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ABSTRACT

GARRY OAK SAVANNAH STAND HISTORY AND CHANGE 
IN SOUTHERN COASTAL BRITISH COLUMBIA

Shyanne Smith
University of Guelph, 2007

Advisor:
Professor Ze’ev Gedalof

In this thesis I investigate the history of Garry oak (Quercus garryana) 

savannah patches in coastal British Columbia and the changes to these ecosystems 

over recent centuries. Remnant Garry oak patches have been altered by agriculture, 

development, increased herbivory, exotic plants, and fire suppression. Identifying the 

historical stand structure and ecosystem processes is therefore critical for effective site 

management and restoration. In this study, tree-ring analysis was used to reconstruct 

the stand and disturbance history at eight Garry oak communities within and adjacent to 

the Gulf Islands National Park Reserve. Varying levels of disturbance and tree 

establishment were found to have occurred at the time of European settlement. After the 

initial colonization by Garry oak, Douglas-fir (Pseudotsuga menziesii) recruitment 

increased and has been ongoing. Results from the smaller islands suggest that local 

environmental conditions, weather events, and competitive interactions are important 

controls of ecosystem dynamics on these sites.
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CHAPTER 1. INTRODUCTION

Widespread degradation of protected areas has resulted in an increased interest 

in enhancing and maintaining ecological integrity. Active management of protected 

ecosystems has become increasingly common in Canada and worldwide as resource 

managers have come to recognize the importance of disturbance and other processes in 

sustaining functional ecosystems. Ecological integrity, in this study, is based on the 

concept that an ecosystem is greater than the sum of its parts and that we need to 

protect not only all the parts, or physical structures of ecosystems, but also the unseen 

processes and functions. Ecological integrity has many different definitions depending 

on spatial and temporal scales, and the concept has also been a subject of debate 

among ecologists.

My research project provides the ecological history for an important ecosystem 

type in one of Canada’s national parks, the Gulf Islands National Park Reserve, as a 

case study to demonstrate how an ecosystem’s future trajectory and management are 

linked to, and dependant on, its history. This park contains some of the last remaining 

coastal Garry oak savannah in Canada and my study illustrates the challenges of 

maintaining ecological integrity of a rare ecosystem with a long history of human use, 

and that has also been heavily impacted and fragmented in the last 100 years.

Management of rare ecosystems, particularly those that have been severely 

reduced in extent and altered by anthropogenic causes can be particularly difficult due to 

the lack of available reference information (White and Walker 1997). Many managers 

are therefore looking to active management to bring altered systems, or remnants of 

such, closer to a condition resembling their historical range of variability. In the case of 

fragmented and degraded grassland and savannah systems, it can be difficult to not only
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understand the composition and structure of the system, but also to understand the 

dynamics and processes that formed and maintained the system

The ecological history of Garry oak ecosystems is important to Parks Canada 

management in the Gulf Islands National Park Reserve. Very little remains of these 

ecosystems in Canada, and this newly established national park reserve contains some 

of the last intact remnants. Garry oak ecosystems are often reliant on fire to maintain 

critical processes (Thysell and Carey 2001, Tveten and Fonda 1999); however, the 

effects of other variables and site-specific controls, such as edaphic and environmental 

conditions have not been well studied.

Garry oak ecosystems within Canada are at the northern extent of the species’ 

range, and also occur in somewhat different habitat than they do through the majority of 

their range to the south. These northerly savannahs are typically small and patchy, with 

conditions that are not favourable for coniferous forest: very dry, shallow and well- 

drained soil, on southern exposures, and often on steep slopes. These environmental 

conditions can potentially explain why these savannahs have not been developed for 

agriculture or overtaken by conifer encroachment, as have the flatter, more mesic Garry 

oak sites on deeper soil that were more common in the Victoria area of Vancouver 

Island in the past (Lea 2002).

Managers of Garry oak ecosystems in Canada should therefore understand the 

processes that created and maintained the ecosystems and use caution when applying 

research results from studies conducted elsewhere. As a result of the information gaps, 

more research on Garry oak ecosystems within the Gulf Islands National Park is 

important for effective management. A combination of basic inventory, ecological 

research, and eventually monitoring, is needed to improve our understanding of coastal 

Garry oak savannahs in British Columbia. Research needs in Garry oak ecosystems of 

the Gulf Islands include:
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• completing site inventories to establish a baseline understanding of current 

conditions;

• researching rates of change and historical ecosystem processes using the 

paleorecord, historical photos, and ethnobotanical information;

• researching the historical and current role of fire; and

• studying stand dynamics and processes at a variety of different sites.

This research project provides an understanding of the ecological history and 

current dynamics of Garry oak savannahs on southern Vancouver Island and the 

southern Gulf Islands, and shows the trajectory of Garry oak savannahs in coastal 

British Columbia. Of particular importance to restoration efforts is understanding how 

these stands, some of which have been managed under a policy of fire exclusion, have 

developed over the last centuries and how are they likely to develop over the near 

future. These patterns of stand development provide a context for prescribing 

management and restoration guidelines.

The specific objectives of the study are:

1 .) to select a range of Garry oak savannah sites within and near the Gulf 

Islands National Park Reserve and describe their environmental conditions 

(edaphic conditions, land use and fire history of the stand and adjacent matrix, 

level of herbivory) and recent (last 50 year) changes, in order to assess effects of 

these variables on stand history and trajectory;

2 .) to quantify the current stand composition and structure within these 

stands and to determine the long-term patterns of recruitment and radial growth 

variation within these stands and evaluate the consequent trajectory of stand 

composition and structure, in order to assess whether sites are being invaded by 

conifers, and the extent and rate of this invasion;
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3 .) to describe the plant species and communities found at these sites, in 

order to assess a potential relationship between understorey vegetation and stand 

history and trajectory;

4 .) to describe the current stand composition within the stands, to assess the 

regeneration occurring at each site;

5 .) to produce ring-width chronologies for the dominant tree species within 

the study plots, in order to assess important historical periods and events in the sites’ 

ecological history and to understand interaction between the species.

These objectives are addressed in a qualitative fashion by analyzing the current 

site conditions and stand structure in conjunction with the stand structure and 

disturbance of the study sites over time, using the inferred tree ages to determine past 

stand composition. This approach assumes that there has been no mortality in the 

stand. This assumption can be made for this ecosystem type, due to the open and 

relatively dry environment that allows coarse woody debris to persist for at least a 

century (Harmon and Hua 1991). As a result, evidence of mortality should be visible on 

the ground, in the form of snags and downed logs.

The results of this study will improve our understanding of Garry oak ecosystems 

on southern Vancouver Island and the southern Gulf Islands. These ecosystems are a 

high priority for protection and restoration. Knowledge of the historical ecology of a range 

of sites within these ecosystems will provide managers with an understanding of the 

baseline historical stand structure and variability of coastal Garry oak savannahs. This 

knowledge will assist in the development of management and restoration plans that 

protect the ecological integrity of areas within the park so they may continue to provide 

examples of our natural and cultural heritage.

This thesis is organized into six chapters, beginning with this introductory 

chapter. The second chapter provides a literature review and context for the research.
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The third chapter describes the methods used to collect and analyse my results. The 

fourth chapter lists the results and is organized into five sections to address each of the 

objectives of the study: stand background and history, stand structure, understorey 

vegetation, regeneration, and stand chronologies. The fifth chapter is the discussion, in 

which the results for each site are first discussed, followed by discussions on stand 

history, understorey vegetation, regeneration and chronologies. The final chapter 

contains conclusions and recommendations for management.
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CHAPTER 2. LITERATURE REVIEW

2.1 Ecological Integrity

Despite controversy regarding the concept of ecological integrity, Parks Canada 

has a mandate to protect the integrity of national parks. Since it is usually no longer 

possible to put aside an area of land and “protect” it under the assumption that it will 

retain its integrity and remain unaffected by human impacts, protecting ecological 

integrity requires active management (Ryszkowski 2000). Ecosystem restoration has 

emerged out of this perceived need to understand and restore ecosystems (Primack 

1993; Temperton etal. 2004). Parks Canada is now becoming a leader in implementing 

active management, or restoration, in many of their parks (Parks Canada Agency 2005).

The term “ecological integrity” is scattered throughout much of the literature 

concerned with management of protected areas, is particularly seen in environmental 

policy documents (Crabbe eta/.2000), and is often discussed in conservation biology. 

Definitions of ecological integrity abound, and vary widely depending on discipline and 

viewpoint (see Crabbe et al. 2000, Miller 2000, Westra 2000, Karr and Chu 1995, Kay 

and Regier2000, Loucks 2000, Parks Canada Agency 2000, Woodley 1993). Parks 

Canada Agency has emphasized the importance of ecological integrity in national parks 

since 1979, when Parks Canada Policy stated that ecological and historical integrity 

were Parks Canada’s first considerations. The most recent definition of ecological 

integrity by Parks Canada is found in the Canada National Parks Act (2000) and states 

that ecological integrity, in respect to a park, is:

“a condition that is determined to be characteristic of its natural region and 
likely to persist, including abiotic components and the composition and abundance of 
native species and biological communities, rates of change and supporting processes”. 

It also specifically states in the National Parks Act (2000) that:
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“maintenance or restoration of ecological integrity, through the protection of 
natural resources and natural processes, shall be the first priority of the Minister when 
considering all aspects of the management of parks”.

Despite Parks Canada’s long-term recognition of and commitment to ecological 

integrity, the State of the Parks Report published in 1997 concluded that ecological 

integrity is being eroded in most national parks. In addition, The Panel on the Ecological 

Integrity of Canada’s National Parks lists a number of key findings addressing this 

decline in integrity (Parks Canada Agency 2000). The panel states that inventory, 

research and monitoring are required in order to understand ecological integrity and that 

active management should occur when required to restore integrity to a park.

2.2 Ecosystem Restoration and Management

One of the main goals of restoration is the enhancement or re-establishment of 

ecological integrity, or the attributes of an ecosystem (Samways 2000). The definition of 

ecological restoration, as stated by the Society for Ecological Restoration, is “the 

process of assisting the recovery of an ecosystem that has been degraded, damaged, or 

destroyed” (SERISPWG 2004, pg 4). Recovery is then considered to be achieved when 

an ecosystem contains sufficient biotic and abiotic resources to sustain function and 

structure on its own without further assistance, remains resilient to normal environmental 

stresses and disturbances, and interacts with adjoining ecosystems in terms of biotic 

and abiotic flows (SERISPWG 2004).

Restoration ecology is a relatively new science that evolved out of the applied 

field of site remediation. It has grown to include mitigation of less direct and obvious 

impacts on ecosystems, such as the effects of anthropogenic changes to natural 

disturbance regimes, and introduction of exotic species. Restoration now also plays an 

important role in maintaining or enhancing ecological integrity in national parks, and 

therefore is an important aspect of park management (Parks Canada Agency 2000).
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Almost all parks currently have some degree of impaired integrity. Assessment, by 

comparing integrity to a baseline, can indicate the extent of restoration that is necessary 

in order to return an ecosystem to a higher, more acceptable, level of integrity. Value 

judgments, or triage, can then be made based on this information to determine what 

course of action, if any, should be taken (Samways 2000).

There is ongoing dispute in the literature in regard to the goals of restoration, and 

increasing criticism of restoration goals that attempt to return an ecosystem to a specific 

historical condition. It is argued that there is no empirical method of determining what an 

ecosystem “should” be like, given that we cannot predict community change and often 

do not even know what an ecosystem would have looked like prior to human influence 

(Choi 2004; Parks Canada Agency 2000; Samways 2000). In North America, we also 

face the issue of whether to consider disturbance by First Nations an “unnatural" 

stressor or a “natural” disturbance.

Despite the controversy, there seems to be the beginnings of consensus forming 

in the literature regarding integrity and restoration in parks (Zorn etal. 2001). Anderson 

and Barbour (2003) discuss the issue of First Nations ecosystem disturbance and 

specifically its role in maintaining prairies and woodlands. They state that these 

ecosystems are typically not self-sustaining and have persisted for thousands of years 

as a result of active management by First Nations. They cite the current widespread 

decrease in species diversity in prairies, as well as forest invasion, as examples of the 

need for active management to maintain these ecosystems. If the integrity of these 

landscapes is to be protected, management must implement actions that simulate the 

historical activities of First Nations, because such active management has been an 

integral part of their development and functioning (Anderson and Barbour 2003).

Parks Canada acknowledges the importance of cultural heritage in the Parks Act 

(2000), as well as in the 2002 Charter and in policy. This commitment to natural and 
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cultural heritage by Parks Canada is further explained by Marsh (2003) who notes that 

the concept of “wilderness” is becoming increasingly translated to “natural heritage”, 

particularly in national parks. This perception of ecosystems as heritage is significant 

because it provides a policy framework under which assessment of ecological integrity 

and restoration and management can occur. Restoration need not attempt to predict 

what a particular ecosystem type would be without human interference, but rather 

attempts to restore historical processes and attributes. For example, prescribed burning 

or mowing, and native plant seeding may be used as a restoration surrogate to replace 

the lighting of frequent fires and bulb digging by First Nations (Anderson and Barbour 

2003). This approach also allows ongoing active management (fire, weeding/thinning, or 

seeding for example) to be compatible with the concept that in order for an ecosystem to 

possess ecological integrity it must be self-sustaining, since active management is seen 

as a replacement of a process that was once an integral part of the ecosystem 

(Anderson and Barbour 2003).

The collection of reference information, or data identifying a baseline state, is the 

most important first step in restoration efforts (Gonzalez 2005, Samways 2000; White 

and Walker 1997, Bork etal. 1997, Halle and Fattorini 2004, Moore et al. 1999). The 

establishment of a baseline state does not necessarily mean that restoration efforts will 

work toward re-establishing this specific state, but it does give a reference point that can 

be used to set restoration goals. In the case of national parks, the goal of restoration will 

typically be to restore the ecosystem to a state similar to conditions prior to European 

arrival because of the values set out in policy, as discussed earlier. Restoration 

techniques, or the methods used to achieve this goal, vary depending on biological, as 

well as social and economical factors, and need to be appropriate to the specific 

ecosystems and sites being restored. The field of restoration ecology is still in its early 

stages of development, and therefore techniques are still being developed and tested.

9



From a review of this early research, two key points seem to emerge repeatedly: the 

importance of site-specific techniques, and the importance of adaptive management 

(Anderson and Barbour, White and Walker 1997, Fuchs 2001).

2.3 Savannah Ecosystems

Broadly defined as tree-grass, or woody-herbaceous communities, savannahs 

are characterized by the co-dominance of the tree and herbaceous layers (Scholes and 

Archer 1997, Sankaran etal. 2004, Higgins et al. 2000). Worldwide, savannahs cover 

between 10% and 35% (depending on the definition and classification) of the earth’s 

land surface (McPherson 1997, Scholes and Archer 1997, Jeltsch et al. 2000, House et 

al. 2003, Sankaran et al. 2004).

A number of studies describe the expansion of trees into savannahs, but the 

conditions that maintain savannah communities are poorly understood and variable 

(Higgins et al. 2000, Scholes and Archer 1997, Grace et al. 2001, House 2003, 

Sankaran et al. 2004), creating questions of how savannahs emerge, how the two co

dominant plant life forms interact, and the mechanisms involved in maintaining 

savannahs (Scholes and Archer 1997, Jeltsch etal. 2000). Descriptions of savannahs 

worldwide (including temperate North American savannahs) reveal a pattern of transition 

into forest over the last 50 to 300 years (Archer 1989, Scholes and Archer 1997, Moore 

and Huffman 2004, Foster and Shaft 2003). Climatic and edaphic factors, fire, herbivory, 

biotic interactions, and humans have all been identified as factors involved in this 

transitional process (e.g. Streng and Harcombe 1982, McPherson 1997, Scholes and 

Archer 1997, Russell-Smith etal. 2004), although the specific mechanisms are poorly 

understood (Archer 1989, Higginsetal. 2000, Pavlovicetal. 2006).

