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EXECUTIVE SUMMARY

The purpose of this research is to determine the effects of Tomentosus root 
disease and partial cutting on stand structure and composition in a wet sub-boreal 
spruce ecosystem near Prince George, British Columbia, Canada. Important 
modifiers o f stand structure and composition are small disturbances formed in the 
forest canopy through the death of one to several trees that allow understory 
species to reoccupy the vacant growing space. The study of these disturbances and 
subsequent stand development is called gap dynamics. Ecologists are interested in 
gap dynamics because the process is the driving force behind succession between 
catastrophic disturbances such as fire. Practicing Foresters are just as interested in 
gap dynamics because the natural spatial and temporal disturbance patterns of gaps 
can be used as templates for ecosystem management practices. Also, knowledge 
of the development of trees in these gaps allows insight to how stands will respond 
to the purposeful application of harvest patterns that mimic natural disturbance 
patterns.

British Columbia uses a classification scheme to stratify the province into 
areas with similar natural disturbance types. A big part of central interior BC is 
classified as having frequent or infrequent stand initiating fires. These fires are 
thought to occur at intervals averaging 100 - 200 years. This disturbance 
chronology provides the rationale for the extensive use o f clearcut silviculture 
systems in interior British Columbia in that clearcuts are thought to mimic natural 
disturbance patterns.

New evidence suggests that some of the wetter forests o f interior British 
Columbia are actually only replaced by fire every 500 - 1000 years. It follows that 
smaller scale disturbances such as tomentosus root rot, spruce beetle, balsam bark 
beetle, windthrow, and snow damage may drive succession between fires. The 
role of these agents in terms of gap dynamics have been poorly studied in these 
ecosystems. Therefore very little is known about the spatial and temporal patterns 
of these disturbances or how they change stand succession.

In eastern mixed forests and western sub-alpine forests, both abiotic and 
biotic disturbance agents have been found to influence stand structure and 
composition. In eastern mixed forests, both red maple and sugar maple are 
positively auto-correlated in different stands causing discrete patches of uniform 
species that are maintained through competitive interactions. In western sub- 
alpine forests, there is evidence for self-replacement due to small scale 
disturbances. In terms of spatial patterns, western sub-alpine tree-fall gaps vary in



size from 25 to about 800 . In an applied sense, the knowledge of the size
and composition of these gaps is necessary to develop appropriate silviculture 
systems that more closely approximate natural disturbances patterns in terms of 
space and time while striving to meet the fiber needs of the forest industry.

One of the important gap creating mechanisms in these wet interior forests 
is /. tomentosus. The impacts o f this disturbance agent is important to understand 
because of its potentially unique impacts on stand structure and stand composition 
within gaps as well as the spatial and temporal patterns of the gaps themselves. 
Furthermore, partial cutting has been shown to exacerbate root disease caused by 
other root rot fungi and it is possible that Tomentosus root rot will have this effect 
as well.

The intent of this research is to determine the spatial and temporal patterns 
of gaps and determine how I. tomentosus gaps differ from gaps of other origin in 
un-cut stands. We will determine how partial cutting impacts the spatiotemporal 
aspects o f gap dynamics in I. tomentosus infected gaps compared to other types of 
gaps. We will also determine how I tomentosus affects forest dynamics following 
partial cutting.

We use two approaches to address the issues of scale important to gap 
dynamics. A coarse resolution technique will illustrate large-scale and long-term 
spatiotemporal patterns of un-cut forests. A finer resolution technique will show 
how I. tomentosus gaps differ from gap other forming processes in terms of 
spatiotemporal patterns as well as their effects on stand composition and structure. 
This technique will also address the question of how 7. tomentosus affects stand 
structure, composition and spatiotemporal dynamics following partial cutting.



1.0 Introduction to Disturbances in SBS Forests

1.1 Large Scale Disturbances

Sub-Boreal Spruce (SBS) forests, a large biome in central interior British

Columbia, have been thought to originate due to frequent, catastrophic fire (FPC 

1995). The British Columbia Biodiversity Guidebook (FPC 1995) states that fire 

frequently initiates primary succession in SBS forests. Mean fire return intervals 

are estimated at 125 years and average 300 hectares in size (FPC 1995). Given 

this disturbance regime, large contiguous stands would initiate after fire as one 

distinct age cohort; undergo primary succession; and mature. This process would 

be repeated following another stand replacing fire (Heinselman 1971; Day 1972; 

Waring and Schlesinger 1985; Christensen 1993; Oliver and Larson 1996). More 

detailed examinations of disturbance regimes in some parts of the SBS have 

revealed different fire patterns than those described by the Biodiversity 

Guidebook. Hawkes et al. (1997), reports that the frequency of stand replacing 

fires in wet SBS forests are much longer, commonly reaching 500 years and up to 

1000 years in some areas. The long interval between stand initiating events 

enables a series of more complicated secondary succession processes to influence 

post fire stand dynamics (Veblen 1986; Aplet 1988; Canham 1988; Lorimer and 

Frelich 1988; Parminter 1992; Frelich and Graumlich 1994; Johnson et al. 1994; 

Frelich and Reich 1995; Kneeshaw and Bergeron 1998).



1.2 Small Scale Disturbances

Small scale, individually selective disturbance mechanisms such as root rot 

fungi (e.g., Inonotus tomentosus), wood boring insects (e.g., Dendroctonus 

rufipennis), tree life spans, and abiotic factors such as windthrow and snow 

loading, kill individual or small groups of trees and facilitate gap dynamics 

between fire events (Kneeshaw and Bergeron 1998; Clark 1994; Andison 1996; 

Jull 1997; Vasbinder et al. 1997). These small scale disturbance patterns are of 

interest to ecologists because they modify the successional regime by influencing 

stand structure and composition. They are also o f interest to the forest industry 

because they may be important processes to consider when prescribing silviculture 

systems and considering forest management plans.

A comprehensive body of literature exists describing gap dynamics for 

tropical forests (Denslow 1987; Lawton and Putz 1988), cold-temperate North- 

American forests (Runkle 1984; Lorimer et al 1988; Lorimer and Frelich 1989; 

Frelich et al 1993; Tyrell and Crow 1994; Frelich and Graumlich 1994; Abrams et 

al 1995; Walters and Reich 1997), eastern sub-boreal forests (Frelich and Reich

1995), western coastal forests (Canham 1988; Bormann and Kramer 1997; Kobe 

and Coates 1997; Tappeiner et al 1997; Valverde and Silvertown 1997), and 

western sub-alpine forests (Aplet et al 1988; Lertzman 1992; Johnson 1994; 

Cherubini et al 1996). However, little is known for the low elevation, wet interior



SBS forests. One explanation for this lack of research, may be the paradigm that 

SBS forests are similar to Boreal forests, which because of short fire return 

intervals, are even-aged with little diversity in age class structure, simply because 

fire return intervals are shorter than tree life spans (Veblen 1986; Frelich and 

Reich 1995).

Gaps formed from secondary disturbances allow understory species (gap- 

fillers) to capitalize on new resources (light, water, nutrients) and subsequently 

occupy available canopy space (Veblen 1986; Lertzman 1992; Frelich et al. 1993; 

Frelich and Graumlich 1994; Johnson et al. 1994; Abrams et al. 1995; Gastello et 

al. 1995; Frelich and Reich 1995; Valverde and Silvertown 1997; Halpem et al. 

1997; Walters and Reich 1997). These processes are profoundly different from 

even-aged, mono-dominant forest dynamics whose even-aged character is 

maintained by frequent fire that replaces the stand before secondary disturbances 

can affect stand structure.

