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Executive Summary 
 
 
 
 
Introduction 
For economic and biodiversity reasons, it is important to retain a range of tree species across timber supply 
areas. A trial testing uniform shelterwood silvicultural systems was initiated in the Sub-Boreal Spruce 
biogeoclimatic zone in the Central Cariboo Forest District (Williams Lake) in 1990 to develop harvesting 
strategies that would promote regeneration of Douglas-fir (Pseudotsuga menziesii) on sites where Douglas-fir 
had been the leading species in the mature stand. The traditional method of clearcutting, followed by planting, 
was not successful because of poor seedling performance due to the susceptibility of Douglas-fir seedlings to 
frost damage (Steen et al. 1990).  Lodgepole pine can be planted successfully on clearcut blocks.  Eventually 
this will lead to large scale conversion of prime Douglas-fir growing sites to a species of lesser value and 
susceptible to major pests in early and late seral stages.  Currently, there are no stocking or free-growing 
standards for shelterwoods in this zone.  Information is needed to support decision-making for shelterwood 
silvicultural systems including species selection and harvesting methods.  

 

The initial harvesting entry in 1991 focussed on removing 30% (preparatory cut) or 50% (regeneration cut) of 
the initial basal area. Early results from the first harvest entry in 1991 up to 1998 are reported in Burton et al. 
(2000) and Waterhouse (1999). In early 2001, a second harvesting entry was made into two of the original 
treatment units (30 m2 and 40 m2), further reducing the extant basal area by 50%. This produced a range of 
residual basal area (RBA) treatments: (1) 15 m² (second regeneration cut), (2) 20 m² (preparatory cut plus 
regeneration cut), (3) 30 m² (regeneration cut), (4) 40 m² (preparatory cut) and (5) 60 m² (no harvest), replicated 
on three sites. This extension note describes trial results for the five-year period after the second harvest for 
seedfall, vegetation, natural regeneration, planted stock, tree fall and microclimate. 

 

In 1990 when this trial was initiated there was no published literature that documented regeneration of Douglas-
fir in shelterwood silvicultural systems in ecosystems similar to the dry, warm Sub-Boreal Spruce 
biogeoclimatic subzone.  There have not been significant additions to the literature since the study was initiated 
Burton (2000).  A uniform shelterwood approach (Matthews 1989) was selected based on observations from the 
Interior Douglas-fir biogeoclimatic zone where Douglas-fir regenerates successfully under a partial overstory.  
Also, a literature review based on studies of Douglas-fir forests in Southwest Oregon (Tesch and Mann 1991), 
Montana (Joy and Hutton 1990; Shearer and Schmidt 1990) and California (Dunlap and Helms 1983) pointed 
out that partial canopies enhance regeneration success by reducing frost and moisture stress. 
 
After the first stand entry (10 years) our study came to several important conclusions (Burton et al. 2000; 
Waterhouse 1998): 

• tree fall was not a problem in the cut units – 30 & 40 m² residual basal area,  
• bark beetle infestation was minimal (fewer stressed trees),  
• a preparatory cut was not required for windfirmness,  
• frost was absent in the partial cut treatments,  
• timing of harvest and type of equipment is flexible, 
• site preparation may improve establishment, 



• seed falls were abundant and frequent, and 
• survival and growth of Douglas-fir regeneration was best in the 30 m² unit (seed cut).   

 
Results from this trial will apply to the Douglas-fir forests found through this extensive biogeoclimatic subzone.  
They could be extended to similar forest types in the SBS in the Prince George Region to drier parts of the 
Interior Cedar Hemlock zone in the Nelson, Kamloops and Cariboo Regions.  The results will be of interest 
internationally where similar regeneration and wildlife issues prevail.  Although some conditions may differ, 
these studies are used as a basis for trials just as this study used data from Oregon and California. 
 

Study Objectives 
The objectives for the second phase of this project are to: 

1. Evaluate the impact of various levels of basal area retention on the survival and growth of natural and 
planted regeneration. This information will result in recommendations to aid development of guidelines 
for shelterwood silvicultural systems including species selection and harvesting methods in the Sub-
Boreal Spruce zone. 

2. Document the differences in vegetation development across the logging treatments.  Understory 
vegetation can strongly compete with tree regeneration for site resources, is important cattle and mule 
deer forage, and is a valuable component of wildlife habitat. 

3. Assess climate conditions in the shelterwood treatments to help interpret regeneration response to 
different levels of basal area retention. Sufficient light is required to maximize tree growth; however, 
enough canopy must be left to reduce frost damage.  

4. Refine silvicultural systems for mule deer winter range, by defining the relationship between snow depth 
and canopy closure.  

 
Site Description 
The study is located in the central interior of B.C. near Williams Lake.  There are three replicate study sites: 
Beedy Creek, Gavin Lake Road and UBC all in the Central Cariboo Forest District.  All three sites are situated 
in the SBSdw1 biogeoclimatic subzone, in mature (120 – 140 year old) Douglas-fir and lodgepole pine mixed 
stands.  Douglas-fir was the dominant species and comprised between 65 to 83% of the total volume prior to the 
first harvest.  The initial basal area on the sites was about 60 m².   
 
The approximate size of each study site is 20 to 40 hectares.  This size is required to accommodate the five - 1.4 
hectare treatment blocks and treated buffers.  Location and block descriptions are contained in Table 1. 
 
Table 1.  Location and description of each site  
Site  1- Beedy Creek  2 – Gavin Lake Rd  3 – UBC  
Opening 93B.070 229 93A.042 354 93A042 365 
Lat. / Long. 52°38’28”;  

122°06’30” 
52°28’31” 
121°47’31” 

52°28’46” 
121°47’34” 

UTM 
(10N NAD83) 

560335 E 
5832730 N 

582011 E 
5816707 N 

581982 E 
5815045 N 

Gross area (ha) 36.9 20.8 20.4 
Site series and grid 01 4C 01 4C 01 – 17 ha; 06&07 –3 

ha; 08 – 0.1 ha 
Elevation (m) 820 960 1050 



Aspect (°) 270 180 Flat – 250° 
Slope (%) 0-20 4-15 0 - 5 
Soil Texture and 
Depth to Restricting 
Layer (cm) 

Luvisol 
SL 
25-40 

Luvisol 
SL 
35-50 

Luvisol 
SL /L 
25-45 

Coarse Fragment (%) 15-40 40-60 30-60 
Humus form Mor (5 cm) Mor (4 cm) Mor (4-6 cm) 
Rooting depth (cm) 25-30  30-40 25 -40 
Access Km 24 on Ridge FSR 

(8300) 
Km 1.0 on Gavin 
Lake FSR (1600) 

Km 1.5 on 
Shelterwood Road 

Pre-harvest Forest 
Cover Label 

PlF741G7 
FPl(S)741G6 

FPl630M6 (main) 
FPl(S)640G2 (minor) 
 

FPl630M6 

Stand age max. 
(1990) 

138 118 120 

 
Experimental design: 
 
The study was established as a randomized complete block design with each of the three blocks established on a 
separate site.  In 1990, five treatments were randomly assigned to the treatment units within each block. In 
2001, the two feller buncher cut units were selected for further harvesting on each site.  
 
Harvesting and Brushing Treatments: 
Five - 1.4 ha treatment units were established on each site separated by 20 m buffers between treatment units.  
A 100 m buffer was established around the outside perimeter of the treatment area.  Five shelterwood treatments 
were randomly assigned to the treatment units in 1990 to compare the level of residual basal area (40 m² and 30 
m²) and method of harvesting (fellerbuncher versus handfalling) (Table 2).  In 2001, the preparatory and 
regeneration cuts originally made by feller buncher were selected for a second harvesting entry by feller 
buncher .  Harvesting was followed by a brushing treatment in the summer / fall of 2001 to remove potential 
competitors: these included subalpine fir (>0.5 m), sitka alder (Alnus viridis) (>1.0 m), soopalallie (Shepherdia 
canadensis) (>1.0 m), and Douglas maple (Acer glabrum) (>1.0 m).   
 
Table 2.  Shelterwood cutting treatment and residual basal area in 1991 and 2001 
 
1991 Treatment Unit 1991 post –harvest 

residual basal area 
2001 Treatment Unit 2001 post-harvest 

residual basal area 
1 – uncut control 60 m² 1 – uncut control 60 m² 
2 – preparatory cut 40 m² 2 – preparatory cut 40 m² 
3 – preparatory cut 40 m² 3 – first regeneration cut 20 m² 
4 – regeneration cut 30 m² 4 – first regeneration cut 30 m² 
5  - regeneration cut 30 m² 5 – second regeneration cut 15 m² 
 
Reduction of the stand basal area to 40 m² was considered to be a preparatory cut.  The treatment units were 
thinned from below to remove the lower crown classes and pine, subalpine fir and deciduous preferentially to 
Douglas-fir.  The regeneration cut, in 2001 (10 years after the preparatory cut), targeted a residual basal area of 
about 20 m².  All buffers were treated according to this schedule.  The regeneration cut, in 1991, removed 50% 



of the original basal area by thinning from below; however, more co-dominants were cut.  The next entry for 
one of the regeneration cut units was 2001 where the stand basal area was targeted to be 15m².  The intention of 
the second regeneration cut is to establish more regeneration, to increase light and reduce competition thereby 
improving growth and condition, and to prevent frost damage.  The final cut on all units, dependent on sufficient 
stocking, is 2011. 
 
