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Glossary 

 

STABILITY 

An idea or collection of concepts about an ecosystem's response to stress by integrating a combination 
of functions that represent matter and information. 

 

STABILITY CONCEPTS* 

1. Resilience 

 Returning to the reference state (or dynamic) after a temporary disturbance 
 

2. Persistence 

 Persistence through time of an ecological system 
 

3. Resistance 

 Staying essentially unchanged despite the presence of disturbances 
 

 

 

 

 

 

 

 

 

 

 

 

*Grimm and Wissel 1997 

 



Introduction 

Stability 

In 1973, Holling defined resilience as 'a measure of the persistence of systems and of their ability to absorb change 
and disturbance and still maintain the same relationships between populations or state variables'. This definition 
was followed in 1986 with further distinction by asserting that an ecosystem’s capacity for stability is attributed to 
its ability to resist or recover from disturbance (Holling 1986). Since then, the scope of literature in the domain of 
ecosystem resilience has flourished with more than 160 definitions available by 1997 (Grimm and Wissel 1997). 
Exceeded thresholds are not always immediately apparent and therefore, care must be taken in measuring 
ecosystem sensitivity and/or defining stability while considering the response of ecosystem properties in the 
context of (i) long term conditions such as directional change in environment (Starfield and Chapin III 1996); (ii) 
sudden 'triggers' (Briske et al. 2006); and (iii) time scales relevant to the processes under study (Chapin III et al. 
2002).  

If by measuring forest stability we adopt threshold theory, including reversibility (Grace and Pugesek 1997; Briske 
et al. 2006), both physiological (within species) and evolutionary (between species) adaptation become central 
(Larsen 1995; Whitham et al. 2006). While we have made long strides in defining, redefining and classifying the 
terms, we are yet faced with the challenge of identifying threshold limits (Zak et al. 1997) prior to an ecosystem’s 
shift to an alternate state, and there is difficulty in determining the controlling variables and processes acting upon 
ecosystem thresholds (Swift 2008). I aspire to respond to the call of British Columbia’s Chief Forester to establish 
an adaptive management framework towards maintaining stable forest ecosystems (Snetsinger et al. 2006).  Once 
threshold limits and ecosystem functions are understood, we may seek an approach that takes into account the 
influence of processes at one spatial and/or temporal scale that can influence process at another scale (Holling 
1996). Moreover, we must recognize the current limitations of our efforts, as aptly stated by Grimm and Wissel 
(1997), 'The widespread practice in ecology of transferring stability statements from a special ecological situation 
to the whole system is psychologically understandable, but scientifically wrong.' 

I aim to predict three ecosystem properties (vegetation indicators) in relation to six ecosystem characteristics 
(Figure 1). There have been several approaches based on matter and information used to describe stability; (i) the 
3-dimensional plane depicting two continuums (from low to high resistance or resilience) where the system state is 
represented by either a large ball (high resistance) or a small ball (low resistance) as suggested by Larsen (1995); 
(ii) a combination of resilience (width of the hollow) and stability (height of the hollow) (Gunderson 2000; 
Hamilton and Haeussler 2008); or (iii) a combination of the probability of change versus system recovery, 
response, and resilience (Chapin III 2002). In the current study, I would like to identify the functions that marry 
information with matter and drive ecosystem stability. By implementing multivariate techniques to model 
understory vegetation 20 years after clear-cutting and slashburning in central British Columbia, I wish to begin to 
untangle the hierarchy of importance of stability properties, their interdependencies, and how they play out over 
time and space. 

Figure 1. Stability can be 
described as matter and 
information (Larsen 1995) 
while ideas of stability can 
be measured with 
properties dependent on 
ecological characteristics 
(Grimm and Wissel 1997). 



Fire in our future forests 

Fire regimes (i.e., fire size, severity, frequency, intensity, and shape properties) are expected to shift considerably 
in the future with climate change (IPCC 2007).  A general trend of increasing area burned by wildfires in Canada has 
already been noted (Van Wagner 1988; Stocks et al. 2003; Gillett et al. 2004).  Although more difficult to quantify, 
fire severity is also expected to increase with climate change in North America (IPCC 2007).  This will be caused at 
least partially by changes in species composition (Collins et al. 2007). Fire frequency is not expected to be 
homogeneous across the regions of circumboreal forest (Flannigan et al. 1998) and recently it has been found that 
insect outbreaks can have a greater impact than fire in some ecoregions (Parish et al. 1999; Burton et al. 2005; 
Kurz et al. 2008). 

