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Abstract 
Over the course of this project (April 2008-March 2011) four experimental sites were 

measured for regeneration response to various amounts and patterns of variable retention. 

Under aggregated retention most of the impacts were close to the boundary although 

there was considerable variability. Under dispersed retention only higher levels of 

retention appeared to affect regeneration growth while also leading to higher natural 

regeneration. Statistical aspects of sector and sector sub-sampling were examined. The 

ease of establishing small circular plots in areas of very high regeneration is traded with 

increased computational costs:  weighting with plot distance from start point and 

boundary overlap must be accounted for. 
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Introduction 

 
Increased retention in openings, such as wildlife tree patches or variable retention, leads 

to increased edges compared to clearcuts (Beese et al. 2005). Starting in the year 2000, 

several large variable retention experimental sites were installed as part of an Adaptive 

Management and Monitoring Program (AMM) examining variable retention (VR) 

amounts and patterns in coastal B.C. (Beese et al. 2005, Bunnell and Dunsworth 2009).  

Variable retention systems are relatively new silvicultural systems (Bunnell and 

Dunsworth 2009, Peterson and Anderson 2009) so there has been little systematic data 

collected on the impacts of the increased forest edge on the growth of the regenerating 

trees. Under VR trees may be left either singly or in groups of dispersed or aggregated 

retention (Mitchell and Beese 2002, Aubrey et al 2009). Franklin et al. 1997 

hypothesized that dispersed retention will impact regeneration growth more than 

aggregated retention, because dispersed retention leaves more forest edge than 

aggregated retention at equal levels of retention.  

 
The intent of this project was: 

1)  to provide a long term set of data from experimental sites that examine the 

impact of increased edge in VR systems in Coastal BC on regeneration, forest growth, 

and stand dynamics; and 

2)  to further develop „sector sampling‟, a sampling system designed to sample the 

edges of VR systems (Iles and Smith, 2006).  

 

Sector sampling is used on most of the experimental sites. Our goal has been to develop 

the statistical foundation for the use of sector sampling: in particular the use of sub-

sample fixed area plots as might be used to sample profuse natural regeneration. The 

sampling system is an unbiased and new approach to sampling variable retention 

systems. We also worked on an integrative paper covering the general use of sector 

sampling. Our final objective was to communicate information to a wider audience such 

as through conferences.  

 

Methods 
 

1. Experimental data 

This study was designed to examine the effects of retained forest edge on the growth of 

regenerating trees in Coastal BC, and sampling methodology for these types of studies. 

Several large scale (~100 ha with 20 ha treatment areas) and smaller scale „supplemental‟ 

(10-30 ha) experimental areas were established across coastal BC (see Appendix 1 for a 

site descriptions). The experimental sites were established on homogenous areas. The 

same stock-type/seed-source was planted at each site at the same time. The large scale 

experiments comprised, generally, three treatments, together with an uncut and a clearcut 

area; the supplemental experiments have two treatments and a clearcut (Beese et al. 

2005). The supplemental experiments were designed to augment the larger scale sites 

mainly to increase the data for growth analysis investigations. Variable retention systems 

examined include: 
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 group retention: 10%, 20% and 30% coverage by area in small groups of 

approximately 0.3 ha,  

 group amount: 15% retention by area but in different sized groups of 

approximately 0.1 ha, 0.3 ha and 1 ha,  

 group removal: in different sized groups of approximately 0.1 ha, 0.3 ha, 0.5 ha 

and 1 ha, and  

 dispersed retention: 5%, 10%, 15%  and 30% retention by basal area of retained 

single or small groups of trees compared to pre-harvest basal area.  

 

Within these experimental areas „sector plots‟ (Iles and Smith, 2006; Smith et al. 2008) 

were established to examine the effects of forest edge on growth. Sector plots were 

designed to sample across the edges by overcoming the edge effect biases entailed by 

establishing traditional fixed area or prism plots.  

 

As part of this project (April 2008-Mar 2011) measurements were made at four of the 

experimental sites (Table 1):  

 HD216  an old growth  hemlock/cedar group retention experiment  

 GI100 a second growth Douglas-fir group retention experiment  

 TM188 a second growth dispersed retention experiment examining 5%, 10%, 

30%  retention and clearcut and an uncut area and  

 TM128 a second growth supplemental 5% and 15% dispersed and clearcut 

experiment.  
 