Figure 1. Block and treatment unit layout at the Gavin Lake Road Site 
 
A systematic subplot grid was established within each of the five treatment units prior to the first harvest.  Three 
baselines dissect each treatment unit perpendicular to the main skid trails (Figure 2).  A total of 15 stand structure 
and snow measurement subplots were permanently established twenty metres apart; five on each of three baselines.  
The plot centres fell between skid trails and were marked with 1.5 m white PVC poles. Offset by 20 m, another set 
of 15 subplots were used for vegetation and regeneration studies. These were marked with 1.2 m orange PVC 
poles. 

 
Figure 2.  A systematic grid of subplots was set up for stand structure and snow measurements, while another grid 

was used for natural regeneration and vegetation in each 1.4 - hectare treatment unit 
 



Stand Structure and Growth 
 
Introduction 
 
The main focus of the uniform shelterwood trial is to establish and grow Douglas-fir through the manipulation 
of the overstory tree canopy.  The canopy affects the amount of frost protection for seedlings and the amount of 
light that they receive.  After two harvesting entries, over 10 years, a range of treatments based on residual basal 
area were established on three separate sites.  Permanent stand structure sample plots were established to 
measure the residual overstory in each treatment unit in terms of gross and net merchantable basal area and 
volume, and the density of stems.  These variables help explain potential treatment differences in establishment 
and growth of natural regeneration, survival and growth of planted regeneration, understory vegetation 
development, and snow interception capacity of the different treatments.  The data from the permanent sample 
plots also provides information on the success of the harvesting to meet residual basal area goals.  In the first 
entry, a faller select method was used to thin the stand while in the second entry all trees were marked to leave.  
Lastly, the data provides a crude record of growth in the different treatments between the two harvest entries.   
 
Objectives 
 
Specific objectives are: 
• to monitor the changes in stand structure due to harvesting,  
• to measure the success of meeting residual basal area targets set for harvesting in 2001,  
• to measure gross merchantable basal area and volume changes between 1991 - 2000, 2001- 2009 and,  
• to measure gross basal area in each plot and treatment unit to correlate with snow interception, frost events, 

and growth of regeneration and vegetation. 
 
Methods 
 
Phase 2 harvesting took place from January to March, 2001.  The same equipment was used on all treatment units: 
feller buncher (tail swing at UBC and GLR and no tail swing at BEE) and grapple skidder.  All trees to be left were 
marked with dots of lime green tree paint.  All the diameters of the residual trees were measured and the residual 
basal area adjusted by adding or removing trees (through marking) prior to harvest. Most of the pine, spruce, 
subalpine fir and deciduous species were cut and the Douglas-fir was thinned from below.  The intent was to 
maintain an even distribution of co-dominant Douglas-fir trees in the overstory to continue to provide frost 
protection. 
 
All windthrown and bark beetle infected trees were promptly removed from any of the treatment units on an annual 
basis.  The control at Beedy Creek was salvaged heavily twice in the past 10 years creating some gaps in the stand.  
Light salvage has occurred in all other treatment units.  Sometimes trees were felled and burned on site while in 
other instances trees were removed with logging equipment.  In October and November of 2001 in the 15 m² and 
20 m² treatment units at UBC there was a large amount of tree fall which was promptly salvaged.  The salvaged 
cruise trees were removed from the May 2001 cruise data set and the data was re-compiled. 
 

Cruise plot measurements 
 
Fifteen permanent variable radius cruise plots (BAF4) were established in each treatment unit in order to assess 
pre- and post-harvest stand structure, and changes in post-harvest stand structure over time.  Plots were assessed 



in 1990, 1991, 1995, 2000, 2001 and 2009.  Volume and basal area data was summarized by treatment unit, site 
and species (dead and alive) using a standard cruise compilation program (Olympic Resource Management 
2000.1) for trees over 7.5 cm dbh, 4 cm top and 30 cm stump height for all years except 1995.  Diameters were 
always measured at the original blue dbh lines and heights were taken on the original trees.  Replacement trees 
were selected for those that had fallen.   
 
The following data was recorded according to the standard methods contained in the Ministry of Forests Revenue 
Branch Cruising Manual posted Web Version 2001.  

 
1.) Stand age at 0.3 m ht. (2 ages / species / treatment unit) (1990 only) 
2.) Height (to nearest 0.1 m) (8 heights / species / treatment unit) 
3.) Diameter (to nearest 0.1 cm) at 1.3 m 
4) Crown class (1 – 4) 
5) Tree class (1-9) 
6) Incidence of insect and disease (stems/ha) 
 
 * Heights and ages were distributed throughout the treatment unit 
 

Stand structure information was collected on cruise tally cards.  The centres of each subplot were permanently 
marked with a white PVC stake and blue plastic tag bearing the site number (1-3), the treatment plot number (1-5) 
and the subplot number (1-15).  Distance and direction from a reference tree in each was recorded.  An aluminium 
tag was set at the base of each reference tree. 
 
Results and Discussion 

 
Stand structure 

Figures 3a-c and 4a-c, based on stem density by species, show the effects of thinning from below on stand 
structure after the first and second entry.  In 1991, a large portion of the lodgepole pine, spruce, subalpine fir 
and deciduous species plus a portion of the smaller size Douglas-fir trees were cut.  The amount of removal was 
greater in the regeneration cut units than in the preparatory cut units.  In 2001, the remaining lodgepole pine, 
and other species were cut.  The smaller Douglas-fir and a portion of the co-dominants were also removed.  The 
larger diameter classes of Douglas-fir (>40cm) were not cut as heavily. On average there are 130 stems / ha 
(86% Douglas-fir) left in the 20m² unit and 105 stems per ha (94% Douglas-fir) remaining in the 15 m² unit.  
Overall, thinning from below has been implemented and resulted in the desired stand structure.  



Figure 3 a-c. Density (stems/ha) of canopy trees (>7.5cm dbh) averaged over 3 sites: pre-harvest, preparatory 
cut, and regeneration cut 

 
Figure 4.  Density (stems/ha) of canopy trees (>7.5cm dbh), averaged over 3 sites: 

pre-harvest, regeneration cut and second regeneration cut. 



 
Meeting harvesting targets 

One original preparatory cut unit on each site was cut from about 40m² to 20m² while one original regeneration 
cut unit from each site was reduced from 30 m² to 15 m².  After the second phase of harvesting in 2001, in the 
20 m² units the gross residual basal area was within 1.6 m² of the target, while in the 15 m² units the gross 
residual basal area was within 4.3 m² (Table 3).  The UBC block was the most over the target at 19.3 m²; 
however, the wind storms in the fall reduced the gross basal area to 16.9 m².  The same storms reduced the 20 
m² unit at UBC from 21.6 m² to 20.0 m².  Table 4 shows the volumes harvested per treatment unit.  Figure 5 
shows the actual and target gross residual basal areas for each unit.  The pre and post – harvest gross residual 
basal area for units that have had two harvest entries are shown in Figures 6 and 7.  All treatment units, after the 
wind throw event at UBC, are fairly close to target and there is a wide enough separation in the residual basal 
areas to induce treatment effects. 
 
Table 3.  Gross and net basal area harvested in 2001 

     
  2000 2001  Gross 2000 2001  Net  
  Gross Gross Gross after Net Net Net after 

Block Treat RBA RBA Harvested windthro
w 

RBA RBA Harveste
d 

windthro
w 

BEE 20 45.3 18.7 26.6 18.7 41.3 18.4 22.9 18.4 
GLR 20 44.0 21.1 22.9 21.1 43.7 21.1 22.6 21.1 
UBC 20 40.2 21.6 18.6 20.0 39.7 21.6 18.1 20.0 

          
BEE 15 32.0 14.2 17.8 14.2 29.3 13.9 15.4 13.9 
GLR 15 32.3 17.3 15.0 17.3 29.1 15.2 13.9 15.2 
UBC 15 40.3 19.3 21.0 16.9 35.7 15.5 20.2 13.1 

 
Table 4. Gross and net volume harvested in 2001 

  2000 2001 2000 2001  
  Gross Gross Gross  Net Net Net 

Block Treat Volume Volume Harvested  Volume Volume Harveste
d 

BEE 20 575 227 348  506 214 292 
GLR 20 509 244 265  475 228 247 
UBC 20 452 234 218  425 224 201 

         
BEE 15 419 179 240  359 167 192 
GLR 15 369 189 180  345 179 166 
UBC 15 414 195 219  391 187 204 

 
Table . Gross and net volume harvested in 2009 
 
 
 

Gross volume changes  



Tables 5 and 6 show the gross and net merchantable residual basal area and volume in each unit pre-harvest and 
post-harvest from 1990-2001.  Changes in gross and net merchantable volume and basal area for each treatment 
unit between 1991 and 2000 are shown in Tables 7 and 8.  The difference between 2000 and 1991 was divided 
by 9 growing seasons to obtain an annual rate of change.  Most of the mortality which  



Figure 5.  Target and post-harvest residual basal area in regeneration and second regeneration cut units in 2001 
 
Figure 6.  Residual basal area pre- and post-harvest for two entries 
 
Figure 7.  Residual basal area pre- and post-harvest for two entries 
 



Table 5.  Gross basal area and volume by treatment unit from 1990, 2000, 2001 and 2009 
       
   BA  RBA  RBA RBA RBA Volu

me 
Volu
me 

Volu
me 

Volum
e 

Volum
e 

 Unit Treatmen
t 

(m²/h
a) 

(m²/h
a) 

(m²/h
a) 

(m²/ha) (m²/ha) (m³/h
a) 

(m³/h
a) 

(m³/h
a) 

(m³/ha
) 

(m³/ha)

Site No. 2001 1990 1991 2000 2001-
May 

(Nov) 

2009 1990 1991 2000 2001-
May 
(Nov) 

2009 

         
BEE 1 30 m² 

RBA  
61.4 37.4 35.5 35.5 . 714 454 440 440 . 

