incursions of marine air masses into central areas do occurGdlhef St. Lawrencavaters
consistently freezes near land in winter and the surface warms substantially in summer months to

a high of 18eC due to its shallow depths (Phi
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produces the highest tidesthe worldand its constantipverturning deep waters produce

surface tempatures ranging fomalowof®@ e C i nto8ali2netCGcri n s ummer , whi
in foggy, cool air masses adjacent to the |an
coast fog normally occurs on a third of the days in July (Phillips, 1990). Finally the Atlantic
Ocearcarries the Gulf Stream off the southern coast of Nova Sewtiiat h mean 16 e C wa't

mediating the temperature extremes in the southwest (P hillips, 1990).

Elevaton in the region rises from sea level to a pinnacle of 820 m above sea level (asl),
although most sample sites are found between 150m and 40QTaklel 3.1) A quantitative
description of ach site can be found in Tablel3Due to a predominate westerly flow of air
masses, combined with substantial continental effects to the north and west, and the many marine
influences to the east and south, a complex set of localized climate conditansated.July
meantemperaturasa nge t hrough 16. Yyeaéantemoperdt@es fagg€fromnd J a |
-12.2e6@Cta Phillips, 1990, CIl ayden,rangedfron ) . Gr c
slightly below 1300 to over 1800 across the region (Clayden, 2000). Precipitation gormall
ranges from 1000 mm to 1200 mm or higher in Nova Scotia dependinghgoarine
proximity and elevation (Phillips, 1990). Snowfall amounts typically accumulate from 300 to
400 cm in northwest New Brunswick accounting for 33% of annual precipitatiolhigp,
1990). Insouthern areas of New Brunswieks than 20% of precipitation falls as snow totaling
from 200 to 300 cm (Phillips, 1990). These mean temperatures and precipitation types can be
substantially influenced in the winter months by theataon in air massedrom cold arcti¢to

warm maritime (Phillips, 1990).
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Table 31. Treering sample sites including the site elevation, position, distance from the nearest
climate station, and the elevational difference between the site and ditaadafor each of the
ten sample sites

Site Name Site Geographic Distance From Elevation

Elevation | Position(long/lat) | Climate Station| Difference (m)
(m) (km)
Benjamin River 267 47A5406 N, 11 227
Quisibis Mountain 343 47A2606 N, 25 188
Kintore Ridge 414 46 A4206 N, 12 305
Horseshoe Ridge 168 47°14' N, 65°43' W| 31 135
Odell Park 70 45°57"' N, 66°40' W| 5 50
Slipp Farm 114 45°40' N, 66°08' W, 14 80
Indian Mountain 157 46° 10' N, 64°55' W 19 85
Fundy Park 300 45°38' N, 65° 01' W 6 257
Fenwick Ridge 111 45°46' N, 64° 09' W 7 91
Keppoch Plateau 185 45°31' N, 62° 06" W 8 109
3.3 Biota

The Acadian Forest Regioeovers allof the Maritime Provinces except New
Brunswicko6s c¢ e nAcadatFordsi Rgdiolsalistidgsished ag ahngixed wood
transition zone between the more northerly coniferous dominated forest and the more southerly
deciduous dominated forests (Loo and Ives, 2003¢especiesuch as yellow birclsugar
maple,American beecleastern hemlockiusgacanadensigL.) Carriere), white pineRinus
strobusL.), and balsam firAbiesbalsamegL.) Mill.) are typical of theAcadian Forest Region
Red sprucés the most distinguishing feature of theadian Forest Regigoccurring inmost
forest types (Mosseler et al., 2003). It should be noted that 300 to 400 years of land clearing and
harvesting have substantially shifted forest composition and age distrio@itibmAcadian
Forest Regiomo that of younger forés with less hardwad dominancélLoo and lves, 2003,

Mosseler et al., 2003). These anthropogellyiananipulated forest characteristics affect this
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study by changing thebundance and age classedatdsuccessional sugar mapheaking it

more difficult to find mature oold growth stands.

