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Abstract 
 
We collected field data to determine recruitement rates and patterns of natural 
regeneration following aggregate and dispersed variable retention management 
(VMR) regimes in the very wet maritime coastal western hemlock zone (CWHvm) of 
North Coast, British Columbia. Data were also intended to provide empirical data for 
the evaluation of LLEMS_NatRegen, a regeneration submodel designed to estimate 
spatial patterns of natural regeneration within the Landscape Ecosystem 
Management Simulator (LLEMS).  Results suggest that recruitement rates following 
both aggregated and dispersed retention were adequte to fully regenerate recently 
harvested sites.  For example, five years following harvest we found approximately 
41875, 1750, 5500 and 625 stems/ha for Hw, Ba, Cw, and Ss in aggregated retention 
sites, and approximately 10000, 0, 2500, and 500 stems/ha, for Hw, Ba, Cw, and Ss, 
respectively, for dispersed retention sites.  We found a relatively homogeneous 
spatial pattern of natural regeneration across the harvest sites, suggesting that both 
advanced regeneration, and seed dispersal, provide reliable means for natually 
regenerating the sampled VRM landscapes. Seedling establishment was higher than 
expected in aggregated sites based on the current dispersal function in 
LLEMS_NatRegen. Recommendations were made to alleviate discrepancies found in 
the formulation of the LLEMS_NatRegen submodel and to assure better overall 
modeling estimates. 
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Introduction 
 
Variable retention management (VRM) has become an increasingly popular method 
employed by forest managers to address non-timber and other management 
objectives.  While it has shown promise in the short-term, the retention of the forest 
partial overstory has been shown to alter tree species regeneration patterns, change 
competitive interactions, and influence overall growth rates and forest succession. 
 
The Local Landscape Ecosystem Management Simulator (LLEMS) was developed to 
provide a tool to help forest managers assess the long-term impact of variable 
retention management on forest growth and development (Seely 2005, Fraser et al. 
2007).  One of the key components of the model is its natural regeneration submodel 
(LLEMS_NatRegen), which is designed to estimate spatial patterns of natural 
regeneration within VRM harvest blocks.  The submodel works by simulating the 
dispersal of seeds from forest edges and estimating germination and survival rates 
from forest floor conditions (Seely 2005). 
 
In an effort to generate data to help calibrate LLEMS and to assess long-term 
patterns of natural regeneration and growth rates, a series of permanent sample plots 
(PSP) were established in 2003 in the Fraser Reach and Paril River areas of the 
North Coast of British Columbia as part of FIA funded project (Silverwood Consulting 
2003). 
 
Objectives 
 
The primary objective of this study is to revisit the original PSP sites to collect field 
data to evaluate early seedling establishment following dispersed and aggregate 
variable retention harvesting. These data will be used to evaluate and improve the 
LLEMS_NatRegen submodel. Specific objectives include the following:  
 

• To establish temporary regeneration subplots (in the 2003 sites) measuring 
natural and advanced regeneration. In dispersed retention blocks (Paril River), 
regeneration subplots were established near the center of the thinned area 
resulting from the original harvesting. In the aggregate retention blocks (Fraser 
Reach), regeneration subplots were established at varying distances from 
block edges to determine spatial patterns of regeneration. 

 
• To measure natural regeneration and forest floor characteristics.  Within each 

sublplot numbers of natural regeneration were measured and classified by 
species and by class (from seedling post harvest or advanced regeneration 
prior to harvest). Estimates of percent cover by seedbed type and ground 
vegetation cover will also be made for each subplot. 