Models of savannah dynamics range from equilibrium-based (e.g., niche 

separation and balanced competition models) to disequilibrium and nonequilibrium 
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models, (e.g., spatially explicit, state-transition, ordemographic-bottleneck models). 

Disequilibrium and nonequilibrium models allow for the variety of site-specific conditions 

and unique dynamics often found in savannahs (McPherson 1997, Scholes and Archer 

1997, Jackson and Bartolome 2002, Sankaran etal. 2004). For example, one proposed 

nonequilibrium model is based on life history and disturbance interactions between 

grasses and trees, and shows theoretical promise in illustrating how savannahs are 

maintained by long periods of slow tree decline with interspersed recruitment events that 

are controlled by rainfall or fire (Higgins etal. 2000). Jeltsch etal. (2000) have proposed 

a unifying model focusing on ecological buffers, or mechanisms that prevent the 

savannah system from crossing a threshold into grassland or forest systems. Their 

model attempts to unify the approach to savannah ecology, despite the wide variety of 

savannah systems and unique site-specific variables. However, models of savannah 

dynamics have generally not been rigorously tested, and often do not include all 

important variables in a particular system (House et al. 2003) or are site-specific and 

cannot be easily applied across the range of observed savannah types (Sankaran et al. 

2004). Therefore, although there have been many attempts to create comprehensive, 

inclusive models of savannah dynamics, the variability between sites requires careful 

assessment of site-specific conditions for effective management.

The process of forest encroachment into savannahs has become an important 

management concern for North American savannahs (Arno and Gruell 1986, McPherson 

1997). Encroachment of woody vegetation into savannahs, woodlands or prairies is 

generally described as occurring through two methods: clump coalescence and gradual 

progression (Favier et al. 2004, Puyravaud et al. 2003, Gedalof et al. 2004). As noted by 

Favier et al. (2004), although these two modes of forest encroachment have been 

described in field studies, they have rarely been related to fire regime and anthropogenic 

factors, nor have associated processes been examined in detail. However, the study of 
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forest progression in Africa by Favier et al. does indicate that increased anthropogenic 

fire frequency resulted in a shift from more rapid climate-driven clump coalescence tree 

invasion to more gradual forest edge progression.

Adjacency arrangements of habitat patches (in addition to grazing history and 

topography) have been found to affect plant community composition (Foster and Tilman 

2003, Hersperger and Forman 2003). In addition, age of habitat patches and contrast 

between patches and their surrounding landscape will typically result in differing patch 

dynamics and biota, making comparisons difficult and potentially misleading (Watson 

2002). When savannahs are fragmented and occur as patches within a matrix of 

forested and developed land, the increased patchiness may also result in an elevated 

rate of forest encroachment. Patterns of forest encroachment, spatially and temporally, 

can also vary between nearby habitat fragments, due to local differences including 

unique human land use history.

Reintroduction of fire is not always an easy or effective solution to restoring 

savannahs. Savannahs within a forested matrix that have historically been maintained 

by fire or other disturbance may also be subject to increased invasion by exotic species 

if fire is returned to the system, resulting in additional restoration difficulties. 

Reintroduction of fire has often been found to benefit many exotic species, to the 

detriment of native ones, in temperate grasslands (Grace et al. 2001, Agee 1993). Fire 

regimes within a given system may also vary between patches of similar habitat, as is 

seen in island systems where islands of varying sizes have differing fire frequencies 

(Wardle 2002), making it necessary to determine site-specific fire prescriptions.

Little is known about the relationship between different understorey plant species 

and communities, and forms and rates of forest encroachment in savannahs. Research 

has demonstrated that savannahs are not simply “prairies with trees” (Leach and Givnish 

1999) and that replacement of dominant native perennial grasses with exotic annuals is 
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associated with decreased oak recruitment (Gordon and Rice 2000, D’Antonio and 

Vitousek 1992). However, a robust link between invasion of exotic species and rates and 

forms of tree recruitment has not been established. A recent study by Sperry et al. 

(2006) illustrates how one common invasive annual grass is affecting arid grasslands in 

Utah, by altering mechanisms behind nitrogen dynamics and making less nitrogen 

available for native plant species.

There have been relatively few studies on the effects of grasses on mature trees 

(Scholes and Archer 1997, but see Momen et al. 1994 and Gordon and Rice 2000) and 

the interactions among trees in savannahs (Scholes and Archer 1997, House etal. 

2003, but see Dunne and Parker 1999 and Brudvig and Asbjornsen 2005). As noted by 

House et al. (2003), questions on coexistence of trees and grasses remain because 

studies have tended to overlook the effects of grasses on trees and tree-tree 

interactions, as well as competition for nutrients, and also tend to be too short in duration 

to capture interannual changes.

2.3.1 Oak Savannahs and Woodlands

Savannah ecosystems are some of the most altered ecosystems worldwide, and 

much of North America’s oak savannah ecosystems have been lost to development. The 

encroachment of adjacent conifers into oak savannahs presents additional 

complications, since a current lack of adult oak recruitment has been observed in a 

number of different oak savannah and forest types (Tyler et al. 2006, Russell and Fowler 

2002, Gedalof et al. 2006, Brudvig and Asbjornsen 2005). Throughout North America, 

the observed decline in oak has been attributed to factors including selective logging of 

oaks, catastrophic fires as well as fire suppression, poor seed production and seedling 

damage, shading and competition from other tree species and exotic grasses, and 
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chestnut blight in the eastern United States (Abrams 1992, 2003, 2005, Chiang etal. 

2005, Gordon and Rice 2000, Lorimer et al. 1994, McEwan et al. 2006).

The effects and interactions of factors involved in forest encroachment of 

savannahs are not well understood; however, several studies have reported a link 

between fire suppression, increased deer browsing and lack of oak (Quercus spp.) 

recruitment (Tyler eta/. 2006, Russell and Fowler2002, Abrams 2003) in many oak 

forests and savannahs in North America. In some of the oak savannahs, conifers or 

other later successional species appear to be recruiting successfully (Agee and 

Dunwiddie 1984, Peter and Harrington 2002, Gedalof eta/. 2006). In order to maintain 

oak savannahs, managers need to understand the processes that historically maintained 

these savannahs and the processes and conditions that are currently affecting the stand 

structure and regeneration.

Research by Pavlovic et al. (2006) on vegetation gradients in oak woodland 

openings found that vegetation in oak woodlands was mostly associated with canopy 

cover, rather than soil or other environmental factors, at least at a fine scale (at a 

broader level, soil productivity was the primary variable). Frost et al. (1997) report similar 

findings for oak woodlands and savannahs in California, noting that vegetation in the 

understorey of oak savannahs and woodlands in California is different from and more 

productive than vegetation in open grasslands. The oak understorey apparently also 

reacts differently to grazing pressure and removal of this pressure, as shown by 

comparison of 25 years of recovery from grazing in open grassland and oak woodland 

understorey (Frost et al. 1997). There was a striking difference between the increase in 

native perennials in the grasslands (1.8 plants/m2 in 1958 to 2.6/m2 in 1991) and in 

woodlands (0.3/m2 in 1958 to 2/m2 in 1991) as a result of exclosures. In addition, due to 

the little research on the effects of grazing on vegetation in these ecosystems (in 

contrast the large amount of research on grasslands), the authors recommend that 
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management activities such as tree removal be implemented cautiously and 

conservatively.

Once a savannah has become ingrown, it becomes increasingly difficult to 

successfully implement prescribed fire, or otherwise restore the ecosystem. Abrams 

(2005) suggests that the conversion of eastern oak woodlands to closed forests has 

changed the typical flammable oak litter to less flammable forest floor litter, reducing the 

chances of wildfire. In addition, increased deer browsing has reduced oak and other 

woody leaf litter, which also reduced litter combustibility. As a result of these changes, 

he suggests that land managers act quickly to encourage oak recruitment and remove 

native invasive tree species from oak woodlands, before they are considerably altered. 

However, Chiang et al. (2005) caution that prescribed fire alone, even over multiple 

years, resulted in increased understorey cover due to widespread sprouting from tree 

bases and stumps. In addition, a seed-sowing experiment in a regularly-burned nutrient

poor oak savanna in Minnesota demonstrated that sowing native plant seed led to a 

significant, sustained increase in sown species, even eight years after the sowing 

(Foster and Tilman 2003).

Frequency and timing of bums are also important considerations for 

management. A study on prescribed fire frequency in a midwestern USA (east-central 

Minnesota) oak savannah found that high frequency burning (3 or more times per 

decade) prevented development of an oak sapling layer and canopy infilling, but low- 

frequency burning (less than two fires per decade) produced stands with dense thickets 

of saplings (Peterson and Reich 2001). Additionally, savannahs or other forest openings 

on poor soils or other harsh environments (such as cliff edges) are often maintained 

without fire or other disturbance (e.g., Abrams 2003, Kelly and Larson 1997). Petersen 

and Drewa (2006) found that lightning-initiated fires during the growing season of an oak 

dominated ecosystem in Ohio were key to maintaining oak domination, and that burning 
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by Native Americans (in the dormant season) had only a localized effect. The authors 

also caution that widespread prescribed burning in this ecosystem type during the 

dormant season may result in different plant communities and potentially a shift to 

domination by shade-tolerant trees.

Additional complexity is added when potential effects of climate change on 

forests are considered. Hamann and Wang (2006) used climate envelope modeling to 

assess potential changes to forest community types in British Columbia. They found that 

hardwoods with their current northern range limit within BC gained a large amount of 

potential habitat. Conifers in the southern part of the province were also expected to 

expand, at a rate of at least 100 km per decade, and also to expand in frequency at 

current locations. They also note that the tree species were not observed to change their 

distribution or frequency at the same time, which is explained by different dispersal 

abilities and reproductive rates.

2.3.2 Garry oak savannahs

Garry oak ecosystems extend from southern British Columbia to central 

California (Stein 1990), and are found in both cooler, more moderate coastal regions, as 

well as interior regions with more extreme climatic variation. Elevations range between 

sea level and 2290 metres. Garry oak ecosystems occupy a wide range of climatic and 

physical conditions, with average annual temperatures ranging between 8-18°C and 

average annual precipitation between 170-2630 mm (Stein 1990).

Stand structure and plant communities associated with Garry oak vary 

throughout the tree’s range. In the majority of California, Garry oak occurs in open 

savannahs and woodlands, with an understorey of grasses and some shrubs, most 

notably manzanita (Arctostaphylos spp.). In some areas, digger pine (Pinus sabiniana) 

and occasionally common juniper (Juniperus occidentalis) are also found with Garry oak 
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(Agee 1993). In the “bald hills” of Redwood National Park in northwest California, Garry 

oak has a patchy distribution, with a combination of very open prairie-like savannahs and 

denser woodlands. Sugihara etal. (1987) found this patchy distribution to be related to 

local differences in moisture regime, slope position, and fire history. In British Columbia, 

Garry oak is most often found in association with Douglas-fir, and arbutus (Arbutus 

menziesii). On the Gulf Islands, it also occurs with Rocky Mountain juniper (Juniperus 

scopu Io rum).

Garry oak is widespread at lower elevations in the Willamette, Umpqua, and 

Rogue River Valleys of western Oregon (Stein 1990). Garry oak communities here range 

from xeric and open savannahs (mostly in the southern part of the state where habitat is 

similar to northern California) to dense, almost pure oak stands in the Willamette Valley. 

Understorey associates of Garry oak in Oregon include hedgehog dogtail (Cynosurus 

echinatus) in the more xeric sites, California brome (Bromus carinatus) or Douglas-fir 

and fescue (Festuca spp.) in intermediate sites, and Douglas-fir and wildrye (Elymus 

glaucus) in more mesic sites (Riegel et al. 1992). Garry oak also occurs with snowberry 

(Symphoricarpossp.) throughout Oregon (Thilenius 1968, Riegel etal. 1992).

The closed-canopy stands in central Oregon are relatively young, and have 

developed from oak savannahs since the 1850s, which coincides with European 

settlement and associated fire suppression (Smith 1949, Thilenius 1968). 

Paleoecological studies in the Williamette Valley indicate that there was an increase in 

fire activity between 2,900 and 600 years ago in the Valley, as the climate was shifting to 

wetter and cooler conditions. This increase in fire has widely been attributed to burning 

by First Nations (Kalapuya) in an attempt to maintain open meadows and woodlands, 

though the reason for the apparent cessation of burning 600 years ago is unknown 

(Whitlock and Knox 2002).
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In Washington, Garry oak is abundant on the San Juan Islands in Puget Sound 

and is found east and west of the Sound and south and east to the Columbia River 

(Stein 1990). The largest remaining area of Garry oak ecosystems in Washington is 

found on the Fort Lewis Military Reservation. Studies at this site indicate that the Garry 

oak communities are succeeding into Douglas-fir forest (Thysell and Carey 2001, Tveten 

and Fonda 1999) and that the earlier successional (i.e., grassy, frequently burned) 

communities have been more heavily invaded by exotic species. The shadier, Douglas- 

fir - oak / moist herb communities were less invaded by exotic species, but will also 

likely soon convert to Douglas-fir or Douglas-fir I ash / maple forest (Thysell and Carey 

2001).

Burning by aboriginal peoples is widely thought to have had an important 

influence on the composition and structure of Garry oak communities in much of 

Washington, particularly in the Puget Sound area (Tveten and Fonda 1999, Thysell and 

Carey 2001). However, aboriginal burning may not be a factor in maintaining all oak 

savannahs, as Agee and Dunwiddie (1984) identified a fire rotation of approximately 80 

years on Yellow Island, in the San Juan Islands. Shrub and tree invasion on this island is 

thought to be linked with above-average summer precipitation, rather than a change in 

the fire regime. The San Juan Islands have extremely variable habitats, and some of the 

driest areas in western Washington. The exposed south-facing slopes where Garry oak 

is found are subject to dry summer winds and are dominated by an Idaho fescue 

(Festuca idahoensis) understorey. Garry oak cover is sparse and mixed with Douglas-fir, 

arbutus, Rocky Mountain juniper, and shore pine (Pinus contorta) (Franklin and Dymess 

1973).

Garry oak ecosystems in British Columbia are found along the southeast coast of 

Vancouver Island and on the Gulf Islands (Figure 2.1), below 200 m elevation (Stein 

1990). Two outlier stands also occur in the Fraser Valley near Yale, and on Sumas
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Mountain. Stand structure ranges from open savannah to closed woodland. Garry oak is 

also a minor component in Douglas-fir forest, along with varying proportions of arbutus 

and other trees. Garry oak stands typically occur as patches within the coastal Douglas- 

fir forest as a result of a mix of climatic, edaphic, and cultural factors. Vegetation typically 

consists of scattered Garry oak trees, a sparse shrub layer, and a diverse herb layer 

(Parks Canada Agency 2006a).

Approximately 700 plant species have been identified in Garry oak and 

associated ecosystems in British Columbia. Garry oak-related plant communities in 

British Columbia have been described by Roemer (1972) and Erickson (1993,1996). 

Roemer (1972) defined a Quercus-Bromus Alliance, made up of 2 plant associations 

and a number of subassociations and variants, based on relatively undisturbed sampling 

sites on the Saanich Peninsula. He also noted that the prevalence of invasive species, in 

combination with changes in the fire regime and grazing and browsing levels, obscures 

the identification of community structure and composition that was present prior to 

European settlement. Roemer (1972) also notes a relationship between soil types and 

Garry oak ecosystems on the Saanich Peninsula, with Orthic Sombric and Lithic 

Sombric Brunisols, with a well-developed Ah horizon and moder to weak mor humus 

formations typically associated with Garry oak ecosystems. Soils are often shallow or 

have excessive drainage (Roemer 1972,1993), and are often nitrogen poor, reducing 

competition from other native species. He concluded that disturbance by fire allowed 

Garry oak woodlands to persist in other deeper soil sites that would otherwise succeed 

to conifer forest (Brown and Hebda 2002a and 2002b, Thilenius 1968). Erickson’s 

classification (1996) defined 43 plant communities, including distinct early season and 

late season communities, as well as successional and disturbed communities. This non- 

hierarchical system was based on fine-scale sampling throughout the range of Garry oak 

ecosystems in British Columbia, and addressed only sites with oak presence. Erickson 
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concluded that vegetation communities are structured by climate and local moisture 

regime, as well as disturbance (paticulaly fire), grazing history, and exotic species.

