
Beese, W., Sandford, J. & Toms, J. (1995). Montane alternative silvicultural systems (MASS) forest 

structure and natural vegetation dynamics. In J.T. Arnott, W.J. Beese, A.K. Mitchell, & J. Peterson (Eds.), 

Montane alternative silvicultural systems (MASS). Proceedings of a workshop held June 7‐8, 1995 in 

Courtenay, British Columbia. (FRDA Report 238). (pp. 113‐122). Victoria, B.C.: Canadian Forest Service; 

Victoria, B.C.: Ministry of Forests. 

The complete publication is available on the Canadian Forest Service Publications website at 

http://cfs.nrcan.gc.ca/publications?id=4227.  



Canada 

Montane A ternative 
Silv·cultural Systems 

(MASS) 

Proceedings of a Workshop 
held June 7-8 1995 

in Courtenay British Columbia 

FRDA 

238 REPORT 

PMEN1: FRD 11 



Montane Alternative 
Silvicultural Systems 

(MASS) 

Proceedings of a Workshop 
held June 7-8, 1995 

in Courtenay, British Columbia 

Edited by: 

J.T. Arnott1, W.J. 8eese2, A.K. Mitchell1 and J. Peterson1 

1 Pacific Forestry Centre, Canadian Forest Service, Victoria, B.C. 

2 Sustainable Forestry Division, MacMillan Bloedel Ltd., Nanaimo, B.C. 

December 1995 

FRDA Report No. 238 

CAJ\ADA-BRlTISH COLUMBIA PARTNERSHIP AGREEMEl\TT 01'1 FOREST RESOURCE DEVELOPMENT: F RDA IT 

Canada BC;;ti 



F u nding for this publication was provided by the 
Canada-British Columbia Partnership Agreement on Forest Resource 
Development: FRDA 11- a four year (1991-95) $200 million program 
cost-shared equally by the federal and provincial governments. 

Canadian Cataloguing in Publication Data 

Main entry under title: 
Montane Alternative Sllvicultural Systems (MASS) 

Proceedings of a workshop held June 7-8, 1995 i n  
Courtenay, British Columbia 

(FRDA report. ISSN 0835-0752 : 238) 

«Canada�British Co!umbla Partnership A_greement on 
Forest Resource Development FRDA !!.� 

Co-published by B.C. Ministry of Forests. 
ISBN 0-7726-2754·1 

1. Montane Alternative SI!V!cu!tura! Systems 
(Project) - Congresses, 2. Silvicu!tural systems
British Columbia - Congresses, 3. Forests and 
forestry - British Columbia - Congresses. 
4. Reforestation - Brliish Co!umbia - Congresses. 
L Arnot, J. T. I!. Canadian Forest Service. 
Ill. Canada-British Columbia Partnership Agreement on 
Forest Resource Development FRDA I!. IV. British 
Columbia. Ministry of Forests. V. Series. 

SD392.M66 1995 634.9'5'09711 C95-960507-X 

© 1995 Government of Canada, 
Province of British Columbia 

Thls is a joint pubHcation of Forestry Canada 
and the British ColumbIa Ministry of Forests. 

For additional copies and/or further information about the Canada-British Columbla 
Partnership Agreement on Forest Resource Development FRDA II. contact: 

Canadian Forest Service 
Pacific Forestry Centre 
506 West Burnside Road 
Victoria, B.C. V8Z 1 M5 
(604) 363-0600 

or B.C. Ministry of Forests 
Research Branch 
31 Bastion Square 
Victoria, B.C. V8W 3E7 
(6041387·6721 



Foreword 

The cooperative Montane Alternative Silvicultural Systems (MASS) research project addresses 

regeneration, wildlife habitat, and aesthetic concerns in managing forests at higher elevations on 

Vancouver Island, A series of integrated studies are examining the biological and economic 

consequences of alternative silvicultural systems, The costs and feasibility of harvesting these old 

growth forests using small Patch Cuts, Green Tree Retention and Shelterwood systems are being 

documented, Many long-term studies will evaluate the impacts on forest dynamics, soils, 

microclimate and biological diversity, 

The objective of this workshop, held from June 7-8, 1995 in Courtenay, B,C" was to provide a 

forum in which the MASS project's initial findings were presented, Fourteen papers from all 

members of the research team were delivered to an audience of 1 00 participants from industry, 

government and academia, primarily from the Vancouver Forest Region, A field trip was also 

made to the MASS project site, located 20 km southwest of Campbell River in the Menzies Bay 