3.4 Individual Site Ecodistrict Descriptions

The following individual site descriptions detail the characteristics of the immediate area
at each site and give a summary of the local ecodistrict based on the Ecological Land
Classification for New Brunswick and the Ecological Land Classification for Nova Scotia. A
general explanation of the major climatic features of the greater ecoregion is presented, followed
by a more specific description of the climate and biota fountdinvihe smaller ecodistrict

subsection

Benjamin River (BR) Tjigog Ecodistrict

This site is located on an inland plateau near the Bay of Chaleur at 267 m el@vation
3.1) The stand of sugar maple trees was unevenly aged and growing in a @mndavish
mature eastern white ceddihuja occidentalid..), yellow birch, red spruce and balsam fir.
There were minor components of red maple and white Kisetula papyriferaMarsh.)in the
area with a patchy, yet dengenerican beech understory. The sdtdairly flat and exhibited

sporadic wet spots.

The Northern Uplands Ecoregion in which this ecodistrict is located is slightly cooler
than other upland areas as most slopes face north (Zelazny et al. 2003). Alti® ughion has
a lower elevation then the adjacent highlands, winter temperatures are known to be extreme in
areas far enough away from the Bay of Chaleur (Zelazny et al. 2003). The local climate of the
ecodistrict is moderated by the Bay of Chaleur @riés in the rain shadow of the highlands to
the west and the Gaspe Peninsula to the north. These influences cause this site to receive a low
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to medium amount of precipitation in the growing season relative to other sites and make fires
more frequent herthanmost other parts of the study af@&lazny et al. 2003) The moderation
of temperatures by the Bay of Chaleur extend the growing season\eitigththe ecodistrigt

allowing species with more southern affinities to persist (Zelazny et al. 2003).

Quisibis Mountian (OM) Madawaska Ecodistrict

This site is located in a hilly upland area at 343 m elevation near the base of the highest
peak in the areg@uisibis Mountain. The site hélse remnants of an old sugamask and is
dominated by uneveaged sugar maple with minor components of mature yellow birch and
Americanbeech. The canopy was very tight and the slightly sloping site was well deaided

facing southeast.

Unlike to the Northern Uplands Ecoregion, the Central Uplands Ecoragievhich this
site is locatedslopesfacepredominantly south and west. The aspect of the slopes combined
with the daytime cool air drainage into the numerous valley landforms results in warmer upland
forests. This area is on the windward side of the highlands region where the effects of
orthogaphiclifting bring higherprecipitation and less frequent forest fires. The Madawaska
Ecodistrictés high elevations produce a cool,

hardwood stands (Zelazny et al. 2003).

Kintore Ridge (KRY BrightonEcodistrict

This is the highest site located at 414 m elevation on an wdoggytion of crown land.
It is dominated by sugar maple mixed with mature beech, yellow birch, red sprucasam b
fir. Most of the site hagsigorousbeech undergrowth. Thete & located on a well drained slope
with a western aspect.
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The Brighton Ecodistrict is another in the Central Uplands Ecoregion but with a much
more southern geographic position. The elevation here reshlghierpre cipitationamounts
and coolerémperaturethan other parts of the study aydsawever the location within the
ecodistrict exposes the area to more moderate temperatareisedfrom further down the
slopes in the Saint John and Tobique river valleys. Tolerant hardwood stands tid plehis

ecodistrict (Zelazny et al. 2003).

Horseshoe Ridge (HR)Tabusintac Ecodistrict

This site is located at 168 m elevation and sug@orteverage stand of sugar maple
mixed with a minor portion oAmericanbeech and yellow birch. Vigorodsmericanbeech
regenerationscommon throughout the site. The larajses generally flat yet the area

appeared well drained.

Horseshoe Ridge is one of two sites sampled in the largest ecoregion of the Eastern
Lowlands. The ecoregion lies in the ramadow of the highland and upland regions and is
therefore dry and prone to more frequent forest fires. The most noted example of this is the
massive 1825 Miramichi firevhich consumedhe forests ovemuch of the regioifZelazny et al.

2003. The Tabusintac Ecodistrict is cooled in summer by the waters of the Gulf of St.
Lawrence. Tolerant hardwood stands where sugar maple is normally found occur infrequently in

this ecoregion (Zelazny et al. 2003).