Fire size, shape, and edge properties can influence the nature of vegetation islands within the landscape following 
fire, including the size, arrangement, and age structure of remnant vegetation patches (Turner and Romme 1994). 
The percentage of disturbed area within the fire perimeter has been found to decrease with increasing fire size in 
the Boreal forest region of Alberta (Eberhart and Woodard 1987). These remnant vegetation patches may hold 
habitat characteristics that are unique within the landscape. One example is the increased structural complexity of 
burned areas provided by remnant islands of uneven-aged lodgepole pine (Pinus contorta Dougl. ex. Loud.) 
(DeLong and Kessler 2000) and Douglas-fir (Pseudotsuga menziesii [Mirbel] Franco) (Franklin et al. 2002). Although 
fire regimes have been found to shift over periods of centuries or millennia (Hallett et al. 2003), current rapid 
change in climate has been accepted largely as an effect of anthropogenic activities (IPCC 2007; Spittlehouse 2008) 
and evidence suggests that increasing temperatures will continue to accelerate wildfire frequency (Gillett et al. 
2004). 

Northern forest ecosystems are relatively stable (Stark et al. 2006; Aubin et al. 2007; Hamilton and Haeussler 
2008), at least currently, but changing environmental conditions along with forest management practices may 
reduce an ecosystem’s future ability to absorb stress and recover to the same stability domain. This may provoke a 
threshold trajectory, where negative feedback functions become positive feedback functions, moving the 
ecosystem as a whole towards a 'switch' (Petraitis and Latham 1999; Briske et al. 2006) to another state. There is 
evidence to suggest that forest recovery towards pre-fire conditions is unlikely under present-day conditions in 
some areas and there is a threat of ecosystem switches occurring in forest ecosystems via loss of abiotic and biotic 
processes. For example, a history of low-severity surface fire exclusion during the past century may shift 
Ponderosa Pine (Pinus ponderosa Dougl. ex. P. & C. Laws.) forest of the southwest towards a non-forested grass or 
shrub community (Savage and Nystrom Mast 2005); and increased winter precipitation and resulting floods since 
fire have reduced conifer density and establishment of Quebec’s boreal floodplain (Bouchon and Arsenault 2004). 
It is now of concern, regardless of fire, that increasing global temperatures alone may conceivably extirpate 
species with pre-adapted alleles from cooler climates (Aitken et al. 2008) and attention is being paid to 
mechanisms underlying species persistence, including dispersal (Clark et al. 2003; Higgins et al. 2003) and genetic 
diversity (Petit et al. 2003, 2004; Hamrick 2004).  Nevertheless, recent research has shown that fire disturbance 
has had a much larger effect than species migrations on plant community shifts over the past century in northern 
ecosystems (Lantz 2008). 

Soils 

Fire, plants and soils 

Severity and type of disturbance will likely favour species differentially, but will not necessarily degrade forest 
soils, even in nutrient poor ecosystems (Haeussler and Kneeshaw 2003; Kranabetter et al. 2006). For example 
species with larger seeds have higher chances of their seed surviving fire (Escudero et al. 2000), which is one factor 
explaining non-linear relationships between establishment of seed-origin plants and burn severity (Stark et al. 



2006). Seed germination requirements also vary; for example, a germination experiment has found that 
nitrogenous compounds and/or charred wood promotes seed germination of two particular fire annuals and one 
fire-adapted shrub (Thanos and Rundel 1995). Pre-burn harvest methods alone have been found to impact species 
differently; the breadth of response may vary by species along gradients of disturbance, and the relative 
differences between species responses change over time (Kranabetter et al. 2006). It has been found that species-
poor communities on mesic soils can be readily invaded by exotic species following burning, indicating a 
relationship between diversity and invasion along productivity gradients that is mediated by both the fire regime 
and the sensitivity of the existing plant community to disturbance (MacDougall 2005). On the other hand, 
MacDougall (2005) found that in the absence of fire, no relationship between richness and seed invasion exists. 
These findings highlight the complexity of the relationship between plants and soils as they are affected by fire, 
however, there still remains a shortage of long term monitoring of seedling establishment and plant life spans in 
areas of relatively infrequent fire (Bradstock and Kenny 2003). 

Soil N and C 

Plant diversity has been found to control microbial nitrogen mineralization (Zak 2003), and consequently, we can 
expect an increase in available soil nitrogen and a decrease in C:N ratio along productivity gradients, as found in 
the soils of southern boreal forests of British Columbia (Kranabetter et al. 2007). Because of the large legacy of 
nitrogen stored in soils, however, total N has been found to not change significantly over time since fire in a very 
wet, cool Sub-Boreal spruce forest of central interior British Columbia (Driscoll et al. 1999). On the other hand, tree 
species can influence net nitrification both spatially and temporally (Aubert et al. 2005) A recent study has shown 
that, within 20 years after burning, lodgepole pine (Pinus contorta var. latifolia) plantations in north central British 
Columbia are a net carbon sink via biomass accumulation, even though total C was still lower than pre-harvest 
levels (Kranabetter and Macadam 2007). 
 