Division of MacMillan Bloedel Limited, 

Jim Arnott and Bill Beese 

MASS Project Coordinators 

July 1,1995 
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Montane Alternative Silvicultural Systems (MASS) 
Forest Structure and Natural Vegetation Dynamics 

Introduction 

William Beese, Jeff Sandford and Judith Toms 
MacMillan Bloedel Limited 

65 Front Street 
Nanaimo, B.C. V9R 5H9 

This project is one of several focussed on investigating aspects of silvicultural systems being 

compared at the MASS study area in coastal montane forests. Clearcutting, Green Tree Retention, 

Shelterwood and Patch Cutting create different forest structure and microclimates that may affect 

natural regeneration and vegetation succession. 

The literature review completed for the MASS project summarized our current knowledge of 
advanced regeneration, natural seed-in and competing vegetation in montane forests of the 

Coastal Western Hemlock zone of B.C., and relevant neighboring areas in the Pacific 

Northwestern U.S. (Koppenaal and MitcheIl1992). 

Objectives 

The objective of this study is to characterize and quantify the effects of Clearcutting, Green Tree 

Retention, Patch Cutting and Shelterwood silvicultural systems on natural vegetation dynamics. 

Specific objectives are: 

1. To determine the age distribution of trees in all canopy layers and size classes in the study 

area before treatment; 

2. To describe the species composition, size class distribution, canopy structure and health of 

trees retained in partial cutting systems (Green Tree Retention, Shelterwood); 

3. To quantify and compare conifer seed rain in Old Growth and under four silvicultural systems; 

4. To quantify and compare the growth and survival of natural conifer regeneration, both 

advanced and seed-in, in response to four silvicultural systems; 

5. To quantify and compare understory vegetation species composition and cover in response to 

four silvicultural systems, and four sub-treatments (herbicide, fertilizer, herbicide+fertilizer, 

and untreated). 

Methods 

Nine 500 m2 plots were established in the Clearcut, Green Tree and Patch Cut treatments after 

harvesting to determine the age distribution within the old growth stand by size class for 130 trees 

over 5 cm diameter. Growth rings were counted on about 20 to 25 stumps per plot: 4 trees each in 

5-10, 11-20, 21-40, and 41-60 cm diameter classes, and all trees over 60 cm. Because of 

logging damage to smaller stems, the age of advance regeneration under 5 cm in basal diameter 
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was determined from 200 trees sampled adjacent to permanent vegetation plots in each treatment 

Disks were taken from each tree for sanding and ring counting in the lab. Previous studies by the 

author indicate that field counts cannot be done with sufficient accuracy because of extremely 

small annual rings on many trees (Beese, unpublished report). 

Pre-harvest forest inventory at about three times the normal intensity for a commercial timber 

cruise was done in November 1991 and April 1992. Sample plots included information collected 

during a standard MacMillan Bloedel Operational Cruise (tree heights and diameters by species, 

tree form and decay class, site and vegetation features, etc.), pius supplementary observations. 

Field crews recorded stand structure, understory regeneration, and dead standing trees (snags) 

and downed woody material by decay class (Bartels et al. 1985) and three DBH classes: <30 cm, 

30 to 60 cm, and >60 cm. Stand tables and a 1 :5000 scale map were prepared. For the post

harvest inventory, ali standing trees were measured in the Green Tree blocks. The Shelterwood 

blocks were sampled with six standard cruise plots per block. 

Vegetation cover, height and species composition within treatments and untreated Old Growth 

were measured before and alter harvesting in each of three "core" replicates established within all 

five silvicultural treatments. Eighteen permanent plots were established in each replicate, for a total 

of 270 plots. Twelve plots were located in seedling response plots (three per treatment). Another 

six plots were located within the growth and yield Permanent Sample Plot (PSP). Each plot 

consisted of a series of nested plots. Visual estimates of vegetation cover by strata, life form and 
species were recorded on a 12.6 m radius (500 m2) plot. Only trees from 1.3-10 m in height were 

included, because forest cover inventory characterized larger size classes. A 2 m x 5 m plot was 

located at a random bearing from the centre of the circular plot to estimate cover of shrubs and 

small trees (<1.3 m tall). Cover of herbs and mosses was assessed on a 1 m x 2 m plot within the 

larger plot. 

