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CLUSTER PLANTING: EARLY ENHANCEMENT OF STRUCTRUAL
DIVERSITY IN A RECLAIMED BOREAL FOREST ‘!

Bradey D.Pinng 2 Amanda Schoonmake€C a § d a s K ,eamdd&Rob¥riiAtbecht

Abstract: Planting trees is an important step iregablishing functioning
forestecosystems after industrial land disturbandgegsnventional planting
practicescreate forests witlevenly spaced tregsit low density,which
maximizes individual tree growing space but delays the time until crown
closure potentiallyfor decades In this study,the first operational cluster
planting trial for reclaimed boreal foreste examined first year tree growth
and vegetation competition results of a cluster planting trial in which
trembling asperiPopulus tremuloidggrees were planted in clusters of 4,
10, or 20 trees with an internal spacing of 0.25 m along matkclustered
controls. Clustering of aspen seedlings hadnaasurablempact on the
relative proportions of tree and competing vegetatimverwith increased

tree cover and decreased forboverin the 10 and 20 seedling clusters
compared to the controlsAverage seedling heigland first year height
growthweresimilar across all cluster treatments but tended to be higher in
the clusters likely due to thesuppression of competing vegetation
Operationally, there are still many questions to be answered before this
practice can be implemented in a large scale across the landslcapever,
based on our initial results, we believe that cluster plantinthlegsotential

to become a valuable tool for reclamation practitioners.
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Introduction

Industrial disturbances related to bitumen extraction in the boreal forest of Alberta, Canada
are very commanand the establishment oftrees is a critical step in foredevelopmentafter
industrial disturbance and subsequent land reclam@iacdonald et al.2015. It is dso
importantin newly created forests thattural processes such asaession and intraspecific
competition among trees occ¢uesulting in a functioning forest ecosysteriirembling aspen
(Populus tremuloidgs a common early successional tree species in the retipitally
establishevegetativelyvia root suckerafter natural disturbancegredominantlywildfire, and
anthropogenic disturbancesich as timber harvestin@rrey et al. 2003. These naturally
establishe@spenrstands can have very high initizgém densities (up to 250,000 stemg)haith
heterogeneouslumps of higher and lower tree densit{@as Guptaet al, 2015. However, on
completely disturbed and reconstructed reclamation sites, relying on natural suckering is generally
not an optionwithout extensive direct placement of aptl soil containing aspen roots
(Landhausser et al2015) Seeding establishmenevents mayalso occur locallyon specific
reclamation soil types (Pinno and Erringtd015),butthey arestill arelatively rare and stochastic

event Thereforeplanting trees is a common practice in land reclamation.

The conventional tree planting approach isstablishwidely spaced trees (appimately
1,500 stembal) which is in the range of final stem densities of mature forests in the regfiis.
appoach largely adopted from the forest industnyaximizes individual tree growing space and
growth but results invery open stands with little intraspecific competition among trees and a
greatly delayed time to reach crown closure, up to 30 ygarsorein many casesReclamation
sites can also experience very intense weed pressure from undesirahbgiverspeciegSloan
and Jacoh<2013; Pinno and Hawke2015. These undesirable speciesn persist untitanopy
developmenteduces light availability to a point that thes®ade intolerangarly successional
species fall out of the standhich cantake decades widely spaced standsPlanting higher
densities p t0 10,000 semsha?l) has beerestedexperimentally in oilsands reclamation to
accelerate site capture by the trédankin et al. 2015, but it is unlikely to become a standard

operational practice given tigherexpense of uniform highensity planting

A new approacho tree planting in reclamation areasi€ | ust er pl graupsoh g”
fastgrowing treessuch as aspeire planted at very high localensities (up to 100,000 stems
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per hectarevithin the cluster with no or fewer trees planted in between clustéisis planting
approachmay be asziablebalance of establishing trees in higher density pateitesutincreasing
planting expenseswhile accelerating the onset of natural processes such as intraspecific
competition among trees, controlling undesirable weedy species, and providing habé#terfor
successionalnderstory plant specie$he clumpy spatial pattern may also more clpsesemble
natural boreal forest regeneration with th@occupiedspace betweetree clumps allowingfor
natural revegetation processes to occre cluster planting approastayresult in a widevariety

of microhabitats, from closed canopy forest to enopen areasyhich may also increase the
overall site level biodiversity Cluster plantinghas been applied successfully in other forestry
settings including oak regeneration in Eur@paha et al2012 2013, to reduce seedling mortality