Plant functional types (PFT) 

A classification of understory plant functional types (PFT) may be a better primary predictor of site productivity 
following disturbance than the taxonomic classification of plants alone.because they represent the processes of 
ecosystem stability. Grouping species into plant functional types (PFT) can reduce large datasets to a few key 
individual or groups of species that represent particular spheres of function, indicate ecosystem stability, or 
identify traits that prevent transition to an alternate stability domain. Where these groups respond to physical 
environment gradients that are subject to sudden disturbance and/or chronic stress, they may be useful in 
characterizing stability. 

Responses of PFTs or the composite species are nonlinear over various spatial or temporal scales. For example, 
Hamilton and Haeussler (2008) found that fire severity was important in determining the percent similarity 
between preburn and postburn species composition within five years of disturbance, but by year 10, disturbance 
frequency was the dominant controlling factor. After 20 years, it is possible that a completely different factor is 
important in determining species composition. In a Brazilian woodland, Batalha and Martins (2004) found that 
vegetation indicators (i.e., abundance of each life-form) were more suitable than floristic measures in smaller scale 
studies, while floristic measures (i.e., where each species was assigned to a single life-form class) were more 
suitable in larger scale studies. They found that frequency was not a useful indicator. 

Plant functional types have been used to evaluate ecological response to disturbance in several studies.   Chapin et 
al. (1996) identified 10 emergent groups of vascular and non-vascular plants for tundra ecosystems on the south 
slope of the Brooks Range in Alaska: sedges, forbs, deciduous shrubs, grasses, evergreen shrubs, non-vascular 
plants (mosses and lichens as sub-groups), deciduous trees and evergreen trees. Kleyer (1999) found that 17 of the 
30 PFT groups of an agricultural landscape in southwestern Germany significantly responded to gradients of 



resource supply and disturbance intensity. Aubin et al. (2007) found that 9 of the 13 emergent groups identified in 
sugar maple (Acer saccharum) dominated stands in Quebec varied with type of human disturbance. Overall, they 
found there was generally an increase in wind-dispersed exotics and an increase in seedling density with 
disturbance, but a decrease in spring geophytes and certain shade tolerant herbs. However, these measures of 
sensitivity are meaningful only in relation to the areas in which the composite species have adapted, upon which 
rests speculation of ecosystem response to future management and environmental change. 

Principal components analysis (PCA) has been used to indentify PFT groups based on certain traits.  Using PCA on 
37 species, Chapin et al. (1996) found that the first principle component related most strongly to resource 
acquisition and relative growth rate (RGR) measurements (e.g., leaf N-concentrations, photosynthetic rates, leaf 
shape, palatability to herbivores, and resprouting capabilities after fire). The second principle component axis was 
related to woodiness (e.g., ratio of production: biomass, mycorrhizal rooting, phosphate uptake distribution) and 
the third axis was related to seed strategy (e.g., seed dispersal and seed dormancy; these two factors were 
strongly negatively associated with each other, indicating a trade-off in seed strategy between reach through 
space and endurance over time). Aubin et al. (2007) found that that their first axis (29% of the variance) 
represented flowering phenology, life cycle, provenance, seed characteristics, and plant form classes, and the 
second axis (19% of the variance) represented principal means of reproduction, seed dispersal, pollination vector, 
plant form classes, and leaf persistence. Measuring how the distribution and abundance of PFT change across 
physical environmental gradients, including changes in intensity and frequency of disturbance, may assist in 
detecting the underlying ecological processes driving ecosystem stability and adaptation. 

Structural equation model (SEM) 

Structural equation models can be used to model multiple plant responses to disturbance and environmental 
gradients. They are confirmatory models best suited to multivariate datasets involving complex systems that 
require a form of simultaneous analysis and for which prior knowledge and hypotheses have been established. 
Structural equation models provide reliable estimates of relationships between variables. This includes the 
direction and strength of correlations, and may indicate possible indirect effects (i.e., processes) through mediating 
variables (Tabachnick and Fidell 2007). Mediating variables are both predictors of one or more dependent 
variables, and are predicted by one or more independent variables. SEM models test all relationships completely 
and at once, while simultaneously removing measurement error estimated explicitly in the analysis. A Chi-square 
test statistic is used to test the difference between the sample covariance and the estimated population 
covariance matrices while model parameterization allows assessment of competing theories (Tabachnick and Fidell 
2007). 