 2 60 m² 70.2 70.2 51.2 51.2 . 781 781 574 574 . 
 3 40 m² 

RBA 
66.7 45.5 49.6 49 . 705 501 546 538 . 

 4 20 m² 
RBA  

62.6 46.4 45.3 18.7 . 763 573 575 227 . 

 5 15 m² 
RBA  

57.1 32.6 32.0 14.2 . 674 413 419 179 . 

          
GLR 1 20 m² 

RBA 
64.5 43.2 44.0 21.1 . 717 497 509 244 . 

 2 30 m² 
RBA  

70.3 35.5 36.8 36.6 . 752 397 417 414 . 

 3 40 m² 
RBA  

66.3 42.7 47.7 46.2 . 714 474 536 514 . 

 4 60 m² 65.6 65.6 69.5 69.0 . 701 701 757 750 . 
 5 15 m² 

RBA  
60.0 33.1 32.3 17.3 . 658 376 369 189 . 

         
UBC 1 40 m² 

RBA  
53.3 41.3 43.7 43.7  555 442 495 495  

 2 60 m² 61.3 61.3 64.6 64.6  619 619 693 693  
 3 20 m² 

RBA  
55.1 37.6 40.2 21.6 

(20.0)
 579 405 452 234 

(219) 
 

 4 15 m² 
RBA 

66.4 33.6 40.3 19.3 
(16.9)

 566 316 414 195 
(171) 

 

 5 30 m² 
RBA  

64.0 34.1 36.3 36.3  630 351 394 394  

 
Table 6. Net merchantable basal and volume by treatment unit from 1990 - 2009 

       
   BA  RBA  RBA RBA RBA Volu

me 
Volu
me 

Volu
me 

Volum
e 

Volum
e 

 Unit Treatmen
t 

(m2/h
a) 

(m2/h
a) 

(m2/h
a) 

(m2/ha
) 

(m2/h
a) 

 
(m³/h

 
(m³/h

 
(m³/h

 
(m³/ha

 
(m³/ha)



 a) a) a) ) 
Site No. (nominal 

basal 
area) 

1990 1991 2000 2001-
May 

(Nov)

2009 1990 1991 2000 2001 
May 

(Nov) 

2009 

       
BEE 1 30 55.5 36.3 32.0 32.0 . 643 414 404 404 . 

 2 60 64.0 64.0 42.9 42.9 . 705 705 516 516 . 
 3 40 58.7 44.5 45.1 44.5 . 630 461 502 496 . 
 4 20 54.1 45.6 41.3 18.4 . 650 511 506 214 . 
 5 15 49.3 32.3 29.3 13.9 . 577 361 359 167 . 
          

GLR 1 20 60.0 42.9 43.7 21.1 . 678 466 475 228 . 
 2 30 66.1 35.5 35.7 35.5 . 717 377 396 392 . 
 3 40 60.5 42.4 46.1 44.3 . 680 449 505 486 . 
 4 60 60.3 60.3 61.3 60.8 . 670 668 718 711 . 
 5 15 55.5 33.1 29.1 15.2 . 618 350 345 179 . 
         

UBC 1 40 49.6 40.8 43.2 43.2 
 

 510 410 455 455  

 2 60 58.7 58.7 57.9 57.9 
 

 579 577 645 645  

 3 20 53.3 37.6 39.7 21.6 
(20.0)

 544 379 425 224 
(208) 

 

 4 15 62.4 32.8 35.7 15.5 
(13.1)

 536 300 391 187 
(164) 

 

 5 30 60.8 34.1 35.2 35.2  595 333 374 374  



Table 7.  Change in gross and net volume from 1991 – 2000 and 2001 to 2009 
  1991 2000 2009 2000 

Annual
2009 

Annual
1991 2000 2009 

Annual
2000 

Annual
2009 
Annual 

  Gross Gross Gross change 
in  

change 
in  

Merch. Merch Merch change 
in  

change 
in  

Bloc
k 

Treatment Volume Volum
e 

Volume stand 
vol. 

Stand 
vol. 

Volume Volume Volume stand 
vol. 

stand 
vol. 

BEE No-
harvest 

781 574  -23.0  705 516  -21.0  

GLR No-
harvest 

701 757  6.2  668 718  5.6  

UBC No-
harvest 

619 693  8.2  577 645  7.6  

            
BEE 40 (40) 501 546  5.0  461 502  4.6  
GLR 40 (40) 474 536  6.9  449 505  6.2  
UBC 40 (40) 442 495  5.9  410 455  5.0  

            
BEE 40 (20) 573 575  0.2  511 506  -0.6  
GLR 40 (20) 497 509  1.3  466 475  1.0  
UBC 40 (20) 405 452  5.2  379 425  5.1  

            
BEE 30 (30) 454 440  -1.6  414 404  -1.1  
GLR 30 (30) 397 417  2.2  377 396  2.1  
UBC 30 (30) 351 394  4.8  333 374  4.6  

            
BEE 30 (15) 413 419  0.7  361 359  -0.2  
GLR 30 (15) 376 369  -0.8  350 345  -0.6  
UBC 30 (15) 316 414  10.9  300 391  10.1  
 
Table 8.  Change in gross and net merchantable basal area from 1991-2000 and 2000-2009. 

     
  1991 2000 2009 2000 

Annual
2009 

Annual
1991 2000 2009 2000 

Annual
2009 

Annual
  Gross Gross Gross change 

in  
change 

in  
Merch. Merch Merch change 

in  
change 

in  
Bloc

k 
Treat BA BA BA stand 

BA 
stand 
BA 

BA BA BA BA BA 

BEE No-
harvest 

70.2 51.2  -2.1  64.0 42.9  -2.3  

GLR No-
harvest 

65.6 69.5  0.4  60.3 61.3  0.1  

UBC No-
harvest 

61.3 64.6  0.4  58.7 57.9  -0.1  

            
BEE 40 (40) 45.5 49.6  0.5  44.5 45.1  0.1  



GLR 40 (40) 42.7 47.7  0.6  42.4 46.1  0.4  
UBC 40 (40) 41.3 43.7  0.3  40.8 43.2  0.3  

            
BEE 40 (20) 46.4 45.3  -0.1  45.6 41.3  -0.5  
GLR 40 (20) 43.2 44.0  0.1  42.9 43.7  0.1  
UBC 40 (20) 37.6 40.2  0.3  37.6 39.7  0.2  

            
BEE 30 (30) 37.4 35.5  -0.2  36.3 32.0  -0.5  
GLR 30 (30) 35.5 36.8  0.1  35.5 35.7  0.0  
UBC 30 (30) 34.1 36.3  0.2  34.1 35.2  0.1  

            
BEE 30 (15) 32.6 32.0  -0.1  32.3 29.3  -0.3  
GLR 30 (15) 33.1 32.3  -0.1  33.1 29.1  -0.4  
UBC 30 (15) 33.6 40.3  0.7  32.8 35.7  0.3  

     
 



occurred in this period was salvaged therefore is not included in the changes in volume or basal area.  This data 
represents the standing volume available for harvest in 1991 compared to 2000.  Figure 8 compares the changes 
in volume per year in the various treatment units.  In the unlogged controls, two treatment units averaged a 6 - 8 
m³/ha increase in gross volume per year.  These units had minimal salvage in them.  The third unit at Beedy 
Creek, had two major salvaging events that removed fallen trees, current beetle attack and green trees for 
access, resulting in a major loss of volume.  In the six treatment units that received a preparatory cut in 1991, 
the average increase was 4.1 m³/ha/year, ranging from 0.2-6.9 m³/ha/year.  The regeneration cut units, averaged 
a smaller increase at 2.7 m³/ha/year, ranging from –1.6 to 10.9 m³/ha/year.  As a percent of gross volume in 
1991, the no-harvest treatments increased volume at 1.03%/year (without Beedy Creek), the preparatory cuts at 
0.85%/year and the regeneration cuts at 0.70%/year.  From the records kept, there appears to have been more 
salvage (mortality) in the regeneration cut units than in the preparatory cut units for the first five years after the 
initial harvest.   
 
Updates to text and tables required for data collected in fall of 2009. 
 

Further analysis and data issues 
Variable radius cruise plots do not effectively measure growth and yield.  However, they do measure of gross 
merchantable basal area and volume change for the stand (treatment unit) between the first harvest in 1991 to 
the end of the growing period in 2000.  The total loss of trees due to salvage has not been well documented.  It 
may be possible to compare individual trees from 1991 and 2000.  For ones missing in 2000, they could be 
assumed to be salvaged.  These could then be run through the cruise compilation program to estimate basal area 
and volume lost due to salvage.  In the future, it is recommended that all numbered cruise trees be recorded if 
they are removed.  Volume calculations are also possibly compromised because the cruise program selects the 
height curve based on the best fit with the data.  Height curves were generated for each site (all treatments 
combined) for the 2000 and 1990 data.  The same curves were used post-harvest.  It would be better to take all 
the heights on the cruise trees to produce a more accurate estimate of volume. 
 
An estimate of growth per ha on living trees in each treatment unit could be obtained by selecting individual 
trees in each treatment unit and calculating change in diameter, basal area, and volume between 1991 and 2000.  
Values could be averaged for each 10 cm dbh class and multiplied by stems / ha for class 1 and 2 trees.  This 
data could also be used to see if the gains in growth on individual trees are effected by the treatment (residual 
basal area of the surrounding stand). 