1.3 Gap Dynamics Eastern Mixed Forests and Western Sub-Alpine Forests

These small scale disturbance agents have important impacts on forest 

succession in many areas. In eastern sub-boreal and mixed forests and western 

sub-alpine forests, both abiotic and biotic disturbance agents have been found to 

influence stand structure and composition (Veblen 1986; Lertzman 1992; Frelich



et al. 1993; Frelich and Reich 1995). In a southern sub-boreal forest in Minnesota, 

Frelich and Reich (1995) found that in old, un-cut forests, tree fall gaps were 

responsible for driving succession. In eastern mixed forests, both red maple and 

sugar maple are positively auto-correlated in different stands causing discrete 

patches of uniform species that are maintained due to competitive interactions and 

patterns o f invasion (Frelich et al. 1993). Disturbance does dot appear to play a 

role patch maintenance because the patterns o f disturbance do not coincide with 

the location of patches (Frelich et al. 1993).

In western sub-alpine forests, there is no evidence for self-replacement in 

tree fall gaps (Veblen 1986; Lertzman 1992). However, tree fall gaps do appear to 

be partly responsible for changes in dominant canopy cover. In terms of spatial 

patterns, western sub-alpine tree-fall gaps vary in size from 25 m^ to about 800 

m2. Within these gaps evidence suggests that pacific silver fir is the dominant gap 

filler (Lertzman 1992). Sub-alpine fir was the dominant gap filling species in the 

central Rocky Mountain sub-alpine forests (Veblen 1986).

1.4 Inonotus tomentosus as a Cause of Small Scale Disturbances

Tree fall gaps in SBS forests may be caused by several mechanisms as 

mentioned above. An important cause of gap formation in wet SBS forests is



Inonotus tomentosus (Merler et al. 1988; Lewis and Hansen 1991a; Lewis and 

Hansen 1991b; Lewis and Hansen 1992; Lewis 1997). This root pathogen, which 

favors spruce (Meidinger et al. 1991; Hunt and Unger 1994), induces gradual 

decline in tree vigor and eventually mortality (Lewis and Hansen 1991b) due to 

dysfunctional roots, or windthrow due to weakened root systems (Lewis and 

Hansen 1991b; Lewis 1997). I. tomentosus is spread mostly through root to root 

contact. Therefore, its presence results in pockets of infection and mortality that 

are distributed in patches throughout the forest (Lewis and Hansen 1992). Gaps 

formed in the canopy, due to I. tomentosus may produce stands that deviate 

significantly in-terms spatiotemporal dynamics from other agents o f disturbance 

because of the biology of the fungi.

1.4 Ecological Justification for Silviculture Systems in British Columbia

Clearcut silviculture systems in British Columbia are guided by the 

principle o f ecosystem management (FPC 1995). One of the ideas behind this 

management philosophy is that mimicking natural disturbance patterns with 

harvesting patterns is one way of achieving sustainable forest development (FPC

1995). However, due to the small scale disturbances that are common in wet SBS 

forests, partial cut silviculture systems would be appropriate tools for forest 

management because they may more closely mimic the natural disturbance process



between long fire return intervals (Davis and Johnson 1987; Oliver and Larson 

1996; Jull 1997). The ecological merits of these forestry practices include 

maintaining biodiversity, wildlife habitat and watershed protection and duplicating 

natural disturbance regimes (Jull 1997). However, partial cutting may also have 

negative impacts, particularly when I. tomentosus is present. Application of partial 

cut silviculture systems to sites where root disease is present may cause the disease 

to spread faster, due to an increase in inoculum volume in harvested trees. This is 

known to occur with other root diseases such as Armillaria (Cruickshank et al. 

1997), but the effect o f harvesting on inoculum volume for/, tomentosus is 

unknown.

Despite the potential benefits of partial-cut silviculture systems, they are not 

commonly used in interior British Columbia (Jull 1997). Proponents of clearcut 

silviculture systems use ecological and economic rationales to justify their use, 

arguing that clearcuts mimic natural disturbances and are efficient harvesting tools. 

However, many of the ecological arguments are based on scant evidence and do 

not account for significant differences in stand and landscape level processes that 

are evident between even aged and old-growth forests (Jull 1997).



1.5 Summary of Research Intent

The intent of this research therefore is to: 1) examine the overall patterns of 

gap dynamics (i.e., gap size, disturbance frequency, age structure and disturbance 

patterns) in un-cut, wet SBS forests and, 2) determine how these gap dynamics 

differ between Inonotus tomentosus caused gaps and gaps formed by other agents 

in terms of spatiotemporal patterns and subsequent stand structure and 

composition. They are important ecological questions because the answers to 

them will increase our understanding of the epidemiology of biological and abiotic 

disturbances. Furthermore, in an applied sense, the answers will help justify 

silviculture systems which mimic natural disturbances and avoid applying the 

wrong system to areas which are host to I. tomentosus. These answers will also 

help predict what effects the purposeful application of partial cut silviculture 

systems will have on future stand development.



2.0 Literature Review

2.1 General Description of SBS forests

2.1.1 Geography and Climate.- The Sub-Boreal Spruce (SBS) biogeoclimatic zone 

is located in central interior British Columbia between 52° and 57° North latitude 

and 122° and 128° West longitude (Pojar et al. 1982; Meidinger and Pojar 1991) 

(Fig. 1). This expansive zone is transitional to higher elevation sub-alpine forests, 

montane forests of Douglas-fir to the south and the boreal forests to the north 

(Pojar et al. 1982; Meidinger and Pojar 1991). SBS forests typically occur at low 

to medium elevations (1100 to 1300 m.a.s.1.1) on the gently rolling terrain of the 

Fraser and Nechako plateaus and the Fraser basin (Pojar et al. 1982). The climate 

o f the SBS is broadly continental with seasonal extremes of long, cold, snowy 

winters and short, warm, moist summers (DeLong et al. 1993). Mean annual 

temperature ranges from 1.7°C to 5°C and average temperatures are below 0°C for 

4-5 months and above 10°C for 4-5 months of the year (Meidinger and Pojar 

1991). Mean annual precipitation is widely variable, between 440 mm and 900 

mm, but extremes in precipitation of 415 mm and 1650 mm have been recorded 

from short term data (Meidinger and Pojar 1991).

' Meters above sea level
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2.1.2 Soils and Ecosystems: The dominant soil orders of the SBS are Luvisols, 

Podsols and Brunisols and sites of imperfect drainage are classified as Gleysols 

(Meidinger et a/. 1991; Driscoll 1997). Mature forest ecosystems are typically 

mixtures o f hybrid spruce (Picea engelmannii x  glauca), sub-alpine fir {Abies 

lasiocarpa), lodgepole pine (Pinus contortd) and scattered individuals o f Douglas- 

fir {Pseudotsuga menziesii), paper birch {Betula papyrifera), aspen {Populus 

tremuloides) and cottonwood {Populus balsamifera). On wetter sites in the SBS, 

western red cedar {Thuja plicata) and western hemlock {Tsuga heterophylla) are 

occasionally present.

2.2 Stand Dynamics:

According to the theory of initial floristics, SBS stands are established 

simultaneously by a variety o f shade intolerant, and shade tolerant species (Oliver 

and Larson 1996). Throughout the evolution of the stand these species will 

change their positions in the canopy as defined by the four continuous phases of 

stand development; 1) Stand initiation, 2) Stem exclusion, 3) Understory 

reinitiation, 4) Old-growth. (See Oliver and Larson (1996) for a detailed 

description of these phases).