Table 1. Field sampling Y091064, Y102064, Y113064 

Name Plant date  Species 

planted 

Measure 

date 

Description  

HD216 May 2006  Hemlock fall 2008 

(3rd year) 

Haida Gwaii, group retention 

GI100 Oct 2005  Douglas-

fir  

fall 2008 (3
rd

 

year) 

Powell River,  group 

retention 

TM188 Mar 2002 

(caged Mar 

2003) 

Douglas-

fir 85%, 

Redcedar 

15% 

winter 2009 

(8
th

 year) 

Powell River, dispersed 

retention 

TM128 Mar 2002 

(caged Mar 

2003) 

Douglas-

fir 85%, 

Redcedar 

15% 

winter 2010 

(9
th

 year) 

Powell River, dispersed 

retention 

 

Data were collected on a handheld data recorder and entered into a data base. Valuable 

maintenance work was completed at OP0185, OP5599, TM128, MH4902 and OP104 that 

will ensure future work can proceed. 

 

2) Sector sampling 

Sector sampling (Iles and Smith, 2006; Smith et al. 2008) was developed specifically to 

sample VR edges at the experimental sites. In order to establish a solid theoretical and 

statistical foundation sector plot sampling sub-sampling statistical properties were 
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investigated during this project. Sub-sampling is useful when sampling profuse natural 

regeneration or when object counts in the sector plot are impracticably large. A graphical 

computer simulation program (using ArcView routines) was developed to examine the 

development of a fixed area sub-sample of sector plots. (See Fig. 6). A general synthesis 

paper with leanings from establishing sector plots was made. 

 

The two stem-mapped data sets were an aggregated retention patch of 0.27 ha populated 

with 288 (mainly 70 year old Douglas-fir trees; data set 1) and one a permanent sample 

plot (PSP) of 0.04 ha with 71 trees (mainly 80 year old Douglas-fir; data set 2). The 

“polygons” (aggregated patch and PSP) were sampled using a systematic sample of 

sector-sub-samples with random start: 20 start points for data set 1 and 16 start points for 

data set 2. Circular plots were 10 m
2
 spaced 5 m apart (with random start). 

 

We generated a “population” of 1000 sequential samples of central rays containing the 

circular plots from 0 to 360
o
: 1000 resamples of different sample size (n=2, 5, 10, 20, 50, 

100) were selected, with replacement. Individual ray estimates (Fig. 6) of mean basal 

area/ha (BA) were made by weighting by the inverse of selection probability adjusted for 

boundary overlap. Individual rays were combined and weighted by ray-length. Sample 

means and variances were compared to the known population mean and a bootstrap 

estimate of population variance. Analyses performed in 2009-2010 were rerun in 2010-

2011 from new set of starting points and using a new algorithm that accounted for 

overlap of the plot with the boundary and pivot-point.  

 

Results 

1. Experimental data 

Funding in this part of the project was mainly for field data collection and initial analysis: 

synthesis and modelling is undertaken elsewhere. Preliminary statistical analyses have 

been undertaken but further scrutiny and analysis is needed.  Figs. 1 and 2 show the high 

degree of variability of planted tree diameter growth 3 years after planting at HD216 

(western hemlock) and GI100 (Douglas-fir). Mean trends show an edge effect that 

extends to approximately 10 m from the center of an edge tree.  Fig 3 shows greater 

natural regeneration close to aggregated retention edges at HD216. 
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Fig. 1. HD216 (Haida Gwaii) 3 year basal diameter of planted western hemlock (left) and 

mean trends (right) with distance from edge for 3 aggregated levels of retention. Edge is 
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defined as the center of the stem of a dominant edge tree not canopy edge. Note the full 

data scatter is shown to underline the inherent variability of the very young data. 
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Fig. 2. GI100 (Powell River) 3 year basal diameter of planted Douglas fir  (left) and mean 

trends (right) with distance from edge. Edge is defined as the center of the stem of a 

dominant edge tree not canopy edge (30% not shown). Note the full data scatter is shown 

to underline the inherent variability of the very young data. 
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Fig. 3. Mean natural regeneration patterns at HD216 by group retention level three years 

after planting, mean trends and standard error with distance from the group retention 

edge. Note the larger scale for 30% retention. 