 
Figure 8.  Changes in gross volume per year from 1991-2000 (nine growing seasons) and 2001 – 2009 in the 
no-harvest, preparatory and regeneration cut units at Beedy Creek, Gavin Lake Road and UBC 



Tree Fall 
(need to add 2009 data) 
Introduction 
 
It is important to measure the impact of partial cutting on stand stability because of potential economic loss, 
damage to the regeneration layer and forest health risk.  The incidence of tree fall on clearcut edges is well 
documented (Ruel 1995), but few studies report tree fall rates within partially cut stands.  When the trial was 
established in 1990, there was a major concern that thinning the stands would trigger greater rates of tree fall 
because of the high height to diameter ratios of the residual trees.   
 
The initial reduction in basal area in 1991 from one third to one half of the residual basal area did not stimulate 
tree fall in the first post-harvest period (Waterhouse 1999).  Similarly, Waterhouse and Armleder (2004) found 
that group shelterwoods (39% area cut) in lodgepole pine stands did not aggravate tree fall rates.  Studies from 
two other forest types in British Columbia report small but higher losses of standing trees in single tree and 
group selection silvicultural systems compared with uncut forest within 2 years of logging (Coates 1997; 
Huggard et al. 1999), but not enough to cause an economic concern.  At a fairly high level of thinning in 
lodgepole pine (50–65% basal area reduction), Whitehead and Brown (1997) found that tree fall was increased. 
 
On this trial, tree fall is continues to be a concern.  The second harvest entry in 2001 further reduced the basal 
area by 50% on two of the treatments and in the buffer zone.   
 
Objectives 
• To assess the annual amount of tree fall, by species, decay class, direction of fall, and type of fall 
• To summarize the rate of tree fall by treatment and site 
• To document the relationship between tree fall and residual basal area (m2) 
 
Methods 
Tree fall was measured annually on set transect lines.  Three – 5 m wide by 80 m long transects were 
established in each treatment unit for the purposes of assessing tree fall in 1990.  In 2001, transects were 
widened to 10 m to increase the area sampled (0.24 ha per treatment unit).  Also, three - 150 m x 10 m of 
transects were established in the newly cut buffers to increase monitoring intensity (0.45 ha). To be considered 
in, the bole of the fallen tree was more than half within the transect strip.  For those trees over 7.5 cm at 
diameter at breast height (dbh) (1.3 m above ground), species, cruise tree number, direction of fall (°), crown 
class, decay class, type of break and pests / pathogens were recorded.  Each fallen tree is marked with an 
aluminum tag and blue tree paint, then mapped.  Crown classes included: dominant, co-dominant, intermediate 
and suppressed (Luttmerding et al. 1990).  Decay classes included: live, in decline, recently dead, old (25- 75% 
of bark left), very old (< 25% bark) and stubs (Backhouse 1993).  Damage was recorded as stem break well 
above ground, stock break at ground level, root break, and tree throw where the root plate tips out of the ground 
(Stathers et al. 1994).   
 
Results and Discussion 
 
From March 2001 to May 2008, 164 trees fell: 87% Douglas-fir, 12% hybrid spruce, 8% pine, and 2% aspen 
(Table 1).  Most of the trees were co-dominants (Table 2).  Of the total, 67% of the trees fell on the UBC site, 
22% on the GLR site and 11% on the BEE site. Eighty two percent of the trees were alive at the time of fall 
while 21% were recently dead and 6% were in decline (Table 3). The direction of fall indicated wind prevailing 



from the east (Table 4), but this varied by year.  The majority (69.3%) of trees fell when the entire root plate 
pulled out of the ground (Table 5).  This type of tree fall is typically associated with storm events on sites with 
shallow, wet soils (Stathers et al. 1994).   
 
The majority of trees fell in the 15 m² and 20 m² units (3.7 – 4.2% annual tree loss) compared to the 30 m² 
(1.3%), 40 m² (0.6%) and 60 m² (1.6%) treatments (Table 6).  However, there are strong site differences.  Rates 
of tree loss have been extremely high on the UBC site (15 m² - 8.8% & 20 m² - 12.1%) compared to the same 
units in GLR (2.3% and 0%) and BEE (0% and 0.4%) (Fig. 1 & 2).  The total % of standing trees lost since 
2001 is estimated at 49% in the 15m² treatments and 63% in 20 m² treatment on the UBC site.  A cruise of the 
15 permanent sample plots in each treatment in 2007 confirmed a large basal area reduction.  Residual basal 
area was down from 19.3 m² (May 2001) to 8.3 m² (std 6.3 m²) in the 15 m² treatment (57%) and from 21.6 m² 
(May 2001) to 12.0 m² (std 10.1 m²) in the 20 m² treatment (44%).  The standard deviations are high reflecting 
the patchy nature of the tree fall throughout the treatment units. 
 
Tree fall rates have been quite variable from year to year.  2004 was the only year, since harvesting in 2001, 
where there was a measurable amount of tree fall on the BEE and GLR sites.  The UBC site continues to be 
problematic with treefall now occurring in the no-harvest control on the edge adjacent to the 20 m² unit 
(exposed to the east wind).  The 20 m2 unit on the UBC site has had no recorded wind fall from 2006-2008.  
One reason may be that it can take up to five years for the stand to become wind firm after harvest, after which 
point the amount of tree fall declines.  The majority of tree fall on the UBC site is related to strong wind storms 
which generally occur October to January.  This flat, moist site is also exposed to the prevailing wind due to 
recent harvesting on adjacent blocks.  Windthrow has been salvaged annually from the UBC site except in 
2008.  MCH was applied to all the tree fall to deter Douglas-fir bark beetle.   
 
On the Beedy Creek and Gavin Lake sites, in all treatments, the rate of tree fall is similar to other studies in 
British Columbia (Coates 1997; Huggard et al. 1999).  The cumulative amount of both dead and alive over the 
past 5.3 years is well below the suggested 10% loss for operational significance (Coates 1997).  The removal of 
trees in two entries may have reduced the risk of tree fall.  Over the ten year period between harvests the shape 
of the trees and distribution of wood may have improved windfirmness (i.e. reduced the height to diameter ratio 
by allocation of more wood to the base of the tree).   
 
In conclusion, reduction of basal area through two entries down to 25% of the original basal area on most sites 
should not enhance tree fall.  However, sites must be considered on an individual basis.  If a site has poor 
drainage and trees are shallowly rooted harvesting more than 50% of the basal area (uniform thinning) could be 
problematic.  Site specific problems need to be identified prior to developing stand harvesting prescriptions 
(Mitchell 1995). 
 
 
Fig. 1. Mean annual tree fall as a percent of standing trees (n=7 years) 
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Fig. 2. Annual rate of tree fall by treatment at the UBC site 
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Table 1.  Fallen trees by species from 2001 to 2008 from all sites and treatments 
 
Species Stems % 

DF 131 87.3 
SX 18 12.0 
PL 12 8.0 
AT 3 2.0 

 
Table 2.  Fallen trees by crown class from 2001 to 2008 from all sites and treatments 
 
 

Crown 
class Stems % 

1 3 2.0 
2 128 85.3 
3 31 20.7 
4 2 1.3 

 
Table 3.  Fallen trees by decay class from 2001 to 2008 from all sites and treatments 
 
 

Decay Description  Stems % 
1 alive 123 82.0 
2 decline 9 6.0 

3 
recently 

dead 31 20.7 

4 
25-

75%bark 0 0.0 
5 <25%bark 0 0.0 
6 stub 1 0.7 

 
Table 4.  Fallen trees by direction of fall from 2001 to 2008 from all sites and treatments 
 
 
Direction 

of Fall Degrees Stems % 
N 316-45 35 23.5 
E 46-135 12 8.1 

S 
136-
225 45 30.2 

W 
226-
315 71 47.7 

 
Table 5.  Fallen trees by damage type from 2001 to 2008 from all sites and treatments 
 
Damage Description  Stems % 



1 
stem break well 
above ground 26 17.3 

2 
stock break at 

ground 13 8.7 
3 root break 21 14.0 
4 tree throw 104 69.3 

 



Table 6. Mean percent of annual tree fall by site and treatment 2001 – 2008 (n=7 years) 
 

 UBC   GLR   BEE   
All 
sites   

Treatment 
Mean 
(%) Std (%) 

Mean 
(%) Std (%) 

Mean 
(%) Std (%) 

Mean 
(%) Std (%) 

15m²  8.8 8.5 2.3 4.7 0.0 0.0 3.7 4.3 
20m²  12.1 13.1 0.0 0.0 0.4 1.1 4.2 7.2 
30m²  2.7 4.8 1.0 2.5 0.3 0.8 1.3 2.0 
40m²  0.5 0.6 1.2 1.7 0.2 0.4 0.6 0.7 
60m²  1.9 1.5 1.6 2.0 1.2 1.7 1.6 0.2 
BUFFER 9.3 8.5 0.0 0.0 0.7 1.2 3.3 4.6 

 
 



Seed Fall 
(need to add 2009 data) 
Introduction 
 
Objectives 
 
• To assess the annual amount of seed fall, by species, available to initiate natural regeneration 
• To assess the viability of the Douglas-fir seed crop 
• To monitor the relationship between seed fall and residual basal area (m2) 
• To measure the periodicity of the seed crop over the 15 year sample period (1992 - 2008) 
 
Methods 
Seedfall was measured annually from 1992 to 2008.  The original study was set up as a randomized block 
design (3 blocks and 3 treatments).  The three original treatments were the no-harvest, the preparatory cut (40 
m²) and seed cut (30 m²) (feller buncher cut units).  After the harvesting in 2001, this was modified to two 
treatments (no-harvest and 20 m² (originally 40 m²).  In 1992, within each treatment unit (1.4 ha) a grid was set 
up and 10 random locations were picked from a possible 48 points.  The same locations have been used 
consistently from year to year.  A mixed model (block – random factor and treatment – fixed factor) analysis of 
variance was used to test seed density among treatments by year.  Seed density was log transformed (log10) 
prior to analysis.  Results are considered significant at α=0.10. 
 