Odell Park (OP) Aukpagque Ecodistric

This site is found at 70 m elevation within the boundaries of a city park that is said to
have never been logged. Much of the park is dominated by larggaidh eastern hemlock
and white pine. The lower reaches are dominated by uregethsugar npede with lesser
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amounts of beech, white afffraxinus americand..), yellow birch and basswoq@’ilia
americanalL.). The site features much exposed bedrock, is well drained and the aspect of the
slope faces northeast. The park was established in 1954 enigskscrossed by a number of hard

packed trails.

Odell Park is on the edge of the warmest ecoregion of New Brunswick called the Grand
Lake Lowlands. Due to the lag in heat transfer between the atmosphere and GrambelLake
length of the growing sean is extended and the frost free period is longer than any other area in
New Brunswick(Zelazny et al. 2003 This results in warmer falls and an early finish of the
winter season. The Aukpaque ecodistrict itself is located over the majority lofveSaint
John River Valley area. The sample site is located up river from Grand Lake but is still
moderated by the large volume of water in the rieriazny et al. 2008 Although this
ecodistrict supports many species with more southern affinitieslominant stands are
composed of red spruce, balsam fir, sugar maple, beech, white pine and hemlock. It should be
noted that Odell Park borders on the Valley Lowlands Ecoregion and the Grand Lake Lowlands

characteristis could be near their linsthee (Zelazny et al. 2003).

Slipp Farm (SF) Aukpaque Ecodistrict

This site is situated at 110 m elevation on private land. The tolerant hardwood stand of
sugar maple,dech and yellow birch is unevwaged and contains vigorous beech regeneration.
Manyof the trees found on this site contain cavities used by local wildlife. The terrain is flat and
rocky on the top section of the plateau but the tolerant hardwood stand extends down an east
facing slope, both of which are well drained. Limited logging decurred on this site over long

periods of history.
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The Slipp Farm sugar maple sample site is located within the same ecoregion and
ecodistrict as Odebark, and its climatic exposure can be described through the ecological land
classification in theame way. However, the Slipp Farm site is located roughkmi8elow the
confluence of the Grand Lake drainage and the Saint John River in contrast to Odell Park which
IS situated approximately 48m up river from the confluence. The Slipp Farm siteursher
away from the river edge and #0higher in elevation. These differences could cause some
significant variation in local temperature between the two sites. The Slipp Farm lies on the
boundary between the Aukpaque Ecodistrict of the Grand Lakealmol|Ecoregion and the
Yoho Ecodistrict of the Valley Lowlands Ecoregion. While both these ecodistricts are
characteized as dry and partially ramhadowedandscapesit is unclear what, if any,

differences exist in precipitation amounts (Zelazny e2@0.3).

Indian Mountain (IM) Petitcodiac Ecodistrict

This site $ on private land dat57 m elevation on the Indianddntain plateau where the
North River originates and later becomes the Petitcodiac River. Historically this stand of
tolerant hardwoals, composed of uneveaged sugar maple, yellow birch, beech, white ash and
ironwood (Ostrya virginiana(Mill.) K. Koch), was used for maple syrup production. The site is
relatively flat and incised with drainage channels making the slightly south &lopgwell
drained. A number of old wood roads traverse the stand although they are little used today.
Minor amounts of logging have been carried out by the various land owners but more value was
placed in the stand for maple sugar production éflosving many of the trees to achieve old

ages.
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The large Eastern Lowlands Ecoregion covers this site and is influenced by the higher
elevation areas to the northwest and southwest. These taller landforms cast a rain shadow over
the lowlands as well agqtecting it from onshore breezes off the Bay of Fundy. The result is a
relatively dry climate with warm summers comparable to the Valley Lowlands Ecoregion and
winter temperatures moderated by the Northumberland Straight. The parteangastect whidh
the Indian Mbuntain sugar maple stand is bebaracterized by is somewlanbiguous. Indian
Mountain, Steeves Mountain and Lutesluhtain fom an area of higher elevation at the
intersection of the lovelevation Castaway, Kouchibouguac and Petitcoddnd istricts. The
Petitcodiac ecodistrict most likely lends the best climatic description as a transition zone between
the warm, dry lowlands and the cool, wet Fundy Coastal Ecoregion (Zelazny et al. 2003). The
elevation here would be expected to bottrélase precipitation amounts and result in cooler
temperatures than the lowlands. Also the tolerant hardwood growing on the higher elevation
areas here are somewhat of a departure from the typical lower elevation spegesed of

intolerant hardwoodrad coniferous stands.