Advanced regeneration was counted by species, heigh! and basal diameter classes on the same 

plots as the understory vegetation. Trees less than 30 cm were tallied on the 1 m x 2 m plot as 

either seedlings or germinants; trees from 30 cm to 1.3 m were tallied on the 2 m x 5 m plot. Up to 
three amabilis fir (Abies amabilis) and westem hemlock (Tsuga heterophyl/a) were tagged and 

measured after harvesting, and will be measured periodically on each plot. Damage to advanced 

regeneration from harvesting was assessed by recording surviving trees, and noting stem and 

foliage damage. 

A series of seed collection traps were established in conjunction with the vegetation and natural 

regeneration plots to monitor conifer seed-in. Three, 0.25 m2 circular wire frames with screen 

collection bags, based on a design by Hughes et at. (1987), were placed 1 m above the ground 

within the growth and yield PSP in each treatment replicate. Screens were emptied annually in 

September, November and May. Seed counts and germination tests were conducted in the 

MacMillan Bloedel Forest Sciences Laboratory. 

Results and Discussion 

Forest Age 

Most of the amabilis fir at the MASS study area were under 250 years old, with some trees up to 

500 years old. Western hemlock, however, had a more normal distribution, with trees ranging in 

age from 200 to 800 years old (Figure 1). There were many individuals in the 400 to 500 year age 

class. Yellow-cedar (Chamaecyparis nootkatensis) and western redcedar ( T huja plicata) covered a 
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similar range to that of western hemlock. The oldest tree in the sample plots was a yellow-cedar 

estimated at over 800 years old. Advance regeneration samples showed that small trees typically 

ranged from 25 to 150 years old. The oldest understory tree sampled was a 207-year-old western 

hemlock with a diameter of 4 cm. 

Tree ages, stand structure and the presence of charcoal at the mineral soil surface under 10 to 

40 cm of forest floor suggest that this stand has developed in the absence of fire disturbance or 

large-scale windlhrow for at least 500 years, and probably much longer. Only a few scattered 

Douglas-fir (Pseudotsuga menziesil) veterans were found in the pre-harvest inventory. The north 

aspect, the mosaic of well-drained and moist soils, and the elevation also suggest that fires on this 

site would be infrequent and discontinuous. 
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Figure 1. Age distribution of overstory trees at the MASS study area. 

Forest Stand Characteristics 

Pre-harvest 
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I
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Pre- and post-harvest stand characteristics for the Green Tree Retention (GT) and Shelterwood 

(SW) blocks are summarized in Table 1. Although species composition varied among treatment 

blocks, western hemlock typically comprised 40% of the volume. Most of the remaining volume 

was amabilis fir. The proportion of western redcedar and yellow-cedar varied from 10 to 

30 percent. Average gross merchantable volume ranged from 911 to 1,159 m3/ha among SW and 

GT treatment blocks, with total net volumes of 499 to 757 m3/ha due to decay and breakage 

factors. Overall, there were about 500 stems per hectare over 17.5 cm DBH. Average tree height 

for the hemlock and fir was 24 to 32 metres. The redcedar and yellow-cedar were generally 10 m 

taller and twice the average diameter of the western hemlock and amabilis fir. 
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Table 1, Pre-and post-harvest forest characteristics for the Green Tree Retention and 
Sheiterwood treatments 

Green Tree Shelterwood 

Pre Post Pre Post 

Species Composition (by basal area): 

Western hemlock 44 51 43 49 

Amabilis fir 24 15 29 33 

Western redcedar 28 28 24 17 

Yellow-cedar 5 5 4 1 

Gross merchantable volume (m3fha) 1038 47 975 172 

Percent of gross volume retained 5 18 

Net merchantable volume (m3fha) 723 nfa 553 148 

Basal area (m2fha) 86 4 73 18 

Percent basal area retained 5 25 

Stems per hectare (over 17.5 em DBH) 599 22 494 206 

Average stand height (m) 25 23 28 18 

Average diameter (em at 1 ,3 m) 41 40 45 32 

Understory trees (sph> 1,3 m tali, <17.5 cm DBH) 560 nfa 569 300 

Seedlings «1,3 m tall, % cover) 28 nfa 31 19 

Snags per ha 78 0 80 0 

Understory trees in all areas were predominantly amabilis fir. Approximately 70 to 80% of the basal 

area from trees greater than 1,3 m tall but less than 17,5 em DBH was amabilis fir; the remainder 

was western hemlock, These trees were typically 2 m t010 m tall, with average diameters of 6 to 