Grace and Pugesek (1997) developed a SEM to model plant species richness in a coastal wetland. They found that 
abiotic conditions (an aggregate latent variable including salinity, flooding, and infertility) and disturbance were 
correlated; both factors were controlling species richness when mediated by biomass and light; and abiotic 
conditions were directly influencing richness but not light. Their final model (root mean square error = 0.027; 
goodness of fit index = 0.98; correlations between the constructs and indicators were very high, ranging between 
0.86 and 1) accounted for 42% of the variation in species richness.  

Time and space are likely the primary variables driving measures of ecosystem function. Time and space are the 
bonds between matter and information and likely central to species function. Chapin et al. (1996) provides an 
example of this with the seed strategy principal component, representing a trade-off between reach through space 
and endurance over time. The complexity of these factors explains why one or both are often absent from models; 
their complexity can obliterate the model or our ability to interpret the results. 



There is currently no evidence to confirm that resistance and resilience are functionally linked (Larsen 1995; Grace 
and Pugesek 1997). A less complex system may exhibit low resistance; however, it may be able to return to its 
former state more easily than a highly complex system. For example, lodgepole pine forests (which are relatively 
simple forests) burn frequently but regenerate quickly back to lodgepole pine; by contrast, high elevation 
Engelmann spruce - subalpine fir forests (which are relatively complex) burn infrequently, but also regenerate 
relatively slowly. On the other hand, it is reasonable to suggest that species functional type or diversity influences 
the resilience, persistence and resistance of a plant community to fire via adaptations to wildfire. 

Ecosystem response to fire disturbance can change over time, and with changes in the fire regime itself.  For 
example, fire exclusion in ponderosa pine - Douglas-fir forests of western Montana reduced the relative cover and 
composition of N-fixing plant species (Newland and DeLuca 2000) but the increased fire frequency may over time 
change the stand structure and produce greater N-fixing species, thereby increasing system complexity. Greater 
fire disturbance may drive further adaptation to fire, such as thick bark, rapid seedling growth, longevity, resinous 
needles, and flammable litter (Agee 1998), which can promote greater fire frequency (thereby decreasing fuel load 
and fire severity). However, environmental alteration by proactive management, including fire exclusion, and 
human-induced warming, has created new and remarkable fire ecology in temperate forests (Gillett et al. 2003; 
Stark et al. 2006).  

Objectives 

The overall goal of my study is to define the response of vegetation communities and functions to clearcutting and 
slashburning in the SBS, ESSF and ICH forest ecosystems of central B.C. Quantifying the response of vegetation 
indicators of biodiversity to gradients of disturbance and environment will provide a basis for predictions of 
ecological thresholds. In an operational sense, it will help enhance the development of decision support tools that 
predict stand development and responses of ecosystems to forest management. 

Defining stability properties (Hypothesis 1) 

My first hypothesis is that, within 20 years after clear-cut logging and burning, plant community response in SBS, 
ESSF and ICH zones is characterized as follows: resistance is controlled primarily by local adaptation to wildfire 
(FRI) and space; resilience is controlled by fire severity and climate; and persistence is controlled by site 
characteristics and time. 

A similar hypothesis was originally posed and addressed by Hamilton and Haeussler (2008), where they 
hypothesized that high resource availability and long FRI enhances stability whereas high resource availability and 
short FRI results in resilience. I will test my hypothesis based on the 20-year post-disturbance vegetation responses 
at 8 of the 12 SBS, ESSF and ICH sites originally studied by Hamilton and Haeussler (2008) and I will also describe 
20-year ecosystem response in terms of the three original vegetation indicators (volume, composition and 
diversity) with linear and nonlinear mixed models. 
 

Constructing plant functional types (Hypothesis 2) 

My second hypothesis is that PFT groupings based on plant physical, growth and reproductive characteristics will 
explain a greater percentage of variance in vegetation response to clear cutting and slash burning than taxonomic 
relations. 

As a data reduction method, I will assign species at the 8 study sites to PFT classes based on life history traits 
important to ecosystem stability after disturbance.  This process may help me identify individuals or produce 



groups of species that indicate ecosystem resilience, persistence and resistance in the directionally-changing 
environment.  Species found in the study area will be grouped into approximately 13 clusters based on the 
following traits: Raunkiaer plant life-form class (1934), light requirement index, reproduction mode and duration. 
Regression analysis of the PFT volume along gradients of resource availability and/or environmental stress may 
help to identify which members of functional groups are successful and why. 
 

The structural equation model (Hypothesis 3) 

The SEM hypothesis consists of a path diagram that illustrates hypothesized relationships between the constructs, 
including directionality (Figure 2). 

 

Figure 2. The initial structural equation model. Latent variables (constructs, factors) are represented by ellipses 
and indicators (observed variables) are represented by rectangles. Independent variables with variances to be 
determined are shaded (i.e. no error estimate) and dependent variables have arrows pointing to them. 