Figure 2.1. Distribution of Garry oak ecosystems in British Columbia. Study sites are 
located in and near the southern Gulf Islands.

The individual and combined effects of the presence of introduced species 

(particularly grasses) (MacDougall and Turkington 2005), increased number of 

herbivores (Gonzales and Arcese 2006), and the long-term impact of human land use 

(including fire suppression) on Garry oak ecosystems are uncertain, but are the subject 

of much recent study (i.e., MacDougall and Turkington 2005 and 2006, MacDougall et al. 

2004, Gonzales and Arcese 2006). Fire is known to be an important factor in many 

(Foster and Shaff 2003, MacDougall 2005), but not necessarily all, Garry oak 

ecosystems. It is possible that some Garry oak communities on the Gulf Islands are
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maintained through a combination of abiotic conditions, such as precipitation and soil 

characteristics, rather than disturbance such as fire. The effects of reintroducing fire in 

the presence of introduced alien plants, particularly grasses, have not been thoroughly 

studied (D’Antonio and Vitousek 1992). However, MacDougall (2005) has been studying 

the effects of fire on plant diversity in one deep-soil Garry oak savannah on Vancouver 

Island.

2.4 Dendroecological studies

Site-specific reference information is a useful first step in restoration, helping to 

define restoration goals and allowing effective evaluation of restoration efforts. From a 

practical perspective, basing restoration on a historical reference state can result in a 

restoration that is more likely to be self-sustaining and therefore easier and less costly to 

maintain (White and Walker 1997). Reference information includes not only baseline 

current conditions (climate, topography, soil, vegetative composition and successional 

trends), but also includes any available historical data, ranging from historical accounts 

and photos to legacies remaining on the landscape, such as woody debris and 

dendrochronological records (White and Walker 1997).

Understanding a site’s ecological history is important to management and 

restoration of the site, particularly when little is known about the historical stand 

structure, typical regeneration patterns, importance of edaphic controls and the historical 

role of fire. Given the widespread changes to vegetation and disturbance regimes in 

North American open-land habitats, it is unlikely that many present species assemblages 

closely resemble those that occurred prior to European settlement (Motzkin and Foster 

2002). Using available methods of understanding the history of a site (such as from soil 

cores, tree-ring study, instrument and historical accounts and photographs, long-term 

ecological monitoring, air photos and even packrat middens), historical conditions can be 
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reconstructed and used to provide context to inform management and restoration 

(Swetnam etal. 1999, Kettle etal. 2000).

Tree-ring chronologies can increase our understanding of stand dynamics and 

succession (Swetnam et al. 1999), as shown by a growing body of research. 

Researchers have reconstructed the ecological history of forests in terms of population 

dynamics, and species recruitment patterns (Frelich and Graumlich 1994), disturbance 

regimes (Heinselman 1973, Rubino and McCarthy 2004) and successional dynamics 

(Foster 1988, Abrams etal. 1995). Studying tree-ring chronologies, along with age 

structure, land-use history, climatic data, and ecological attributes of different species 

has proven to be a particularly useful approach to understanding long-term forest 

dynamics (Foster 1988, Orwig and Abrams 1994, Abrams et al. 1997, Ruffner and 

Abrams 1998, Batek etal. 1999, Bowles and McBride 1998, Lepofsky etal. 2003). 

Understanding the historical patterns and dynamics of a system can help in the design of 

appropriate management.

Dendronchonological techniques have been used worldwide to provide historical 

ecological information to inform conservation and management. A number of studies 

demonstrate the usefulness of dendrochronology in reconstructing stand history and 

identifying disturbance patterns in meadow or savannah openings and oak forests. 

Douglas-fir encroachment into grasslands in Montana has also been documented using 

dendroecological techniques (Arno and Gruell 1986). Tree encroachment (both conifers 

and trembling aspen (Populus tremuloides) of meadows over the last 100 years on the 

North Rim of the Grand Canyon National Park, Arizona was also recorded using tree

ring data (Moore and Huffman 2004).

In British Columbia, a number of data collection methods, including 

dendrochonology, historical records and aerial photographs, and soil profiling were used 

to identify potential causes of a meadow opening in an otherwise closed-canopy
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Douglas-fir forest (Lepofsky etal. 2003). In the San Juan Islands, Washington, just south 

of my study area, Agee and Dunwiddie (1984) used tree-ring data from Yellow Island to 

reconstruct the historical forest history and document and date recent forest invasion 

into grassland. On Orcas Island, also in the San Juan’s, Peterson and Hammer (2001) 

examined the change in forest structure, finding that the existing closed Douglas-fir 

forest was an open savannah in the 1800’s. Several fire scars were found, dating from 

1736-1893, with no fire scars found in the 1900’s. The change in forest structure is 

attributed to fire exclusion.

Oak has been the subject of a number of dendroecological studies, particularly in 

the midwestern and eastern United States, where there has been a widespread lack of 

oak regeneration, particularly slow-growing white oak (Quercus alba) (Abrams 2003). 

Recent studies include work In the Ozark Mountains, where Soucy et al. (2005) 

reconstructed the disturbance history of oak-hickory (Quercus-Carya) forests in 

Arkansas, finding that multiple disturbances were responsible for their origin and 

development. With the beginning of fire suppression, there was little oak establishment 

and shade tolerant species increased. In the Missouri Ozarks, Batek etal. (1999) used 

historical notes, tree-ring, fire-scar and environmental data to examine the role of fire, 

topography and substrate in vegetation composition and patterns of the mixed forest at 

regional and landscape scales. These authors found that anthropogenic fire had a key 

role in the development of these forests in the 1800s.

In Wisconsin, McEwan etal. (2006) conducted a dendroecological analysis of a 

disjunct oak-chestnut forest that was recently infected with chestnut blight fungus 

(Cryphonectria parasitica) to understand the ecology of American chestnut prior to 

infection. In Great Falls National Park, northern Virginia, the dendroecology of an old- 

growth white oak forest was studied, finding a shift in dominance after 1900, from white 

oak to red oak, and then to a mixed forest. The only human impact on this forest 
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appears to be fire suppression, indicating that fire likely maintained the white oak forest 

historically (Abrams and Copenheaver 1999). A study on a 326 year old oak (Quercus 

prinus) talus slope forest in central Pennsylvania used historical data, vegetation data 

and tree-ring data understand the ecological history of the forest (Ruffner and Abrams 

1998). This forest has had relatively continuous oak recruitment, with some decrease in 

growth after 1960, consistent with other oak forests in the region. Unlike other areas 

however, the authors suggest that the stand will likely maintain its current tree 

community composition, due to the dry talus soil and potential for future fire. Another oak 

dendroecological study, in a silt-loam savannah remnant in Illinois, used tree-ring and 

understorey vegetation data, as well as some historical information (including historical 

aerial photos of the site) to understand the stand history and change to the stand and 

canopy-related effects on the understorey vegetation (Bowles and McBride 1998). The 

authors then make restoration recommendations based on their findings; primarily that 

restoration of the site should include contained experimental use of fire in combination 

with cutting or girdling of subcanopy oaks, as well as reintroduction of native species as 

necessary and removal of exotic shrubs.

One application of paleoecological research that is highly relevant to Garry oak 

ecosystems is the examination of stand structure and recruitment, as well as fire regime 

or other proxy records if possible. As illustrated by Lepofsky etal. (2003), a number of 

proxy records (including fire scars, tree rings, ethnographic and archaeological evidence, 

and soil horizons and charcoal) can be combined to develop insights into the history of 

an ecosystem, in this case a small meadow in the midst of a coniferous forest. Another 

study looks at the development of forest on Yellow Island in the U.S.A., near the 

Canadian Gulf Islands (Agee and Dunwiddie 1984) through the analysis of current stand 

inventory, increment cores and basal discs from trees, early height growth and water 

stress in trees, and shrub invasion of grasslands. Research such as conducted in these 
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studies can provide an invaluable understanding of longer-term ecological conditions, 

thereby providing a better context for understanding recent anthropogenic effects on 

ecosystems, such as changes to fire regimes, introduction of exotic species, and habitat 

fragmentation. In addition, in the case of degraded Garry oak ecosystems, historical 

information aids in setting restoration goals, and can provide a baseline to assess the 

integrity of sites (MacDougall et al. 2004).

2.5 Opportunity for research

There has been considerable interest in restoration of Garry oak ecosystems in 

southwestern British Columbia. In 1993, a research colloquium was held at the 

University of Victoria to assess the state of understanding and research in these 

ecosystems. The Garry Oak Ecosystems Recovery Team was established in 1999 to 

bring together all levels of government, non-profit groups and other organizations and 

research institutions in protecting the remaining remnants of Garry oak and associated 

ecosystems (GOERT 2006). The Gulf Islands National Park Reserve was created in 

2003 and covers at least 35 square kilometers of land, including some of the most intact 

Garry oak ecosystems.

Recent research in Canadian Garry oak ecosystems includes several studies in a 

savannah on Vancouver Island. Competition and dispersal limitation in understorey 

species has been studied at this site, particularly in respect to causes of dominance of 

two exotic invasive grasses (Poa pratensis and Dactylis glomerata) (MacDougall and 

Turkington 2005). MacDougall (2005, 2006) is also studying the stabilizing role of plant 

diversity in relation to invasive plants and fire. MacDougall and Turkington looked at 

effects of invasive species on community structure (2005) and patterns of diversity in 

terms of environmental factors, competition and dispersal limitation (2006). Several other 

studies are underway in Canada’s Garry oak ecosystems, including examining the 
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effects of herbivory and herbivore damage on Garry oak plant communities in the 

southern Gulf Islands (Gonzales and Arcese 2006, Best and Arcese 2006), assessing 

pollinator diversity in Garry oak ecosystems (Elle 2006), and assessing landscape and 

environmental effects on Garry oak plant communities on southeastern Vancouver 

Island (Lilley and Veilend 2006).

Despite the high level of interest in Garry oak ecosystems and their restoration, 

there has been little research on the historical stand structure and change in Garry oak 

ecosystems. McCoy et al. (2006); however, recently studied historical Garry oak 

ecosystems by looking at charcoal and fossil pollen from lake sediments on Pender 

Island and Vancouver Island. This work indicates there was low fire activity prior to 1780 

AD, increased fires between 1780 and 1860, and little fire activity after approximately 

1940.

There has been no published work completed on Garry oak tree-ring 

chronologies in Canada, other than that recently published by Gedalof et al. (2006). 

Meagher (2006) also examined ring-widths from Garry oak stumps in the Victoria, BC 

area, finding that trees sampled ranged between approximately 170 and 360 years of 

age, and growth was often variable throughout the trees’ life spans. In addition, a 

description of historical conditions in Canada’s Garry oak ecosystems from early settlers’ 

and explorers’ accounts has been completed (MacDougall et al. 2004), and most of the 

historical range and current extent of Garry oak ecosystems on Vancouver Island has 

been mapped (Lea 2006).

There remains a need to understand the current and historical stand structure 

and composition, regeneration patterns, and disturbance history in Garry oak 

ecosystems. Describing the historical structure and examining the changes to 

composition and structure over time, and well as looking at environmental conditions and 

land use over time, current vegetation, stand structure, and recruitment within the stands 
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provides a baseline for these ecosystems and an understanding of how the different 

sites and disturbance regimes may have affected the formation of some of today’s Garry 

oak ecosystems. This research also gives insight into the potential trajectory of the 

sites, which can inform management decision making.

My study is important in the information it provides for local management of 

Garry oak savannahs, particularly on the Gulf Islands, but it also increases our 

understanding of stand change in savannahs. The patches of Garry oak savannah in, 

and around, the Gulf Islands National Park Reserve offer a unique opportunity to further 

our understanding of the interactions involved in conifer invasion of savannah and 

address questions of site-specific differences in conifer invasion rates and methods, and 

the effects of conifer invasion on Quercus recruitment.

In adding to the understanding of Garry oak savannah dynamics on the Gulf 

Islands, this study will improve Parks Canada’s ability to effectively manage and protect 

Garry oak savannahs. This study is part of a larger interdisciplinary research project 

aimed at increasing the understanding of baseline Garry oak ecosystems and fire 

history, as well as the impacts of climate change on these ecosystems in Canada. The 

results of this project will provide direction for future management of the Gulf Islands 

National Park Reserve, and other management agencies responsible for protecting and 

maintaining Garry oak ecosystems.



CHAPTER 3. METHODS

3.1 Research Design

My study is designed to document and describe change in past and present 

stand structure and composition and the relationships between the type and rate of this 

change with environmental and biotic factors, fire regime, land use, and herbivory, of the 

patchy Garry oak savannahs found within and adjacent to the Gulf Islands National Park 

Reserve. To do this, the study is broken into five main components: site description and 

history, stand structure, understorey composition, regeneration, and stand chronologies.

I used a dendroecological approach to describe the savannah dynamics and 

ecology at my study sites. Numerous models of savannah dynamics have been 

proposed, but the site-specific factors and interactions that underlay the process of tree 

recruitment and invasion are not well understood, particularly in small patchy savannahs, 

such as found on the southern Gulf Islands. The number of potential factors to be 

considered in this type of ecosystem makes it difficult to effectively model.

I used multiple lines of evidence where possible in this study, examining 

orthophotos and historical accounts to provide context where possible, and to confirm 

potential disturbance events or site-specific factors suggested by the tree-ring record. I 

used the tree-ring record to reconstruct approximate establishment dates for analysis of 

stand establishment and regeneration pulses, and to identify periods of suppression and 

release evident in the ring-widths. In addition to tree-ring data, I collected vegetation 

data [as suggested by Schweingruber (1996)] to assess potential relationships between 

understorey vegetation and differences in stand structure between sites.
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3.2 Study area

This study was conducted at eight sites near the northern extent of the Garry oak 

range, in British Columbia, Canada (Figure 3.1). Sites within the Gulf Islands National 

Park Reserve (GINPR) were preferentially selected, but two large sites located outside 

the Park were included. These two sites were included because they are two of the 

largest and most intact Garry oak ecosystem sites in Canada, provide a representation 

of Garry oak savannah on larger islands, and are located within the general vicinity of 

the Park. The range of sites was selected to represent a wide variety of remnant Garry 

oak savannah patches, on a range of island sizes, with differing land use histories.

The GINPR (48°45’N, 123°15’W) is situated in the southern Gulf Islands, which 

are part of the San Juan Archipelago consisting of more than 700 islands, islets and 

reefs, many of which are too small to be named, extending between the southeastern 

end of Vancouver Island, British Columbia, into the northern reaches of the Puget 

Sound, Washington. The Park itself consists of numerous parcels (33 km2 total) of land 

scattered among 16 islands and more than 30 islets and reefs (Parks Canada 2004). In 

addition, marine waters offshore from some of the Park lands are also protected.

The southeastern Vancouver Island area is underlain by igneous, metamorphic, 

and some sedimentary bedrock, mostly from the Mesozoic and Cenozoic Eras (Yorath 

2005). The southern Gulf Islands are formed mostly from folded and highly faulted 

sedimentary rock. On the Gulf Islands, north-south headlands and high ridges of 

erosion-resistant sandstone/conglomerate are separated by narrow valleys and bays 

underlain by more easily eroded shale (Parks Canada 2004). The area has been 

glaciated several times, with the most recent being the Fraser Glaciation (from 30,000 to 

13,000 BP) (Yorath 2005, Halstead 1968). Deposits of glacial sand and gravel can be 

found throughout the area and striated and fluted bedrock can be seen. Relative sea 

level was 60 to 120 m higher than today along the Strait of Georgia at the time of the last 
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ice retreat (13 000 BP). For the last 5000 years, sea levels have remained relatively 

consistent (Yorath 2005).