10 em, Density varied among areas from 600 to 763 stems per hectare, Advance regeneration less 

than 1,3 m tall was also dominated by amabilis fir. Average cover of amabilis fir ranged from 18 to 

21 percent among areas, while western hemlock ranged between 7 and 10 percent Only minor 

amounts of redcedar and yellow-cedar occurred in the understory, 

There was considerable variability in the total number of snags among treatments, The Old Growth 

had the fewest number of snags (52 sph) and the Clearcut had the greatest (100 sph), The number 

of large (>60 em) snags was more similar, with the fewest number in the alternative treatment 

blocks (28 sph) and the greatest in the Old Growth (39 sph), Half of the study area average of 80 

snags per hectare were natural stumps; one-third were either their full height but free of bark and 

limbs, or with broken tops and in various stages of decomposition; the remaining 16% were more 

recent snags with intact bark and limbs, Hemlock snags predominated, with 65% to 70% of the 

stems in each size class, Most of the remainder were amabilis fir, with a small percentage of 
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western redeedar and yellow-cedar snags. Nearly half of snags were in the 30 em to 60 em 
diameter class, and over one-third were greater 60 em in diameter. Average heights for the 
<30 em, 30 em to 60 em and >60 em diamater classes were 20 m ,  32 m and 39 m, respectively. 

There was an average of 17 to 34 downed stems per hectare, which was fairly evenly distributed 
among the three size classes. clearcut had amounts than the resl of the study area. 

Post-harvest 

After losses to logging damage and 83% the target basal area remained standing in 
the SW, and 88% of the target stems hectare remained standing in the GT blocks (Table 1). 
The incidence of parasitic dwarf mistletoe on western hemlock was from i 8% in the 
original stand to 6% in the SW and 3% in GT through selection of leave trees (see paper by Nevill 
and Wood in of net merchantable in the residual stand 
was also improved from to 86% in Ihe through removal 01 decayed trees. Species 
composition alter harvesting remained similar to conditions both treatments. In the 
GT, treatment increased the proportion of western hemlock relative to amabllis fir. Both of Ihese 

species increased in the Shelterwood, with a corresponding decrease in the proportion of western 
redcedar and yellow-cedar. 

The remaining trees were representative the original stand profile; consequently, over half of the 
stems were in the intermediate crown class. Many of these trees are amabilis fir with healthy 
crowns that should respond well to release. These same trees would contribute lillie value to 
harvest revenues, yet will provide protection for regeneration and a significant starting volume for 
the next rotation. Roughly one-quarter of the Shelterwood leave trees and about one-third of the 
Green Tree Retention trees were in the dominant and codominan! crown classes. 

Windthrow 

VVindthrow was assessed in the Shelterwood and Green Tree treatments in August, 1994, nine 
months alter completion of harvesting. A complete posl-harvest inventory was done on downed 
trees in the Green Tree and Shelterwood treatments. Data collection included: height, diameter, 
height to crown, crown class, direction of presence of marking pain!, soil moisture and depth, 
scarring or other damage, and probable cause of damage. After reviewing the extent 01 windlhrow, 
MacMillan Bloedel decided not to salvage any of Ihe trees. Windthrow was relatively light and 
scattered, making salvage difficult without disturbing research installations. 

VVindthrow was summarized for Shellerwood and Green Tree Retention (Table 2). Counts do not 
include trees blown down during harvesting that were subsequently salvaged. An average of 14% 
of the trees were damaged by wind in the Green Tree treatment, with little variation between 

replicate blocks. Most of the trees were uprooted, but some had broken tops or were severely 
leaning. In the Shellerwood, an average 01 4% of the reserve trees blew down. Although windthrow 
was a smaller proportion of the leave trees in the Shelterwood, it represented three times as many 
trees per hectare. An assessment of windlhrow in the Old Growth, Clearcul and Patch Cut 
treatments will be done in 1995. 
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Table 2. Windthrow in MASS Green Tree Retention (GT) and Shelterwood (SW) replicates 
(November 1993 to August 1994) 