Due to the fact that most SBS forests are fire originated, the stand initiation 

stage will be characterized by the development of a single cohort o f multiple tree 

species. Shade intolerant species, which are generally faster growing and more 

efficient at initial establishment (birch, aspen and pine) will typically dominate 

early in succession. More shade tolerant species (spruce, Douglas-fir, sub-alpine 

fir) will gradually fill in over a period of 10-20 years.

2.2.2 Stem exclusion

In the next phase of stand development, the single cohort stand undergoes a 

period of competition induced mortality. This phase is described by Oliver and 

Larson (1996) as the Stem Exclusion stage. Canopy closure and fiill site 

occupancy prevent further understory initiation (germination) and competition 

begins to kill weaker and smaller individuals occupying canopy and sub-canopy 

positions (Waring and Schlesinger 1985; Landsberg 1986; Davis and Johnson 

1987; Oliver and Larson 1996). Vertical stratification, manifested by inter-species 

differences in growth rates and site characteristics begin.



Towards the end of the stem exelusion stage, the mortality in the eanopy 

and sub-eanopy creates holes in the canopy caused by competition and small scale 

disturbances. In the SBS a variety of shade tolerant trees: spruce, sub-alpine fir, 

Douglas-fir, and occasionally western-red cedar, and western hemlock undergo a 

second period of germination and growth during this phase at around 100 to 150 

years (Oliver and Larson 1996). Common mechanisms that allow the understory 

reinitiation stage to occur in SBS forests is canopy mortality caused by small -  

individually selective disturbance agents such as I. tomentosus and spruce beetle 

(Dendroctonus rufipennis) (Humphreys and Safranyik 1993).

2.2.4 Old-growth

Continued mortality o f the overstory, due to competition, periodic small 

scale disturbances and trees reaching the end of their life-span (Kneeshaw and 

Bergeron 1998) eventually eliminate all trees in the original cohort (Oliver and 

Larson 1996) resulting in the old-growth stage (Oliver and Larson 1996). 

Compositions of old-growth SBS stands will typically be of shade tolerant spruce, 

and sub-alpine fir. Other species will be present under certain climatic, edaphic 

(e.g. Douglas fir on dry south facing slopes) or biological conditions (e.g. 7.



tomentosus infection areas since spruce is selectively removed from the stand) or 

due to environmental or demographic stochasticity (See Frelich 1995 for a 

discussion of successional theories and Brown and Rothery 1993 for a discussion 

of stochasticity in population dynamics).

2.3 Inonotus tomentosus as a unique cause of gap formation in SBS forests

2.3.1 Importance o f Inonotus tomentosus for Forest Yields

I. tomentosus is an important fiingus to study because of its role in gap 

dynamics as well as its role in decreasing forest yields. Aimual mortality rates of 

spruce stands infected by the disease have been reported by Whitney (1993) at 

1.7%. Losses in timber yields due to rotten tree stems range from 5% to 31% 

(Whitney 1980, 1993; Lewis 1997) of gross merchantable volume. Reductions in 

growth rates also significantly contribute to decreases in timber yields (Lewis 

1997).

2.3.2 Ecological Importance of Inonotus tomentosus

In terms of its role in gap dynamics, I  tomentosus is a wide spread root 

decay fungus that infects both young and old stands in eastern Canada, the Prairies 

and British Columbia (Lewis and Hansen 1991b). However due to its slow 

colonization processes, mortality is particularly evident in older stands (Lewis and 

Hansen 1992). This disease has a wide host range but spruce (Picea spp.) suffers



the most damage (Lewis and Hansen 1991a). Other tree species such as pine, sub- 

alpine fir and Douglas-fir are only moderately affected by the disease while 

hardwoods appear to be immune (Whitney 1993). However, the extent and 

distribution of the disease in these species are not well documented (Hunt and 

Unger 1994).

2.3.4 Biology of Inonotus tomentosus

I  tomentosus can spread from one host to another in two known ways.

Root to root contact provides bridges across which hyphae move fi’om infected to 

healthy trees (Lewis and Hansen 1991b). Basidiospores also spread the disease, 

and are thought to cause new infection centers but the mechanism of this infection 

is not known (Lewis and Hansen 1992). Once a new host is infected, apparently 

through small feeder roots (Lewis and Hansen 1991b), the disease progresses 

towards the heartwood of the tree (Lewis and Hansen 1992). In roots greater than 

5 cm diameter, a thin band of reddish brown stain in the heartwood progresses to 

darker and thicker bands of stain to pockets of advanced decay characterized by 

longitudinal pitting (Lewis and Hansen 1992). In roots smaller than 2 cm in 

diameter the fungal mycelium can be located in the bark and the cambium (Lewis 

and Hansen 1992). This difference is due to the thinner bark and lack of defense 

mechanisms in these small roots and the lack of significant heartwood 

accumulation (Lewis and Hansen 1992).



In large roots, the infection resides in the heartwood and feeds on the xylem 

tissue, gradually weakening the tree’s support and making it susceptible to 

windthrow (Lewis and Hansen 1991b). The disease can thus infect a significant 

portion of these large roots before reductions in growth occur, because the 

heartwood is not involved with the transport of resources (Hunt and Unger 1994). 

Mortality o f the roots occurs when the sapwood becomes significantly decayed 

(Lewis and Hansen 1992). Mortality of the tree itself occurs when root mortality 

reaches 80% (Whitney 1980).

Following tree mortality, colonization by the fungus occurs rapidly due to 

the lack of defense mechanisms (Lewis and Hansen 1992). In the large roots, the 

decay will progress from the heartwood to the sapwood, the new path of least 

resistance (Lewis and Hansen 1992). Sapwood colonization occurs quickly and 

inoculum volumes increase (Lewis and Hansen 1992). As a result of this more 

rapid colonization, the probability that inoculum will contact a new host is 

increased as more of the root system becomes colonized (Lewis and Hansen 1992). 

The processes of gap dynamics that/, tomentosus effects on SBS forests may be 

quite different from other small scale disturbances. Since the fungus spreads 

through root to root contact and prefers spruce as a host (Lewis and Hansen 1992) 

the gaps it forms may spread outward from the original infection center. Spruce



may be eliminated from these gaps and resistant speeies, especially sub-alpine fir, 

may be the species that is favored in the gaps.

2.4 Identified Needs in Inonotus tomentosus Research

A number o f potential areas o f research on I  tomentosus remain to be 

investigated. First, Lewis (1997) indicated a need to estimate the initial date of 

infection. This would make future study into mortality rates and reductions in 

incremental growth more effective.

I. tomentosus management with respect to forest health was another area 

identified for future study. Whitney (1993) concluded that partial cut stands of 

spruce had a lower proportion of individuals infected with 7. tomentosus than 

unthinned stands. He states various reasons for this including discontinuity of 

spruce roots preventing root to root contact and increased resistance as a result of 

more abundant resources following thinning. In contrast Lewis (1997), reported a 

significantly higher incidence of infection in larger trees compared to smaller trees. 

This might mean that conventional thinning regimes or partial cut silviculture 

systems would increase the spread rate o f the disease for the following reasons; 1) 

Larger trees are more likely to become infected than smaller trees (Lewis 1997);

2) Typical partial cut systems harvest the largest diameter classes because they are



merchantable, to capture mortality and losses to rotten trees, sanitize the stand and 

make room for ingrowth (Davis et al. 1987). When the tree is cut, internal 

resistance meehanisms no longer curtail the pathogen. This results in radial 

growth from the heartwood to the sapwood, thereby increasing the volume of 

inoculum (Lewis et al. 1991a). Roots of the cut tree are rapidly eolonized 

resulting in inereased probability of contact with new hosts (Lewis, 1997). Thus, it 

is conceivable that thinning will increase the incidence of I. tomentosus over the 

long run.