Figure 3.1. Study area, showing the Gulf Islands, Gulf Island National Park Reserve 
property and protected marine zones, and the eight study sites.
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The soils of the Gulf Islands are Dystric and Sombric Brunisols. Parent materials 

include medium and coarse textured glacial till or colluvium and finer textured marine 

sediments. Of the two soil types, Sombric Brunisols tend to occur in the driest sites, and 

are associated with open Garry oak - grass communities, typically below elevations of 

50 m, where effective moisture is relatively low. The soil temperature of these two types 

is classified as mild mesic, with a semiarid moisture regime. Both types of soils are 

moderately to slightly acidic, and have low to moderate base saturations (Valentine et al. 

1978).

The Gulf Islands have a submediterranean climate, lying in the rainshadow of the 

Vancouver Island Ranges and the Olympic Mountains. The climate of the study sites is 

similar to that recorded at the Victoria International Airport (slightly west and south of the 

study sites), on Vancouver Island (Figure 3.2). The mean daily temperature at the airport 

is 3.8°C in January and 16.4°C in July and August. The mean monthly precipitation is 74 

mm per month, with 79% of this falling between October and March (Environment 

Canada 2005). There is a pronounced drought in the summer months, with July and 

August being particularly dry.

Figure 3.2. Climatogram showing temperature and precipitation normals for Victoria 
International Airport, the nearest climate station to the study site.
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The climate in the Pacific northwest is becoming warmer, with winter 

temperatures showing the greatest increase (Mote et al. 2005). Temperature increase 

over the last century in the Georgia Depression matches that of the global average, at 

0.5° to 0.6° between 1895 and 1995 (MWLAP 2002). Spring temperatures increased the 

most, with a 0.8° change. The coldest years in the last century were 1955 and 1984, and 

1934 and 1992 were among the warmest. The 1990’s were the overall warmest decade, 

being 0.4°C to 0.5°C warmer than any other (Mote 2003).

The southern Gulf Islands and southeastern Vancouver Island fall mainly within 

the coastal Douglas-fir (CDF) biogeoclimatic zone, characterized by the coastal variety 

of Douglas-fir and including western redcedar (Thuja plicata), grand fir (Abies grandis), 

arbutus, Garry oak, and red alder (Alnus rubra), depending on site moisture and nutrient 

regime (Nuszdorfer et al. 1991). Less common trees in the CDF zone include shore 

pine, Sitka spruce (Picea sitchensis) (rarely), western hemlock (Tsuga heterophylla) 

(rarely), bitter cherry (Prunus emarginata), western flowering dogwood (Cornus nuttallii), 

bigleaf maple (Acer macrophyllum), black cottonwood (Populus balsamifera ssp. 

trichocarpa), and trembling aspen (Populus tremuloides) (rarely). Logging has occurred 

throughout this zone over the last 150 years, with old growth remaining in only a few 

areas, mainly within parks (Nuszdorfer etal. 1991). Vegetation in the CDF zone is 

similar to vegetation described by Franklin and Dyrness (1973) for the Puget Trough and 

San Juan Islands in Washington, and in Oregon in the Willamette Valley, although 

specific plant associations may differ.

Pollen analysis from marine and lake sediments indicate changes in the 

vegetation of the southeastern Vancouver Island over the last ca. 10,000 years. 

Following deglaciation, early pine parkland covered southern Vancouver Island (Brown 

and Hebda 2002a, Pellatt et al. 2001). Species assemblages identified from pollen in a 

marine core from Saanich Inlet, near the southern Gulf Islands, indicates that Douglas-fir 
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was also present as early as 11,450 BP1 (Pellatt et al. 2001). Oak first established in the 

8300-7040 BP warm period and quickly became a significant component of the 

vegetation. By 5750 BP, the climate was cooling, with modern conifer and oak 

savannahs established by approximately 3800 BP (Pellatt et al. 2001).

1 Dating follows format of cited references

An increase in oak pollen around 3800 BP suggests that local factors other than 

climate maintained oak meadows between 3800 BP and the present time, since the 

regional climate had become wetter and cooler by this time (Pellatt etal. 2001). Brown 

and Hebda (2002b) also note that oak pollen is not present on the adjacent Olympic 

Peninsula, suggesting that factors other than regional climate may have been driving the 

increase in oak woodlands. This interpretation is supported by historical and 

ethnographic accounts of the use of fire by First Nations people in the area at the time of 

European settlement in the 1840s, as documented by Turner (1999). Pellatt et al. (2001) 

suggest that First Nations burning of oak savannahs in the area over the last 3800 years 

could explain the persistence of this ecosystem type on southeast Vancouver Island and 

the Gulf Islands. Landscape burning was used by the Straits Salish people to increase 

production of bulbs and other desirable vegetation, particularly on southeastern 

Vancouver Island, where soils are typically deeper than on the Gulf Islands (Turner 

1999). According to historical accounts, oak savannahs were typically burned off 

following bulb harvesting in mid summer. Following European settlement on southern 

Vancouver Island, “the offshore islands around Victoria and the Saanich Peninsula 

became the only source of bulbs” (Turner 1999).

A recent examination of sediment cores from three lakes near this study area 

indicates that fire has been a periodic disturbance throughout the region over the past 

three centuries (McCoy et al. 2006). This burning occurs before, as well as after, 

European settlement. In fact, though charcoal levels are present before settlement, 
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presumably from First Nations fires, there is an increase following settlement. This 

increase is likely the result of widespread burning for preparation of agricultural lands 

(McCoy et al. 2006). Study of pre-settlement fires on Vancouver Island, taken from 

Douglas-fir tree rings, indicates that there were major fires on Vancouver Island (and 

sometimes also correlated fire years on the mainland of British Columbia) at 1100,1210, 

1410,1560,1610, 1660,1740 and 1820 (Schmidt 1970). Schmidt also attributes many 

of the existing old-growth stands on Vancouver Island to the 1740 and 1820 fires, which 

appear to have burned much of Vancouver Island.

Since European settlement, less than 5% of the original Garry oak habitat 

remains in British Columbia (Lea 2002, 2006). The development of the city of Victoria in 

the centre of the historical extent of Garry oak habitat on Vancouver Island replaced 

much of the habitat with residential, agricultural and industrial development. The Gulf 

Islands are generally less developed than the Victoria area, but they have a history of 

logging and agriculture, beginning between the 1860’s and 1880’s.

Feral sheep and goats still roam some islands, and deer numbers are high due to 

the elimination of large predators around the turn of the century. In all remaining Garry 

oak savannahs, non-native species have become a significant component of the plant 

community. Early hair-grass (Aira praecox), sweet vernal grass (Anthoxanthum 

odoratum), hedgehog dogtail, a number of exotic brome (Bromus) species, and orchard

grass (Dactylis glomerata) make up over 80% of the understorey vegetative cover in 

most Garry oak savannahs. There is concern that these invasive grasses are out- 

competing native perennial grasses and forbs. Shading and crowding by nonnative 

shrubs, particularly scotch broom (Cytisus scoparius), are also a threat to many Garry 

oak savannah patches (Parks Canada Agency 2006a).
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3.3 Site background and history

Coast Salish peoples, including the Chemainus, Cowichan, Nanaimo, Songhees, 

and Saanich, had permanent villages on southern Vancouver Island and used the Gulf 

Islands seasonally. The Gulf Islands were likely used en route to fishing at the Fraser 

River on the BC mainland (BC Historical Association 1966). In 1842, Factor Douglas 

conducted a survey of Vancouver Island and Fort Camosun (later Fort Victoria) was 

established. European settlement began in 1849, when Crown land was granted to 

settlers. Settlement on the Gulf Islands did not occur until the mid-1860s (BC Historical 

Association 1966). In general, it is unlikely that the smallest islands in this study 

(Anniversary, Brackman and Georgeson) were used for anything other than rest spots or 

emergency campsites for travelers. These islands were likely too small and/or 

depauperate to support habitation or land use such as farming, livestock grazing or 

logging.

The sites selected for this study vary considerably in island size, Garry oak 

ecosystem patch size, land use history, and environmental variables. Since these factors 

can all impact the stand structure and ecosystem processes, notable site features and 

observations were recorded in the field and historical references were checked for 

insights into historical land use. The canopy cover of selected sites varied from nearly 

closed at some sites to mostly open at others. This broad range of savannah types was 

intended to describe some of the variability found within these ecosystems. A range of 

habitat and environmental conditions were selected for, from coastal bluff and coastal 

islet, to large savannahs on steep hillsides and deep-soil Garry oak savannahs.

Increment cores were collected at two sites by Gedalof in 2003, and were 

revisited in 2005 to assess site conditions and vegetation cover. The six additional sites 

were sampled in 2005. Appropriate sites within the park were selected first, and nearby 

sites with environmental conditions not found within the Park were then selected. All 
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sites are located along a similar latitude, and all sites contain Garry oak trees as a 

significant component of at least a portion of the plot. The sites were selected to have 

varying levels of disturbance, apparent conifer encroachment and ecosystem 

degradation (such as invasive species or heavy grazing).

Environmental attributes (elevation, slope, aspect, surface shape, exposure, 

bedrock/rock and soil exposure, texture and depth) were recorded for each site. The 

presence/absence and qualitative extent of additional site-specific attributes were 

recorded, including presence of deer or other herbivores and/or signs of herbivory, 

indications of aboriginal land use, farming, logging or other land use, and charcoal 

evidence of fire.

Plots were based on 10 m x 10 m subplots, with the minimum plot size being 500 

m2, (10 m x 50 m) on the smallest island. The largest plot was 5000 m2 (50 m x 100 m). 

Plots were subjectively selected and sized to be a good representation of the site, and to 

include a transition into adjacent forest when encroachment was evident. The GPS 

coordinates for one corner of each plot were recorded and marked with a steel stake and 

etched zinc label. The bearings of the plot boundaries from this known location were 

also recorded.

Site fire history was difficult to assess at the selected sites, as there were no 

trees with visible fire scars. During measurement for site chronologies, tree-ring series 

were examined for indications of fire, such as dramatic increases in ring-width 

(especially if seen in several trees within the stand) and charring or a black area on the 

outer margin of an annual ring, as well as trauma rings with increased resin (McBride 

1983). Potential fire events were also indicated through analysis of the stand 

development data (notable recruitment pulses and identification of age cohorts). The 

presence or absence of charcoal at sites was also recorded, and historical records and 

orthophotos were reviewed for indications of fire events.
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Aerial photographs taken at periodic intervals have been used to document 

historical changes in oak (e.g. Gedalof et al. 2006) and other ecosystems (Scholes and 

Archer 1997, McPherson 1997). The application of this approach alone is limited 

because most changes in oak ecosystems occurred prior to the collection of aerial 

photographs in the selected study area. However, large-scale airphotos and orthophotos 

(1:10,000 and 1:20,000) from -1950 (1946, 1950, or 1952), 1975, and 2004 or 2005 

were useful in assessing recent stand structure and recruitment patterns. The photos are 

particularly effective in understanding recruitment over the last -50 years. Due to the 

slow growth of Garry oak trees in the area, many trees were too small to core (<10 cm 

dbh) until they reached approximately 50-80 years of age. My understanding of changes 

to stands over the last 50 years was therefore enhanced by comparing patterns in 

canopy cover in airphotos and orthophotos, along with analysis of sapling and seedling 

counts and measurements, and changes to ring-widths of older (sampled) trees.

3.4 Stand structure

To create tree-ring chronologies for each site, increment cores were collected 

from all trees greater than 10 cm diameter within the study plots. Cores were taken as 

close to ground level as possible (typically approximately 30 cm or less above ground) to 

obtain the most accurate establishment date. Snags and logs within the plots were also 

cored whenever possible. At some sites, increment cores were taken from selected 

“veterans” outside of the plot boundaries, to provide insights on fire history and to 

potentially extend the site history. One site (Cowichan Garry Oak Preserve on 

Vancouver Island) had a number of stumps within the plot and these were measured 

and cross sections for tree-ring analysis were cut from any solid sections.

Once in the laboratory, increment cores were mounted in slotted boards and 

sanded with progressively finer sandpaper, starting with 80-grit and progressing to 400- 
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grit for all samples, to reveal individual cells. Garry oak samples were hand-sanded with 

600-grit sandpaper and finished with a soft cloth. Cross sections were mounted on 

plywood bases and sanded using the same method as increment cores. Cross sections 

that were splitting or decayed were treated with wax to hold the sections together. Each 

section was wrapped in duct tape to hold pieces in place and liquid paraffin wax was 

poured over the section. Once cooled, the excess wax on the cross-section surface was 

removed and the cross section was mounted on plywood and sanded.

All cores and cross sections were then scanned at a minimum resolution of 800 

dpi, providing a minimum measurement error of ± 0.05 mm Tree-ring widths were 

measured using the WinDendro image analysis system (Regent Instruments, version 

2005). Arbutus trees were cored and samples were mounted; however, since the 

species does not appear to produce annual growth rings, the samples were not 

measured (Cherubini et al 2003).

Many of the increment cores collected did not contain the pith (innermost growth 

ring), due to asymmetrical growth, a very large-diameter tree, a partially rotten tree, or 

poor aim of the borer. To determine the date of establishment for these trees, the 

number of missing rings was estimated. This was done by measuring the curvature of 

the innermost ring using a transparent template, and dividing the radius of the missing 

growth by the average growth rate for the tree during its earliest known development.

To view the stand structure, I plotted the pith date, or year of establishment, for 

all Garry oak and Douglas-fir series at a site. I grouped establishment dates for each 

species of tree by decade to create histograms. The histograms illustrate patterns of 

long-term stand change, as well as identify periods of recruitment (or lack of 

recruitment).
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3.5 Understorey vegetation

To assess the relationship between processes at the stand level in relation to the 

understorey vegetation, percent cover (> 1%) of understorey species within each subplot 

(or plot, in some instances), was recorded. The percent cover of some grass species 

(e.g., Bromus spp.) and some species with low cover were recorded at the genus level. 

Mosses were recorded as “bryophytes”, and unidentified grasses were recorded as 

“other grasses”. Frequency of occurrence was recorded for sites in which subplots were 

surveyed. The two sites sampled in 2003 did not have a full vegetation survey 

completed; however, I returned to the sites in 2005 and estimated percent cover of the 

most prominent species at the plot scale.

Relative mean cover and frequency for all understorey was calculated for the six 

sites that were sampled in 2005. Relative percent cover, only, was calculated for sites 

sampled in 2003 because the vegetation survey done in 2005 did not assess vegetation 

at a sub-plot level. Understorey species for the six sites sampled in 2005 were ranked 

according to Importance Values (IV = average percent relative cover + average percent 

relative frequency). Importance values were used to provide an estimate of species 

prominence at the sites (Bowles and McBride 1998, Beals 1960, Douglas 1974, Douglas 

and Bliss 1977). All species were also grouped according to their type (grass, herb, 

shrub or “other”), as well as being classified as either “native” or “exotic”, as defined by 

the BC Conservation Data Centre (2005), to facilitate site comparison of understorey 

vegetation.

3.6 Regeneration

In addition to collecting cores from trees, the number of all seedlings and 

saplings was recorded, and the number and diameter at breast height (dbh) of trees, 
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snags and logs was recorded. Trees 10 cm diameter and over were measured for dbh, 

and their morphology was categorized as open or savannah grown (large lower 

branches, wide crown and deep canopy), woodland grown (generally erect tree with few 

lower branches and tall narrow crown), transitional (features characteristic of both 

savannah and woodland trees), or prostrate (growing along the ground or otherwise 

horizontally reaching for light). All trees less than 10 cm in diameter at breast height 

(saplings) were measured and recorded, and all seedlings (less than 1.5 m tall) were 

counted. Snags and logs less that 10 cm diameter were also measured and recorded. 

The age of Douglas-fir saplings was estimated, when possible, by examining and 

recording whorls of branches, which indicate yearly growth.

I analysed current stand regeneration by looking at the patterns in the number of 

seedlings, saplings, trees and snags (and logs) at each site. At some of the smaller 

island sites, there were little to no Garry oak seedlings but were instead patches of 

continuous sprouts or low Garry oak shrubs. In these instances, the patch area was 

noted and discussed. In analysing patterns in regeneration, I also considered the stand 

structure and historical patterns of tree establishment.