in mountainforest restoration (®0nenberger2001),and bottomland hardwood restoration in the
southeast United State$wedt 2006, but it has notpreviouslybeen attempted ithe boreal
reclamatim context The objective of this study was to establshoperatnal trial oftrembling
aspercluster planting on a reclaimed industrial site in the boreal forest of Aluedtto determine
the impact of clustering on the understory plant community and tree grdVightesteda variety

of different clusteringarrangements4, 1Q and 20 seedling clusteralong with non-clustered
controls. Here we preserthe firstyear result®f vegetationcomposition anadompetitionalong

with tree growthand survival

Methods

This study was based at the ConocoPhillipsr&unt SAGD (steam assisted gravity drainage)
bitumen recovery facilitf 56 ° 12" N, 1 1 0 °loc&ed in noNheasterd Blberta, AS L)
Canadaapproximately 8&km south of Fort McMurray.The natural ecosystem in the region is
boreal mixeewood forest withwhite spruceRicea glaucaand trembling aspen dominating in the
mesic uplands and black spru¢tdea marianq and tamarackL@rix laricina) dominant in the
abundant bog and fen wetland§he climate is borderline subarctic with averagmperatures
ranging from 17.1°C in July tel7.4°C in January and annual precipitation averaging 420 mm

(Environment Canad&ort McMurray climate normal 1982010).

The reclamation study sitwas located within d2-ha soil stockpilehat had been cated
during the developmewf an adjacent industrial facility in 200®rior to the establishment of this
study, in 2015 the site waeated withherbicice and siteprepared with a bulldozer to eliminate

the existing vegetationThe stockpiledsoll is intended for future reclamation of the industrially
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disturbed landafter 2050. The surface reclamation soil of the study area is derived from upland
forest soilsand was a mix of the organic forest floor and underlying mineral soil to a depth of

approximately 50 cm.

To compare trembling aspen cluster plantings, thuster treatmenta&ere tested with an in
cluster spacing of 0.25 tvetween treewhile maintaining an overall density of 2,500 stems. ha
The treatments were: (1) no clusterssByle seedlings planted atspacing o mbetween trees
(CO0); (2) clusters of 4 aspen seedlings with 3.7 m between cly§té)s(3) clusters of 10 aspen
seedlings with 5.8 m between clusté@l0) and (4) clusters of 20 aspen seedlings with 8.2 m
between clustergC20) (Fig. 1). A total of 36clustersof each sizevereestablished The aspen
seedling were ongyear old615A plug stock from a commercial seedling nurseAt the time of
planting in spring 201,6he seedlings had a mean height of 17.6 cm, root collar diametenof8.1
total stem mass of 0.3 g dry weight, total root mass o tIry weight, and a rodb shoot ratio of

4.8 based on 55 randomly sampled seedliaksn fromdifferent seedlindpoxes prior to planting

C0 (no clustering) C4 (cluster of 4)

2m

2]

C10 (cluster of 10) C20 (cluster of 20)
AMAA  82m  AAAA

4Tad

ALAA

:
i B

g
AMA

Figure 1 Diagrammatic view of thelaster planting designTriangles represent planted trembling
aspen seedlings while squares represertghtalvegetation assessment quadrat.
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In early September 2016 following tleessation of aspen height growth, total height, height
increment (current year growttgnd survivabf all asperseedlingin each cluster treatmenene
measured. Vegetation development immediately within and surroun@@gandomly selected
clusterswere assesseth each treatmenspecifically, averagecoverof graminoids, forbs, aspen,
and other woody plants (naspen)rom five 0.5 x 0.5 m quadratscludingthe cengr of each

clusterand adjacent quadrats in each cardinal direction

Data analysis consisted of emay ANOVA for tree and vegetatiordatafollowed by a
pairwise comparisotestbetweencluster sizegR statistical software v 3.2.3)The \egetation
cover (aspen, forband gras} data set wamlso exploredwith ordination usingnon-metric
multidimensional scaling (NMDS$)using Bray-Curtis distance matricesand nonmetric
multivariate analysis of variance to determine the significance in dissimilarity of vegetation
groupings across aspen clusterilgstatisical analysis softwarg 3.2.3 adonisfunction ofthe
veganpackage and the MASS packagdverageaspenfirst-yearheightgrowth incrementand
totaltree heightverealsoanalyzed with linear mixed models fit using REML with bimefunction
from package nmle (Pinheiro et,8009). The relationship betweertompetingvegetation and
aspercoverheightwas analyzed using regression tree analysis to identify significant thresholds in
forb cover that impact aspen developmétitst year survival of planted aspen was analyzed using
a binomial distribution with a generalized linear model.

