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HARVESTING AND SILVICULTURESYSTEMSTO PROTECT
IMMATUREWHITE SPRUCE AND ENHANCE DECIDUOUS
REGENERATIONIN BOREAL MIXEDWOODS

Dan A. Maclsaac and E.A. Sauder

ABSTRACT. The Canadian Forest Serviceand the Forest EngineeringResearch I nstitute of
Canada, in cooperationwith industria and government partners, have devel opedinnovative
approachesto managing western Canada's boreal mixedwoodforests. Studiesat sitesin central
and northern Albertaare directed toward perpetuatinghealthy boreal mixedwoodsby testing
conventional harvestingequipment and varioussitvicultural systemsdesignedto protect and
minimizewind damageto immaturewhitespruce residual sand encouragevigoroushardwood
regeneration following harvest of the aspen overstory. Researchstudiesinclude investigationof
the biological responseto the treatmentsas well as testingthe efficiency of equipmentand
harvestingcosts. This research has assisted companiesin more efficiently coordinating their
harvestingand stand-tendingactivitiesin order to improveforest managementfor both conifer
and deciduoususers. The research has demonstratedoverationa. cost-effectivemethodsfor
increasingconifer fiber in the mixedwoodregion. Aswell, it hasprovided an operational -scale
demonstrationof alternativeharvesting systemsin a boreal mixedwoodlandscapefor

maintai ning biodiversity and ecosystem sustainability.
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INTRODUCTION

Onethird of the western boreal forest in Canadai s characterizedby non- or marginally-
merchantabl eimmaturewnhitespruce growing under a matureaspen canopy. Conventional
managementpracticeisto clearcut these stands using tree-lengthharvest systems, allow the
deciduousspeciesto regeneratenaturally by sucker or seed, or if softwood productionisthe

god, plant conifer species. Protectionof immaturewhite sprucehas been by avoidanceof single
treesduring fellingand skidding. However, dueto stem damagefrom fellingand skidding
operations, only afew immaturewhitespruce surviveafter harvestand most of these blow down
soon after harvestingis completed. Thislossof immaturespruce may result in shortagesof
sawlog timber in 50-70 years. Thereare a so concernsthat lossin the conifer component will
convert the mixed standsto deciduousstandsthat would have imvlicationsfor wildlifehabitat.
biodiversity and aesthetics. In addition, establishingconifer plantations by seed or seedlingsis
challengingbecause of overtoppingcompetitionfrom grassesand aspen and stem damagefrom
herbivores.

Brace and Bella(1988) proposeda two-stagestand tending and harvest model as one approachto
managi ngmaturedeci duousstandswith an immaturewhite spruce component. They proposed a
60 year-oldmatureaspen in a mixed stand could be harvested so the immaturewhitespruce was
left undamaged. The rel eased whitespruce stemsare then allowed to grow along with aspen that
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has regeneratedin openingscreated by theinitial harvest. After 60 yearsof post-harvest growth,
both speciesare of a merchantablesize and a second harvest removesboth species.

Two long-term harvestingtrial s have been establishedin the boreal forestsof central and north
western Albertato test innovative management strategi eswhich would addressthe potential
short-termdeclinein conifer fiber, the high costsand uncertaintiesassociated with establishing
whitesyrucevlantations. and to test the Brace and Bella model. Thegoal of the studieswasto
develop cost effective, practical strategiesto manage both species. Stands at the study sites
(Tablel) are representativeof the mixedwood landbase forest companiesare managingin the
region(Navratil et al. 1994).

Overstory Understory
Species Aspen (Popuius tremuloides Michx.) and  WhiteSpruce (Picea glauca
Basam Poplar (Populus balsamiferall)  [Moench] Voss)
Height 25 m (average) 05-14+ m
Age 70-110vyears Py 60 years(average)
Stand Density 653-1039 stemsha ™ 323- 3973 stemsha="
Total Volume 180-350 m*ha™ 5-107 m>ha™

Table1l Characteristicsof standsat study sites.
CENTRAL ALBERTA STUDY

In the Central Albertastudy, nine blockswere establishedat threerelatively dry (mesic)
mixedwood sites where wind damage was not an issue. The objectivesof thesetrialswereto:
develop and test harvestingstrategiesto protectimmaturewhitespruce; determinethe costs
associated with the different harvestingstrategies; determinethe limitationsand benefitsof using
mechanized tree-lengthand cut-to-lengthequi pment; and assesspost-harvest density/stocking
and periodicgrowthto devel op mixedwood regenerationand stocking standards.