3.7 Site chronologies

The use of tree-rings to describe stand history can be a highly effective method 

of understanding the stand history, though data collection is more time and energy 

intensive than other techniques such as airphoto analysis. I used the measurements 

from ring-width series used to reconstruct the stand histories to create chronologies for 

each site. These chronologies were used to identify periods of suppression and release 

within the stands, and other disturbance events. My criteria for periods of suppression 

and release were identified as abrupt changes of 50% or more in ring width, lasting 10 or 

more years.
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Once all cores were scanned into WinDendro, ring widths for each series were 

measured and calendar years assigned, based on the known year of the outermost ring 

for all increment cores (either 2003 or 2005 depending on site). The cross sections were 

cross-dated using the longer series from increment cores as reference data. Problematic 

series, those with missing rings or rings too narrow to identify, were marked and 

removed from further analysis.

Tree-ring analysis for this dendroecological study includes cross-dating, or 

assigning of calendar years to the measured ring-width series (Fritts 1970,1976), and 

creation of representative site chronologies. Cross-dating uses “marker rings” or 

particularly narrow or wide rings that occur in many or all samples at a site to assist in 

locating and identifying false, missing, locally absent, or partial rings that can occur. 

These anomalous rings can occur as a result of particularly severe years or weather 

events, or damaging events (Fritts 1976, Yamaguchi 1991). Although the error 

introduced by missing or false rings is typically small (typically no more than 1-2 years 

per century), it is important to accurately identify yearly variability in ring-widths in certain 

cases, such as when comparing relationships between environmental variability and 

radial tree growth (Fritts etal. 1990), identifying fire regimes (Agee 1993), or assigning 

dates to undated chronologies (Stokes and Smiley 1968). Once crossdating was visually 

inspected, I used the program COFECHA (Holmes 1983) to check for potential errors 

(Grissino-Mayer 2001).

Tree-ring measurement series were then detrended and standardized using 

ARSTAN (Cook 1985) to produce site chronologies. A tree’s annual growth is a function 

of a number of factors, including environmental conditions and disturbances, 

endogenous and exogenous processes, stands dynamics, nutrient regimes and climate. 

Tree growth has been conceptually modeled by Cook (1987) as:

Rt = At + Ct + SD1t + SD2t + Et
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where Rt is the observed ring-width series of t years, At is the age or size trend in ring

width (includes periods of release and suppression), Ct is the climatic signal, D1t and D2t 

are endogenous and exogenous disturbance signals and Et is any other unexplained 

variability.

Endogenous disturbances are those arising from processes within the tree stand 

itself, such as canopy openings. Exogenous disturbances are those occurring 

independently of the stand, such as fire, insect outbreaks, frost damage or other 

environmental variables. The 5 is a dummy variable, used to indicate the occurrence or 

non-occurrence of the specified disturbance.

At is a non-stationary process, reflecting the tendency for younger trees to exhibit 

greater annual radial growth than older trees. As trees mature and the effects of 

competition and disturbance are minimized, tree growth will tend to exponentially decay 

over time. This type of growth trend is most commonly removed by fitting a negative 

exponential curve to the series to produce a dimensionless index. If a negative 

exponential curve is not a good fit for the series, a linear regression method is used 

instead, which fits a least squares regression line to the data. This method can 

accommodate tree-ring series that are atypical (for example, increasing ring width over 

time rather than decreasing) or relatively short. The transformation of ring-width 

measurements to ring-width index values creates standardized values that can be 

directly compared, allowing comparison of trees that are different ages or are developing 

at different rates (Fritts 1970, Cook and Holmes 1999).

Ring-width data are often double-detrended to further remove low-frequency 

trends (such as those potentially caused by small disturbances or competition). 

Following the initial detrending with a negative exponential curve or linear regression 

line, the series is fit with a spline curve of a specified rigidity. This second detrending is 
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very useful for isolating the effects of climate, but can remove the trends of most interest 

to dendroecological study (Cook and Holmes 1999).

One of the goals of this analysis was to determine changes in growth that could 

be attributed to ecosystem changes; therefore, the ring-width series for the type of 

analysis done in this study were not double-detrended. Ring-widths series were 

detrended by using either a negative exponential curve or, if this curve could not be fit, 

using a linear regression line (Cook and Holmes 1999, Fritts etal. 1969). Following 

detrending, each tree-ring index series was prewhitened using autoregressive modeling 

to remove the effects of autocorrelation on the series (Cook and Holmes 1999). 

Autocorrelation tends to occur in tree-ring data because annual tree rings are often 

influenced by conditions from previous years. Years of good growth will tend to be 

followed by another year of relatively enhanced growth, regardless of other factors, and 

years of poor growth will also often result in another year of low growth, despite optimal 

conditions (Fritts 1970). This pattern can obscure the degree of commonality in tree-ring 

series if the causes of variability are out of phase between trees (e.g. Riiters 1990), or 

can lead to spurious correlations if they are in phase (see Katz 1988).

After the series were detrended and prewhitened, they were combined into a 

single representative site chronology. Chronologies can be created by calculating either 

the arithmetic mean or the robust mean for each year in the series. The arithmetic mean 

produces a site chronology based on all the series, but it can result in flattening if the 

series being combined are heterogeneous. This mean will also be affected by outliers, 

which can significantly influence the resulting chronology. A more appropriate method of 

estimating the mean chronology in heterogeneous series, and the method used in this 

study, is to use a robust mean (Cook 1987). A robust mean discounts the influence of 

outliers, and therefore reduces the influence of series that are acting individually, such 

as trees that are reacting to endogenous disturbance agents.
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CHAPTER 4. RESULTS

4.1 Site background and history

This section describes the site background and history for each of the eight study 

sites, as well as descriptions of the plot location and environmental conditions found 

during the site visits. The sites, in this section and in others, are organized by island 

size, beginning with the smallest.

4.1.1 Anniversary Island

Anniversary Island is part of the Belle Islet Chain, which runs along the eastern 

edge of the southern Gulf Islands. Although it is one of the more remote of the Gulf 

Islands, this small island has still been invaded by exotic species, particularly Rubus 

discolor (Himalayan blackberry) and Holcus lanatus (common velvet-grass). Despite 

this, much of the island still has a high proportion of native species, as shown in Figure 

4.1. In addition, Parks Canada has been removing R. discolor from the island for the 

past several years. There was no evidence of herbivory on the island during site visits, 

and it is unlikely that deer would swim to this small exposed island.

The study plot on this island was slightly convex in shape, relatively level (5% 

slope with a southwest aspect), and situated near the centre of the island (Figure 4.2). 

The study plot was 10 m x 50 m, running southeast (135°), further divided into five 10 x 

10 m subplots. The plot marker peg was located at the western plot corner, at 

N48°49.413’ W123°10.955” (± 5 m).

The soil on Anniversary Island is very sparse or nonexistent near the shoreline, 

but is more developed at the interior centre of the island, with up to 14 cm of brown 

organic loam over bedrock and rocks and large boulders (50 cm to 2 m in diameter) 
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strewn throughout. The understorey consists of patches of shrubs and open areas with 

herbs and grasses. The shrub thickets are quite dense, sometimes forming impenetrable 

thickets. There is no evidence of human impact on the island other than the presence of 

exotic species. There was highly weathered charcoal evident at the base of one large 

Rocky Mountain juniper near the centre of the plot.

All 1950-era airphotos and orthophotos of Anniversary Island were too hazy or 

foggy to be useful. Comparisons of Anniversary Island at both island and plot scales at 

1975 and 2004 show little difference in vegetative cover and no disturbance is evident 

(Figures 4.2 and 4.3).

Figure 4.1. Spring flora in opening on Anniversary Island, showing a number of native 
herbs, including Camassia quamash, Plectritis congesta, Fritillaria lanceolata, and 
Castilleja hispida with Ranunculus occidentalis.
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Figure 4.2. Anniversary Island in 1975 and 2004, showing location of study plot.

Figure 4.3. Study plot comparison between 1975 and 2004.
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4.1.2 Brackman Island

Brackman Island is another of the very small islands. It is located east of 

Vancouver Island and lies adjacent to larger Portland Island and small Hook Island 

(Figure 4.4). Most of Brackman Island is heavily forested with a dense shrub 

understorey. The southern tip of the island has a meadow opening and open mixed 

woodland, with scattered Rocky Mountain juniper along the southern shoreline and 

shrubby Garry oak at the exposed and very dry extreme southern end of the island 

(Figure 4.5). The origin of the meadow is unknown but it, and other open areas of the 

island, had been invaded by exotic Scotch broom (Cytisus scoparius); however, Parks 

Canada has removed most of this shrub from the island over recent years.

Public access has not been permitted on the island since it was protected as a 

provincial Ecological Reserve in 1989. It has since been transferred into the GINPR. 

There is no evidence of deer presence on the island, and the island has never been 

logged, grazed or settled (Parks Canada 2006b). The only evidence of human 

disturbance is the illegal cutting of several junipers along the shoreline, presumably for 

woodcarving. There was no sign of fire on the island, and the presence of a veteran 

juniper adjacent to the meadow supports the conclusion that this island has not had a 

sizeable fire for at least a century.

Comparison of orthophotos of the island in 1950 and 2004 shows no obvious 

change in forest cover for both Brackman and Hood Islands (Figure 4.4). Both islands 

have heavy and nearly continuous forest cover in both photos. Nearby, Portland Island 

shows significant forest infilling of historical farm fields near the centre of the island. It is 

likely that the other openings on Portland in the 1950 orthophoto are a result of land 

clearing by the farm
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Figure 4.4. Comparison of Brackman and nearby islands in 1950 and 2004, showing 
location of study plot.
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Figure 4.5. Area of meadow opening included within the study plot. Grassy meadow 
transitions into snowberry thicket (Symphoricarpos albus) then woodland.

The area selected for the plot includes part of the meadow opening and extends 

through the woodland to cover most of the island’s southern tip (Figure 4.6). The plot 

marker is located at the northeastern corner of the plot (N48°43.090’ W123’23.117’ ± 

5m) and the plot runs 60 m at 235° and 50 m at 145°. The plot was divided into thirty 10 

x 10 m subplots. The topography within the plot was slightly convex, with a slight (10%) 

slope toward the southwest (except for steep cliffs running along the eastern edge of the 

plot). The soil was shallow and rocky, with approximately 6-10 cm of soil over bedrock.
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Figure 4.6. Comparison of the plot at study site BRK in 1950, 1975, and 2004.

Comparison of the study plot at 1950,1975, and 2004 shows some increase in 

shrub or tree cover over the 54-year span. A few trees appear to have established 

between 1950 and 1975, and the tree canopy cover increased as these trees matured 

between 1975 and 2004. A veteran Douglas-fir on the edge of the meadow has heavy 

lower branches, indicative of being open-grown (Figure 4.7). The structure of this tree 

suggests that the meadow has been open for some time. The increased canopy cover in 

the woodland appears to be the result of Douglas-fir growth, and the Garry oak trees are 

in the lower canopy and are often prostrate (Figure 4.8). Another notable feature at the 

site was a dead Garry oak sapling in middle of a Garry oak shrub thicket at the dry, 

exposed southern end of Brackman Island (Figure 4.9). A number of sapling-sized snags 

were recorded on Brackman, and other islands; many of these saplings appear to have 

died from factors other than the expected light deprivation in denser woodlands.
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Figure 4.7. Very large Douglas-fir with open-grown characteristics (large heavy lower 
branches) on edge of meadow opening.

Figure 4.8. Overtopped woodland oak under Douglas-fir cover reaching for light.
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Figure 4.9. Dead Garry oak sapling in middle of a Garry oak shrub thicket at the dry, 
exposed southern end of Brackman Island.

4.1.3 Georgeson Island

Georgeson Island is a small island situated east of Bennett Bay on Mayne Island. 

Comparison of the island between 1950 and 2004 shows no change, and there is no 

evidence of human disturbance (Figure 4.10). The Island is within the GINPR, and public 

access is not permitted. Meanwhile, nearby Mayne Island shows disturbance (land 

clearing) between 1950 and 2004.

Georgeson Island is a sandstone ridge with a steep southwestern slope facing 

Bennett Bay. This section of slope selected for the study site is sparsely vegetated with 

rocky mineral soil and exposed bedrock on the upper slope (Figures 4.11 and 4.12). 

Garry oak is the dominant vegetation on the slope, and there is a large number of 

seedlings and low shrub-form Garry oak.
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Figure 4.10. Comparison of Georgeson Island, located southeast of Bennett Bay on 
Mayne Island, at 1950 and 2004.
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Figure 4.11. Mid and upper slopes of the study site, showing sparse vegetation, rock 
outcrops and scattered trees.

Figure 4.12. The upper slope transitions into Douglas-fir forest. To the right, the slope 
drops off rapidly, and to the left is the forested flat centre of the island.
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The slope begins with an eroded sandstone beach and rises at a 70% incline, 

levelling to 50% at midslope and continuing at 60% slope on the upper slope. At the top 

of the slope, the island levels rapidly and supports an old Douglas-fir forest that does not 

appear to have been logged. Rocky Mountain juniper is present at this site, particularly 

along the lower slope. There was no evidence of deer grazing on the island, although a 

weathered antler was found at the top of the slope. The island is likely accessible to deer 

due to its close proximity to Mayne Island, but the site is sparsely vegetated and any 

deer visitation is likely sporadic and limited.

The study plot follows the slope, with the x axis running 50 m at 105° along the 

top of the slope and the y axis running 30 m down slope at 195°, with a total of 15 

subplots, as shown in Figure 4.13. The plot marker was positioned at the easternmost 

corner (top of slope) at N48°50.639’ W123°14.360’). The soil on the bottom half of the 

slope is very sandy and rocky. On the top half of the slope, the soil is darker and 

organic, with pockets of 15 cm soil interspersed between exposed rock and coarse 

mineral soil.

Comparisons of the study plot in 1950 and 2004 show little change and 

vegetation patterns (despite the poor image quality) evident in the 1950 orthophoto are 

visible in 2004. The combination of steep slope, poor quality soil, and no human obvious 

human disturbance appear to have resulted in the lack of evident change at this site.

55



Figure 4.13. Comparisons of the study plot in 1950 and 2004.

4.1.4 Tumbo Island

Tumbo Island is a small (260 acre) Gulf Island within the GINPR. It lies just off 

East Point, Satuma Island. Tumbo Island has a long history of human use and was likely 

an important site for First Nations. Sometime in the late 1800’s (likely the 1870’s), the 

first European resident of the Island, Ike Tatton, is reported to have witnessed a battle 

on the island between warring First Nations (Murray 1991). Another historical account 

(BC Historical Association 1966) also mentions this event: a large First Nations battle in 

the narrow channel between Saturna and Tumbo Island, with numerous human remains 

found in following years.
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In the 1880’s a coal mining operation was initiated on Tumbo Island. This 

endeavour was fraught with problems, including explosions, flooding and collapses. The 

project was given up in the 1890’s and it’s thought that little coal was actually recovered 

(Murray 1991, BC Historical Association 1966). Since 1900, the island has also been the 

site of a fur farm and has been logged. The island was privately owned until purchase in 

1997 for eventual inclusion in the GINPR. Old farm buildings are still present on the 

island, as well as one residence. Comparison of orthophotos from 1950 and 2004 show 

little or no change in forest cover along the southern shore of Tumbo Island, although 

encroachment into the interior meadow, and along the northern shore, is noticeable 

(Figure 4.14).

Figure 4.14. Comparisons of eastern Tumbo Island in 1950 and 2004, showing location 
of study plot.
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The sample plot is located on a point of land extending eastwards from the 

southeast corner of the island (Figure 4.14). The plot extends from the shoreline, 

through an open Garry oak savannah, into a closed Douglas-fir forest (Figure 4.15). The 

southwest comer of the plot is located at N48°47.588’ W123°03.114’ (±5m). The sample 

site is generally flat (0-5% slope), although along the southwest margin the terrain 

slopes steeply down to a rocky shoreline. The soil within the plot is very shallow, ranging 

from 0 to 15 cm in depth. The site is extremely dry, and the soils are coarse and sandy. 