The traps that were used from 1992 to 2003 seed year were wooden framed (0.37 m² area) holding a nylon 
fabric collection mat, covered by a removable lid with 0.8 cm wire screening to prevent rodent access (Leadem 
et al. 1997, p.77).  In the spring of 2004, these traps were replaced with a similarly designed but smaller (0.25 
m²) steel traps.  In May of each year, the mats were replaced in the traps.  The collected mats and along with 
their litter, were put into a paper bags.  The bags and their contents were dried for several weeks in a cool, dry 
area before the contents were analyzed.  The litter content from each mat was carefully sorted and the seeds 
were removed.  All tree seeds were identified by species and counted.  The viability of all mature conifer seeds 
was assessed using the cutting method described in Kolotelo (1997) and Leadem et al. (1997).  The seed was 
assessed as nonviable if there was no embryo or if there was a deterioration of the seed contents.  Seeds were 
assessed as viable if the cutting test revealed a moist, white megagametophyte and white to yellowish embryo. 
 
Results and discussion 
Seed production from 1992 to 1997 was summarized and discussed in detail (Burton et al. 2000).  From 1992 to 
2008, Douglas-fir was the dominant mature seed from the conifer species in all years, while birch was very 
abundant in some years (first measured in 1999) (Figure  ). A large viable crop of mature Douglas-fir seed (over 
500,000 seeds per hectare) was produced six times in last 17 years (Table), and viability was over 40% in each 
of those years.  Alternately, there were four years of very low production (<25,000 seeds/ha) of viable Douglas-
fir seed (Table  ).  Spruce trees made up less than 5% of the overstory, but in good years, such as 2003, they 
were prolific seed producers (169 000 viable seeds/ha).  
 
When the density of viable Douglas-fir seed per hectare was compared among treatments, there were 
significantly more seeds in the partial cuts than the no-harvest treatment in 1995, 2001 and 2003.  When the 
density of the mature Douglas-fir trees, over 7.5 cm at dbh, was considered, the seed production per tree was 
significantly (α = 0.10) higher in the six high production years plus 2003 when production was moderate 
(163,000 seeds /ha) (Table  ; Figure  ). 
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Figure   . Mature seed (seeds / ha) from conifer and deciduous trees from 1992 to 2007, mean of all sites and 
treatments (n=9 before 2000, n=3 in 2000, n= 6 after 2000). 
 
Table    .  Analysis of variance comparing log transformed (log10) Douglas-fir viable seed fall density among 
basal area treatments by year 
 

Treatment means (seeds/ha) 
30 40 20 60   

Year 

Overall 
% 

viability         F Prob.>F 
        

1992 36.7 109910 72973 58559 0.72 0.54 
1993 74.1 1802701 1756755 2213511 2.85 0.17 
1994 11.0 179379 180180 190991 0.07 0.93 
1995 49.3 730029 614639 266466 21.85 0.0061 
1996 15.7 43544 47297 49550 0.55 0.61 
1997 2.9 901 1 901 0.53 0.59 
1998 13.7 112613 88288 59910 0.16 0.85 
1999 65.4 1118918 1104203 1487836 0.05 0.95 
2000 17.5  21772   
2001 42.1  715215 423423 11.89 0.08 
2002 25.7  114286 115115 0.68 0.49 
2003 33.7   219920 106531 7.16 0.01 
2004 8.1   1481 2815 0.34 0.56 
2005 49.0   1049333 938667 0.01 0.93 
2006 12.7   20000 16000 1.22 0.33 
2007 40.2     1098815 1657333 2.19 0.21 

 
Treatment means (seeds / tree) 

30 40 20 60   
Year     F Prob.>F



1992 602 299  84 1.21 0.3900 
1993 7945 7052  3234 8.06 0.0400 
1994 565 707  288 1.16 0.3800 
1995 2245 2450  404 60.79 0.0010 
1996 131 181  69 1.26 0.3700 
1997 3 0  2 0.54 0.5900 
1998 385 334  100 1.27 0.3700 
1999 3649 4380  2111 3.41 0.1000 
2000    32   
2001   6234 776 109 0.0086 
2002   1060 272 5.75 0.1300 
2003   1759 213 65.5 <0.0001
2004   11 6 0.16 0.69 
2005   9510 1877 103.45 <0.0001
2006   185 36 2.91 0.16 
2007     9846 3369 29.76 <0.0001

Table   . Analysis of variance comparing log transformed (log10) Douglas-fir viable seed fall density per tree 
among basal area treatments by year 
 
 
Figure    .  Density of viable Douglas-fir seeds per tree among basal area treatments. Years with significant 
(α=0.10) differences marked with * 
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The large differences in the seed production among treatments, when considering production per tree, may be 
caused by increased exposure to light and wind after harvesting. Greater productivity could also be due to the 
increased resources per residual tree after harvesting.   
 
Little to no redcedar and subalpine fir seeds were collected, starting in 1995 for subalpine fir and 1999 for 
redcedar.  In 2006, paper birch averaged 1.9 million seeds per ha in the treatments, even though it was 
selectively removed in 20 m² units in the 1991 harvest entry.  It has grown back on the Beedy Creek and UBC 



blocks in the 20 m² units, but is less abundant at Gavin Lake.  The lodgepole pine was also preferentially 
removed in 1991 and 2001, and there has been significant mortality of the pine trees in the no-harvest units in 
recent years from mountain pine beetle.  A small amount of viable seed (<98000 seeds/ha) has been collected 
from 2002 through the 2007 seed years. 
 
Over the trial period, which included two harvest entries, even low removal stimulated seed production per tree, 
and in some years resulted in greater amounts of seed per hectare in the partial cuts than the no-harvest controls.  
This effect goes beyond the initial few years providing a constant source to seed to regenerate the forest. 
However, regeneration success also depends on seedbed, seed predation, microclimate of the opening, and the 
shade tolerance of the species (Burton et al. 2000; von Treba 1999).  The heavy input of Douglas-fir seed is 
reflected in the density of Douglas-fir in the regeneration layer. 
 



Density and Growth of Natural Regeneration 
The main goal of the trial is to successfully regenerate the treatments with Douglas-fir within a 20 year 
timeframe.  Of prime importance is: the density of Douglas-fir compared to other species, the density of 
Douglas-fir, the size of the stock, the vigour of the stock and the annual growth rates of the trees.  Pre-harvest 
and early post-harvest regeneration (1991 - 1996) composition and density were documented by Burton et al. 
(2000).  Pre-harvest records indicate that Douglas-fir was the dominant species, followed by spruce then 
subalpine fir.  Only 2 – 3 redcedar or lodgepole pine seedlings were encountered.  As of 1996, five years after 
the first harvest entry, Douglas-fir represented 88% or more of the regeneration layer by species and  showed 
remarkably little variation in density among treatments, with seedlings ≤ 100 cm tall averaging 14 882 – 18 066 
stems per ha under the full range of treatments (including the no-harvest units) Burton et al. (2000).   
 
Methods 
 Density 
  Field sampling 
Fifteen permanent plot centres were established in each treatment unit to monitor natural regeneration response 
to harvesting in terms of density by species.  Regeneration was tallied pre-harvest (1990), and following the 
first harvest in 1991, 1993, 1994, 1996 and 2000 (nine years post-harvest but pre-harvest for the second entry in 
2001).  Densities were re-assessed in 2001, 2004 and 2007.  A set of nested plots, based on each plot centre, 
was used to sample the regeneration by species (FD, PL, SX, BL, CW).  Nested plot radii include 0.56 m for 
assessment of germinants and small seedlings up to 10 cm height, 1.78 m radii for seedlings considered medium 
(10 – 29 cm) & large (30-100 cm) size and 3.99 m radii for poles (>100 cm & <7.5 cm dbh).  Because of the 
clumpy nature of the natural regeneration, five subsamples of smallest plot size were established, at plot centre 
and 2 m from plot centre in 4 cardinal directions.   
  Statistical analyses 
Plot stem counts (by species and size) were converted to densities by dividing the number of stems by the 
respective plot area (1, 10, or 50 m2) and multiplying by 10,000 to express the result as the number of stems per 
hectare.  Counts for the four satellite sub-plots were added to the count for the central nested plot and the total 
was divided by 5 m2  (5 x 1 m2) to obtain densities for germinants and small stems.  Total densities were 
calculated by adding the applicable component densities.  The sample mean, standard deviation, and standard 
error of the mean were calculated from the plot densities for each treatment and site (n = 15 plots) and from the 
average site densities for each treatment (n = 3 sites).  The percentage of stems recorded as severely damaged, 
as a result of harvesting in 2001, (ratio estimate = 100 × total number of severely damaged stems divided by 
total number of trees in pooled sample) was calculated for treatments, sites (all sites combined), species (all 
species), and size classes (medium, large, and pole). 
 