 

Fig. 4 and 5 show a general decrease in size (basal diameter and height of planted trees) 

with increased retention at TM188 and TM128. An integrated analysis of 5 to 6-year-old 

planted trees data for TM188, TM128 and LL55, using a completely randomized block 

design with location as block and dispersed retention as levels, showed that only higher 

levels of retention impacted diameter growth. 
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TM188 8 years after planting
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Fig. 4. TM188 Douglas-fir and western redcedar planted trees eight years after planting. 

One standard error bar is shown.  

 

Douglas-fir

Clearc
ut

5%
15%

AREA

0

200

400

600

h
e

ig
h
t,

 c
m

Yes
No

Fertilized

 

Fig. 5. TM128 Douglas-fir tree mean plot basal diameter and mean plot height nine years 

after planting with and without fertilization at planting. One standard error bar is shown.  

 

At TM188 number of leave trees in the 5% and 10% dispersed retention were reduced by 

approximately 50% due to windthrow over the ten years post-treatment, usually in 

discrete events. The 30% retention stem number was reduced due to windthrow by 

approximately 20% over the 10 years. At TM128 the 5% and 15% dispersed retention 

stem numbers were reduced by 70% and 50% by windthrow,  respectively, ten years after 

initial treatment. 

 

A field audit was carried out during measurements at TM128 (GI100 and TM188 were 

previously field checked).  After 2009-2010 measurement review and on site review most 

standards were set at 5% or 5 mm on diameters and 5 cm or 5% on heights. There were 

checks on 31 heights, 4 crown lengths, 18 basal diameters and 17 breast height diameters. 

Only two trees did not meet standards: one height recording error and one diameter 
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measurement error. Note that it is difficult to precisely measure diameters as the 

reference point cannot be marked for return measures on young seedlings and saplings 

(5cm for basal diameter and 1.3 m above ground high point). Trees were too small to 

carry tags or plastic ties at defined heights.  

 

 

2. Sector sampling 

Analyses were focused on comparing sub-sampling sector samples with small fixed area 

plots. A weighting factor was developed which was the inverse of tree selection 

probability. The weighting system was applied to each of 20 systematic samples in data 

set one and 16 in data set two. See Fig. 6 for an example of data set 1.  

 

 

 

Fig. 6. Design of sector sample simulations. The central ray pivot-point may be located at 

any point, any plot size and sampling intensity selected. Here 20 pivot points (systematic 

locations with random start), 10m
2
 plots (systematic with random start)  and an inter-plot 

difference of 5m was used in simulations. 

 

Extension 

 

The following presentations were made during the course of the project:  

2008: The Natural Resource Modelers‟ Conference was attended in Warsaw, Poland  

June 15-18
th

 2008; presentation  by N. Smith jointly authored with K. Iles and K. Raynor 

entitled "Sector Sampling" http://rma2008.wl.sggw.pl/program.html 

 

2009: A poster was presented Oct 2nd 2009 at the British Ecological Society woodlands 

ecology group workshop meeting at Fitzwilliam College, Cambridge University, UK on 

„Long-term Monitoring of British Woodlands‟: the poster was entitled: “Sector-sampling 

and application to long-term monitoring in British Columbia forests‟ by N. Smith, K. 

Iles, K. Raynor and W.J. Beese. http://www.forestresearch.gov.uk/fr/INFD-7VSJBK 

 

2010: International Statistical Ecology Conference, National Centre for Statistical 

Ecology, Kent, Canterbury July 6-9, 2010. “Sector sampling: a new method designed to 

unbiasedly sample objects (e.g. trees, plants or animals) in irregular polygons with 

extensive edges”. http://www.creem.st-and.ac.uk/ocs/index.php/isec/isec2010/ 

Central ray with plots 

centred on  a pivot-point 

Pivot-point 

locations 

(black dots) 

Tree locations 

(open circles) 

 

http://rma2008.wl.sggw.pl/program.html
http://www.forestresearch.gov.uk/fr/INFD-7VSJBK
http://www.creem.st-and.ac.uk/ocs/index.php/isec/isec2010/
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Discussion 

 
1) Experimental data 

The project allowed for the measurement over three years of four experimental trials 

generating data sets which have and will be used for further analysis and modelling. The 

purpose of this project was mainly in data gathering rather than data analysis. 