These conditions likely help protect the site from forest encroachment.

Figure 4.15. Detail from the study site showing the open coastal savannah progressing 
inland into closed forest. The heavily browsed understorey consists mainly of introduced 
grasses.
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Comparison of the plot area in 1950, 1975, and 2004 shows maturing of a 

number of saplings visible in the 1950 photo. By 2004, these trees have a much larger 

canopy, and open areas are slightly reduced (Figure 4.16). The stand density in the plot 

is generally low, with a largely open canopy; however, there is one conspicuous cluster 

of Douglas-fir regeneration occurring in the middle of the site (Figure 4.17). This cluster 

is approximately 8 m x 5 m, and is sufficiently dense that there is no understorey 

beneath the Douglas-fir. The cluster shows evidence of heavy browsing by deer, 

including repeated damage to terminal shoots, loss of vegetative material from lateral 

shoots, extensive callusing, and mechanical damage to stems. Additionally, nearly all of 

the vegetation in the cluster has been “mowed” to a height of approximately 1 m, the 

reach of black-tailed deer. About 8 shoots in the centre of the thicket have managed to 

grow above the reach of the resident deer, and these individuals have grown to 

considerable heights very rapidly. Field counts of nodal scars suggest that it takes 6 to 8 

years for these individuals to reach heights of 5 to 7 metres. In the absence of control 

mechanisms these trees will likely overtop the adjacent oak trees within a decade.

Figure 4.16. The sampling grid used on Tumbo Island. Each subplot is 10 m X 10 
metres. The y-axis runs approximately along the shoreline at a bearing of 240°.
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Figure 4.17. Detail from the Tumbo Island plot. This dense patch of young Douglas-fir 
seedlings shows evidence of heavy browsing by deer. Once the leader is able to grow 
above the reach of resident deer the tree grows very quickly, probably reaching canopy 
heights within 10 to 20 years.

4.1.5 South Pender Island

South Pender Island is one of the larger Gulf Islands at 911 hectares. This island 

was historically connected to what is now North Pender Island by a channel through a 

sandy narrow isthmus connecting the two. This connection was dredged in 1902, and in 

1955 a bridge was built to reconnect the two islands. The first landowner was John Todd 

who bought land as an investment in the 1850’s. However, the earliest report of activity 

on the island is sheep farming beginning in 1877 and in 1886 the first permanent 

European settler moved to the island (BC Historical Association 1966). The population of 

South Pender is now approximately 160 people (Islands Trust 2005).

The study plot is located along a southwest-facing slope above Bedwell Harbour 

(Figure 4.18). The plot is located within the 58 hectare Beaumont Marine Park, which 

was established as a provincial park in 1963, and has now been transferred into the
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GINPR. This park property has 11 campsites and is popular with boaters. The northwest 

corner of the plot is located at N48°31.0’ 123°15.005’ (± 5m), and the plot marker was 

placed at N48°45.514’ W123°14.995’ (during site revisit in 2005). The plot sampled 

extends from the high tide line, through a fairly open oak-arbutus stand, into a closed 

Douglas-fir forest. The plot slopes up, away from the shoreline, at approximately 35%, 

decreasing to approximately 15% in the upper portion (Figure 4.26). Each subplot is 10 

m X 10 metres. The y axis is oriented approximately parallel to the shoreline, at a 

bearing of 120°.

1950 2004

Figure 4.18. Comparison of the area around the study plot, from orthophotos taken in 
1950 and in 2004.

The conifer forest adjacent to the plot is encroaching on the Garry oak 

community, with many young Douglas-fir saplings and seedlings growing up beneath the 

Garry oak (Figure 4.19). Also, many of the Garry oak exhibited signs of stress, including 

dead or dying leaders, dead or dying lower branches, and overall reduced vigour.
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Several individuals were prostrate, with all living branches extending away from the 

conifers towards the more open shoreline. Scattered, highly decomposed, stumps 

provide evidence that the site was subjected to some logging activity in the past, 

although there is no evidence of logging within the sample plot itself. A hiking path used 

to access the nearby campground runs along the upper edge of the plot.

Figure 4.19. Coastal bluff and meadow opening at the study site, showing Douglas-fir 
growing immediately upslope from Garry oak.

Although there was some evidence of past fire within the plot (e.g. scorched bark 

and charcoal fragments), no easily datable material was found. However, approximately 

150 m northwest of the sampling site there was a stand of even-aged Douglas-fir that 

appears to be a post-fire cohort. The irregular spacing of individuals, the presence of 

bigleaf maple, and the relative absence of stumps, suggest that the stand was not 

planted.

Comparison of the area around the study plot in 1950 and 2004 shows that forest 

cover on the island has greatly increased. What was a patchwork of woodland with 

savannah and meadow openings in 1950 is now mostly closed canopy forest with small 
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patches of savannah and meadow (Figure 4.19). At the plot-scale, there has been

noticeable canopy closure in the inland half of the plot, between 1975 and 2004 (Figure 

4.20).

Figure 4.20. Comparisons of the South Pender Island plot area in 1975 and 2004.
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4.1.6 Satuma Island

The Saturna Island study site is located on Brown Ridge, a long expanse of 

steep, open prairie with scattered trees on Saturna Island (Figure 4.21). Saturna Island 

is one of the larger Gulf Islands, at 3422 hectares. The first European settler to live on 

the island was Charles Trueworthy who arrived in 1873. It has been noted that he also 

brought “mullein” (Verbascum sp.) as a remedy for his asthma. Verbascum thapsus is an 

invasive exotic species found on several of the Gulf Islands, likely spread from 

Trueworthy’s garden (BC Historical Association 1966). Extracts from another Saturna 

Island resident’s diary (Gerald Payne) around 1900 comment on shooting eagles at 

“Prairie Hill”, and another local history (Murray 1991) also mentions a young man who 

would run up and down the very steep Prairie Hill. These accounts are likely referring to 

what is now called Brown Ridge. Payne also referred to very hot weather and “much 

forest-fire smoke, country looks all on fire” (BC Historical Association 1966).

There is no historical reference of the ridge being used for other purposes, likely 

due to the steepness of the slope. However, there is a long history of free-ranging goats 

on the island, and one band of goats is still present on the ridge (see Figure 4.22). The 

ridge is also known to have had importance for the local First Nations, as it was a place 

to collect spirit quest feathers, camp and conduct spiritual ceremonies (Parks Canada 

2006b).
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Figure 4.21. Brown Ridge, Saturna Island, as seen from Blunden Island. The study site 
is located along a slight ravine running down the slope, and can be identified by the 
increased cover of trees in this area.

Figure 4.22. Feral goats on Brown Ridge (left) have caused significant erosion (right).
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Farms were located adjacent to the ridge, and the landscape has been actively 

farmed and logged since European settlement. However, no cut stumps were evident on 

the ridge, and any tree-falling would likely result in a dangerous and uncontrollable roll to 

the bottom of the hill. Charcoal fragments on the ground and charred bark on one 

veteran Douglas-fir indicate that the ridge has been burned in the past. It is possible the 

land-clearing fires set below the ridge “got away”, and travelled upslope. Such fires 

would travel rapidly, causing little damage to vegetation.

Comparison of Brown Ridge at 1950, 1975 and 2004 (Figure 4.23) shows that 

much of the prairie-like opening has changed little over the last 54 years. A sizable patch 

of forest immediately below the study plot appears to have been logged between 1950 

and 1975 (stumps were also observed in the field). Some of the surrounding landscape 

was also cleared between 1950 and 1975, particularly below Brown Ridge. The area 

above the ridge appears to have been selectively logged during this time. Between 1975 

and 2004, the logged area above the ridge was cleared and a cabin built. Below the 

ridge, some cleared areas increase in size and roads are evident in the 2004 photo. 

Other areas (particularly immediately below the ridge) appear to be regenerating.

The Saturna Island plot is located on a shallow ravine on the ridge, which 

appears to channel seasonal runoff. This ravine has the highest concentration of trees 

on Brown Ridge, and was therefore included within the study plot. The slope within the 

plot varies between 50% and 70%, and the aspect is 170° (SSE). The plot follows the 

slope of the ridge, with the x axis running 260° across the slope for 50 m from the 

northeast corner and the y axis running 170° down slope for 100 m (see Figure 4.24). 

The plot was divided into fifty 10 x 10 m subplots and the plot marker was positioned at 

the northeast plot corner (N48°46.21T W123°9.077’ ± 5 m).
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Figure 4.23. Comparisons of the Saturna Island study area on Brown Ridge at 1950, 1975, and 2004, showing location of study plot.

100 __ 0 100 metres
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The soils within the plot were sandy and depth ranged from approximately 1 cm 

to 15 cm in deeper pockets, with occasional rock outcrops. The understorey within the 

plot is almost entirely exotic grasses and the site is heavily browsed by goats. Almost all 

herbs and small shrubs found within the plot were located along the ravine. Goat trails 

criss-cross the slope, and erosion is evident in a number of areas (see Figure 4.22). 

Other than areas disturbed by goat traffic, there is little (~5%) exposed soil or coarse 

woody debris.

Comparison of forest cover in orthophotos of the plot in 1950,1975, and 2004 

(Figure 4.24) indicates little overall change in cover within the plot. Little change in 

vegetation is evident within the plot; however, the forest cover immediately below the 

plot is dramatically reduced between 1950 and 1975 presumably due to logging. 

Regeneration of this stand is apparent between 1975 and 2004.Forest cover above the 

plot appears to have gradually increased over the 54-year period.

Figure 4.24. Study plot BRN in 1950, 1975 and 2004.
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4.1.7 Salt Spring Island

Salt Spring Island was the earliest of the Gulf Islands to be settled, likely due to 

its large size and close proximity to Vancouver Island. Nearly 70 settlers homesteaded 

Salt Spring Island in 1859, following failure to strike gold in the Fraser River gold rush. 

By 1877, wolves were eradicated from the island, though cougars were apparently still 

present for several more years. A surveyor in 1874 noted the poor quality of soil on the 

island, stating that the land consisted mostly of “gravel and salal” and was “very rocky 

and precipitous”. He also noted an abundance of large trees and deer (BC Historical 

Association 1966).

The study plot on Salt Spring Island is located on the lower slope of Mt. Maxwell, 

near Burgoyne Bay (Figure 4.25). The plot is located above Burgoyne Bay and near the 

mouth of Fulford Creek (the creek enters the bay in lower right foreground of the 

orthophotos). This steep slope is the site of Canada’s largest existing Garry oak 

savannah, part of which (241 hectares) is protected within the Mt. Maxwell Ecological 

Reserve. In 1891, farming began at Burgoyne Bay, immediately below the study plot. 

John Maxwell imported 100 cattle and planted an orchard and grain fields over the 1000 

acre farm (Murray 1991). The area is currently grazed by a band of feral sheep; it is 

unknown how many sheep grazed this area in the past and when this grazing began.

The study plot originates at48°48.185’ W123°31.622’ ±25m, where the plot 

locator is staked, and runs 50 m at 290° and 50 m at 200°. The plot is situated on a 

hummocky slope with a 40% decline toward Sansom Narrows. The site is convex, with 

roughly half the plot having an aspect of 176° and half being 203° (Figure 4.26). The plot 

includes a shallow ravine, in which the Douglas-fir is found (Figure 4.27). A 

decomposing nurse log is laying in this depression, and most of the Douglas-fir 

seedlings and saplings within the plot are growing from this log. The depression is likely 

also the path taken by many large boulders that were shed from the face of Mt. Maxwell
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during an earthquake in 1699; these large boulders lay below the plot and some are 

nearly 5 m diameter. Within the plot itself, the largest boulders are approximately 1 m 

diameter. Like the other Gulf Islands, the rock at this site is a sandstone conglomerate.

• *

2005

600 0 600 1200 metres

Figure 4.25. Comparisons of area around the Salt Spring Island study site, at 1946 and 
2005.
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Figure 4.26. Typical habitat on the open southwest-facing slopes of Mt Maxwell. Digitalis 
purpurea (shown) and Lychnis coronaria are common exotics at this site, and 
Verbascum thapsus is also present.

Figure 4.27. Stand of mature Douglas-firs on edge of slight depression in the study plot.
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There was abundant sheep sign within the plot, but little observed deer sign; 

however, both sheep and deer are likely relatively abundant in the area. There was no 

sign of fire at this site, and bryophytes were noticeably abundant on trees and rocks 

(Figure 4.28). Despite not seeing any charcoal or fire scares, it is possible that very light, 

rapid fires travelled upslope from the farms below; fires caused by lightening are also a 

possibility at this site.

There were a number of mature Douglas-fir snags on the slope near the plot. 

These trees appear to have been killed as a result of infestation by western oak looper 

(Lambdina fiscellaria somniaria) in 1980 or 1994/95. As noted by Roemer (2000), the 

western oak looper does not appear to have killed any of the oak trees (though it did 

cause loss of 60-100% of leaves on affected trees). However, the larvae weakened the 

Douglas-firs, which were subsequently attacked by Douglas-fir bark beetles 

(Dendroctonus pseudotsugae) and killed. This natural process may be one of the 

methods by which Garry oak savannahs in Canada are maintained (Roemer 2000), and 

could be the active process at this site, given the absence of fire sign.

Comparison of the plot area between 1946 and 2005 shows some patchy 

increase in canopy cover where trees are already present, and little or no change in 

open areas (Figure 4.29). Understorey vegetation in 1946 appears to be sparser than in 

2005, although this may be a result of differences in time of year in which photos were 

taken. The shallow ravine running though the plot is noticeable as the area where tree 

cover is high (right mid-fore-ground); tree cover has increased in this area over the 59 

year period.
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Figure 4.28. Rocky outcrop at the study plot on Salt Spring Island, showing mature oaks 
(left) and Douglas-fir seedling (right).

Figure 4.29. Comparisons of the study plot at 1946 and 2005.
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4.1.8 Vancouver Island

The Vancouver Island study plot is located in the Cowichan Garry Oak Preserve, 

in the Cowichan Valley. This site is different in a number of ways from the other sites in 

this study: it is inland from the ocean and is relatively flat with deep, rich soil. One 

pioneering family, the Elkingtons, had owned the property since 1889, before the 

property was transferred into Nature Conservancy of Canada ownership in 1999. The 

site was historically known as “Oak Park” and was the location of the family’s home and 

barn on the 300 acre farm.

The depth and texture of the soil at the site indicates it has a long history as a 

meadow (Douglas etal. 2001). Prior to European settlement, First Nations burning and 

cultivation of camas (camas is prolific, almost weedy, at this site) may have kept the 

area from developing into Douglas-fir forest. Environmental conditions are suitable for 

Douglas-fir forest and over the last 50 years there has been considerable canopy 

expansion (Figure 4.30). It appears that historically the centre of the property (Oak 

Park), where the house and bam were located, was kept relatively open and patches of 

heavier forest were maintained along the northern boundary and the southwestern 

corner.

Almost all of the forest ingrowth appears to be Garry oak, though the Nature 

Conservancy of Canada may have removed some Douglas-fir saplings within the plot 

over the last five years as part of their management activities. The Nature Conservancy 

of Canada currently actively maintains the site: removing exotic species and invasive 

native shrubs, planting native grasses and herbs, and removing or girdling Douglas-fir 

trees and saplings. The site is fenced (though not deer-proof) and has limited public 

access, though a number of research studies are conducted onsite.

The study plot was located away from the site’s other research plots, in the 

northeastern end of the property. The plot was situated on a slight depression that forms 
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the seasonal Elkington Creek (visible in Figure 4.30). There are a number of stumps in 

various stages of decay within the plot, indicating logging over a long period of time 

(Figure 4.31). In the photo’s immediate left foreground is a solid stump, from which a 

cross-section was removed for dating. In the centre of the photo is a highly decayed 

stump that could not be dated. Beginning at N48°48.545’ W123°37.742’ (±5 m), the plot 

covers an area of 50 m at 70° by 50 m at 160°, with a total of twenty-five 10 m x 10 m 

subplots. The site is convex, with a 5% slope rising from the creek.