The impacts on forest health for two other root disease fungi, Armillaria 

ostoyae, and Heterobasidion annosum are reported to be exacerbated by thinning 

operations (Koening 1969; Cruickshank et a/. 1997; Garbelotto eta/. 1997). The 

increase in inoculum volumes caused by cutting an infected tree apparently 

increases mortality in residual trees in stands infected by Armillaria ostoyae. 

Mortality eaused by Heterobasidion annosum is increased because the stumps 

become germination sites for the basidiospores of the disease. In both cases 

thinning appears to exacerbate the spread of the fungus into neighboring trees.



2.5 Study Area: SBS w ki Aleza Lake Research Forest

2.5.1 Location:

This project will be conducted on the Aleza Lake Research Forest which is 

located 60 km east of Prince George, British Columbia, Canada between 54° 07’ 

North latitude and 122° 04’ east longitude. The elevation of this area is between 

660 and 750 m.a.s.l. The Aleza Lake Research Forest is situated within the SBS 

w kl biogeoclimatic sub-zone (Fig 1).

2.5.2 Geography and Soils:

The research forest is located on the Nechako Plain (Madrone 1997) of the 

Fraser Basin (Holland 1976). This physiographic region generally exhibits gently 

rolling to flat terrain. Aleza Lake has more relief than typical of this region with 

many hummocks and some steep slopes (Madrone 1997). Four distinct 

glaciolacustrine landforms are present at Aleza Lake (Madrone 1997):

1) Dissected Glaciolacustrine Plain, which is characterized by moderately steep 

and occasionally very steep sidewalls with relatively flat flood plains. Soils are



classically silty clays and clays and thus are imperfectly drained and frequently 

gleyed.

2) Upper Glaciolacustrine Plain, which is gently sloping. Soils are primarily silty 

clays and clays as well as silts and some organic. Drainage varies between well 

and poorly drained.

3) Glaciolacustrine Hummocks, which are rolling hills with scattered kettle holes 

and steep slopes. Soil textures are mainly silt and silty clay loams and soils are 

generally well or moderately well drained.

4) Glacial Lake Margins which are composed of coarse textured materials such as 

gravel and stones. Drainage is rapid. O f particular interest and importance for 

forest productivity are the fluvial deposits on top of glaciolacustrine deposits. 

This feature has the advantage of good drainage due to fluvial deposits and 

available nutrients and moisture due to the lacustrine deposits (Dr. Paul 

Sanborn, British Columbia Ministry of Forests, Prince George, personal 

communication; Oikos 1995).



2.5.3 Climate:

Winter in the SBS wkj sub-zone is generally cold, with significant snow 

pack accumulation; summers are moist and cool (Table 1). High precipitation is 

the result o f moisture laden Pacific air-masses bumping into the near-by northern 

rocky mountain range. The air mass cools quickly as it ascends and drops its 

moisture content (Oikos 1995).

Table 1: Aleza Lake Research Forest summary of climate data from 1952-1980 (Oikos 1993).

Parameter Max. Min. Mean

Mean Annual Precipitation (mm) 1315.3 682.4 894.9

Mean Rainfall (mm) 914.0 388.6 555.7

Mean Snowfall (mm) 592.5 160.5 339.3

Mean Annual Temperature (C°) 4.9 0.9 3.1

Extreme Coldest Temperature (C°) -32.2 -46.7 -40.4

Extreme Hottest Temperature (C°) 36.0 27.2 32.2

Max. One Day Precipitation (mm) 57.2 20.3 34.4

Max. 1 Day Rainfall (mm) 55.9 19.3 30.6

Max. 1 Day Snowfall (cm) 49.3 17.3 27.9

2.5.4 Vegetation:

Due to past forest management, the Research Forest has been heavily 

modified. Much of the landscape has been partially cut, and clearcut. Some old- 

growth stands are present but these represent a small portion of the 10 235 hectares



of the research forest (Madrone 1997). The natural disturbance chronology was 

initiated by wildfire several centuries ago and abiotic, biotic, or anthropogenic (i.e. 

logging) disturbances have combined to drive succession since that time (Madrone 

1997).

Old-growth stands are predominantly a mixture o f white spruce or hybrid 

spruce, sub-alpine fir, with scattered Douglas-fir and paper birch components. 

These stands have a distinct two-storied vertical structure with mostly sub-alpine 

fir and some spruce in the understory (Madrone 1997). The age class structure of 

the research forest is not known. However, some spruce are as old as 350 years, 

sub-alpine fir are 200 - 250 years and some of the scattered Douglas-fir trees are 

over 500 years old (Madrone 1997; Decie 1957). The diameter elass distribution 

taken from permanent sample plot data (lull and Famden, unpublished report) 

(Figure 2) follows fairly closely with the classic negative exponential curve that 

characterizes true old-growth forest diameter distributions (Davis and Johnson 

1987).

2.5.5 Forest Management at Aleza Lake

A variety o f silviculture systems have been implemented on the research 

forest over the past 70 years. These systems were predominately the result o f 

research based initiatives to improve the regeneration success of silviculture



systems applied to interior forests (Madrone 1997). Horse-logged stands to low 

diameter limits were common between 1919 and 1926 (Madrone 1997). In the 

1940’s, mechanized logging began and single-tree selection systems, alternate strip 

cuts, intermediate utilization cuts, and clearcuts were implemented (Madrone 

1997). The partial-cut sites today similar in diameter class structure (Figure 3) to 

the old-growth sites. The diameter class structure o f the partial cut stands appears 

to be fairly stable over time (Fig 4) as are the old-growth stands (Fig 5).

Basal area is also fairly stable in the old-growth plots (Fig. 6) The partial 

cut sites have had a steady increase in the basal area over the last 50 years but it 

appears as though these stands are also beginning to stabilize.
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Figure 2 Diameter Distribution in 1993 for Old-growth Permanent Sample Plot #107, all species 

combined in 10 cm diameter classes. Obtained from Aleza Lake Permanent Sample Plot Data, 

Prince George Ministry of Forests, Research Branch, Prince George, BC.
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Figure 3 Diameter Distribution in 1993 for partial cut site logged in 1928. Partial cut Permanent 

Sample Plot #150, all species combined in 10 cm diameter classes. Obtained from Aleza Lake 

Permanent Sample Plot Data, Prince George Ministry of Forests, Research Branch, Prince George, 

BC.
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Figure 4 Diameter distribution changes from 1934 to 1981 in partial cut forests. A gap in re
measurement history is reflected in the dates illustrated. Diameter distribution appears to be 
initially a negative exponential distribution, and seems to be maintained.
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Figure 5 Diameter Distribution changes from 1928 to 1988. A gap in remeasurement history is 
reflected in the dates illustrated. Diameter distribution appears to be developing from a normal to a 
negative exponential type distribution characteristic of old-growth forests.
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Figure 6 Basal Area trends from 1943 -1993 for partial cut forests and old-growth forests.



3.0 Research Questions and Hypothesis

3.1 Justification for stand parameters used to answer Research Questions:

The key question this research proposal is striving to answer is: What are 

the spatial and temporal patterns of gap dynamics in un-cut and partial cut SBS 

forests? And, how does the spatial and temporal pattern of Inonotus tomentosus 

ereated gaps differ from gaps created by other agents in both un-cut and partial cut 

SBS forests? The important aspects of gap dynamics considered in this researeh 

proposal whieh will answer this question are as follows:

1) Gap size: It is important to determine gap size in order to know how large an 

influence disturbance agents are having on these forests (Oliver and Larson

1996). This is critical to understand the epidemiological influence of 

disturbance agents. Knowledge of the size of gaps is also important to develop 

silviculture systems which are ecologically sound by using the natural patterns 

of disturbance as templates for applied harvesting patterns.