Each of the nine blockswas harvested in one pass between 1988-1990with harvestin the late
spring, summer and fall to minimizeany potentia damage that could occur to residua sduring
cold weether. Thetree-lengthharvesting equipment in these trial sincluded feller-bunchers,
grappleskiddersand strokedeliibers. Cut-to-lengthharvestingequipment consisted of double-
and single-gripharvestersand 10-tonneforwarders. All skidding or forwarding equipment was
o nad to machinecomdorsfelled by thefeller buncher on blockswhereimmaturestemswere
protected. Thefeller-buncher operator randomly located machine corridors.

Up to 61% of theimmaturewhite spruce were undamaged during harvest (Navratil et al.1994).
Growthof residual sprucerangedfrom3to 5 m>ha ™ yr™ duri ngthefirst five yearsafter
harvest, with subsequent accel erationduring the second five year period.

Harvesting trial sshowed that conventional tree-length harvestingwas more productivethan cut-
to-length harvesting. Felling, harvester, skidder and forwarder equipment productivity was
affected when immature spruce stemswere protected. However, delimbing equi pmentwas not
affected.
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Thefelling phase was most affected by changesin harvesting techniques. Feller-buncher
productivity decreased 24-52% when protectingimmaturespruce compared to clearcut felling.
This occurred becausethere were differencesin tree sizeand thefeller-buncheroperators
required moretimeto fell and bunch maturestems when working around immaturesprucestems.
Feller bunchersal so spent agreater proportionof their operating cycle moving when compared
to clearcut felling. Harvester productivity wasalso less than when working on a clearcut because
the operator required more timeto access mature stemsand the presenceof small stemsor brush
caused the chainto flip off the bar.

Skidding productivity increased (19-27%)on two blocks when stemswere bunched on machine
corridorscomparedto skidding clearcut bunchesbecausethe skidder could easily pick up
buncheslocatedalong thetrail, it was relatively simpleto accumul ate bunches or the bunches
werelarger, and travel speed increased. Travel speed increased becausethe stumpsalong the trail
were cut low. Skiddingproductivity decreased 46% at the third block becausethe operator
skidded small bunchesand made no effort to accumul ate.

Tree-length harvesting left well-definedskid trailswith idandsof relatively undamaged
immature spruce between the machine comdors. The cut-to-lengthsysteml eft trail sthat were
less visiblethan the conventional equipment, however, significantly moreof the understory
betweentrail swas damaged than with conventional equipment. Post-harvest surveysshowed that
compared to clearcut harvestingwhere2-16% of the immaturesprucewereleft undamaged,
conventional tree-lengthequi pment working from machinecorridors |eft 40-60% of the pre-
harvestimmaturewhite spruce undamaged and cut-to-lengthequipment | eft 20-30%. This
occurred becausefeller buncherscould sever a stem, carry thestem and placeitinabunch
located aong the trail without damaging residual swhilethe harvester felled stemsinto the stand
and dragged thefelled stem through the residual swhen delimbing and buckingto length. This
resultedin leader breakage, bark scrapesand uprootingof immaturespruceresidual sthat did not
occur with the feller buncher. Theability of thefeller buncher to sever astem and placeitina
bunch on atrail without damaging residual immaturespruce demonstratedthe potential for
fellingsimilar stands during winter conditionswhen wet soilslimited accessto periodswhen the
soilswerefrozen.