Understory 1 leave Trees 2 Windthrow3 Standing 

Area (ha) <17.5 em >17.5 em tlha Total t/ha % tlha 

Green Tree Retention 

GT 1 8.6 8 180 21 33 3.8 18 17 

GT 2 9.7 48 228 24 33 3.4 14 20 

GT 3 9.0 32 282 31 33 3.7 12 27 

Total 27.3 88 690 99 

Average 9.1 29 230 25 33 3.6 14 22 

Shelterwood 

SW1 9.4 2060 219 105 11.2 5 208 

SW2 9.5 2273 239 77 8.1 3 232 

SW 3 8.7 1618 186 74 8.6 5 178 

Total 27.6 5951 256 

Average 9.2 1983 216 85 9.3 4 206 

1 Understory trees <17.5 em DBH in GT replicates are "extra" trees left, but not included in the 25 tlha merchantable 
target during marking. A few represent trees just under 17.5 em judged visually as merchantable during marking. All 
calculations of trees per hectare and windthrow are based on stems> 17.5 em only. 

2 Total standing and down from post-harvest inventory. For the Shelterwood replicates, standing trees were estimated 
by multiplying the average stems per hectare for all three blocks calculated from inventory plots by the proportion of 
total trees in each block counted on aerial photographs. 

3 Trees windthrown during harvesting and subsequently yarded are not included. 

The pattern of direction of windfall observed is consistent with storms from predominantly two 

directions: northwest and southeast (Figure 2). These directions are typical of strong storms on the 

coast (Stathers et al. 1994). Wind speed and direction data supplied by J. Senyk and D. Craigdallie 

from the Canadian Forest Service from the weather station in the neighboring clearcut showed that 

85% of the maximum wind events were equally divided between two primary directions: west to 

northwest (265° to 310°) and east to southeast (105° to 150°). This correlated positively with the 

predominant direction of windfall; however, patterns of windfall varied among replicate blocks due 

to protection from neighboring Old Growth. 

The intermediate crown class contained the highest number and proportion (22%) of windthrown 

trees in the Green Tree treatment. Other crown classes had less than 10% windthrow. Although the 

Shelterwood treatment had the greatest number of fallen trees in the intermediate class, the 

proportion (9%) was lower than the supressed class (18%). The higher percentage of fallen 

suppressed trees was partially due to trees knocked over by other trees. High windfall mortality in 

the intermediate class in the more open Green Tree Retention is consistent with the fact that these 
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trees were sheltered from winds before harvesting; consequently, they had not developed 

adequate root systems for stability in the open. In addition, their tall, narrow stems and short, fiat 

crowns increased sway forces. Greater wind protection in the Sheiterwood may be the cause of 
the lower proportion of windthrown intermediates relative to the Green Tree treatment. 

100m Q 100m 200m 

o 10 2.0 _ 30 _ 

� 

% of wmdthrown trees 

Figure 2. Orientation and number of windthrown trees at MASS during the first 9 months after 
harvesting - November 1993 through August 1994. Arrow size is proportional to the 
number of trees windthrown in that direction; number of trees windthrown is given in the 
lower right comer of each treatment replicate. 

Seedfall 

Seed collected from the forest floor underneath the seed traps was combined with the fall 1993 

collection up to November 25 (Fall, Table 3). The forest floor collection consisted of the seed bank 

from previous years, plus seedfall before the traps were installed. The amount of seed collected in 

Fall was lower than that collected between November and September (Winter-Spring, Table 3). 

The distribution of seed by species and treatment was consistent between the two collection 

periods. In the Fall collection, total seedfall in the Old Growth was significantly greater than in the 

Clearcut, Patch Cut, Green Tree and Shelterwood treatments. None of the partial cutting 

treatments were significantly different frorn the Clearcut or each other. 

Hemlock seeds were more common than western redcedar, amabilis fir and yellow-cedar in both 

the Fall and Winter-Spring collections (p ,,; 0.01). Western redcedar seeds were more abundant in 

the Winter-Spring collection compared to yellow-cedar and amabilis fir (p < 0.1). The number of 

hemlock seeds, as a proportion of total seedfall, decreased from the Clearcut (97.9%) to the Old 

Growth (69.7%). Very little amabilis fir and yellow-cedar seed was collected. 