Treatment effects on natural regeneration densities (by year) were assessed by ANOVA (Table  ) with tests of 
relevant contrasts (for the 2000 data: FB vs. HF and 30% vs. 50%; for 2001, 2004 and 2007, a linear contrast 
among the residual basal areas 15, 20, 30, 40 and 60 m2/ha).  Treatment unit means (n = 3 sites × 5 treatments = 
15 units) were analyzed because there were numerous zero densities for individual plots. Each species and size 
class was analyzed separately for the three years.  In order to stabilize variance and improve the normality of the 
data, a log transformation was applied to the mean densities (1 was added to average density so that 0 values 
could be transformed).   
 
Table  .  Natural regeneration: ANOVA of stem density (treatment unit means). 
 
                    Source of Variation    Degrees of Freedom       Fixed or Random 



  Site (S)             2   Random 
  Treatment (T)            4   Fixed  
  Error (S × T)      8   Random 
 
Owing to the presence of a large number of zero densities (for treatment units), ANOVA methods were not 
applicable for all species and size classes (ANOVA was performed only in those cases where the average 
densities were positive for at least one site per treatment). To account for the non-normality of the data, 
Friedman’s rank sum test (Hollander and Wolfe, 1973) - with multiple comparison of all pairs of treatments 
and, in the case of the 2001, 2004 and 2007 data, Page’s test for trend - was applied to the mean densities for the 
15 treatment units. 
 

Growth of natural regeneration 1994 study 
  Field sampling 
A small natural regeneration measurement project was initiated in 1994.  In all 15 plots per treatment unit (i.e. 
225 plots total), 4 trees from 25 - 100 cm in height were selected closest to the plot centre (mostly Douglas-fir).  
The original sample was 590 Douglas-fir and 33 spruce.  294 of the original Douglas-fir sample trees were 
found then re-measured and tagged in 2005.  The following variables were measured: ground level diameter, 
height in 2005, 2004, 2003, 2002, 2001, 2000, vegetation competition, overall condition, and condition and 
damage on the leader, foliage, and stem.   
 

Statistical analyses 
Treatment effects on height and diameter growth were assessed by fitting a mixed-effects ANOVA model1,2 to 
the following variables (height growth from 2000 to 2005 (HG0005), height growth from 1994 to 2005 
(HG9405), and diameter growth from 1994 to 2005(DG9405)), where the assumed sources of variation and 
associated degrees are in Table   . 
 
Table  . Anova table showing source of variation and degrees of freedom. 
 

  Source of Variation    Degrees of Freedom         Fixed or Random 
  Site (S)             2   Random 
  Treatment (T)            4   Fixed    
  S × T       8   Random 
  Plots (S × T)                k    Random 

Error (trees)             n – k – 15  Random         
 
The value of k depends on the number of non-empty plots (maximum value for k is 14 × 5 × 3 = 290) and n is 
the total number of trees included in the analysis. Results of a pseudo F-test of the overall treatment effect and 
the statistical significance of differences between pairs of treatment means (p-values with and without Scheffé’s 
adjustment for multiple comparisons) are reported for each variable.  
 

                                                 
1 All random effects are assumed to be independent and normally distributed with constant variances. 
2 Models were fitted with PROC MIXED in SAS using the REML method of estimation and Satterthwaite’s method for calculating 
the denominator degrees of freedom for testing the treatment effect and differences between treatments.  



The same mixed-effect ANOVA model (above) was fitted to the annual height increments, for the periods 
1990-1994 (1994 data) and 2000-2005 (2005 data), and used to derive (least-squares) estimates of the treatment 
means and associated standard errors, which were graphed by year to illustrate time trends. 
 

Retrospective Growth Study 2005 
  Field Sampling 
This field study was set up in 2005 and re-measured in 2007.  There are 15 plot centres (3.99 m radius) per 
treatment unit and the odd numbered plots were used for the natural regeneration measurements.  There is a 
total sample of 120 plots (3 sites x 5 treatments x 8 plots = 120). In each plot, four Douglas-fir seedlings in two 
size classes (30 - 100 cm tall, and >100cm < 4 cm dbh) were tagged then measured for: ground level diameter 
in 2005 and 2007, height in 2007, 2005, 2004, 2003, 2002, 2001, 2000, vegetation competition, overall 
condition, and condition and damage on the leader, foliage, and stem.   
 
A north bearing was taken and a clockwise sweep of the plot was made to the select trees.  The selected trees 
represent the most vigorous of those found in the plot and size class.  Quite often the selected trees came from 
the upper end of the size class.  They were picked to represent the maximum possible productivity to be found 
in the treatment sampled.  In some treatments many trees were considered in good condition while in other 
treatments the best trees were actually in poor condition.  The selected trees were at least 50 cm away from 
another tree.  If there were not four trees in one size class then more trees in the other size class were measured 
to bring the sample size up to 8 Douglas-fir.  In addition, up to 4 spruce trees from either size class were 
measured.  All small trees were tagged using copper wire and aluminium tags (or pins if very small).   
 
Table  Summary of sample size for natural regeneration by species and size class (2007) 
 
Species Type of regeneration sample Sample size 
Douglas-fir 30 – 100 cm in height 361 
Douglas-fir >100 cm but less than 4 cm dbh 439 
Spruce > 30 cm but less than 4 cm dbh 166 
 
  Statistical analysis 
The data was analysed by small Douglas-fir (30-100 cm tall), large Douglas-fir (> 100 cm tall) and spruce (> 30 
cm tall). The variables of interest were height in 2007, leader length in 2007, total height growth (2000 – 2007) 
and ground level diameter in 2007. 
 
The following ANOVA model was used to test for treatment effects. 
 
  Source of Variation    Degrees of Freedom         Fixed or Random 
  Site (S)             2   Random 
  Treatment (T)            4   Fixed    
  S × T       8   Random 
  Plots (S × T)                k    Random 

Error (trees)             n – k – 15  Random         
 
The value of k depends on the number of non-empty plots (maximum value for k is 14 × 5 × 3 = 290) and n is 
the total number of trees included in the analysis. Results of a pseudo F-test of the overall treatment effect and 



the statistical significance of differences between pairs of treatment means (p-values with and without Scheffé’s 
adjustment for multiple comparisons) are reported for each variable.  
 
The height and diameter growth of pine and spruce trees was summarized and analysed as described above for 
Douglas-fir.  Only the results for both species (pine and spruce) and both height classes (≤ 100cm, > 100cm) 
combined are presented. 
 
Results and Discussion 
 
 Density 
Although there are a number of species on the sites, Douglas-fir regeneration was the most abundant conifer (at 
90%) in all size classes (Table ). Other species included spruce, lodgepole pine, subalpine fir, and western 
redcedar (Thuja plicata) as well as increasing amounts of aspen (Populus tremuloides), birch (Betula 
papyrifera), and cottonwood (Populus balsamifera).  
 
The density of Douglas-fir saplings (>100 cm tall and <7.5 cm dbh) was significantly (α = 0.05) higher in the 15 
m², 20 m², and 30 m² treatments, than in the 40 m² and 60 m² treatments in 2000, 2001, 2004 and 2007 (Figure   
).  There was also significantly (α = 0.05) greater density with lower basal area in the 3 post second harvest 
surveys.  The density of saplings has steadily increased since 1996 (Figure).  It is only at the higher densities 
that treatment differences become obvious.   
 
The other four size classes of trees (germinants, small (<10 cm tall), medium (10–30 cm tall) and large (31–100 
cm tall)) did not differ significantly (α=0.05) among treatments (Figures        ) in 2001 to 2007. However, the 
density of large regeneration (30 -100 cm tall) did increase significantly with reduced basal area in 2004 
(p=0.02) and 2007 (p=0.0013).   
 
In 2007, the regeneration density of Douglas-fir (>10 cm tall) in the regeneration cut treatments (15 m², 20 m² 
and 30 m²) on all sites (2700–34 000 stems/ha) will meet regeneration objectives.  This is less likely in the 60m² 
treatments at UBC and GLR, and the 40 m² treatment at UBC (under 2000 stems per ha on these treatments). 
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Figure   .  Density of Douglas-fir saplings (> 100 cm tall) from 1990 to 2007 by treatment 
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Figure   .  Density of Douglas-fir small, medium regeneration (more than 2 yrs but < 100 cm tall) from 1990 to 2007 by 
treatment 
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Figure   .  Density of Douglas-fir germinants (2 years or less) from 1990 to 2007 by treatment 
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Figure   .  Density of Douglas-fir medium regeneration (< 10 cm tall) from 1990 to 2007 by treatment 
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Figure   .  Density of Douglas-fir medium regeneration (10 - 30 cm tall) from 1990 to 2007 by treatment 
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Figure   .  Density of Douglas-fir large regeneration (30 - 100 cm tall) from 1990 to 2007 by treatment 
 
As of 2007, there continues to be a great deal of variability between the sites, with the highest density of 
Douglas- fir regeneration (all size classes) occurring on the BEE (31 200– 60 600 stems/ha), compared to GLR 
(3 700–28 200 stems/ha), and UBC (700–11 700 stems/ha). In 2004 & 2007, on the UBC and GLR sites there 
was a pattern of density associated with treatment.  The least regeneration occurred in the 60 m² treatments 
(1500–3000 stems/ha in 2004; and 700 – 3700 in 2007) and the 15 m² and the 30 m² units had the most (6 000–
25 000 stems/ha in 2004 and 5200 – 28 200 in 2007 ). The 20 m² treatments may have less because the seed cut 
was only applied in 2001 and before that the residual basal area was quite high (40 m²), impeding regeneration.  
At Beedy Creek the regeneration density was high in all treatments, but particularly in the 40 m2 and 60 m2 
treatment units (52 500 – 60 600). The differing patterns among sites may be the ongoing consequence of the 
huge 1993 seed crop. It was double (~3 000 000 Douglas-fir seeds/ha) at the BEE site compared to the GLR and 
UBC sites (Burton et al. 2000). The many small seedlings (<10 cm tall), which established in the 40 m2 and 60 
m2 treatments in 1994, were still present in 2004 (~30 000 stems/ha) and they have not advanced to the larger 
size classes due to inadequate light and other resources.   