In the path diagram (Figure 2), variables that are measured (i.e. indicators) are represented by squares or 
rectangles, and those variables that cannot be measured but which are represented by measurable variables (i.e. 
constructs) are represented by ellipses. Arrows point to dependent variables and away from independent 
variables. An arrow that points in both directions indicates a relationship but not its directionality or strength. In 
the model hypothesis, regression coefficients and covariances to be estimated are indicated with an asterisk and 
the residuals of the independent variables (1) not predicting the observed variables are called Es (errors); and (2) 
not predicting the latent variables are called Ds (disturbances). Independent variables with variances yet to be 
estimated are shaded. 



The model represented in Figure 2 measures the relationship (strength and direction) between environmental 
predictor variables (time, location, climate, site productivity, fire severity, and fire frequency) and ecosystem 
response indicators (vegetation volume, composition and diversity). The two independent predictor variables, time 
and space, are correlated either directly or indirectly with every other latent predictor and response variable with 
a maximum of only one mediating variable. An example of a mediating variable would be fire frequency mediating 
the influence of climate on vegetation resistance. Of the response variables measured 20 years after disturbance, 
correlations are hypothesized.  For example, I show that resistance and persistence influence each other and both 
influence resilience. Generally, the model hypothesizes that resistance is controlled primarily by local adaptation 
to wildfire (FRI) and space; resilience by burn severity and climate; and persistence by site characteristics and time. 
 
The SEM will be designed to interpret and assess indicators of stability monitored in SBS, ESSF, and ICH ecosystems 
20 years since disturbance (clearcut and slash burning). It will also be used to further explore the initial linear and 
nonlinear mixed models of vegetation response 10 years post-disturbance (Hamilton and Haeussler 2008). A meta-
analysis of long term studies monitoring vegetation response to logging and burning in the SBS, ESSF and ICH zones 
will be produced by compiling a master dataset to incorporate into the SEM. With this information we can enhance 
the predictive power of the SEM by adding data with a broader range of site productivity estimates and 
disturbance intensity and regimes, and gain understanding of why differences in ecological stability exist. 

Methods 

Site characteristics 

The study sites for this study (Table 1) are long term (20-yr) research installations established and maintained by 
the MOFR across central and northern British Columbia. The sites are located in Sub-boreal Spruce, Engelmann 
Spruce-Subalpine Fir, and Interior Cedar Hemlock biogeoclimatic zones, between approximately 51°45’N and 
55°06’N and 119°12’W and 123°00’W. All sites were clearcut in winter to help protect the forest floor and 
understory plants during logging.  All sites were slashburned in the fall except for Otter Creek, which was burned in 
both the spring and the fall; therefore, there are seven sites with 8 burn treatments. All treatment plots are 5m x 
5m quadrats, except at Otter Creek, where there are 3m x3m quadrats, and at Walker Creek, where the plots are 
circular and 1m in diameter. There are 3 plots at Brinks Mill, 4 plots at Genevieve Lake and 6 plots at Francis Lake, 
Goat River, and Mackenzie; all superimposed on burn triangles (Trowbridge et al. 1987). Otter Creek has 20 plots in 
the spring burn area and 15 plots in the adjacent fall burn area. Walker Creek has five 60m x 30m blocks with 115 
plots; approximately 23 plots are located at randomly selected nodes within each block. 

Table 1. Description of study sites. 

 

 



The MOFR Research Report (Hamilton 2003) and Technical Reports (Hamilton 2006a, 2006b, 2006c, 2007) describe 
the sampling design, vegetation, monitoring and soils in detail. Soils in the SBS sites (Brinks, Francis, Genevieve, 
Mackenzie) varied but were described in general as morainal with glacial, fluvial, and lacustrine sediments along 
rivers. They included Luvisols, Brunisols, and Podzols, as well as Organics in depressions. Humus layers were 
typically 5-10 cm thick. Soils in the ESSF (Otter Creek) were described as Podzols on morainal till, with forest floor 
4-7 cm thick prior to burn. Soils in the ICH transitional zones were described as Podzols, with clay loam to silty clay 
loam texture and forest floor 4-6 cm thick (Goat River) or silty clay loam texture with forest floor up to 10 cm thick 
(Walker Creek). After timber harvest, interior spruce (Picea glauca × engelmannii) was planted at all the sites. In 
addition to spruce, lodgepole pine (Pinus contorta var. latifolia) was also planted at Brinks Mill, Francis Lake, and 
Genevieve Lake.  Three species were planted at Otter Creek: spruce, pine, and subalpine fir (Abies lasiocarpa). 