Germination rates for all species were very low. Germination for the November and May collections 

was 26 to 44% for hemlock and considerably less for amabilis fir (2 to 14%), western redcedar 

(12 to 28%) and yellow-cedar (0 to 9%). Seedtrap samples had significantly higher germination 

rates than forest floor samples (p < 0.D1). Germination rates did not vary between the Old Growth 
and other treatments. 
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Table 3. Total seedfall by treatment in tile Fal! and Winter-Spring collection periods 

Falla Winter-Spring" Total 

Average Average Average 
Trt3 seeds/m2 Sf seeds I Sf seeds/m2 Sf 

CC 8.44 2.75 a 56.00 3.59 a 64.44 6.35 

PC 116.89 38.18 a 484.00 115.86 a 600.89 154.04 

GT 140.00 49.92 a 313.33 122.37 a 453.33 172.29 

SW 152.00 85.48 a 415,19 a 974.22 500.67 

OG 501.78 255.86 b 4439.56 1094.82 b 4941.33 1350.68 

a Forest floor and coHection up to November 25, 1993, 

b Collection between November 26. 1993 and Seplember 1. 1994. 

C Treatments are: CC::: Ciearcut, PC::::: Patch Cut, GT::;:;. Green Tree Retention, SW::: She!terwood, OG :;;:: Old Growth. 

Natural Conifer Rageneration 

Pre- and post-harvest counts of germinants, seedlings (less than 30 cm tall) and understory trees 

(less than 1.3 m tall) showed no statistically significant differences as a result of treatment or 

season; however, the general trend for both westem hemlock and amabilis fir in all harvested 

blocks suggested that there were one quarter to one half as many trees, seedlings and germinanls 

alter treatment. The exeption to this trend was amabilis fir in the Shelterwood, where about two

thirds of the trees and seedlings survived, and the number 01 germinants appeared to be higher 

after harvesting. 

Trends in the Old Growth revealed some Insights about ihe relationship between seed production, 

germination and survival as understory trees. Amabilis fir had the greatest number of understory 

trees at 2,000 per hectare. There were 25 times as many amabilis fir seedlings, and nearly as 

many germinants as seedlings. The single year 1993/94 collection of over 100,000 seeds per 

hectare illustrates the substantial investment in seed production for each established understory 

tree, conSidering the multiple seed years involved in establishing the present cover. 

Western hemlock had roughly one thousand trees, 40 to 75 thousand seedlings and up to 1 million 

germinants per hectare. Hemlock seedfall for the one year collection was about 34 million seeds 

per heotare; consequently, the ratio of seeds to germinants to established seedlings is extremely 

high. Western redcedar data showed even higher mortality from seed to seedling; it had less than 

one tree, 250 to 500 seedlings and 1,200 to 5,000 germinants per hectare oompared to a one-year 

seedfall of nearly 14 million seeds. Although the laboratory germination rate of westem redcedar 

was similar to western hemlock and amabilis fir, its forest survival is extremely low. Factors that 

probably oontribute to its iow establishment rate in the Old Growth understory include low light 

levels, lack of exposed mineral soil substrate, interception of seed by thick moss cover, predation 

and competition from other vegetation. Old Growth trends also suggested that there was 

substantial variation in the annual number of hemlock germinants, and that some mortality of 

hemlock seedlings occurred. 
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Understory Vegetation 

Understory vegetation on the study area is dominated by Alaskan blueberry (Vaccinium 
a/askaense), oval-leaved blueberry (\I. ova/ito/ium) and mosses (Rhytidiade/phus /oreus, 

Hy/ocomium sp/endens and Rhytidiopsis robusta). Herbaceous cover occurs mostly on moist to 

wet microsites and consists of foamflower (Tiarella trifo/iata), rosy twisted stalk (Streptopus 

roseus), several ferns and occasional skunk cabbage (Lysichiton americanum). 

The cover, frequency and number of species of understory plants decreased after harvesting in all 

treatments. The Shelterwood maintained greater cover of understory trees, shrubs and mosses 

compared to the other systems (Figure 3). Understory vegetation was protected from damage by 

the excavator and skidder within the undisturbed clumps of leave-trees. The shade provided in the 
Shelterwood has allowed mosses to survive at over half of their original cover of 71 %, in contrast 

to the three more open treatments where mosses were reduced to 10% cover or less. Although the 

sparse herbaceous cover was reduced in the first season after harvesting, it is expected to 

increase in subsequent years due to invasion of disturbance colonizers such as fireweed, common 

groundsel and wall lettuce. Shrubs are expected to increase rapidly from resprouting of live roots 

that survived harvesting. 
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Figure 3. Cover of understory vegetation by life form before and after harvesting. 
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