 
• Determine whether the current conceptual formulation the LLEMS_NatRegen 

submodel is adequate and if its parameters are valid for accurately modeling 
early seedling establishment in VR harvesting sites found in the Very Wet 
Maritime subzone (vm) of the Coastal Western Hemlock (CWH) forest 
ecosystems of the North Coast of British Columbia. 
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Site description and methods 
 
In 2003, Triumph Timber Ltd. (TTL) established ten permanent sample plots (PSPs) 
within the Very Wet Maritime subzone (vm) of the Coastal Western Hemlock (CWH) 
biogeoclimatic zone, on the northeast side of Princess Royal Island (Fraser Reach) 
and on the mainland in the Paril River drainage.  The PSPs are located in existing 
VRM cutblocks, both in aggregate retention areas (Fraser Reach) and in dispersed 
retention areas (Paril River).  
 
 

British Colum
bia

British Colum
bia

 
 
Figure 1. Location of the study site in British Columbia, Canada.  Green area represents the Coastal 

Western Hemlock (CWH) zone, and the “black star” indicates the location of the plots 
established in the Fraser Reach and Paril River area. 

 
 
PSP locations were made in areas that appeared to represent the average site 
conditions with more or less homogeneous site series, areas upslope from road 
construction activities (to avoid nutrient inputs from road structures), and not within 
areas with significant windthrow.   In total, 10 four hundred square meter (20m x 
20m) permanent sample plots were established, and subsequent field data was 
collected with strict adherence to the standards and methodologies outlined in A Field 
Manual for Describing Terrestrial Ecosystems, Land Management Handbook # 25, 
(June 1998), ISSN#0229-1622 (Table 1).  The major species found in the CWH are 
Western hemlock (Hw), Western red cedar (Cw), Amabilis fir (Ba), and Sitka spruce 
(Ss). 
 
In early Novembre 2007, we performed a field survey to meet the objective of this 
regeneration study.  We selected four of the five PSPs in Fraser Reach and two of 
the five PSPs in Paril River, and established four temporary sample plots (TSPs) of 
1.79 metre radius at each PSP location; two near the forest edge (10m) and two near 
the PSP centre (approximately 60m from the nearest forest edge).  The PSPs 
selected for establishing TSPs were chosen in a semi-random fashion according to 
accessibility determined soley from safety guidelines by the helicopter pilot. 
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Table 1. Location of the 2003 permanent sample plots and brief description of their Biogeoclimatic 
ecosystem classification (BEC) attributes.  

 
Plot 

Identifier 
VRM Type BEC Class Slope 

% 
Aspect Slope 

Position 
Elev Name Identifier 

2003-01 Aggregate CWHvm1-01a 42 150 MD 134 Fraser Reach 
2003-02 Aggregate CWHvm1-05 37 150 MD 145 Fraser Reach 
2003-03 Aggregate CWHvm1-01b/06b 40 315 MD 212 Fraser Reach 
2003-04 Aggregate CWHvm1-01b 65 360 MD 216 Fraser Reach 
2003-05 Aggregate CWHvm1-01b 60 120 MD 210 Fraser Reach 
2003-06 Dispersed CWHvm1-06 25 70 MD 130 Paril River 
2003-07 Dispersed CWHvm1-06/12 26 340 MD 115 Paril River 
2003-08 Dispersed CWHvm1-06a/12 11 260 LV 27 Paril River 
2003-09 Dispersed CWHvm1-06a 17 90 UP 32 Paril River 
2003-10 Dispersed CWHvm1-01 35 250 UP 56 Paril River 

 
 
In addition to sampling regeneration, the established TSPs were used to measure the 
relative cover of different forest floor conditions or classes considered as a factor in 
regeneration success in LLEMS_NatRegen.  
 
 

 
 
Figure 2.  Example of aggregated variable retention forest management found in the Fraser Reach 

area. 
 
In each regeneration TSP we measured: 
 

• percent cover of shubs, herbs, exposed mineral soil, moss-organic (moss 
or forest floor organic matter), unproductive area (i.e. area unsuitable for 
seedling establishment), and coarse woody debris (CWD); 

 
• species and number of naturally regenerated seedlings (i.e. those younger 

than the harvest age (5yrs)); 
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• species and number of advance regeneration (i.e. those older than 5yrs old 
but smaller than 2m). 