Nevertheless it can be seen that these very young trees (<3 years since planting) suggest 

growth gradients are tightly confined to a narrow zone around aggregated retention 

patches (at HD126 and GI100), however data were highly variable. 

 

For dispersed retention the higher levels of dispersed retention  appear to be affecting tree 

growth (basal diameter but not height) for trees  over 5 years since planting. Maguire et 

al. (2006) and Mitchell et al. (2007) found statistically significant impacts on young 

planted Douglas-fir tree growth only at levels of dispersed retention at 40% and 25% 

respectively but not at 15%, which are consistent with the findings here. Similarly, 

Heithecker and Halpern (2006) showed for the six DEMO sites analysed by Maguire et 

al. (2006), that at 15% retention the microclimatic conditions were generally very similar 

to clearcuts. 

 

At both TM188 and TM128 windthrow over the measurement period was higher on a 

percentage basis at low levels of retention. There was, however, still significant basal 

area remaining, with, for instance 3% basal area remaining at 5% retention at both sites. 

 

The intent was to use TM128, TM188 and LL55, all dispersed retention experiments 

(Appendix 1) in a pooled analysis of the effects of dispersed retention on yield 

(Monserud 2002) thereby increasing experimental power. Eight year measurements 

(since planting) have been previously made at TM188 and nine year measurements at 

TM128 while only six year measurements have been made at LL55. The pooled analysis 

was done on 5 year TM188 and TM128 and 6 year LL55 data (Smith and Beese 2011) 

but not the current data set due to the lack of recent data from LL55..  

 

2) Sector sampling 

Simulations showed a close agreement to estimates of mean basal area per hectare and 

standard deviation for both data sets. The weighting system appeared to give reasonable 

estimates. There was a variance bias for small sample size (n ≤ 2). A balanced systematic 

arrangement of rays reduced but did not eliminate the bias. 

 

Conclusions and Management Implications 
Valuable maintenance work was completed at several sites. Analyses of TM188 

(Y102064) and TM128 (Y113064) data showed a reduction in numbers of residual stems 

over the approximately 10 years since initial  treatment; lower dispersed retention 

generally had higher relative windthrow. Generally the low levels of dispersed retention 

examined did not have a significant impact on planted Douglas-fir growth except at 

higher retention levels.  Mortality levels were generally not related to level of retention. 
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Sector sub-sampling is a useful technique for sampling objects in small irregular 

polygons where the object count is high. The sub-sample plots are more convenient and 

cheaper to install. In addition, the variability along a gradient of tree competition or 

growth along an environmental gradient may also be investigated. A draft integrative 

paper on sector sampling covered general findings to date. 

 

This project directly meets the objectives of the FIA-FSP Theme 2.0. Design and analysis 

of silvicultural systems, Topic 2.1 Complex stands (including partial cutting and variable 

retention harvesting. The research issue, a,  is the relationship between residual stand 

structure and understory recruitment and development; evaluation of the results of partial 

cuts and the effects on stand establishment, early growth and yield and response to 

management practices. The data (TM128, TM188, HD216 and GI100) and papers all 

were focused on the impact of leave trees (dispersed and aggregated) on the growth of the 

next crop. We are effectively measuring several large scale experiments and examining 

dispersed, aggregated and group removal silviculture that provide unique and useful data 

on the effects of variable retention on the growth of the next crop. As variable retention is 

a relatively new silvicultural system there are few data. This project helps fill the gap on 

the coast by providing variable retention data from a variety of variable retention 

amounts and patterns. In addition the project provides analysis of dispersed and 

aggregated retention and a young stand growth responses. In addition several sites were 

maintained to help ensure future protection and measurement 

 

 

Papers in preparation, submitted as deliverables for Y113064 
 

1) Smith, N.J., K. Iles and K. Raynor. 2011. Sub-sampling sector plots. In prep. For 

Forest Ecology Mgmt.Y1113064 deliverable. 

2) Smith, N.J. and K. Iles. 2011. Sector samples- some ecological applications. Reviewed 

and in prep. Ecology.Y113064 deliverable. 

3) Smith, N.J., W.J. Beese. 2011. Effects of low levels of dispersed retention on the 

growth and survival for young, planted Douglas-fir. Peer reviewed and in prep. For. Ecol. 

Mgmt. Y113064 deliverable. 