Sampling design 

At all study sites, Canadian Forest Fire Weather Index conditions (Van Wagner 1987) were recorded, depth-of-burn 
(DOB) pins were inserted, and forest floor depths and woody fuel loads were measured along fuel assessment 
triangles prior to and immediately after the burn (Trowbridge et al. 1987). DOB pins were established in a grid 
pattern in the vegetation sampling quadrats, where plots were marked with metal rods or wooden stakes, triangle 
points were marked by large angle irons, and block corners were marked with wooden stakes. Ocular estimates of 
percent cover and height of each vascular plant species were made at regular sampling intervals (1, 2, 3, 5, and 10 
yrs post-burn) for each vegetation stratum (conifers, tall shrubs, low shrubs, herbs, mosses). 

For this research study, we will revisit plots (n=160) at 7 of the MOFR research installations in central B.C., where 
we will collect 20-yr post-burn vegetation data and measure site index of spruce using the growth intercept (GI) 
method. For direct measurement of soil productivity, composite mineral soil samples will be collected in each 25 
m2 plot at the 5 study sites with burn triangles. At the other two sites, 2-3 composite samples will be collected per 
transect/block at each site. Soil nutrient status will be determined as total C, total N and C:N ratio. For every soil 
sample, a corresponding overstory foliar sample will also be collected and analyzed for N, C and S concentrations. 
The chemical analysis uses a small amount of finely ground material that is combusted in a tin capsule at a very 
high temperature in a pure oxygen atmosphere. During the combustion process, virtually all compounds 
containing the elements are decomposed. The elements are released as the oxide gases (CO2, NOx, and SO2) which 
are processed to more easily measurable gas mixture and to remove water vapour. The gases are separated, 
measured, and converted back to element concentrations in the original sample (Carter 1993). To quantify 
understory light availability, photosynthetically active radiation (PAR) will be measured by taking hemispherical 
photographs (camera description) at each plot. Photos will be processed with Gap Light Analyser (GLA) 2.0 
software (Frazer et al. 2000, 2001). 

Data analysis 

Response curves (Hypothesis 1) 

The response curves from the 10 year study conducted on these sites (Hamilton and Haeussler 2008) will be 
applied to the 20 year data collected in the summers of 2007 and 2008. Plots not sampled in 2007 or 2008 (i.e. 
records from years -1 through 10 that are no longer repeated measures) will be removed from the 20 year data 
set. Initially, the regression functions of the simplest models for the 3 vegetation indicators (revegetation, recovery 
of diversity, and recovery of composition) proposed by Hamilton and Haeussler will be applied to the new 20 year 
data set (only including plots with repeated measures through to year 20). 

 



I will follow the simple models with multifactor models to improve amount of variation explained. Initial 
formalizations are as follows: 

 

Revegetation Response: Y= aX be cX where Y = Total vegetation %cover x height, all layers summed 
      X = Year + 1 | a= 1.1  | b= 3.2 | c= -0.5 
 

Recovery of Diversity: Y=a+b(X)   where  Y = Estimate of vascular plant species richness 
      X = Year  | a= 35.7 | b= 2.3 
 

Recovery of Composition: Y=a+bLN(X)   where  Y =Composition at year 5 
(Year 5)      X = DOB + 1 | a= 0.47 | b= -0.18 
 

Recovery of Composition: Y=a+bX+cX 2  where  Y =Composition at year 10 
(Year 10)     X = FRI  | a= 0.51 | b= -0.0016 | c= 1.6 x 106 
 

PFT (Hypothesis 2) 

The PFT of central British Columbia will be defined and changes in their distribution and abundance over time will 
be measured using the 20-year data set. We will group approximately 175 vascular plant species found in north 
central British Columbia according to biological traits as well as by taxonomic associations. Hierarchical 
classification using cluster analysis will be performed to group approximately 175 vascular plant species recorded 
at the study sites (Appendix 1) based on plant characteristics rather than on taxonomy or location. The species will 
first be grouped into approximately 13 PFT based on 4 biological traits with a total of 18 classes (Appendix 2), 
including Raunkiaer plant life-form classes (Raunkiaer 1934). Characteristics found important in previous studies 
(Chapin et al. 1996; Kleyer 1999; Aubin et al. 2007) (e.g., seed characteristics, palatability to herbivores) as well as 
other classification schema, in particular those reflecting adaptability to fire (Rowe 1983) may be included as 
additional grouping criteria. 