Fundy Park (FP) Caledonia Ecodistrict

This site is situated at 300 m elevation in Fundy National Park. This tolerantdaatdw
stand is composed of unevaged sugar maple, yellow birch, beech and red spriBeérethe
establishment of the park in 1948 the forests here were in high demand for spruce timber so it is
unlikely this stand evexperiencedignificant havesting pressure. The sloferelatively flat

but maintained a slightly north facing aspect.

Geogaphically, this site is located within the Caledonia portion of the Central Uplands

Ecoregion. This ecoregionds alternate ecodi s
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Brunswick but share similar traits with this high elevation area. The clwwitién this

ecodistrictis cool and moist keeping forest fire activity to a minimum. The elevation
characteristics of the sitdlow the Caledonia Plateau an escape from the cool Bay of Fundy
waters in the growing season. Although the site is within thedoala Ecodistrict its

important to notehat the boundary of the Fundy Coastal Ecoregion is not far off. The steep
temperature gradients emanatirgm the Bay of Fundy most likely affect this sample site. The
coolwaters of th&ayproduce frequenbfy days when in contact with warm humid summer air.
This fog is hindered on its inland movement by the steep elevation of the Caledonia Uplands but
it penetrates far enough inland to have some effect on this site. The slope of this site does face
north but it is located on the sowmwindward side of the uplands where orthographic lifting is
responsible for a high level of annual precipitation. There is a quick transition from the red
spruce dominated coniferous forests in the Fundy Coastal Ecotegioa tolerant hardwood

stands common on the plateau area, describing the character of this site well (Zelazny et al.

2003).

Fenwick Ridge (FR) Northumberland Lowlands Ecodistrict

This site is positioned at 111 m elevation on private land near the Trans Canada
Highway. There is strong evidence hdfrat it was once a maple sugar producing area& Th
forest is dominated by uneveiged sugar maple with lesser amounts of yellow birdtite ash,
ironwood, red spruce, beech and striped méider pensylvanicurh.). Regeneration on the
site is shared between sugar maple in some areas and beech in others. The slope is gradual, the
aspect faces east and the soil is mediomveltdrainred. Many of the sugar maple trees on this

site are hollow and very old.

23



The Northumber | and Br adescriptio@lefines thisvdremasths Ec or

dry and warm environment during the growing season with some of the coolest temperatures
found in Nova Scotia through the winter mitns. The Northumberland Stranfluences the

growing season temperatures with its warm waters but its winteefoeez limits any warming
impact during the coldest months. The Fenwick site is technically located in the
Northumberland Lowlands Ecodistrict but it is also positioned very near the Cumberland Hills
and Tantramar Marshes Ecodistricts. Presence in the rain shadow of the Cobequid Mountains
limits the annual precipitation in the lowlands area to the smallestirstnm Nova Scotia

leading to more frequent forest firbere than other areas of the provindéowever, the adjacent
Cumberland Hills Ecodistrict receives slightly more precipitation which may be more likely
along the Fenwick Ridge considering the tielly high elevation compared to the rest ofthe
lowlands. Due to the proximity to other cooler ecodistrittis area is most likely not as warm

as the rest of the Northumblerland Lowlands Ecodistrict. The tree species at this site are more
charactestic of the Cumberland Hills ecodistrict as the lowlands are dominated by coniferous

stands (Neily et al. 2003).

Keppoch Plateau (KR)Pictou Anitgonish Highlands

This site occupies a low order stream valley at 185 m elevation. On the slopes, rising up
from the streamare dominant, uneveaged sugar maple treasth components of yellow birch
and beech.Although the forests mature, itvasnotcorsidered oldgrowth as there afew very
old trees (158). The small stream valley russuth to north and trees were sampled on both
valley walls facing east and west. Tre@gy from the small stream ageowing on well drained

soils.
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The Keppoch sampling siie situated within the Nova Scotia Uplands Ecoregion. This
area characterigtally has warm summers and relatively cold winters for Nova Scotia.
Precipitation and snow fall amounts are comparably high in this ecoregion. Ice damage to trees
can also be a problem for hardwoods here. The Keppoch area is more specifically lod@ted in
Pictou Antigonish Highlands Ecodistrict but the climatic difference has no further specification

(Neily et al. 2003).
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Chapter 4

4.0 Data Composition and Analysis Procedures

4.1 Instrumental Climate Data

Climate data used in this analysis was obtained thrdouglsources. The most heavily
relied upon data set was daihstrumentatata from the Adjusted Historical Canadian Climate
Data (AHCCD) set available through Environment Canada (Vincent and G246t 2002).