Results

Clustering of aspen seedlings had a clear visual impact on competing vegetation in the first
season after planting with reduced competitiotheiC10 and C2 clustertreatmentgelative to
the CO andC4 clusterqFig. 2).
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Figure 2. Representative pictures of the tree and vegetation response of each aspen cluster type.
Left photo: C4 cluster; center photo, C10 cluster, and pgbto: C20 cluster of aspen
seedlings. Photos by A. Schoonmaker.

Total vegetation cover, including aspen and competing vegetation, averaged 35% after the first
growing season and was not significantly different among cluster types (p=0.179) (Fig. 3).
However, there were clear tradéfs between vegetation groups with aspen cover increasing from
a low of 1.3% in the CO treatment to a high of 9.0% in C20 (p<0.001). In contrast, forb cover
decreased from a high of 26% in the CO treatment to a low of 1%380n(p<0.001). This trade
off between aspen and forb cover appears to have a threshold value of 20% forb cover with
significantly greater (p<0.05) aspen cover below this threshold (average 5.9% vs 3.0%) across all
cluster treatments. This significanteékhold for forb cover relative to aspen cover also holds true
within each of the cluster treatments with significantly greater aspen cover in the G4n@10

C20 treatments when there was less than 25, 24 and 18% forb cover respectively.

Ordination analges showed that aspen cluster treatments explained 20.9% of the variation in
vegetation compositior-€6.69,p=0.001) and that C20 clusters were clearly different from the CO
and C4 clusters with C20 being associated with higher aspen cover and the C8 baihg

associated with higher forb cover (Fig. 4).
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Figure 3: Vegetation cover by cluster treatment for total cover, aspen aogdorb cover. Values
are mean and standard err®mall letters indicate the significant differer(p&0.05)of
aspen cover anchpitalizedetters indicate the significant difference of forb cover among
the clustetreatments
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Figure 4. Nonmetrignultidimensional scaling ordination plot based on BGaytis distance
matrix of vegetation groupings (aspen, foemd grass cover) in relation to aspen
clustering size (C0O, C4, Cl@nd C20) from the aspen clusteringbwo-dimensional
solutions, stress 0.038. The ellipses outline 95% confidence intervals of sample point
position. CO: no clustering, Cdtustering of four aspen seedlings, C10: clustering of 10
aspen seedlings, and C20: clustering of 20 aspen seedlings.

Although not quantifiedby cover athe species level, the most common forbs across all cluster
treatments included both native and mative species, the most common of which were
Chamerion agustifolium Collomia linearis and Equisetum sp(natives) andCrepis tectorum

Sonchus arvensisindTrifolium hybridum(non-natives). Graminoid cover was not significantly
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different among cluster treatments (average cev@¥o, p=0.293) and the most common species
were the native grass@giropyron trachycaulurandHordeum jubatunand sedgedarexsp.).

Average aspen height at the end of the first growing season was not significantly different
amongst cluster treatments (p577) but both heightincrement as well as total height tended to
be higher in clustered treatmerisg. 5). Regression tree analysis also showed that irCit
and C20 clusters, aspen height was significantly reduced when competing vegetation cover was
greater than 21 and 30% respectiv@0.05) Seedling survival averaged 81% and was not
significantly diffeeent among any of the cluster treatmgpts0.05)
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Figureb. (a) Averagefirst yearaspen heighgrowth, and (b) average aspen crop tree heaghtss
cluster treatmentsValues are average and standamabr.
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Discussion

At the local microsite scale, cluster planting has an immediate impact on the relative
distribution ofvegetation covewith greater aspen cover and lower competing forb cover in the 10
and 20 seedling cluster&stablishing localized higtree cover patees was an important goal for
this projectand after only the first growing season it appears that we have greatly accelerated the
time to crown closurgvithin the clusters Rapid asperoverdevelopment regularly occurs after
wildfire as a result ofoat suckering but planting generally results in a much longer timeline for
canopy developmenBartos et aJ.1991, Kurzel et al, 2007). The fact that the maximum total
vegetation covewasthe same for all treatmentsut the relativeaspenand forb covewaried,
demonstrasthat it is possible to influendde distribution oftotal leaf area allocated between

plantgrowth formsto favour desirable tree species.