2) Frequency of disturbance: The frequency of gap creating disturbances is useful 

to estimate the timing of the intervals between out breaks of various agents 

further increasing knowledge of disturbance epidemiology (Oliver and Larson

1996). From a silvicultural aspect, this is important to time harvest entries to



the natural cycles o f the ecosystem and to have some insight to potential forest 

health problems.

3) Age structure: The age class distribution of the forests can reveal the 

developmental history of the stand. For example a negative exponential 

distribution of age classes suggests that repeated small scale disturbances have 

left a varied age structure (Oliver and Larson 1996). Partial cut silvicultural 

systems need this knowledge to determine sustainable harvest scheduling.

4) Patterns of canopy disturbance: This an important criteria in order to 

understand more of the epidemiology of Inonotus tomentosus and other agents 

of disturbance with respect to the spatial patterns of disturbance. It may be 

appropriate to use silviculture that mimic these patterns to maintain ecosystem 

function.

5) Gap fillers: Gap filling species will depend on the degree of canopy disturbance 

due to their shade tolerance and resistance to root rot infection. This will affect 

the type of climax vegetation that develops through succession (Frelich and 

Reich 1995). Silvicultural systems need to consider the natural species shifts 

that occur in order to predict what will occur following harvest in root rot 

infected and uninfected sites.



6) Effects o f stand composition and partial cutting on gap dynamics; Natural stand 

compositions and stand compositions following harvest may affect the spatial 

and temporal development of gap making agents. This is important to 

understand how disturbance agents may be ameliorated or exacerbated by stand 

composition or partial cut harvesting.

Table 2 explicitly states the aspects of gap dynamics discussed above 

and also contains the null hypothesis formulated to address the research questions.



3.2 Table o f Research Questions and Hypothesis

Table 2 Outline of research questions and hypothesis.

Research Question

la) In un-cut root rot infected and un
infected forests, what is the: mean gap 
size;

lb) frequency of canopy disturbance;

Ic) age structure;

Id) pattern of eanopy disturbance;

le) In cut and un-cut root rot infected 
and un-infected forests, what is the 
composition of gap fillers.

2) What is the effect o f stand 
composition and partial cutting on 
spatiotemporal gap dynamics in root 
rot infected and un-infected forests.

Hypothesis

Hq= There is no difference in gap size 
between root rot infected and uninfected 
forests.

Ho=There is no difference in disturbance 
frequency between root rot infeeted and 
uninfected forests.

Ho= There is no difference in age 
structure between root rot infected and 
uninfected forests.

Hq= The pattern of canopy disturbance 
will be identical for root rot infected and 
uninfected forests. Canopy disturbance 
will be constrained to individual or small 
groups of trees.

Hq= There is no difference in gap filler 
composition between root rot infected and 
uninfected forests.

Hq= Stand composition and partial cutting 
have no effect on the spatial and temporal 
patterns of gap dynamics in either root rot 
infected or uninfected forests.



4.0 Methodology

4.1 Pilot Study

Most o f the methods used to answer the research questions are taken from 

similar studies in eastern North American temperate hardwood eastern and sub- 

boreal forests (i.e., Frelich and Graumlich 1994; Frelich and Reich 1995). These 

forests have significant differences in comparison to western sub-boreal forests in 

terms of stand structure, stand composition and gap dynamic processes (Mike Jull, 

British Columbia Ministry of Forests, Prince George, personal communication). 

Therefore, many of the methods used in these studies cannot be directly applied to 

western sub-boreal forests. The basic aim of the Pilot Study is to preliminarily 

determine the size of gaps created by disturbance agents and how understory 

species are responding in terms of increased diameter growth as a result o f the 

disturbance. The Pilot study will help determine the most efficient and effective 

sampling conventions the remainder of the project will use.

4.1.1 Site Selection

For the Pilot Study, twelve 10 meter fixed radius plots will be established. 

Six o f these plots will be established in un-cut sites and six will be established in 

partial cut sites. Site selection will be based on a reconnaissance survey which 

will determine if  root rot infection centers are present in significant quantities. If



the reconnaissance reveals adequate infection centers, the sites will be selected for 

the Pilot Study. Un-cut stands will also be selected only if the age class taken 

from a forest cover map is 8 or greater (141 + years). Partial cut stands will only 

be selected if  the residual stand age class is 8 or greater, and the partial cut must 

have taken place between the years of 1940 - 1960. This criterion is important 

because accurate diagnosis of I. tomentosus becomes extremely difficult beyond 

50 years, because of secondary decay organisms (K.J. Lewis, UNBC Forestry 

Program, Prince George, British Columbia, personal communication).

4.1.2 Sampling Design

4.1.2.1 Un-cut sites:

For the un-cut sites plots will be systematically located at 100 meter 

intervals along strip-lines. Each strip-line will also be spaced 100 meters apart. 

The nearest gap to the 100 meter point will be the location of the plot based on 

several criteria. First, the gap origin must be approximately 40-50 years old. 

Second, the gap maker, must be a large dominant canopy tree whose death would 

have a positive influence on resource availability near-by. Third, every other plot 

must be situated on a gap created by root rot. Finally, the plot center must be 

established at the base of the gap maker, or where its base would have been if  the 

tree were still standing.



4.1.2.2 Partially cut sites:

The same sample design will apply to the partial cut stands as the un-cut 

stands with the following exception. Plot center will be placed on the nearest 

stump (to the 100 meter interval on the strip-line) created by the partial cut. Again 

the nearest stump will be chosen and every other stump will have root rot present 

within the remains of the roots of the stump.

4.1.3 Data Collection

Within each of the 12 fixed radius plots, the position (distance and bearing 

to plot center) to all living trees greater than 1.3 meters in height and all dead trees 

greater than 10 cm in diameter at 1.3 meters height will be determined.

4.1.3.1 Live trees:

In addition to the position of the tree, the diameter at 1.3 meters from the 

point o f germination (DBH) and crown characteristics will be taken. Crown 

characteristics will include Live Crown Ratio, which is an estimate of the 

percentage of the tree bole that is covered with live branches and Crown Class, 

which is a statement o f the trees position in the canopy. Dominant trees are above 

the general level of the eanopy and receive full sunlight from above and the sides. 

Codominant trees have crowns that form the general level o f the canopy and



receive full sunlight from above but very little from the side. Intermediate trees 

are somewhat over topped by the canopy and receive a little sunlight from above 

but none from the sides. Suppressed trees are well below the canopy and receive 

no direct sunlight from above or the sides (Smith 1986). Additional remarks will 

be made depending on the factors that may be important to the tree’s vigor such as 

incidence of root disease, broken tops etc. Increment cores for trees greater than 

10 cm DBH or disks cut out o f the tree for trees less than 10 cm DBH will be taken 

from each live tree within the plot. These will be analyzed to determine how much 

an influence a canopy trees death effects in the understory (see below).

4.1.3.2 Dead Trees:

In addition to the location of the dead tree several more attributes will be 

recorded. First, an estimate of diameter will be taken. Secondly, decay 

characteristics will be taken (Table 3) as well as the supposed cause of death and 

whether the tree is standing or has fallen. The decay characteristics will be used 

to estimate the approximate date o f death for each dead tree in the plot using a 

Time Since Death Model (see Time Since Death Model section).