 
 

 
 
Figure 3.  Example of dispersed variable retention forest management found in the Paril River area.  In 

this picture we can see a helicopter landing pad in a small gap opening. 
 
 
Results 
 
Shrub cover reached up to 42.5% in Fraser Reach (FR), and 82.5% in Paril River 
(PR) with values averaging approximately 22% and 68% for FR and PR, respectively.  
The lowest value of shub was observed in FR with 7.5% cover.  Herb cover was 
approximately 45% for FR and 68% PR (Table 2 and Figure 4). 
 
 
Table 2. Average percent cover and standard deviation (in parentheses) of shrubs, herbs, exposed 

mineral soil, moss-organic, unproductive seedbeds, and CWD, for each location, plot, and 
distance from the forest edge (meters).  Averages and standard deviations are calculated 
from subplot replication (n=2). 

 

 

Location Plot Distance (m) Shrubs Herbs Mineral Moss-organic Unproductive CWD

Fraser_F1e 2003_05 10 7.5 (3.5) 60 (28.3) 15.1 (21.1) 10 (7.1) 10 (7.1) 1.1 (1.3)

Fraser_F1e 2003_05 70 42.5 (3.5) 62.5 (31.8) 0.1 (0) 15.5 (20.5) 15.5 (20.5) 0.1 (0)

Fraser_F1e 2003_02 10 30 (14.1) 25 (14.1) 0.1 (0.1) 2.6 (3.5) 2.6 (3.5) 2.5 (3.5)

Fraser_F1e 2003_02 58 22.5 (17.7) 25 (7.1) 0 (0) 15 (0) 15 (0) 10 (14.1)

Fraser_F1h 2003_03 10 40 (42.4) 46 (62.2) 0 (0) 0 (0) 10 (14.1) 45 (56.6)

Fraser_F1h 2003_03 66 3 (2.8) 50 (14.1) 3.5 (2.1) 0.6 (0.6) 1.1 (1.3) 5.1 (7)

Fraser_F1h 2003_04 10 20.5 (27.6) 35 (35.4) 1.5 (0.7) 2.5 (3.5) 7.5 (3.5) 1 (1.4)

Fraser_F1h 2003_04 52 7.5 (3.5) 84 (8.5) 5 (7.1) 1 (1.4) 3.5 (2.1) 20 (21.2)

Paril_E1_Ph3d 2008_09 10 82.5 (5) 73.8 (23.6) 0 (0) 0 (0) 0.6 (1) 0.1 (0.1)

Paril_E1_Ph3d 2008_10 10 53.8 (31.7) 60 (21.2) 0 (0) 0 (0) 6.3 (6.3) 10 (12.3)
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Percent exposed mineral soil ranged from 15.5% to 0%, with approximately 4% for 
FR and 0% for PR.  Moss-organic cover averaged approximately 8% and 0% for FR 
and PR, respectively, while observed unproductive areas were approximately 10% 
and 5% for FR and PR. Finally, CWD cover reached up to 45% in FR and 10% in PR 
with values averaging approximately 11% and 5% for FR and PR, respectively (Table 
2 and Figure 4). 
 

 
Figure 4.  Average percent cover and standard deviation (lines overtop of bars) of shrubs, herbs, 

exposed mineral soil, moss-organic, unproductive seedbeds, and CWD, for Fraser Reach 
and Paril River. Averages and standard deviations are calculated from PSP, distance, and 
subplot replication (n=16 for FR and n=4 for PR). 

 
 
In this study, we assume that the observed percent cover of unproductive forest floor 
and CWD (Table 2 and Figure 4) are below the actual amounts found in the study 
area since water bodys, large rocky outcrops and slash loadings were excluded from 
the sampling protocol (Figure 5).  
 