Though we did not detect a significant growth effect due to clustering, this was onlysthe fir
growing season and we did observe an average tendency for greater height growth when trees were
clustered. This increased growtlis an example of facilitatiommongaspen treesvhereby the
seedling cluster occupied the physical abgk@undspaceand likely even belovground space
therebyrestricting forb competition.Aspen is a clonal species used to growing in very close
proximity with other ramets order to integrate resources belgmund(Kemperman and Barngs
1976. Our results providan examplef a similar processccurringaboveground with individual
genets in the form of plug stock seedling&spen tends to be clumped naturally, either from
suckers or seedling&émperman and Barngs976; Quinn and WWR00]) andthe spatiapattern
created by cluster planting resembles the natural patterns with areas of higher and lower. densities
Across the site, the result is a variety of different microhabitats that in the longer tetikebill
favour different species grosp We expetthat the clusters will reach canopy closure quickly
resulting in a much darker understory environment that will favour the development of later
successional understory specigkile the areas in between clusters will favour earlier successional

specieghereby increasing the overajpeciediversityacross the site

Trembling @pen is a excellentcandidate for this type aluster plantingapplication since it
is early successional, fast growiraglapted to growing at locally high densities whenngpand
responds to changing resource availahiliteaning that it is able to take advantage of reduced

competitionby growing largef(Greene et al1998. Aspen growing on reclamation areas has also
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been shown to have higher maximum growth rates whewnin higher densitiesWeber et al.
2017. Other species, such as the later successocaméfler white sprucearenot as responsivie
changing resourcdsund on reclamation sites and would not be as capable of increasing growth
to capture the sitquickly. If conifers are the preferred or most appropriate species for a site, an
early successional species, such as jack pimug¢ banksiang would be aothergood candidate
for cluster plantingsince it alschassimilar habitat preferencete aspen and naturally growsan
clumpy distribution when young (Kenkdl986.

It is well known that trees and other vegetation competérfoted resource®n reclamation
sites and w have identified threshold values of aro@@H25% forb cover for ioreased aspen
cover and improved aspen growiBther studies have shown that increasamdpetingvegetation
results in less aspen seedling regeneration (Pinno and Erri2§th) and reduced tree growth
(Pitt et al, 2010. Beyond competition, howeveestablishing naturalegetation dynami¢csuch
as succession, competiticand facilitation, among understory spedgean important part of the
land reclamation procesB$RD 2013. This approach of cluster plantimgmeant tooffer both
naturalsuccessioal pathwaysn the areas between clusters along with directed succestion
the clusters

In the long termye believethe clustersvill have closed canopy forest understory conditions
thatwill favor certain species while the areas betwdesters would havepen conditions which
would fava different shadentolerantspecies.The clusters may also serve as colonization cente
for theseprotectionrequiringforestdependent species as canopy cover developsighoutthe
reclamation areaThis follows on the idea of thHéslands approach to reclamation soil placement
with patches of higiplant diversity upland topsoihterspersed within a matrix of leplant

diversity lowland reclamation soil (Pinno et,@016).

Operational Questions andRecommendations

One of the goals of thisingle site operational trialas to begin tauantify the ecological
benefits of cluster planting on reclamation areddowever, there are still many questions
remainingincludingtheeconomic benefits and costs of cluster plantiognpared to conventional
planting i.e, are the potential ecological benefits of cluster planting worth the risks associated
with largerunplanted gap s’ wecldnmed landstahbedRegulatory approvalwould also

have to be considereds towhether or not this approach woulldd acceptable for land managers
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whowould potentiallyhave tosacrifice regular stocking for faster crown closure on smaller areas.
The optimal clusterpatch size, cluster densityiternal cluster spacingandthe applicability for
other tree species such as jack pane future areafr testing and evaluationin this study we
have focused on thmpact o quadratevel plantcommunity compositiorbut given the potential
increasen diversity of habitats, i.e.open vs closed canopy forest patchbs overall site scale
diversity needs to be quantifiedLongerterm tree growthalso needs to be documented to
determine if there is shift in competition from predominantly intepecific competition with
forbs and other herbaceous plants to kspacific competition as the trees begin to interact with
each otherOverall, we believe that cluster planting of trees on land reclamsities in the boreal
forest of Alberta has the potential to be one of the tools available to reclamation practitioners to
help meet the suite of ecological, social, and economic goals for reclaimed land.
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