Thecentral Albertaharvest studiesshowed that careful planning, proper equipment selection, on-
Sitesupervision, crew motivation, training and cooperationfrom other agenciesareall required
to minimizeimmaturesorucedamage. The studiesal so demonstratedthat theimmaturewhite
spruce |eft on thesite can surviveand aspen regenerationcan infill the openings. Modifications
to the normal operating techniquesthat increased immature spruceretentionincluded using
designatedskid trail sand keeping skidders to the sametrail asthefeller buncher, leavingrub
postsat curvesor to protect immature spruceclumpsalongsidethetrails, raisingthe cutting
height of stumpsto avoid damaging residual stems, leaving single, isol ated marginal-quality
aspen stemsstandiig rather thanfelling. Repiling delimbed stems usinga hydraulicloader
reducedtheamount of arearequiredfor landings.
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NORTHERN ALBERTA STUDY

Thesecond project wasestablishedin a mixedwoodforestin northwestern Albertato develop
and st arangeol harvesting and silvicultural prescriptionsusing conventional tree-length
harvesting cquipment to protect immature whitespruce and reducewind damage to the immature
spruce residuals. Topography at the site was flat o rolling. with moistureconditionsranging
from moist to wet (mesic to subhygric) and generally wetier compared to thecentral Alberta
sites. This530 haoperational-level applied research study wasestablished in 1992, Harvests
occurredin 1993194 and 1998199 and prescriptionswere devel oped using experiencefrom the
studiesin central Alberta. Other objectivesof the study wereto: imvrovethe growth of immature
whitespruce, encouragenew aspen and whitespruce regeneration, provideoperational-scale
demonstrationsof alternative harvestingsystemsin a boreal mixedwood, and assess harvesting
productivity/costs for each treatment.

Harvestingwasdoneduringfall or winter, dependingon the soil moistureconditionson the
block. A rangeof eleven harvestingand silviculturetreatmentswere established, with the
Intention of creating variouslevels of wind protectionfor theimmaturewhite spruce. These
systemsincluded: one-passclearcutswith white spruce avoidance, one and two pass modified
uniform shelterwood cuts (with uncut aspen buffers between machinecorridors), two and three
pass 50 and 100 m strip shelterwood cuts, two-passalternate50, 100 and 150 m stripcuts, a
four-passprogressive50 m strip cut aswell as uncut controls. Additional informationisin
Navratil et d. (1994) and Maclsaac et al. 1999). Both first and second passeswere harvested
using conventional tree-lengthequi pment comprised of feller-bunchers, grappleskiddersand
roll-strokedelimbers.

Asexpected, therewasa wide range of blowdown response, with periodicfive-year whitespruce
blowdown ratesrangingfrom 72% in the whitespruce avoidance bl ocksto lessthan 6% in the
most protected shelterwood bl ocks Spruce releasehasreﬂjlted inat Ieast adoubl ingof MAI five
yearsafter harvest, from 08-1.2 m*ha ' yr ! pre-harvestto 1.8-36 m °hal yr ! post-harvest
(based on total block area, exclusiveof landings). Therewassubstantial regenerational onqthe
machinecorridorsand on the landmgs fiveyears after harvest. with up to 15.000 stemsha”

aspen and up to 5,000 stemsha ! of spruce. However, it is unknownif the aspen regeneratlon
along the machinecorridorswill be overtopped by the released spruce.

The harvestingoperationsmonitoredat the northern Albertasite showed that feller-buncher
productivity decreased 20-30%for fall harvested blocksand 10-40% for winter harvested.
comparedto clearcut operations. Felling productionwasrelated to similar factorsas the centra
Albertastudies: tree sizeand the additional timerequiredto avoid immaturestemsor fell and
bunch stems. Winter felling productivityand especially night operationswerealso negatively
influencedwhenfelling in stands with heavy canopy snow loads. Overall, felling productivity
increased to about 10% of clearcut felling productionas operatorsgained experience. Therewas
no differencein skidding and delimbingequi pment productivity between treatments.
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The harvesting prescriptions used at the northern Albertasite were based on experienceslearned
in central Alberta, and modificationswere made to the second-passnorthem Albertaharvest
based on thefirst pass harvest. Machinecorridorswere aligned perpendicul arto the prevailing
wind directionand road, and spaced twice the reach of the feller-buncher apart to minimizethe
amount of areain trails. Feller-buncher operators minimized trail width by fallinga corridor
dlightlywider than the track width of the machinewith alowancefor the tailswing when
operatingperpendicular to thetravel direction. The sheltenvood prescriptionwas modifiedfrom
leaving mature stems uniformly distributed between trailsto leaving an uncut strip between
felled corridors. The sheltenvood vrescrivtion reauired feller-buncher overatorsto focus on
maneuveringthe felling head between immature spruce and aspen residuals. Increasingtrail
spacing so that an uncut buffer remained between the felled trail sallowed the feller-buncher
operator to fell al mature stemswithin the machine's reach, whileretaining an effectivewind
buffer. Thisreduced operator frustration and increased productivity.