 
  

 
Figure 5.  Example of extreme slash loading found in Fraser Reach following VRM.  
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Average number of seedlings/m2 for FR was approximately 4.19, 0.18, 0.55, 0.06 for 
Hw, BA, Cw, and Ss, respectively, and 0.45, 0, 0.15, and 0.05 for Hw, BA, Cw, and 
Ss, for PR.  Hw was the most abundant species with values reaching up to 14.1 
seedlings/m2 in FR, while Ba, Cw, and Ss had abundances below 1 seedlings/m2 for 
all locations and distances, except for Cw in PSP 2003_03 at 66 meters from the 
forest edge in FR which had 1.7 seedlings/m2 (Table 3 and Figure 6). 
 
 
Table 3. Average number of seedling and standard deviations (in parentheses), for Fraser Reach and 

Paril River for each location, plot, and distance from the forest edge (meters).  Averages and 
standard deviations are calculated from subplot replication (n=2). 

 
Location Plot Distance (m) Hw Ba Cw Ss

Fraser_F1e 2003_05 10 7.5 (6.4) 0 (0) 0.4 (0.6) 0.1 (0.1)

Fraser_F1e 2003_05 70 0.5 (0.3) 0 (0) 0.2 (0.2) 0.1 (0.1)

Fraser_F1e 2003_02 10 1.2 (0.6) 0 (0) 0.3 (0.4) 0 (0)

Fraser_F1e 2003_02 58 0.9 (1.1) 0 (0) 0.4 (0.6) 0 (0)

Fraser_F1h 2003_03 10 4.5 (4.5) 0.3 (0.3) 0 (0) 0.1 (0.1)

Fraser_F1h 2003_03 66 14.1 (9.5) 0.5 (0.7) 1.7 (1.1) 0.2 (0.2)

Fraser_F1h 2003_04 10 3.7 (4.4) 0.6 (0.8) 0.7 (1) 0 (0)

Fraser_F1h 2003_04 52 1.1 (0.5) 0 (0) 0.7 (0.5) 0 (0)

Paril_E1_Ph3d 2008_09 10 0.3 (0.2) 0 (0) 0.1 (0.1) 0.1 (0.1)

Paril_E1_Ph3d 2008_10 10 0.6 (0.7) 0 (0) 0.2 (0.3) 0 (0)  
 
 
 
Advance regeneration abundances were greatest for Hw, but below 1 seedlings/m2 
when averaged across all locations and distances (Figure 6). 
 

 
Figure 6.  Average number of seedling and advance regeneration, and standard deviations (lines 

overtop of bars), for Fraser Reach and Paril River. Averages and standard deviations are 
calculated from PSP, distance, and subplot replication (n=16 for FR and n=4 for PR). 

 
 
Overall, naturally regenerated seedling abundances (seedlings/m2) did not greatly 
differ between the forest edges (10m) and PSP locations (approximately 60m from 
edge) (Figure 7). 
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Figure 7. Abundance of natural regeneration (seedlings/m2) for Hw, Ba, Cw, and Ss at the forest edge 

(10m) and PSP location (approximately 60m). 
 
 
 
 
Figure 8 shows an example of windthrow that occured in the variable retention 
management area of Fraser Reach. 
 

 

 
Figure 8.  Example of windthrow that occured in the variable retention management area of Fraser 

Reach. 
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Discussion 
 
In this section we will discuss the observed patterns of regeneration found within the 
variable retention management areas of Fraser Reach and Paril River areas, and 
determine whether the current conceptual formulation the LLEMS_NatRegen 
submodel is adequate and if its parameters are valid for accurately modeling early 
seedling establishment. 
 
 
 
Fraser Reach (Aggregated Retention) 
 
Regeneration Patterns 
 
Overall, the spatial design of the harvested areas in Fraser Reach had significant 
amounts of forested strips between blocks, but very little amount of standing timber 
within the retained patches inside the blocks.  Despite that we observed similar 
abundances of naturally regenerated seedlings near the forest edges to those within 
the interior of the havest openings; it is unlikely that the retained patches caused 
these similar regeneration abundances.  Rather, it is likely that seed rain was 
homogeneously distributed across the harvest openings. Snow cover may have 
allowed for increased dispersal distances. The seed-mass-based dispersal functions 
used in LLEMS_NatRegen (Figure 9) indicate that Cw, Hw, and Ss should be able to 
disperse seeds reasonably well into these openings with approximately 30-45% of 
edge seed density (see below).  
 