The data colleeted from the 12 plots in the Pilot Study will be used to 

develop preliminary results that will estimate the spatiotemporal aspects o f gap 

dynamics (size, and frequency). These estimates will be used to modify the 

sampling conventions discussed in the methodology proposed for the remainder of 

the project.

4.1.4.1 Gap Size and Disturbance Frequency.

Figure 7 shows the location of dead canopy trees, represented by dark 

circles, colleeted in one of the Pilot Study’s fixed radius plots. The difference in 

size of the circles represents the approximate time of death for each tree derived 

from a preliminary form of the Time Since Death Model. The largest points 

represent trees which died in the 1950’s and 1960’s and the smaller points 

represent trees which died in the 1980’s and 1990’s. A simple estimate of gap size 

can then be made by determining the combined area of all gap making events by 

drawing a polygon around the outside edge of the circles and converting the area in 

the polygon to square meters or the percentage of the plot converted into a gap.



Understory trees can also be used to corroborate the spatial and temporal 

estimates o f gap dynamics. Using tree ring analysis, explained in detail below, 

sustained periods of significant increases in annual tree ring width (release) can be 

used to show when neighboring canopy trees died (Frelich and Reich 1995). 

Figure 8 shows the location of understory trees which were released in the same 

fixed radius plot as in Figure 7. The large points represent trees that were released 

in the 1950’s and 1960’s and the smaller points represent trees which were 

released in the 1980’s and 1990’s. While it is not clear at this time whether there 

is spatial dependence of release due to canopy mortality, it is clear there is a 

temporal relationship.

These two lines o f evidence will show the size of the gaps created in the 

canopy and the frequency that these gap making events occur. This information 

will be used to modify the sampling regime for both sampling schemes proposed 

for the remainder o f the project (i.e., size of plots, spacing, sample size and data 

collection needs). These sample schemes are referred to as: 1) Spatially 

Referenced Grids (SRGs) and, 2) Fixed Radius Plots (FRPs). The following 

section describes the approach that this research proposal intends to follow. Note 

that some of the details o f this approach may change due to the results o f the Pilot 

Study.



4.2 General Approach Proposed Following Analysis o f Pilot Study Data

We will use SRG data, eombined with additional information eolleeted 

from FRPs to answer research questions one and two. The SRGs are required to 

ensure sufficient area is covered to determine spatiotemporal stand development 

patterns (Frelieh and Reieh 1995). The FRPs are required to clarify the inherently 

variable effects of stand structure, I. tomentosus and partial cutting on 

spatiotemporal stand dynamics.

4.2.1 Spatially Referenced Grids:

The SRGs will be used to answer research questions ( la  - le) in un-cut root 

rot infected and uninfected stands: la) gap size, lb) frequency of canopy 

disturbance, Ic) age structure, and Id) patterns o f canopy disturbance.
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Figure 7 Stem map of one of the Pilot Study PloFs. LSl'gei' tirclesrepresent trees that died in the 
1950’s and 1960’s. Smaller circles represent trees that died in the 1980’s and 1990’s.



Figure 8 Stem map showing the location of sapling trees that released due to canopy mortality. 
Large circles represent trees that released in the 1950’s and 1960’s and the smaller circles represent 
trees that released in the 1980’s and 1990’s.



SRG sites will be at least 141 years old (as determined by forest eover 

maps). Three sites will be selected due to the preponderance of I. tomentosus and 

three sites will be selected due to the lack of /. tomentosus.

4.2.1.2 Sample Design:

Within each of the selected sites, one 70 x 70 (0.49 hectares) meter plot will 

be established (Fig 9). Within each plot a 7 x 7 meter equilateral grid will be 

established. At the center o f each grid point an increment core of the nearest 

canopy tree will be taken and analyzed using Windendro® (Windendro Ver 6.1, 

Regent Instruments, Quebec City, Quebec). Canopy trees will be defined as any 

tree that makes up a portion of the canopy, where the canopy is undulating due to 

gap forming processes (see section 4.1.3.1). Thus a canopy tree need not be a tall 

tree. Distance and bearing from the tree to the grid point will be taken and the 

species, diameter and crown class will also be taken (dominant, codominant etc.,). 

In a study by Frelich and Reich (1995), two 0.5 hectare plots were used to examine 

similar gap dynamic processes.
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Figure 8 Equilateral grid layout for SRG portion of research project. Tentative dimentions are 70 
X 70 meters, with seven meter spacing between each column and row. X represents the location of 
grid points where the nearest canopy tree will be sampled. The ideal inter-tree distance then would 
be 9.90 meters.

4.2.2 Methods fo r Determining Disturbance Frequency Using Canopy Accession 
in SRGs (Research Question lb)

4.2.2.1 Rationale

We will determine the disturbance frequency using the data collected from 

the SRGs. The size o f the grid will vary according to the results o f the Pilot Study 

but it is necessary to obtain approximately 100 sample increment cores at each site



in order to develop a statistically significant disturbance chronology. By assuming 

that tree release coincides with a canopy disturbance, canopy turnover rates can be 

determined (Frelich and Reich 1995). The number of canopy turnover events that 

occur over time (which will be limited by the number o f rings in the oldest tree) 

will be interpreted as the frequency of disturbances for the sample area. Each of 

the six sites selected for the SRGs will have its own estimate of disturbance 

frequency. These data can then be compared for I. tomentosus created gaps with 

other disturbance agents.

4.2.2.2 Sampling and Data Processing

In order to determine disturbance frequency using canopy accession, the 

following methods will be used. The stem of the nearest canopy tree to the grid 

point will be cored at 1.0 m height to avoid problems in missing annual growth 

patterns due to rotten tree bases and lack of growth response to a canopy mortality 

due to brush competition (Frelich and Graumlich 1994; Frelich and Reich 1995). 

This compromise of not getting a complete growth history for the tree is necessary 

in order to maintain: 1) consistency by keeping the sampling of cores at the same 

height, 2) efficiency by avoiding multiple attempts at obtaining complete cores 

from rotten trees, and 3) resolution by detecting as many gap making events as 

possible. Errors in reading gap making events made by not getting complete



growth history as a result of coring height are inherent (Frelich and Reich 1995). 

However, errors will be minimized because trees which germinated in gaps would 

reach 1.0 meters in height very quickly (Lorimer and Frelich 1988). Similarly, 

trees whieh were released from suppression after germination, will have even 

fewer missing rings (Lorimer and Frelieh 1988). Increment cores will be stored in 

plastic straws, dried, mounted on holders and sanded. We will read the 

ineremental growth data off the samples with a digital scanner and the 

Windendro® tree-ring software package (Windendro Ver. 6.1, Regent 

Instruments, Quebec City, Quebec).

4.2.2.3 Data Analysis

Determination of disturbance chronology and canopy accession will be 

based on the following indieators of tree release, obtained from the inerement 

cores (Frelich and Reich 1995). These criteria derived from Lorimer and Frelich 

(1988, 1989) will be used as a guide with actual release criteria for this study being 

determined by our own analysis o f tree response to canopy mortality:

1) Release from suppression indicated by a 100% increase in radial growth 

for a period of at least 15 years relative to the previous 15 years. This



will indicate that the tree originated in the understory and was released 

by canopy mortality (Lorimer and Frelich 1988, 1989).

2) Rapid growth in early years, indicating the tree originated in a gap and 

maintained its position there throughout its life (Lorimer and Frelich 

1988, 1989; Frelich and Reich 1995).

3) A continuously declining radial growth pattern indicating that the tree 

originated in a gap but was over grown by other trees at some point in its 

life (Frelich and Reich 1995).