The second data source was daily snow depth reconstruction data accessed through the Canadian
Daily Snow Depth Database Main Documentation (Brown and Braaten 199&se two data

sets were supplemented with thav, unadjuste€anadian Day Climate Data (CDCD),

available through Environment Canada, andul#& Historical Climatology Network (USHCN)

data (Williams et al. 2006)Several reasons arose fbe need of supplemental datiae first

not all desired locations had AHCCD dateailable andsecond many days, weekand

sometimes months worth of data were missing in the adjusted and reconstructed ddita. To

these gapsearby climate data collection stations were usqutdgidethe missing data at the

stationin question

Nearby climate data sets were extracted from the CDCD data and sometimes used to
extend the AHCCD data further back in time. By using data from other climate stations to infill
missing dataa level of error was introduced into thkoserclimate statim series. Data from
several stationscovering various periods of time, located at numerous elevations, and at assorted
places within their communitidsad to be pieced togetheEvery effort was made to avoid using
climate data of debatable qualigndinsteadto substitute missing values witlata fromthe

nearestand most similar neighbar station. However, this was not always possible and the
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original adjusted and homogenized data oleth from the AHCCD data set were alteredhe

end The outconeof this compilation was thdt0 complete data sets covering the time isrio

and areas outlined in Tablel4were constructedFrom these data setsoth daily and monthly
values were made available for the production of the climate variables nedtiednalysis. It
should also be noted that during the climate data set construction, lapse rates were applied to
temperature and snow depth measurements in an attempt to account for the relatively large

differences in elevation between climate statiand sample sites.

Table 41. Environment Canaddimate station information for the main station used for each
sample gse. Climatestation identificationincluding, the station ID number, the common interval
of data covered by all data types, the appmate geographigosition(latitude and longitude in
degrees and minutes)nd the elevation above sea level is provided for ebmiatesite

Main Station Station ID Common Station Station
Location Number Interval Position Elevation
Charlo, N.B. 8100885 19402005 [47e 596 N 40 m
Edmundston, N.B.| 810AL00 19362003 |47¢e¢e 2106 N 155 m
Aroostook, N.B. 8100300 19322004 |46e¢e 4806 N 91m
Miramichi, N.B. 8101000 18762004 |47e¢e 0106 N 33m
Fredericton, N.B. 8101500 18782005 [45e 5206 N 20m
Gagetown, N.B. 8101800 19282002 [45e 4706 N 34 m
Moncton, N.B. 8103200 19012005 | 4 6 edNQ 6 6 4 € 72 m
Alma, N.B. 8100200 19532002 |[45e¢e 3606 N 43 m
Nappan, N.S. 8203700 19172002 |45e¢ 46642 N 20m
Collegeville, N.S. 8201000 19192005 [45e 2906 N 76m

4.2 Global Climate Model Data

Third Generation Coupled Global Climate Model (CGCM3), produced by the Canadian
Centre for Climate Modeling and Analysis, was useprtaaictthe future weather data applied in
the tree growth foresds. Monthly and daily data wecalculated for the grid squares within the

|l atitudes from 43el506rNmt6145¢908 NAaddell®OgW
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Figure 41. TheCGCM3produces setoforecasd at a t hat i s homogenous a
2.81le grid sqguaglobalgrida mle CACGMBstputgymd squares usad the

study arellustratedover the Maritime provincesLatitudinal and longitudinal boundaries for

each gd square are also giveBase map © 2002. Her Majesty the Queen in Right of Canada,

Natural Resources Canada.

4.3 Climate Change Scenarios

This study takes a conservative approach to futlumate model data. Data used are

based on two scenarios from the Special Report on Emissions Standard (SRES) published by the

28