The site is lushly vegetated, with a mixed canopy of Douglas-fir and Garry oak 

and an understorey of mainly grasses and herbs, with patches of shrubs (see Figure 

4.31). Compared to the more xeric Gulf Island sites, this plot is generally lush and mesic. 

The majority of the plot has deep, dark soil (more than 30 cm), with only one xeric area 

with shallow (5-10 cm) soil. There is no sign of fire on stumps or live trees, although the 

thick vegetation would obscure any charcoal that might be present on the ground. Deer 

were observed at the site, and herbs appeared to be browsed, particularly camas.



Figure 4.30. Comparison of the Vancouver Island study plot in 1952 and 2005 shows an 
increase in tree cover over the time period.
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Figure 4.31. Stumps along the creek near the centre of the Vancouver Island study plot.
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4.2 Stand structure

4.2.1 Anniversary Island

Anniversary Island had a peak of regeneration between 1900 and 1920. The 

majority of the existing Garry oaks on the island were recruited during this period 

(Figure 4.32). There is little Douglas-fir at this site, and the only two Douglas-fir trees 

within the plot originated after 1930. The pattern of recruitment over the last 200 

years indicates little site-wide disturbance until the latter half of the 1800’s. A large 

disturbance event is suggested in the 1880’s or 1890’s.

UPseudotsuga menziesii
S Quercus garryana (+ 1 snag not incl.)
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Figure 4.32. Stand structure on Anniversary Island.

4.2.2 Brackman Island

Recruitment on Brackman Island between 1750 and 1910 consists of low 

levels of both Garry oak and Douglas-fir establishment (Figure 4.33). Increased 

recruitment started at approximately 1900 and is ongoing. A particularly distinct 

cohort of Garry oak was established in the 1920’s, after which Douglas-fir recruitment 

increased and Garry oak recruitment declined (Figure 4.33). A stand-initiating event 

may have occurred between 1890 and 1920, causing this dramatic increase in Garry 

oak establishment, followed by increasing Douglas-fir establishment.
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Figure 4.33. Stand structure on Brackman Island.

4.2.3 Georgeson Island

Georgeson Island did not show an increase in Douglas-fir recruitment over 

time (Figure 4.34), with only sporadic establishment over the last 200 years. Other 

than two Douglas-firs established in the 1750’s and 1770’s, all other trees in the plot 

were established between 1820 and 1930. Peaks of Garry oak establishment occur in 

the 1830’s, 1850’s, and between 1890 and 1910.

Georgeson Island
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■ Pseudotsuga menziesii (+2 trees & 5 snags not incl.)
B Quercus garryana (+6 frees & 3 snags not incl.)
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Figure 4.34. Stand structure on Georgeson Island.

4.2.4 Tumbo Island

Tumbo Island shows two periods of high Garry oak recruitment, between 1870 

and 1880, and again between 1910 and 1930 (Figure 4.35). Douglas-fir recruitment 

follows the first cohort of Garry oak, with establishment within the plot beginning in the 
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1880’s. The majority of the Douglas-firs are established between 1900 and 1940, 

which coincides with the second Garry oak cohort. From 1930 onward, Garry oak 

recruitment declines and Douglas-fir recruitment continues: there were only 3 Garry 

oak trees established thereon but 14 Douglas-fir established.
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Figure 4.35. Stand structure on Tumbo Island.

4.2.5 South Pender Island

Forest cover (Douglas-fir) is rapidly increasing at the South Pender Island site at 

Beaumont Marine Park. There has been no Garry oak recruitment within the plot since 

the 1880’s (Figure 4.36). There were two pulses in Douglas-fir recruitment at the site, 

and little Garry oak recruitment has occurred since at least 1740. The first pulse began 

in the 1850s and lasted until 1900. The second pulse occurred in the 1950s and 

consisted entirely of Douglas-fir.
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4.2.6 Saturna Island

In the Satuma Island plot, there has been no recruitment since 1880 (Figure 

4.37). The stand has predominantly been composed of Garry oak since at least the early 

1700s, with a large proportion of the existing stand recruited between 1770-1830. An 

additional small pulse of recruitment occurs in the 1850’s when several Garry oak and 

Douglas-fir were established.

Decade

Figure 4.37. Stand structure on Satuma Island.

4.2.7 Salt Spring Island

The Salt Spring Island plot shows low levels of Garry oak recruitment, and no 

Douglas-fir recruitment, between 1710 and 1850 (Figure 4.38). Between 1850 and 

1880; however, a large cohort (31 trees) of Garry oak is established. Garry oak 

recruitment continues until at least the 1920’s, although numbers of trees per decade 

decline. Douglas-fir recruitment occurs over the same period, with the majority of the 

trees (12) becoming established between 1870 and 1900. However, the number of 

Douglas-firs established per decade is incidental compared to the Garry oak 

establishment.
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Figure 4.38. Stand structure on Salt Spring Island.

4.2.8 Vancouver Island

In the Vancouver Island plot, low numbers of Garry oak, and only one 

Douglas-fir, were established between 1750 and 1860 (Figure 4.39). Starting in the 

1860’s; however, there was a gradual increase in Garry oak recruitment, with a large 

cohort established between 1880 and 1900. Garry oak recruitment abruptly declined 

after this period, followed by continuing low levels of Douglas-fir recruitment between 

1910 and present.

In addition to the trees sampled to display the stand structure, there were a 

number of trees, snags and stumps not sampled (a total of 21 Douglas-fir stumps and 

18 Garry oak trees, snags or stumps). Interpretation of the stand structure must 

account for potential variability as a result of this missing information.
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Figure 4.39. Stand structure on Vancouver Island.
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4.3 Understorey vegetation

4.3.1 Anniversary Island

The predominant understorey species on Anniversary Island (Table 4.4) were: 

Rubus discolor (14.03% importance value), low-growing Garry oak (shrub-form) 

(13.06%), Rosa nutkana (12.72%), and Symphoricarpos albus (11.86%). These 

shrubs, along with Holodiscus discolor dominated the community. At the time of the 

survey (late June), exotic grasses (Dactylis glomerata, Bromus spp., and Holcus 

lanatus) dominated the herbaceous layer; however, native herbs were prominent in 

open areas within the plot during a site visit in early April.

Although this island is small and relatively remote, a number of exotic (mostly 

shrub) species are present. It still is relatively intact; however, with a cover of 

approximately 70% native and 30% exotic species. This site has the highest ratio of 

native to exotic species of the eight sites studied.
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Table 4.1. Understorey species cover, frequency and importance values (IV) for 
Anniversary Island.

Species Total % 
cover

Relative 
cover Frequency Relative 

frequency
Importance 

value
Rubus discolor 18.60% 18.75% 80.00 9.30% 14.03%
Quercus garryana (shrub) 19.00% 19.15% 60.00 6.98% 13.06%
Rosa nutkana var. nutkana 16.00% 16.13% 80.00 9.30% 12.72%
Symphoricarpos albus var. albus 12.00% 12.10% 100.00 11.63% 11.86%
Amelanchier alnifolia 7.00% 7.06% 80.00 9.30% 8.18%
Holodiscus discolor 6.00% 6.05% 80.00 9.30% 7.68%
Dactylis glomerata 6.00% 6.05% 60.00 6.98% 6.51%
Bromus spp. 1.40% 1.41% 60.00 6.98% 4.19%
Holcus lanatus 3.40% 3.43% 40.00 4.65% 4.04%
Juniperus scopulorum (branches
only) 5.00% 5.04% 20.00 2.33% 3.68%
Lonicera hispidula 2.20% 2.22% 40.00 4.65% 3.43%
Elymus glaucus 1.20% 1.21% 40.00 4.65% 2.93%
Mahonia aquifolium 0.60% 0.60% 40.00 4.65% 2.63%
Festuca rubra 0.20% 0.20% 20.00 2.33% 1.26%
Camassia spp. 0.20% 0.20% 20.00 2.33% 1.26%
Cerastium arvense 0.20% 0.20% 20.00 2.33% 1.26%
Sonchus oleraceus 0.20% 0.20% 20.00 2.33% 1.26%
Total 99.20% 100.00% 860.00 100.00% 100.00%

4.3.2 Brackman Island

Similar to Anniversary Island, Brackman Island had a high shrub cover (Table 

4.2), with the most important species being Symphoricarpos albus (importance value of 

24.26%). The majority of the understory vegetation is composed of shrubs, with sparse 

but diverse ground vegetation.

This island has just a slightly lower cover of natives, and higher cover of exotics 

than Anniversary Island, with just fewer than 70% and just over 30% respectively. 

Lonicera etrusca, an exotic honeysuckle, is an important species within the plot (at 

6.93% IV). The two native honeysuckles (Lonicera ciliosa and Lonicera hispidula) are 

present within the plot, but have much lower importance values (1.03% and 0.27% 
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respectively). The native trailing blackberry has a relatively high importance value, at 

6.71%.

Table 4.2. Understorey species cover, frequency and importance values (IV) for 
Brackman Island.

Species Total % 
cover

Relative 
cover Frequency Relative 

frequency
Importance 

value
Symphoricarpos albus var. albus 34.93 37.84% 87.00 10.67% 24.26%
Anthoxanthum odoratum 13.10 14.19% 60.00 7.36% 10.78%
Lonicera etrusca 5.20 5.63% 67.00 8.22% 6.93%
Rubus ursinus ssp.
macropetalus 5.60 6.07% 60.00 7.36% 6.71%
Holcus lanatus 3.63 3.94% 47.00 5.77% 4.85%
Vicia americana 3.10 3.36% 50.00 6.13% 4.75%
Cytisus scoparius 3.93 4.26% 30.00 3.68% 3.97%
Polystichum munitum 0.47 0.51% 47.00 5.77% 3.14%
Sedum spathulifolium 3.07 3.32% 23.00 2.82% 3.07%
Amelanchier alnifolia 2.60 2.82% 27.00 3.31% 3.06%
Mahonia aquifolium 1.30 1.41% 37.00 4.54% 2.97%
bryophytes 2.50 2.71% 23.00 2.82% 2.76%
Elymus glaucus 1.80 1.95% 23.00 2.82% 2.39%
Achillea millefolium 1.00 1.08% 30.00 3.68% 2.38%
Quercus garryana (shrub) 2.17 2.35% 17.00 2.09% 2.22%
Vicia sativa 0.90 0.97% 27.00 3.31% 2.14%
Sanicula crassicaulis var.
crassicaulis 0.43 0.47% 30.00 3.68% 2.08%
Rosa nutkana ssp. nutkana 1.20 1.30% 17.00 2.09% 1.69%
Camassia spp. 0.40 0.43% 23.00 2.82% 1.63%
Bromus spp. 0.90 0.97% 13.00 1.60% 1.28%
Paxistima myrsinites 0.80 0.87% 13.00 1.60% 1.23%
Festuca spp. (F. idahoensis and
rubra) 0.73 0.79% 13.00 1.60% 1.19%
Lonicera ciliosa 0.43 0.47% 13.00 1.60% 1.03%
Cerastium arvense 0.30 0.32% 13.00 1.60% 0.96%
Holodiscus discolor 1.00 1.08% 3.00 0.37% 0.73%
Allium cernuum var. cemuum 0.07 0.07% 7.00 0.86% 0.47%
Poa spp. 0.33 0.36% 3.00 0.37% 0.36%
other grasses 0.17 0.18% 3.00 0.37% 0.27%
Lonicera hispidula 0.17 0.18% 3.00 0.37% 0.27%
Cynosurus echinatus 0.07 0.07% 3.00 0.37% 0.22%
Galium aparine 0.03 0.04% 3.00 0.37% 0.20%
Total 92.33 100.00% 815.00 100.00% 100.00%
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4.3.3 Georgeson Island

The slope sampled on Georgeson Island had a sparse shrub cover, with grasses 

being the predominant understorey vegetation, making up nearly 70% of the relative 

cover (Table 4.3). It should be noted; however, that the majority of the ground cover was 

rock or bare mineral soil, as described in section 4.1.3. The sparse vegetation in this plot 

reflects the xeric conditions and lack of organic soil. The most important understorey 

species on Georgeson Island are Bromus spp. (23.75 IV) and Cynosurus echinatus 

(23.75% IV), followed by Lonicera hispidula (12.88% IV) and Elymus glaucus (6.95% 

IV).

Centaurea melitensis, a noxious weed, has an IV of 5.56%. Two common herbs 

found in Garry oak ecosystems, Camassia spp. and Brodiaea coronaria, were present 

within the plot, with importance values of 3.35% and 2.08% respectively. Their presence 

indicates that other early season native herb may also be present although they would 

have senesced by the time of the site visit in late June.
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Table 4.3. Understorey species cover, frequency and importance values (IV) for 
Georgeson Island.

Species
Total 

% 
cover

Relative 
cover Frequency Relative Ir 

frequency
nportance 

value

Bromus spp. 16.93 32.19% •87.00 15.32% 23.75%
Cynosurus echinatus 16.73 31.81% 87.00 15.32% 23.56%
Lonicera hispidula 4.93 9.38% 93.00 16.37% 12.88%
Elymus glaucus 2.40 4.56% 53.00 9.33% 6.95%
Centaurea melitensis 4.0 7.60% 20.00 3.52% 5.56%
Vicia sativa 0.7 1.39% 40.00 7.04% 4.22%
Holodiscus discolor 2.3 4.44% 13.00 2.29% 3.36%
Camassia spp. 0.5 0.89% 33.00 5.81% 3.35%
Quercus garryana (seedlings) 1.5 2.79% 20.00 3.52% 3.15%
Brodiaea coronaria 0.3 0.63% 20.00 3.52% 2.08%
Cerastium arvense 0.3 0.63% 20.00 3.52% 2.08%
Sedum spathulifolium 0.2 0.38% 20.00 3.52% 1.95%
Osmorhiza berteroi 0.8 1.52% 13.00 2.29% 1.90%
Rosa nutkana ssp. nutkana 0.3 0.63% 7.00 1.23% 0.93%
Mahonia aquifolium 0.1 0.25% 7.00 1.23% 0.74%
Silene latifolia 0.1 0.25% 7.00 1.23% 0.74%
Symphoricarpus albus 0.1 0.25% 7.00 1.23% 0.74%
Hieracium umbellatum 0.1 0.13% 7.00 1.23% 0.68%
Rosa eglanteria 0.1 0.13% 7.00 1.23% 0.68%
Sanicula crassicaulis var.
crassicaulis 0.1 0.13% 7.00 1.23% 0.68%
Total 52.60 100.00% 568.00 100.00% 100.00%

4.3.4 Tumbo Island

Full vegetation surveys were not done for Tumbo Island or South Pender Island 

plots in 2003 when sampling was conducted. However, cover of predominant vegetation 

was assessed during site visits in 2005. On Tumbo Island, the primary understorey 

vegetation observed within the study area was Anthoxanthum odoratum, covering 

approximately 80% of the plot area, and forming approximately 84% of the total 

vegetation (Table 4.4). This exotic grass formed the majority of the ground cover in open 

areas, although some bryophytes and other grasses and herbs were present, including 

the native bunchgrass, Festuca idahoensis ssp. roemeri.
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Closer to the coniferous forest were species more associated with coastal 

Douglas-fir communities. Gaultheria shallon and heavily grazed thickets of low-growing 

Douglas-fir each covered approximately 5% of the plot area. Other forest-transitional 

species included Clinopodium douglasii and Mahonia aquafolium.

Table 4.4. Cover of dominant understorey vegetation at Tumbo Island.