Table   . Mean density of conifers by year, site and treatment after the second harvest entry. 
 
    2000 2001 2004 2007 2000 2001 2004 2007 2000 2001 2004 2007 2000 2001 2004 200
Site Treatment DF DF DF DF SX SX SX SX BL BL BL BL PL PL PL P
BEE 15 28333 23933 34800 31160 3827 6920 5787 3827 960 1120 600 347 200 133 133 0
 20 33453 36667 37707 41747 3707 4307 2933 3267 1693 1293 773 347 133 0 0 13
 30 34893 53253 39987 33720 3493 4307 2520 2200 467 533 107 53 0 0 0 67
 40 54307 81893 59413 60573 960 1680 867 1893 267 120 147 147 467 333 467 84
 60 45000 85213 55653 52533 960 813 1400 1360 800 600 800 1533 67 0 147 40
                  
GLR 15 19813 19413 22680 24347 507 347 507 613 1160 933 160 120 267 147 360 29
 20 9853 12307 10200 11093 760 867 733 787 3040 2520 600 213 133 0 133 0
 30 29107 23293 25213 28173 160 187 387 560 800 853 280 93 267 133 133 53
 40 17307 24787 12053 13173 107 227 267 333 1667 1093 200 133 80 67 0 67
 60 5813 8520 2987 3747 107 1840 120 280 773 600 480 507 0 0 0 0
                  
UBC 15 15533 17160 9640 11747 613 480 493 813 1920 1440 467 293 333 267 280 17
 20 5053 6013 3200 4080 373 333 173 1400 3400 3333 227 533 133 80 0 67
 30 5627 6813 6200 5213 200 347 480 387 1827 1613 0 13 0 0 0 0
 40 960 1507 1760 707 187 320 267 240 2507 2547 147 133 0 0 0 0
  60 1680 2067 1547 680 360 293 440 440 920 853 1040 893 0 0 0 0

 



 Growth from the 1994 study 
Sample trees were measured and tagged three growing seasons after the first harvest in 
the summer of 1991.  A portion of the trees were measured again in 2005, five growing 
seasons after the second harvest entry in two of the treatments.  For the two height 
growth periods (2000 – 2005 and 1994 – 2005) and diameter growth (1994 – 2005), trees 
are significantly larger in the 15, 20 and 30 m² treatments compared to the 40 and 60 m² 
treatments.  The pattern of height increments for trees over a 100 cm tall in 2005 shows 
that the two original seed cuts (30 m²) were growing at a slightly greater rate in 1994 
(Figure  ).  By 2001, the two seed cuts accumulated more annual height than the two 
preparation cuts, which exceeded the no-harvest treatment.  In 2005, the two treatments 
that were cut a second time, reducing the basal area to 15 and 20 m², exceed the one 
remaining 30 m² seed cut, the remaining 40 m² preparation cut and the no-harvest 
treatment. 
 
Table  . Analysis of variance comparing height and diameter variable among treatments 

for small and large Douglas-fir trees. Least square means that do not share a 
common letter are significantly different at α = 0.05. 

 
Variable  LS Means for residual basal area treatments F p 
 15 20 30 40 60   
Height growth 
2000 - 2005 (cm) 

56 a 57 a 60 a 34 b 27 b 9.18 <0.0001 

Height growth 
1994 – 2005 (cm) 

100 a 103 a 101 a 63 b 43 b 10.46 <0.0001 

GLD growth 
1994- 2005 (mm) 

15.3 a 18.2 a 14.9 a 10 b 6.6 b 11.19 0.0045 
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Figure   .  Height increments from 1990 to 1994, and from 2000 to 2005 on sample trees 

over 100 cm tall (2005) n=208 Douglas-fir.  The 15 m² treatment was about 30 
m² and the 20 m² was about 40 m² prior to 2001  

 
 Growth from 2005 study 
 
The retrospective growth study, completed in 2007, showed no significant (α = 0.05) 
differences for small trees (≤ 100 cm tall).  However, all the height and diameter 
variables were significant for the large trees (≥ 100 cm tall) (Table  ).  For all height 
variables, the trees in the 15 m² units were bigger than those in the 40 m² or 60 m² units.  
Height increments started to differ among treatments in 2005 and continued through 2007 
when the height growth in the 15 m² and 20 m² treatments was about double that found in 
the 40 m² and 60 m² treatments (Fig. 6). 
 
Table  . Analysis of variance comparing height and diameter variable among treatments 

for small and large Douglas-fir trees. Least square means that do not share a 
common letter are significantly different at α = 0.05. 

 
Tree size 
class 

Variable  LS Means for residual basal area treatments F p 

  15 20 30 40 60   
≤ 100 cm tall Height 2007 (cm) 74 70 69 69 70 0.39 0.81 
 GLD 2007 (mm) 14 14 12 12 11 1.82 0.21 
 Leader 2007 (cm) 9 8 5 5 5 2.28 0.14 
 Height growth 46 40 36 28 33 1.97 0.19 



2000-2007 (cm) 
         
≥ 100 cm tall Height 2007 (cm) 209 a 204 a 181 ac 150 bc 131 b 7.69 0.07 
 GLD 2007 (mm) 33 ab 34 a 29 ab 24 ab 22 b 11.87 0.007 
 Leader 2007 (cm) 25 a 25 a 16 b 12 c 11 c 8.58 0.01 
 Height growth 

2000-2007 (cm) 
121 a 108 ab 93 b 66 c 57 c 6.66 0.02 

 
FIGURE 6.  Mean and standard error of annual height growth of Douglas-fir regeneration 

by treatment for small and large trees 
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Planted Regeneration 
 
Introduction 
Although shelterwood systems are designed to encourage natural regeneration, seedlings 
were planted in the trial to obtain a faster and more consistent response to the growing 
conditions created by the harvesting treatments. The first planting was in the spring of 
1994, three years after the initial harvest, and the second planting was in spring 2001 
immediately after the second entry.  The handfalling treatments were not disturbed by 
harvesting since the initial harvest in 1991 but the 30 and 40 m² treatments were slashed 
(alder, soopalallie, maple and subalpine fir) in the fall of 2001.   
 
 
Methods 
 1994 Study  (to update with 2009 – year 15 data) 

Field sampling 
In 1995, 100 Douglas-fir seedlings were planted in each hand felled treatment unit (40 
m², 30 m²), no-harvest treatment unit (60 m²) and in two adjacent clearcuts (0 m²).  These 
seedlings were measured (ground level diameter, top height and leader length) and 
assessed for condition (overall, foliage, leader and stem) in 1995, 1996, 1998, 1999 and 
2000.  They were measured again in 2001 (yr 7) and 2004 (yr 10).   
 
  Statistical analyses 
Mixed-model (fixed and random effects) ANOVA (Table 1) of the response variables 
HT04, L04, THG04, DIA04,  TDG04, and HDR04 was used to assess treatment effects 
on the height and diameter growth of planted stock. Only seedlings alive at the time of 
the 2004 assessment (condition codes 1-3) were included in the analyses.  To adjust for 
the unequal sample sizes (number of live trees/plot), exact F-tests were replaced with 
approximate (pseudo) F-tests with the denominator degrees of freedom calculated by 
Satterthwaite’s method (PROC MIXED – see Chapter 18 in SAS manual, SAS Institute 
Inc. 1996). Least-squares means and standard errors were calculated for all three 
treatments and for the differences between the three pairs of treatments. Bonferroni’s 
method for multiple comparisons was used to assess the statistical significance of the 
latter differences.  
 
Table 1.  ANOVA of seedling growth.  The error degrees of freedom depend on the total 
number of trees alive in 2004 (n).  
 
  Source of Variation    Degrees of Freedom       Fixed or Random 
 
  Site (S)              2   Random 
  Treatment (T)            2   Fixed    
  S × T       4   Random             

Error (trees)               n – 9   Random         
 
Seedling survival (Alive = good, fair, or poor condition; Dead = moribund or dead), 
excluding missing seedlings, and the condition of all live seedlings (Good/Fair or Poor), 



were analyzed by fitting a logistic model with the same fixed (treatment) and random 
(block and treatment × block) effects as the ANOVA model for height and diameter 
growth (Table 1): 
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where i and j denote treatment and block, pij is the probability that a seedling is alive (or 
in good/fair condition), μ is a constant (intercept), αi is the fixed effect of treatment, βj is 
the random effect of block, and αβij   is the random interaction of treatment and block.  
The random effects were assumed to be independent and normally distributed with mean 
zero and constant variance. 
 