The procedure will use a farthest neighbour algorithm, as compact groups with similar variances within each group 
are expected and a relatively low number of clusters is desired. Several classifications will be run; for example, to 
more realistically represent the possible relative importance of the biological traits, the biological traits will initially 
be weighted in the following order: growth habit > persistence strategy > light requirement index = reproduction 
mode = duration.  Further iterations may follow with various hierarchy schemas of the traits. A regression surface 
will be computed for the summed cover values of each PFT to predict the probability of finding the functional 
types along environmental gradients (e.g., disturbance and resource availability) and through time. This will be 
done using data from the 8 individual sites and then with the sites pooled. The best PFT groupings found will also 
contribute to the SEM of Hypothesis 3 as an indicator. 

While the winters in our study areas may not be as extreme as the arctic, cold must certainly play a role in the 
diversity of mechanisms and local adaptations to climate. The Raunkiaer plant life-form classification (Raunkiaer 
1934) classifies plants primarily on physical characteristics of the plant, specifically, the position and degree of 
protection of renewing buds during environmentally challenging periods (Figure 3). This system provides the 
following five classes: phanerophytes, chamaephytes, hemicryptophytes, cryptophytes, and therophytes, listed in 
increasing order of bud protection. Raunkiaer’s plant life-form class could also be removed as a biological trait 
descriptor to test for overlap with the clustering outcome using the other descriptors. 

 



Figure 3. Raunkiaer life forms (1934). Phanerophytes (1) - Projecting into the air on stems; normally woody 
perennials with resting buds > 25 cm above soil level. There are many Phanerophyte subdivisions according to 
plant height and other characteristics. Chamaephytes (2-3) - Buds on persistent shoots near the ground. Woody 
plants with perennating buds borne close to the ground, < 25 cm above soil surface. Hemicryptophytes (4) - Buds 

at or near the soil surface. 
Cryptophytes (5-9) - Below ground or 
under water - with resting buds lying 
either beneath the surface of the 
ground as a rhizome, bulb, etc., or a 
resting bud submerged under water. 
Cryptophyte subdivisions include the 
Geophytes (5-6); Helophytes (7); and 
the Hydrophytes (8-9). Therophytes 
(not shown) - Annual plants which 
survive the unfavourable season in the 
form of seeds and completes its life-
cycle during favourable seasons. 

SEM (Hypothesis 3) 

The last part of my PhD study aims to develop a structural equation model (SEM) (Bollen 1989; Grace and Pugesek 
1997; Glaser 2008; Grace 2008). Data will be analyzed using a structural equation model (Figure 2), where 
covariance matrices will be used to measure the relationship (strength and direction) between each predictor 
construct and each vegetation response indicator. Standard procedures for development of the SEM are outlined 
in Appendix 3 (Tabachnik and Fiddell, 2007). We will use LISREL (Jöreskog and Sörbom 1993) to implement the 
model, where the hypothesized SEM models will be identified (i.e., confirmation of a unique numerical solution for 
each model parameter) following standard procedures (Bollen 1989, Tabachnick and Fidell 2007). From the results 
of Hamilton and Haeussler (2008), the data is expected to generally be non-normal and we will make adjustments 
available in the software algorithm to compensate for this. 

The PFT identified with Hypothesis 2 will be added to the model as vegetation indicators and local climate data and 
location attributes will be added as predictors. We will also run the analysis with the multi-group function to 
explore the grouping of the data by site. We will test reduced models as the omission of factors or variables may 
produce alternative results or offer guidelines for choosing indicators for future studies. LISREL also has the 
functionality to develop specific indicator variables over time in tandem with additional driving variables; this is a 
method known as latent growth curve modeling (Meredith and Tisak 1990; Ferrer et al. 2004). Should these 
models not produce significant results, they can be retested using the means or mean differences rather than 
covariance relationships among the variables. 

Hypotheses are described as path diagrams representing relationships between variables including directionality 
and hierarchy and offer a mode for comparing alternate hypotheses. The path diagrams are stored as LISREL path 
(*.pth) files, which LISREL uses to test hypotheses about relationships among variables. Tabachnick and Fidell 
(2007) developed a checklist for structural equations modeling. To begin analysis, there are a few steps that 
involve data screening and assessment (such as addressing sample size and missing data, normality of sampling 
distributions, outliers, linearity, and adequacy of covariances). We might also find it useful to create linear 
combinations of variables for abiotic environmental conditions; for example Grace and Pugesek (1997) created an 
aggregate latent variable of the abiotic conditions describing a coastal wetland environment: salinity, flooding, and 
infertility. 



Next, there are model preparation procedures (model identification, path diagram - hypothesized model, 
estimation model) and then finally the model analysis. The major analyses in SEM are (i) Assessment of fit 
(residuals, model chi square, fit indices; (ii) Significance of specific parameters; and (iii) Variance in a variable 
accounted for by a factor. There are additional analyses that may follow depending on the outcome of the analysis, 
including the Lagrange multiplier test (tests of specific parameters; addition of parameters to improve fit); the 
Wald test for dropping parameters; the correlation between the hypothesized model and the final model or cross-
validated model;, and validity of the diagram-final model. 