In some cases a number of the same criteria or a combination of the criteria 

will be detected. This will indicate a series o f gap/understory histories for the tree 

(Frelich and Reich 1995).

4.2.2.4 Results

Gap history will be determined by estimating canopy turnover rates (i.e., 

canopy accession) per decade (Frelich and Graumlich 1994; Frelich and Reich 

1995). Turnover rates will be determined by dividing the number o f canopy trees 

in each decade by the total number of trees in the sample (Frelich and Reich 1995).



The resulting disturbance chronology is therefore based on the proportion of the 

plot currently dominated by cohorts ascending to the canopy in each decade 

(Frelich and Martin 1988; Frelich and Graumlich 1994; Frelich and Reich 1995).

4.2.3 Methods fo r Determining Gap Size Using SRGs (Research Question la)

4.2.3.1 Rationale

Gap size can be determined by using either tree age or tree release dates 

(dramatic increase in annual ring widths) (Frelich and Reich 1995). For example, 

if  a group of trees are o f the same age or were released at the same time, and these 

dates are different from another group of trees near by, then those dates correspond 

to a disturbance in the canopy if there is spatial dependence (Frelich and Reich 

1995).

4.2.3.2 Sampling and Data Processing

By taking an increment core of the nearest canopy tree to the grid point of 

the SRGs, and looking at total age or release of the tree compared to its neighbors, 

gap size can be determined.

4.2.3.3 Data Analysis

We will use spatial autocorrelation to develop Moran’s 1 to statistically test 

for spatial patterns of tree age or release dates. (Ripley 1981; Frelich et al. 1993;



Frelich and Reich 1995). Moran’s I is the two dimensional analogue to the 

standard eorrelation coefficient (Sokal and Rohlf 1995; Frelich et al. 1993; Frelich 

and Reich 1995). This value calculates the strength of the spatial correlation 

coefficient between tree age or tree release for successive distance classes (Frelich 

and Graumlich 1994).

4.2.3.4 Results

A correlation coefficient will be determined for each distance class away 

from the tree o f group of trees with the same age or release date. A correlogram 

will be constructed based on each Moran’s I to determine the size of understory 

gap (Frelich and Reich 1995). High positive values of Moran’s I will indicate that 

tree age or release is strongly inversely correlated with distance (Frelich and Reich 

1995). Values of Moran’s I will gradually decrease as distance increases (Frelich 

and Reich 1995). The point at which Moran’s I is no longer significant can be 

interpreted as the average patch size diameter (Frelich et al. 1993; Frelich and 

Reich 1995).



4.2.4 Methods fo r Determining Age Structure Using SRGs (Research Question Ic)

4.2.4.1 Rationale

Age structure is a useful stand parameter to eonsider in gap dynamic 

studies. A diverse age structure implies that the stand has been impacted by 

repeated disturbanees (Oliver and Larson 1996). This data will supplement the 

results o f the spatiotemporal protion of the research.

4.2.4.2 Sampling and Data Processing

In all the SRGs sampled (i.e. 6), age structure will be developed. Even in 

stands o f extremely variable age structure, 30 samples is adequate to describe the 

overall strueture (L.E. Frelich, personal communication). Therefore, we will age 

the nearest tree (as opposed to the nearest canopy tree) at every 3^^ grid point on 

the equilateral grid (Fig 8). Cores will be stored in plastie straws, dried, mounted 

on holders, sanded and aged using the Windendro® tree ring analysis system 

(Windendro Ver. 6.1, Regent Instruments, Quebee City, Quebec).



Each SRG sampled will have an age class developed. Data will be 

presented and discussed in the context of a frequeney distribution. These data can 

then be used in corroboration with the spatiotemporal results to explain the trends 

in gap dynamics in terms of which cohorts are responding to canopy release.

4.2.5 Methods to Determine Disturbance Patterns Using SRGs (Research Question 

Id)

4.2.5.1 Rationale

Pockets of disturbance will give rise to patches of vegetation that are the 

same age, the same species or both. Disturbances that are randomly distributed 

will cause a random pattern of species patches or patches of age classes distributed 

across the landscape (Frelich et al. 1993).

4.2.5.2 Sampling and Data Processing

The data for spatial patterns will be based on the SRG plots. The closes tree 

to the center o f the grid point will be located and species identifieation and 

inerement core will be taken. Increment cores will be treated as in section 4.2.2.2.



Formation of these discrete patches of species whether in clumps or in random 

pockets can be determined using spatial autocorrelation (Frelich et al. 1993). 

Large scale patchiness will be based on canopy trees at 19.80m (n=50) (2 times 

ideal inter-tree spacing) distance classes. Fine scale patchiness will be based on 

canopy trees in 9.9m (n=100) (ideal inter-tree spacing) distance classes (Frelich et 

al. 1993). For each patch resolution, a correlogram will be constructed which will 

show whether canopy patches are randomly distributed or clustered in some way 

and at what spatial resolution (Frelich et al. 1993). This correlogram will be 

based on the Standard Normal Deviate which is the parameter used to test spatial 

dependence for categorical data (Frelich 1993).

4.3 Fixed Radius Plots: In conjunction with the SRGs the Fixed Radius Plots will 

be used to determine what the patterns of understory release are present in 

response to canopy mortality; how /. tomentosus affects gap size and the 

composition of gap fillers in un-cut and partial-cut wet SBS forests; and what 

factors affect the spread rate of I. tomentosus gaps and how these factors differ 

between un-cut and partial-cut wet SBS forests. Some of the details regarding the 

methods for this section may change following analysis o f the Pilot Study Plots.



4.3.1 Site Selection

A preliminary site selection study to locate stands within the Aleza Lake 

Research Forest that are currently being impacted by /. tomentosus has already 

been done. Approximately 30 stands are selected that display some degree o f I. 

tomentosus infection. These sites are fiirther stratified into areas which are old- 

growth and areas that have been partially cut. Each stratified sample unit (Figure 

10): 1) Un-cut - Uninfected, 2) Un-cut - Infected, 3) Cut - Infected, 4) Cut - 

Uninfected, will have 45 FRPs (10.00 meter radius) established. Plots will be 

located every 100 meters along transects also spaced 100 meters apart.

4.3.2 Sample Design

In order to determine release patterns and the spread of gaps over time, the 

FRPs must be centered over the oldest (or latest discernible) infection center or, 

the oldest non-root rot gap center. However, since accurate diagnosis of I. 

tomentosus becomes difficult with time since death (K.J. Lewis, UNBC Forestry 

Program, Prince George, British Columbia, personal communication), the gap 

origin must be restricted to between 1940-1950. This restriction will be imposed 

on all gaps to keep the base line comparison date uniform (M. Walters, personal 

communication).



TREATMENT PARTIAL CUT UN-CUT
INFECTION

TYPE
INFECTED 

[1] 
n = 45

NOT 
INFECTED 

[2] 
n = 45

INFECTED 
[3] 

n = 45

NOT 
INFECTED 

[4] 
n = 45

Figure 10 Sampling regime for Fixed Radius Plots. N = 45 in all treatment /  infection types for a 
total of 180 sample plots in all. Note that this sample size may change due to the results o f the Pilot 
Study.

Within each of FRPs, tree tallies by species and diameter class (1-2 cm; 2-5 

cm; 5-10 cm; 5-lOcm; 10-15cm, etc.) will be recorded. The position of dead and 

root rot infected trees will be recorded in relation to the plot center. Understory 

trees from plot eenter to the edge of the plot perimeter in all directions will also be 

spatially loeated and either disks (i.e., small basal wedges) or increment cores will 

be colleeted from each understory tree. Distanee to live spruee will also be 

recorded. Finally, the presence of adjacent gaps that may be influencing dynamics 

in the sample gap will be recorded, as well as large eanopy trees that may also be 

influencing gap dynamics.