Overall, inal prescriptions, therewereacceptablelevel sof machine damageto whitespruceand
trail widthswere minimized. It wasfound the width of trailswasnot only related to the machine
dimensionsbut also thewidth of crownson theaspen stems. For most trails, therewas
insufficient room to deck stemsfelled for the machine corridorand stemsfelled adjacent to the
corridor. Asaresult, the treatmentswerefelled in two vasses. Pre-flagging trail sallowed the
feller-buncherto operate during day and night shifts. Preliminary planning, on-sitesupervision
and enthusiasticoperatorswere keysto achieving the objectives.

Thisresearchhasdemonstratedthat up to 60 percent of immaturewhitespruce (exclusiveof
deck areas) can be protected during harvest. It hasal so demonstrated that immature white spruce
stemsgreater than 7 mtall or in cut areasgreater than 80 m wideare most susceptibleto
blowdown. From our studies, it would appear the tradeoff between sprucegrowth responseand
wind protectionis best met with 10-20%aspen retention.

SUCCESSFULLY APPLYINGUNDERSTORY PROTECTION

Our studieshave shown that silvicultural prescriptionsdesignedto protect whitespruce
understory should besimpleand achievable. Supervisorsand feller-buncheroperatorsrequire
clear objectivesthat can be used to describethe post-harvest stand conditions. Paper planning
can evaluatethe potential for success. and detail ed harvest plans need to be devel oped based on
sitereconnaissance. Pre-flaggingtrails minimizesreductionsin felling productivity and allows
for night-shiftoperations. On-sitesupervisionand trainingare requiredfor proper
implementation especially in the early stages. Additional harvesting costscan be offset by
reduced costsassociated with not havingto establishanew conifer crop. There should be good
interactionand full support of company, contractorsand ALL crew. Emphasison harvesting
operationsshould initiallyfocuson quality of achievingthe silvicultural objectivesand then
moveto increasing equi pmentproductivity asoperatorsgain confidenceand skill in new work
cycles. It isimportant to properly compensate contractorsfor any additional costs incurredand
for operatorspaid on a piece-ratebasis.
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Selecting individual stemsfor felling while avoiding damageto immaturespruceis challenging
for operators. Rather than leaving mature stems scattered uniformly between machinecomdors,
it ismore productivefor the felling equipmentand equally as effectivefor wind bufferingto
leavean uncut strip asa buffer by smply increasingthe spacing between corridors. When
possible, one-pass harvest prescriptionsare most cost effective, however they may alsoresult in
ahigher proportionof maturestems|eft in permanent buffers. Multi-passprescriptionsoffer the
potential to reduceor recover mature stems | eft as buffers. However, costs may rise because
thereis lessvolumeto offset mobilizationcosts, accessto the block hasto be maintained and
regenerationestablishedon previouspassescan be damaged if operationsare not careful.

CONCLUSIONS

The most promisingtechniquesand innovativesitvicultural and harvest prescriptionsdesigned in
thesestudiesare being used operationally by forestry companiesthroughout WesternCanadain
thefollowingmanner: Thetwo stage harvestand stand tending model and whitespruce
protectiontechniqueshave been widely adopted. Pre-harvestplanning, layout, designated
machinecorridorsand wind buffersof mature aspen are now in use. Modificationsof these
harvesting methodsare being tested in research and field demonstrationsby avariety of
organizations. In conclusion, it isimportant to note that white spruce protectionisonly onetool
in mixedwoodmanagement, albeit a very important one.
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