A meta-analysis will incorporate a larger dataset that provides a more complete representation of the full range of 
variability of disturbance parameters and environmental gradients. Specifically, we wish to compile studies that:  
(i) have measured the response of vegetation (e.g., using structure properties such as % cover or height measured 
by species) after logging and/or burning, (ii) have determined the severity and frequency of burn, and (iii) have 
established benchmarks or controls for site productivity. The compilation will include long term research 
installations established and maintained by MOFR and CFS, and located across central and northern British 
Columbia. Should additional data sets not become available, priority will be placed on finding at least one 
additional set from each ecosystem class (ESSF, SBS and ICH). 

A preliminary list of the additional study sites to be incorporated into a meta-analysis includes: 

1. Studies of fire disturbance in the Clearwater area. 

 Contact: Michael Feller, UBC; 
2. Studies of vegetation development after burning in the ESSF, SBS & ICH near Smithers (e.g. Kinskuch, 

Helene, Walcott, McKendrick, Herron and Echo sites) started by Macadam and Trowbridge over 20 years 
ago and resampled recently by BC MoFR forest ecologist Allen Banner . 

 Contact: Marty Krannabetter, MoFR; 
3. Studies of vegetation development after slashburning in the ESSF, SBS and ICH the area around Prince 

George (e.g. Northern Wet Belt sites, Lucille Mt, Pinkerton Mt, Walker, Vama Vama) started by Craig 
DeLong, BC MoFR forest ecologist, and others over 10 years ago. 

 Contact: Craig DeLong, MoFR; 
4. Studies of vegetation development after logging in the ESSF in the area near Williams Lake (e.g. Quesnel 

Mountains, Mount Tom) started by Michaela Waterhouse and others. 

 Contact: Michaela Waterhouse, MoFR; 
5. Studies of vegetation development in the ESSF near Kamloops (e.g. Sicamous) started by Walt Klenner and 

others. 
 Contact: Walt Klenner, MoFR; 

6. 10 year fire succession studies near Kamloops 
 Contact: Mike Ryan, Research Ecologist, Kamloops 

7. Succession studies near Aleza Lake; 
 Contact: Roger Whitehead and Steve Taylor, CFS. 



Research timeline and budget 

Timeline 
 

Year Date Activity 
2007 May Program start date 

 May-September Fieldwork: vegetation survey 
 October 3 Committee meeting #1 
 November 27 Accelerate BC Internship Showcase - Poster presentation 
 December R workshop 

2008 January-April Multivariate statistics course (LeMay) 
 March 11 UBC Celebrate Research Week - Poster presentation 
 August Fieldwork: vegetation survey 
 September Fieldwork: soil/foliar sample collection 
 September 16 Committee meeting #2 
 September 18 Presentation to FSP Board of Directors 
 November 15 Draft proposal submitted to Dr. Simard 
 October-April Directed studies course (Bradfield) 

2009 January 12 Committee meeting #3 
 February 25 Comprehensive exam 
 March Data analysis begins 
 April Committee meeting #4 
 May Begin manuscript drafts (Hypotheses 1,2,3) 
 June NAFEW research presentation - Utah 
 October Manuscript drafts complete (Hypotheses 1,2,3) 
 November Committee meeting #5 
 December Manuscript revisions complete (Hypotheses 1,2,3) 

2010 January Begin thesis draft 
 March Thesis revisions complete 
 April Defend thesis 

 



Budget 
 

Funding 

Funding Source Year Amount Source Totals 
FSP 2007 $36,000 

 
 

2008 $32,900 
   2009 $19,400 $88,300 

FSP - GSPP 2007 $15,000 
 

 2008 $15,000 
   2009 $15,000 $45,000 

MITACS 2007 $7,500 
 MITACS (travel award) 2007 $3,000 $10,500 

  
 

  
 Total     $143,800 

 

 

 

Expenses 

Application Materials Subtotal Cost Totals 
Salaries Primary proponent (21,000 x 3yr.) $61,000 

$71,500 

 
Field Assistant (M. Anderson) 2007 $1,300 

 
Consultant (S. Haeussler) 2007/2008 $3,600 

 
Consultant (S. Haeussler) 2008/2009 $5,600 

  Consultant (S. Haeussler) 2009/2010 TBD 
Travel 2007 field work $13,320 

$18,200 
 

2008 field work $4,880 
Sample analysis Service charges (112 samples) $2,000 $2,000 
Data analysis LISREL software license $800 $800 
Dissemination 2009 NAFEW presentation $3,000 

$7,000   Publication costs $4,000 

Total   $99,500     
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