4.3.3 Methods fo r Determining Time Since Death

There is no known method for determining when a tree became infected by 

root disease. This is important information for determining spread rates.

However, knowledge of when a tree died together with tree size and position in the



canopy can be used as a surrogate for time sinee infection. This will enable us to 

project the spread rates o f the infection and the spread rates o f other disturbances.

Much o f the data collection for this model has already been taken. Data on 

basic indicators o f tree decay derived from (Henry and Swan 1974) such as 

position o f the tree, diameter, density, depth o f decay, condition o f secondary 

branches, condition o f fine branches and needles and condition o f bark were taken 

from 300 trees which had known dates o f death. The death information was taken 

from Permanent Sample Plot data at the Aleza Lake Research Forest (British 

Columbia Ministry o f Forests, Prince George). Figure 11 is a data representation 

for one o f the decay indicators, condition of secondary branches, used to predict 

the years since death o f trees. In this case the branches that were fully intact 

correspond to a time since death o f 10 years. By combining these predictive 

decay characteristics with known dates o f death a regression model will be used to 

approximate when a tree died. 1= intact
2= paftially intact 
3= stubs 
4 = missing
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Figure 11 Data representation for one of the indicators, condition o f secondary branches proposed to 
develop a time since death model. Condition of secondary branches is used to estimate how long a 
tree has been dead in 10 year age classes. Error bars show the standard deviation.



Table 3 Field cards developed for the collection of tree attributes used to develop the time since 
death model

FINE BRANCHES

AM iN EED l£S

COMMENTS

4.3.4 Methods fo r  Determining Disturbance Mechanisms Effect on Gap Fillers 
Using FRPs (Research Question le)

4.3.4.1 Rationale

If  1. tomentosus is affecting gap filler composition, there should be a 

difference in the proportion of spruce in root rot gaps compared to some other gap 

creation mechanism (K.J. Lewis, LINBC Forestry Program, Prince George British 

Columbia, personal communication). Presumably this relationship will be distance 

dependent (Lewis and Hansen 1992) in that more spruce will be present at greater 

distances from the root rot center. Similarly, I. tomentosus may affect stand 

composition by reducing the number of spruce in either gaps or canopy positions.



Figure 12 illustrates the stratification system that will be used to determine 

the effects o f partial cutting, gap creation mechanism, and stand composition on 

gap dynamics.

The first level of stratification is the un-cut and partial cut distinction. 

Secondly the gap ereation mechanism will be determined. Stand eomposition 

based on percent basal area oeeupied by spruce is the last level o f stratification 

used. Under this hierarchy, differences in gap filler composition will be 

determined. We will then test these data using ANOVA to determine if gap filler 

composition varies in un-cut or partial cut stands (Sokal and Rohlf 1995) with 

different gap meehanisms and stand eompositions.

4.3.5 Methods fo r Determining the Effect o f  Stand Composition and Partial 
Cutting on Gap Dynamics (Research Question 2)

4.3.5.1 Rationale

Understory release data is a widely utilized method of determining gap 

dynamics (Frelich et al. 1993; Frelich and Graumlich 1994; Frelich and Reich 

1995). Using a combination of distance from gap center and species specific



criteria for release, the effect of a canopy death on understory trees can be 

determined (Frelich et al. 1993; Frelich and Graumlich 1994; Frelich and Reich 

1995). The distance from canopy gaps at which release becomes indistinguishable 

or insignificant can be interpreted as the former canopy tree’s effect on the 

understory environment (Frelich et al. 1993; Frelich and Graumlich 1994; Frelich 

and Reich 1995).

4.3.5.2 Data Analysis and Results

Release criterion are arbitrary, climatic effects on growth may be influential 

and density dependent mortality may all be responsible for some of the perceived 

release. Conversely, site limitations not caused by inter-species competition or 

pathological agents may prevent trees from showing signs of release following 

canopy mortality. Therefore, dead canopy trees will be spatially referenced to give 

some indication to the size of their potential influence on the understory (M. 

Walters, UNBC Forestry Program, Prince George, British Columbia, personal 

communication). Furthermore, the time since death model will be used to cross- 

reference release dates. These two lines of evidence will be used as corroborating 

evidence for gap size and spread rates to compare these patterns for un-cut and 

partial cut stands o f varying stand composition. The same stratification hierarchy 

(Fig 12) will be used for this question as in Research Question le). At the same



time the aceuraey of the time sinee death model can also be cross-refereneed with 

the release data.

ftODOttelO) E..

Figure 12 Proposed stratification hierarchy used for analyses to detect differences in gap size, and 
gap filler composition as a result of I. tomentosus in un-cut and partial cut set SBS forests.

4.4 Summary of Research Question and Sample Methods

Table 4 (below) is a conceptual framework presented to highlight the 

approach of this research proposal. Research questions are restated for 

convenience. The important stand characteristic which must be assessed to answer 

the research question is provided to justify the sampling approach. The data 

source and sample method are provided to illustrate where the data is coming from 

and how it will be collected.



Table 4 Conceptual framework addressing the questions raised and methods used to answer them in 
the proposed research project.

Research Question
la )  In un-cut root rot 
infected and un-infected  
forests, what is the: mean 
gap size;

Stand
Characteristic
Gap size

Data
Source
SRG

Sample Method
Spatial autocorrelation conducted on 
canopy trees. The point where tree 
ages becom e insignificantly spatially  
correlated is estimate o f  gap size.

lb )  frequency o f  canopy  
disturbance;

Canopy turn
over rates

SRG The number o f  canopy trees, indicated 
by release criteria, divided by the total 
number o f  trees in the sample.

Ic) age structure; Tree age SRG Nearest tree to every third grid point 
taken sim ultaneously w ith canopy tree 
cores.

Id) pattern o f  canopy  
disturbance;

Spatial
arrangement o f  
species
com position for 
canopy trees.

SRG Spatial autocorrelation conducted to 
determine i f  gap distribution is 
random versus clustered.

le )  In cut and un-cut root 
rot infected and un
infected forests, what is 
the com position o f  gap 
fillers.

Understory and 
gap filler 
species.

FRP Comparison o f  com position o f  gap 
filling species in I. tomentosus created 
gaps to otherwise created gaps.

2) What is the effect o f  
stand com position and 
partial cutting on 
spatiotemporal gap 
dynam ics in root rot 
infected and un-infected  
forests.

Gap size and 
spread rates.

FRP B y assessing “release” date and 
location o f  understory trees and 
corroborating data with tim e since 
death estimated from rot 
characteristics and mapped dead 
canopy trees. Stand com position  
(basal area and total density) related 
to gap size and spread rates



Ecologists have studied gap dynamics or spatial patchiness in many forest 

types throughout the world (Frelich and Reich 1995). The SBS has been generally 

neglected along this theme so, this thesis will specifically examine these trends. 

The information will be useful to forester attempting to model silviculture systems 

after natural disturbances, and planners who need to know more detail regarding 

disturbance fi-equencies. This study will give basic information regarding 

disturbance fi-equency, size, canopy accession and turnover rates, species transition 

probabilities and age structure of wet SBS forests. This thesis specifically 

examines the role o f I. tomentosus as a factor causing small scale disturbances. 

Also, it considers the implications of partial cut silviculture systems on both stand 

dynamics and I. tomentosus. Ultimately it is hoped that this information will lead 

to more sustainable forest practices by developing recommendations for 

silviculture systems in wet SGS forests - with and without the presence of root rot.
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