2001 Study (to update with 2007 data) 
  Field sampling 
In 2001, 1+0 Douglas-fir stock were outplanted in the following residual basal area 
treatments on all sites: 0 m², 15 m², 20 m², 30 m², 40 m² and 60 m².  150 trees (3 rows of 
50 trees) were planted in each treatment unit and three nearby clearcuts.  These seedlings 
were measured (ground level diameter, top height and leader length) and assessed for 
condition (overall, foliage, leader and stem) in 2001 (spring and fall), and fall of 2002, 
2003 and 2005.   
  Statistical analyses 
All data were checked for errors and outliers prior to analysis.  Statistical summaries 
were generated with PROC TABULATE in SAS (Version 8.2, SAS Institute Inc. 1999-
2001); analyses of variance (ANOVA) of seedling height and diameter growth were 
performed with PROC MIXED; and mixed-effects logistic analyses of seedling survival 
and condition were carried out with the SAS macro GLIMMIX (written by Russ 
Wolfinger et al. and available from the SAS website). 
 
Frequency tables (number and percentage of planted seedlings by category) of seedling 
condition, survival, type and cause of (foliage, leader, and stem) damage, and vegetation 
competition were compiled by treatment and site, and by treatment for all sites combined.  
The corresponding (pooled) sample means, standard deviations (Std. dev.), standard 
errors of the mean (Std. err.), and sample sizes (n = number of trees) were calculated for 
the following growth variables: 
 
  HT05  = 2005 (fall) height (cm) 
  L05  = 2005 leader length (cm) = HT01−HT003          
  THG05  = total height growth (cm) = HT05−planting height4   
  DIA05   = 2005 (fall) diameter (mm) 
  TDG05  = total diameter growth (mm) = DIA05−planting diameter2 

                                                 
3 HT00 is node height for 2000 (Study 1), or the estimated height in Spring 2001 (Study 2), as measured in 
the fall of 2001. 
4 For Study 1, the planting height (diameter) is the 1995 height (diameter); for Study 2, the planting height 
(diameter) is the height (diameter) measured in Spring 2001. 



HDR05  = 2005 height (cm)/2005 diameter (cm) =10 × 
HT05/DIA05. 

 
Missing (dead) trees were omitted from the frequency tables (except for condition) and 
dead, moribund, or missing trees were omitted from the diameter and height analyses. 
 
A randomized-block ANOVA (Table 1) was used to assess treatment effects on the 
response variables defined in Section 2.1: HT05, L05, HG05, THG05, DIA05, DG05, 
TDG05, HDR05. Only seedlings alive at the time of the 2005 assessment (condition 
codes 1-3) were included in the analyses.  To adjust for the unequal sample sizes (i.e., 
unequal number of live trees/treatment unit), exact F-tests were replaced with 
approximate (pseudo) F-tests with the denominator degrees of freedom calculated by 
Sattherthwaite’s method (PROC MIXED – see Chapter 18 in SAS manual, SAS Institute 
Inc. 1996). Least-squares means and standard errors were calculated for all treatments, 
and the statistical significance of the difference between each pair of treatment means 
was assessed by applying a two-sided t-test.  Scheffé’s method was used to calculate 
adjusted p-values, which take into account the overall error rate for all pairs of means 
(i.e., the probability of committing a Type I error for at least one pair of treatments when 
all pairs of means are considered simultaneously). The ANOVA and comparison of 
means was repeated both with (6 treatments) and without (5 treatments) seedlings planted 
in clearcuts. 
 
Table  . ANOVA of seedling growth, including (6 treatments) and excluding (5 
treatments) seedlings planted in clearcuts.  The error degrees of freedom depend on the 
total number of trees alive in 2005 (n).   
 
        
  Source of Variation  Df  Fixed or Random 
  Site (S)   2  Random 
  Treatment (T)   5  Fixed   
  S × T    10  Random  

Error (trees)   n – 18  Random  
 
Seedling survival (Alive = good, fair, or poor condition; Dead = moribund, dead, or 
missing) and the condition of all live seedlings (Good/Fair or Poor) were analyzed by 
fitting a binomial (logistic) model with the fixed and random effects, and degrees of 
freedom, identified in Table 1.  Model parameters were estimated by the approximate 
maximum-likelihood method implemented in the SAS macro GLIMMIX (Wolfinger and 
O’Connell, 1993; see Chapter 11 of Littell et al. 1996).   The statistical significance of 
differences between individual pairs of treatments was assessed by testing the applicable 
contrasts (a Bonferroni adjustment for multiple comparisons can be made by multiplying 
reported p-values by the total number of comparisons: 15 when clearcuts are included 
and 10 when cleacuts are excluded). 
 
A chi-squared test (and Fisher’s exact test) was used to compare the prevalence of 
severely damaged natural regeneration in treatment units with 15m2 or 20m2 residual 



basal area.   Separate tests were performed for each species (and all species combined) 
and size class (medium, large, pole, total).   Tree counts (not densities) were analyzed. To 
increase the expected cell frequencies, data from all sites and plots were pooled in a two-
way (treatment × damage) table (i.e., damage was assumed to occur independently for all 
trees, and with equal probability in all plots within the same treatment unit and at all 
sites). 
 
Results and Discussion 
In the 1994 study, after ten years, survival was 80% in the clearcuts and 30 m² units, and 
70% in the 40 m² units, but only 48% in the 60 m² units. Total height growth and 
diameter growth were significantly (p<0.05) greater in the 30 m2 treatment compared to 
the 40 m² and 60 m2 treatments (Fig. 7). Leader growth did not vary significantly 
(p=0.07). Growth was much faster in the clearcuts by year 10, but statistical comparisons 
were not possible because clearcuts were not part of the original study design. Damage to 
the trees in the clearcuts was initially high from frost and cattle trampling, but vigour and 
form improved as the seedlings grew through the frost layer. This was probably aided by 
the regenerating lodgepole pine trees that grew tall enough (3–4 m) to provide some 
shelter. The strong differences in the seedling growth response emphasize the need to 
reduce the basal area in the stand substantially to provide enough light and resources to 
the regeneration layer, while providing frost protection.  
 
 
FIGURE 7.  Mean and standard error of tenth year height, leader and ground-level 

diameter growth of planted Douglas-fir for the 30 m², 40 m², and 60 m² 
treatments. Mean growth in the clearcuts is for background information only. 

 
In the 2001 study, fifth year survival was 55–64% in the 0–40 m² units, and somewhat 
lower in the 60 m² units (38%). There were strong differences between sites with BEE 
having the highest survival across all treatments (64–89%), and UBC the lowest (35–48% 
in all treatments except 60 m² where it dropped to 15%. At UBC, high mortality resulted 
from a combination of treatment effect, residual damage from salvage of wind throw and 
incidental trampling by cattle during grazing. At GLR survival ranged from 55–63% in 
the treatments except the 60 m², where it dropped to 27%. Fifth year height growth was 
not significantly different among treatments (p=0.06), though seedlings were taller in the 
15 m², and 20 m² treatments. Leader length in 2005 was significantly different between 
treatments (p=0.004). Leaders were especially large in the clearcuts compared to the 40 
m² and 60 m² treatments. Diameter growth was significantly different among treatments 
(p=0.0001), and greatly increased with reduced residual basal area (Fig. 8).  
 
 
 
FIGURE 8.  Mean and standard error of fifth year height, leader and ground-level 

diameter growth of planted Douglas-fir.  
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APPENDIX 1.  Mean percent cover by treatment (n=3) for common species in the 
summer of 2001 prior to slashing.  Species targeted for slashing are in bold. 
 
Species 15m2 20m2 30m2 40m2 60m2 
Abies lasiocarpa 9.5 18.1 9.1 11.6 4.8 
Alnus viridus 6.4 6.5 0.3 1.3 2.4 
Acer glabrum 1.4 2.6 4.2 1.7 4.1 
Amelanchier alnifolia 1.5 2.9 2.0 2.2 1.4 
Mahonia aquifolium 0.9 1.2 1.7 1.3 2.1 
Pachistima myrsinites 3.6 2.2 2.1 5.2 1.9 
Picea glauca x engelmannii 7.0 4.5 2.8 2.0 1.3 
Pseudotsuga menziesii 12.8 9.7 7.6 3.9 4.1 
Rosa acicularis 6.1 5.4 5.0 5.3 5.7 
Rubus parviflorus 4.4 5.4 6.1 5.8 8.8 
Sherpherdia canadensis 4.0 2.6 4.6 2.9 2.0 
Spirea betufolia 3.5 4.3 3.1 3.0 3.8 
Symphoricarpos albus 0.9 0.5 1.8 1.5 2.8 
Vaccinium membranaceum 4.8 3.2 3.6 7.3 1.9 
      
Aralia nudicaulis 4.8 5.8 4.5 7.1 6.7 
Aster ciliolatus 0.6 1.6 1.0 2.8 2.3 
Calamagrostis rubescens 2.6 3.0 0.9 1.4 1.3 
Clintonia uniflora 2.6 2.1 2.6 1.9 2.3 
Cornus canadensis 5.6 6.3 7.3 9.8 8.4 
Elymus glauca 0.1 0.0 0.5 0.1 0.1 
Festuca occidentalis 1.0 0.3 0.3 0.0 0.1 
Fragaria vesca 1.6 1.9 3.5 2.9 2.3 
Lathyrus nevadensis 2.3 1.9 2.7 1.1 1.3 
Linnaea borealis 17.2 10.6 22.6 9.1 5.9 
Oryzopsis asperifolia 1.1 2.2 2.5 2.3 1.6 
      
Brachythecium spp. 0.6 0.9 0.8 1.1 1.2 
Dicranum spp. 2.7 2.5 1.5 3.6 2.9 
Hylocomium splendens 0.6 1.5 1.0 2.4 2.7 
Pleurozium schreberi 27.3 22.4 28.8 29.5 36.9 
Ptilium crista-castrensis 7.5 9.3 5.3 8.8 12.5 
Rhytidiadelphus triquestrus      
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