4) Smith, N.J. 2011. Site data analysis. Description and analysis of TM128  (field work) 

with analyses. Report only. Y113064 deliverable.  

5) Smith,, N.J, K. Iles and K. Raynor. 2010. Sector sampling: a new method designed to 

unbiasedly sample objects (e.g. trees, plants or animals) in irregular polygons with 

extensive edges. Presentation given at the International Statistical Ecology Conference, 

National Centre for Statistical Ecology, Kent, Canterbury July 6-9, 2010. 

http://www.creem.st-and.ac.uk/ocs/index.php/isec/isec2010/ 

 

 

 

 

 

 

http://www.creem.st-and.ac.uk/ocs/index.php/isec/isec2010/
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Appendix 1. Experimental details. 

 
Large scale experiments: treatments are allocated at random, each area is approx. 100 

ha in size (each treatment is 20 ha), harvesting and planting are the same throughout. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variable Retention Experimental Sites 

100ha (each treatment 20ha) 

Group Retention:  Variable % of area 

retained; group sizes range from 0.2 to 0.5 ha 

Dispersed Retention:  Variable basal area 

retained; single trees or small groups up to 0.1 ha 

Group Removal:  All treatments retain 15% 
Short cutting cycle — every 5 – 7 years 
Long cutting cycle — every 20 – 30 years 

Group Size:  All treatments retain 15% of area 
Large groups — 0.8 – 1.2 ha 
Medium groups — 0.2 – 0.5 ha 
Small groups — up to 0.1 ha 
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Supplemental experimental sites: treatments are allocated at random, each area is 

approx. 40-60 ha in size (each treatment is 10 ha-20 ha), harvesting and planting are the 

same throughout. The intent is to allow treatments on smaller areas than the main 

experimental sites: there is no uncut control and only two treatments and clearcut. The 

levels chosen are minimums used in Western Forest Products Timber Zones (5% 

dispersed retention and 10% group retention).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Listing of Experimental Sites. 

Name Area Planted Species Type Class % Retention 

TM188 Powell 

River 

Mar 2002 

(caged 

Mar 2003) 

Fd 85%, 

Cw 15% 

Dispersed Main 5, 10, 30, 100 (Control), 

0 (Clearcut)  

TM128 Powell 

River  

Mar 2002 

(caged 

Mar 2003) 

Fd Dispersed Supple

mental 

5, 15, 0 (Clearcut) 

OP38250 North 

Vancouver 

Island  

Aug 2002 

(cedar 

vexared 

Aug 2002) 

Hw 80%, 

Cw20% 

Group 

Retention 

Main 10, 20, 30, 0 (Clearcut), 

100 (Control)  

OP5599 Port 

McNeill  

April 

2006 

Hw  Group 

Size 

Main Large, small, medium, 0 

(Clearcut), 100 

(Control)  

GI100/GI100b Powell 

River 

Oct 2005 

(to be 

vexared) 

Fd Group 

Retention 

Main 10, 20, 30, 0 (Clearcut), 

100 (Control) 

OP0185 North 

Vancouver 

Island  

Aug 2005 

(vexared 

Oct 2005) 

Fd Group 

Removal 

Main 0 (Clearcut), 100 

(Control), <1 ha patches 

in 4 sizes (0.1-1 ha) 

Dispersed Retention:  Variable basal area retained; 
single trees or small groups up to 0.1 ha 

 

Mixed Retention:  Group (0.25ha+) and dispersed 
trees (0.1 ha and less) retained 

 

Supplemental Variable Retention Experimental Sites 
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OP HD216 Haida Gwaii  May 2006 Hw Group 

Retention 

Main Large, small, medium, 0 

(Clearcut), 100 

(Control)  

LL55 Powell 

River 

Mar 2003 Fd Cw Dispersed Supple

mental 

5, 15, 0 (Clearcut)  

OP862222 Klanawa March 

2006 

Hw Cw Group 

Size 

Main Large, small, medium, 0 

(Clearcut),100 (Control)  

MH4902 Vancouver 

Island 

March 

2005 

Fd Mixed 

dispersed 

and  group 

Supple

mental 

10% group and 10% 

mixed (5% dispersed, 

5% group), 0 (Clearcut) 

OP104 Vancouver 

Island 

March 

2000 

Fd Dispersed Supple

mental 

5, 15, 0 (Clearcut) 

 

 

 

 