 
In general, the harvest openings had healthy seedling banks of hemlock with some 
cedar at an approximate ratio of 10:1. There were also reasonably modest amounts 
of shrub and herb competition.  The domination of Hemlock is likely due to both to the 
greater availability of seed (from the large component of Hw in the parent stand) and 
to its ability to regenerate well on substrates other than mineral soil. The potential for 
additional natural regeneration to occur in time along with the current state of the 
seedling bank, there is little doubt that the majority of the landscape will be fully 
naturally regenerated. Hemlock will most likely dominate the landscape in the early 
succession phases, but because other species are also present a multi-species 
community will likely develop in time.  However, because the openings were also 
planted with a mixture of sitka spuce, cedar, and amabilis fir (approximately 500, 350, 
and 150 stems/ha), the competitive dynamics between planted and natural 
regenerated trees will likely have a significant influence on long-term stand 
development and composition. 
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Figure 9.  Calculated seed dispersal distances in LLEMS_Natural regen based on seed mass. Percent 
of total seeds falling at the forest edge is shown. 
 
 
Paril River (Dispersed Retention) 
 
Regeneration Patterns 
 
While seed rain abundance is most likely homogeneous and sufficient (i.e. not a 
limiting factor), both shrub and herb competition in the dispersed variable retention 
management areas of Paril River are relatively high (up to 85%).  As a result the 
amount of natural and avance regeneration is sporadic and sometime inadequate 
depending on the species.  For example, if we combine natural and advance 
regeneration we estimate stand regeneration to be approximately, 10000, 0, 2500, 
and 500 stems/ha, for Hw, Ba, Cw, and Ss, respectively. 
 
 
 
LLEMS_NatRegen Modeling Recommendations 
 
In the current formulation of the LLEMS natural regeneration submodel 
(LLEMS_NatRegen), seedling abundances in harvested openings are determined by 
a combination of seed rain abundances and seedling establishment rates that are 
dependant of seedbed types.  The dispersal of seeds in the submodel is acheived 
using a negative exponential as a dispersal kernel with two parameters that can 
produce a range of functional forms, ranging from near to source to long tail 
dispersal.  The forms of the curves can be changed by modifying the dispersal 
parameters of the negative exponential kernel.  The dispersal function is: 
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where, α  is dispersal parameter, and c a dimensionless shape parameter. 
 
In the current formulation of LLEMS_NatRegen, for hemlock as an example, the 
dispersal parameter is set to 70 and the dimensionless shape parameter to 1.  The 
first parameter determines the rapidity of the exponential decline of the curve (i.e. 
how quickly seed abundance declines with distance from the seed source), and the 
second sets the initial shape of the curve near the seed source.  Because of the site 
conditions of Fraser Reach (i.e. steep slope and snow cover effects) the parameters 
of the dispersal function may be inappropriate.  The parameters will be adjusted to 
increase the dispersal tail and initial shape of the curve to assure that seed rain is 
more or less homogeneous or at least 60m into openings. 
 
Other important function in LLEMS_NatRegen is the probability of seedling 
establishments, which is given by combining of the impact of vegetation competition 
(i.e. Potential competition Severity (PCS)) with the natural regeneration potential 
(NRP).  Both PCS and NRP are set given the type of subzone, site series, species, 
and type of disturbance.  In the case of Fraser Reach, the PCS should be lowered 
since observations in this study show that competition is very low, and NRP 
increased since regeneration abudances are relatively high.  Indeed, if we express 
the observed regeneration amounts found in this study to stems per hectare, we find 
approximately, 41875, 1750, 5500 and 625 stems/ha for Hw, Ba, Cw, and Ss, 
respectively.  These numbers may be used as quantitative verification values for the 
end result output estimated by LLEMS_NatRegen. 
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