Species
Total 
site % 
cover

Relative 
cover Frequency Relative 

frequency
Importance 

value

Anthoxanthum odoratum 80 84.21% n/a n/a n/a
Gaultheria shallon 5 5.26% n/a n/a n/a
Pseudotsuga menziesii var. 
menziesii (shrub) 5 5.26% n/a n/a n/a
bryophytes 1 1.05% n/a n/a n/a
Clinopodium douglasii 1 1.05% n/a n/a n/a
Festuca idahoensis ssp. 
roemeri 1 1.05% n/a n/a n/a
Holcus lanatus 1 1.05% n/a n/a n/a
Mahonia aquifolium 1 1.05% n/a n/a n/a
Total 95.00 100.00% n/a n/a n/a

4.3.5 South Pender Island

The primary understorey cover within the South Pender Island plot was Bromus 

spp., which covered 25% of the plot area (Table 4.5). Bryophytes and Madia sativa 

formed the majority of the remaining vegetative groundcover, at 10% cover for each 

species. The understorey vegetation at this site was more typical of open Douglas-fir 

forest than of Garry oak savannah and reflects the transitional nature of this site. Other 

than the Bromus spp., there were few grass species within the plot area. Other weedy 

exotic species were mostly herbaceous, with Hypochaeris radicata at 5% cover, and 

Geranium molle and Taraxacum officinale at 1% cover for each species. In open areas, 

native herbs typical of Garry oak ecosystems include Allium cemuum, Claytonia 

perfoliata, and Osmorhiza berteroi, all with approximately 1 % groundcover.
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Table 4.5. Cover of dominant understorey vegetation at South Pender Island.

Species Total % 
cover

Relative 
cover Frequency Relative 

frequency
Importance 

value
Bromus spp. 25 40.98% n/a n/a n/a
bryophytes 10 16.39% n/a n/a n/a
Madia sativa 10 16.39% n/a n/a n/a
Hypochaeris radicata 5 8.20% n/a n/a n/a
Allium cemuum 1 1.64% n/a n/a n/a
Claytonia perfoliata 1 1.64% n/a n/a n/a
Gaultheria shallon 1 1.64% n/a n/a n/a
Geranium molle 1 1.64% n/a n/a n/a
Holodiscus discolor 1 1.64% n/a n/a n/a
Mahonia aquifolium 1 1.64% n/a n/a n/a
Osmorhiza berteroi 1 1.64% n/a n/a n/a
Piperia elegans 1 1.64% n/a n/a n/a
Rosa nutkana ssp. nutkana 1 1.64% n/a n/a n/a
Sanicula crassicaulis ssp.
crassicaulis 1 1.64% n/a n/a n/a
Taraxacum officinale 1 1.64% n/a n/a n/a
Total 61.00 100.00% n/a n/a n/a

4.3.6 Satuma Island

The understorey cover on the Satuma Island site was predominantly exotic 

grass, with Bromus spp. (B. rigidus, B. hordeaceus, and B. sterilis) forming 52.13% of 

the relative vegetative cover and having an importance value of 30.78% (Table 4.6). 

Another exotic grass, Cynosurus echinatus, had a relative cover of 32.74% and an 

importance value of 21.09%. The rest of the understorey consisted mainly of other exotic 

grasses. The little other herbaceous vegetation at the site mostly consisted of weedy 

native species such as Achillea millefolium (3.03% IV), and exotic species such as 

Torilis japonica (3.03% IV), Hypochaeris radicata (2.97% IV), Rumex acetosella (2.97% 

IV), and Taraxacum officinale (2.97% IV). Other native herbs within the plot included 

Brodiaea coronaria ssp. coronaria at 2.97% IV and Sanicula crassicaulis ssp. 

crassicaulis with an IV of 1.96%.
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There was no shrub layer at this site, and therefore no dominating exotic shrubs 

like Rubus discolor or Cytisus scoparius, as there are on many of the other southern 

Gulf Islands. Other common exotic herbaceous species are also not found at this site, 

including Cirsium spp., Digitalis purpurea, or Lychnis coronaria.

Table 4.6. Understorey species cover, frequency and importance values (IV) for Saturna 
Island.

Species Total % 
cover

Relative 
cover Frequency Relative In 

Frequency
nportance 

value
Bromus spp. (S. rigidus, B. 
sterilis, B. hordeaceus) 41.40 52.13% 100.00 9.43% 30.78%
Cynosurus echinatus 26.00 32.74% 100.00 9.43% 21.09%
Anthoxanthum odoratum 2.60 3.27% 80.00 7.55% 5.41%
Holcus lanatus 4.0 5.04% 20.00 1.89% 3.46%
Poa pratensis 0.6 0.76% 60.00 5.66% 3.21%
Achillea millefolium 0.3 0.40% 60.00 5.66% 3.03%
Torilis japonica 0.3 0.40% 60.00 5.66% 3.03%
Brodiaea coronaria ssp. 
coronaria 0.2 0.28% 60.00 5.66% 2.97%
Cerastium arvense 0.2 0.28% 60.00 5.66% 2.97%
Hypochaeris radicata 0.2 0.28% 60.00 5.66% 2.97%
Rumex acetosella 0.2 0.28% 60.00 5.66% 2.97%
Taraxacum officinale 0.2 0.28% 60.00 5.66% 2.97%
Lonicera hispidula 0.1 0.15% 40.00 3.77% 1.96%
Madia sativa 0.1 0.15% 40.00 3.77% 1.96%
Osmorhiza berteroi 0.1 0.15% 40.00 3.77% 1.96%
Sanicula crassicaulis ssp. 
crassicaulis 0.1 0.15% 40.00 3.77% 1.96%
Aira praecox 1.0 1.26% 20.00 1.89% 1.57%
bryophytes 1.0 1.26% 20.00 1.89% 1.57%
Geranium molle 0.2 0.25% 20.00 1.89% 1.07%
Hordeum vulgare 0.2 0.25% 20.00 1.89% 1.07%
Carex sp. 0.1 0.13% 20.00 1.89% 1.01%
Trifolium dubium 0.1 0.13% 20.00 1.89% 1.01%
Total 79.42 100.00% 1060.00 100.00% 100.00%
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4.3.7 Salt Spring Island

The plot selected in Mt. Maxwell Ecological Reserve on Salt Spring Island had a 

high level of exotic species, with the most important species being the invasive grass, 

Cynosurus echinatus, with an IV of 19.93%, followed by the invasive herb, Lychnis 

coronaria, with an IV of 8.02% (Table 4.7). Other prominent grasses include Bromus 

spp., at 6.86% IV, the exotics Anthoxanthum odoratum, Dactylis glomerata, and Poa 

pratensis, with importance values of 6.46%, 5.72%, and 3.16% respectively. Other 

native grasses include Elymus glaucus, Elymus hirsutus , and Danthonia califonica with 

importance values of 4.45%, 3.10% and 1.28%. Bryophytes are an important 

groundcover, with an IV of 8%. This site had a diversity of species, with at least 30 

species identified within the plot.
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Table 4.7. Understorey species cover, frequency and importance values (IV) for Salt 
Spring Island.

Species
Total

% 
cover

Native Frequency, 
cover ' f

Relative 
requency

Importance 
value

Cynosurus echinatus 26.60 30.50% 100.00 9.35% 19.93%
Lychnis coronaria 8.12 9.31% 72.00 6.74% 8.02%
bryophytes 8.08 9.27% 72.00 6.74% 8.00%
Bromus spp. 7.40 8.49% 56.00 5.24% 6.86%
Anthoxanthum odoratum 6.04 6.93% 64.00 5.99% 6.46%
Dactylis glomerata 5.08 5.83% 60.00 5.61% 5.72%
Galium aparine 2.40 2.75% 76.00 7.11% 4.93%
Lonicera hispidula 3.80 4.36% 52.00 4.86% 4.61%
Elymus glaucus 3.52 4.04% 52.00 4.86% 4.45%
Osmorhiza berteroi 1.96 2.25% 68.00 6.36% 4.30%
Vicia sativa 1.80 2.06% 68.00 6.36% 4.21%
Geranium molle 2.04 2.34% 60.00 5.61% 3.98%
Poa pratensis 2.24 2.57% 40.00 3.74% 3.16%
Elymus hirsutus 
Sanicula crassicaulis var.

2.80 3.21% 32.00 2.99% 3.10%

crassicaulis 1.00 1.15% 44.00 4.12% 2.63%
Danthonia califomica 0.92 1.06% 16.00 1.50% 1.28%
Digitalis purpurea 0.28 0.32% 16.00 1.50% 0.91%
Stellaria media 0.24 0.28% 16.00 1.50% 0.89%
Madia sativa 0.20 0.23% 16.00 1.50% 0.86%
Festuca occidentalis 0.80 0.92% 8.00 0.75% 0.83%
Clinopodium douglasii 0.32 0.37% 12.00 1.12% 0.74%
Mahonia aquifolium 0.28 0.32% 12.00 1.12% 0.72%
Cerastium arvense 0.12 0.14% 9.00 0.84% 0.49%
Rumex acetosella 0.12 0.14% 8.00 0.75% 0.44%
Alopecurus pratensis 0.20 0.23% 4.00 0.37% 0.30%
Hordeum murinum 0.20 0.23% 4.00 0.37% 0.30%
other grasses 0.20 0.23% 4.00 0.37% 0.30%
Hypochaeris radicata 0.12 0.14% 4.00 0.37% 0.26%
Adenocaulon bicolor 0.08 0.09% 4.00 0.37% 0.23%
Taraxacum officinale 0.08 0.09% 4.00 0.37% 0.23%
Cardamine nuttallii var. nuttallii 0.04 0.05% 4.00 0.37% 0.21%
Cirsium vulgare 0.04 0.05% 4.00 0.37% 0.21%
Claytonia sibirica 0.04 0.05% 4.00 0.37% 0.21%
Rosa gymnocarpa 0.04 0.05% 4.00 0.37% 0.21%
Total 87.20100.00% 1069.00 100.00% 100.00%
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4.3.8 Vancouver Island

At the Vancouver Island study site, both Symphoricarpos albus and Dactylis 

glomerata had high importance values (22.02% and 15.38% respectively) compared to 

the rest of the understorey vegetation (7.29% IV and under), as shown in Table 4.8. The 

understorey was predominantly shrubs and grasses, with the grass cover being slightly 

greater of the two.

Of the eight study plots, this plot had the greatest number of species identified, 

with a total of 39 categories used in the calculation of importance values. The diversity of 

species and the presence of species not found at other sites in this study reflects this 

site’s different environmental conditions. This was the most mesic site in my study, and 

the only deep-soil Garry oak savannah site included.
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table 4.8. Understorey species cover, frequency and importance values for Vancouver 
Island.

Species Total % 
cover

Relative 
cover Frequency Relative 

frequency
Importance 

value
Symphoricarpos albus var.
albus 33.60 33.49% 100.00 10.55% 22.02%
Dactylis glomerata 20.28 20.22% 100.00 10.55% 15.38%
Anthoxanthum odoratum 8.28 8.25% 60.00 6.33% 7.29%
Alopecurus pratensis 9.8 9.77% 28.00 2.95% 6.36%
Vicia sativa 3.12 3.11% 68.00 7.17% 5.14%
Mahonia aquifolium 3.28 3.27% 60.00 6.33% 4.80%
Sanicula crassicaulis 2.32 2.31% 68.00 7.17% 4.74%
Poa pratensis 3.32 3.31% 56.00 5.91% 4.61%
Bromus spp. 2.68 2.67% 40.00 4.22% 3.45%
Osmorhiza berteroi 0.72 0.72% 36.00 3.80% 2.26%
Camassia spp. 0.84 0.84% 32.00 3.38% 2.11%
bryophytes 1.8 1.79% 20.00 2.11% 1.95%
Allium cemuum 0.76 0.76% 20.00 2.11% 1.43%
Achillea millefolium 0.4 0.40% 20.00 2.11% 1.25%
Rubus discolor 0.72 0.72% 16.00 1.69% 1.20%
Galium aparine 0.68 0.68% 16.00 1.69% 1.18%
Geranium molle 0.64 0.64% 16.00 1.69% 1.16%
Rosa nutkana ssp. nutkana 0.64 0.64% 16.00 1.69% 1.16%
Clinopodium douglasii 0.4 0.40% 16.00 1.69% 1.04%
Elymus glaucus 1.6 1.59% 4.00 0.42% 1.01%
Cirsium arvense 0.32 0.32% 16.00 1.69% 1.00%
Crataegus monogyna 0.16 0.16% 16.00 1.69% 0.92%
Oemleria cerasiformis 0.48 0.48% 12.00 1.27% 0.87%
Rumex acetosella 0.36 0.36% 12.00 1.27% 0.81%
Cytisus scoparius (seedlings) 0.2 0.20% 12.00 1.27% 0.73%
Montia perfoliata 1 1.00% 4.00 0.42% 0.71%
Plantago lanceolata 1 1.00% 4.00 0.42% 0.71%
Leucanthemum vulgare 0.12 0.12% 12.00 1.27% 0.69%
Lonicera hispidula 0.16 0.16% 8.00 0.84% 0.50%
Cirsium vulgare 0.08 0.08% 8.00 0.84% 0.46%
Lomatium utriculatum 0.08 0.08% 8.00 0.84% 0.46%
Mentha arvensis 0.08 0.08% 8.00 0.84% 0.46%
Taraxacum officinale 0.08 0.08% 8.00 0.84% 0.46%
Trifolium repens 0.08 0.08% 8.00 0.84% 0.46%
Claytonia perfoliata 0.08 0.08% 4.00 0.42% 0.25%
Fragaria virginiana 0.04 0.04% 4.00 0.42% 0.23%
Hieracium umbellatum 0.04 0.04% 4.00 0.42% 0.23%
Lathyrus nevadensis 0.04 0.04% 4.00 0.42% 0.23%
Rubus leucodermis 0.04 0.04% 4.00 0.42% 0.23%
Total 100.32 100.00% 948.00 100.00% 100.00%
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4.4 Regeneration

4.4.1 Anniversary Island

Oak regeneration on Anniversary Island appears to occur in the form of sprouting 

from existing trees. There were no seedlings of any other species found within the plot. 

Some of the saplings and trees were found in clusters indicative of sprouting from the 

bases of now-decayed trees. Many of the oaks at this site were krummholz or shrub

form, affected by wind and seaspray. In sheltered pockets, some tree-form oaks emerge 

from the dense Garry oak thicket. Since it was not possible to record the ages and 

numbers of these shrub-form oak individuals without destructive sampling, area was 

recorded instead.

Area measurements for the shrub oaks are included in the analysis of 

understorey vegetation. On Anniversary Island, the Garry oak shrub layer formed a large 

percentage of the understorey (19.15% of the understorey vegetation) and was the 

second most important understorey species within the plot. Garry oak trees, saplings 

and snags formed 86.36% of the tree layer in the plot, with a total of 21 trees, 16 

saplings and 1 snag. There were only two Douglas-fir trees, and no Douglas-fir saplings 

or snags. Rocky Mountain juniper formed a minor component of the tree layer, with 3 

trees and 1 snag (Figure 4.40).
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* indicates Garry oak krummholtz form, measured by cover of plot area

Quercus garryana 
at study site:

Snags, 
logs and 
stumps

Trees Saplings
Seedlings 

(and/or 
sprouts)

Anniversary Island 1 21 16 19.15%*
Brackman Island 12 36 61 >100
Georgeson Island 3 38 19 >370
Tumbo Island 0 35 0 0
South Pender Island 0 7 0 20
Saturna Island 6 30 0 1
Salt Spring Island 8 68 1 -220
Vancouver Island 12 55 0 >75
Total 42 290 97 >750

Pseudotsuga Snags,
menziesii at study logs and Trees Saplings Seedlings

site: stumps
Anniversary Island 0 2 0 0
Brackman Island 1 35 4 2
Georgeson Island 5 11 1 0
Tumbo Island 1 33 2 106
South Pender Island 1 41 23 5
Saturna Island 1 8 0 1
Salt Spring Island 0 15 4 40
Vancouver Island 30 11 11 9
Total 39 156 45 163

Figure 4.40. Comparison of Garry oak and Douglas-fir regeneration at the eight study 
sites

4.4.2 Brackman Island

On Brackman Island, there were 4 Garry oak seedlings, 2 Douglas-fir seedlings, 

1 arbutus seedling, 3 Rocky Mountain juniper seedlings, and 1 Prunus emarginata (bitter 

cherry) seedling. In addition, there were numerous Garry oak sprouts from existing trees 

(approx. 100 individuals). There was also Garry oak shrub at this site, covering 

approximately 60 m2, and forming approximately 2% of the plot’s understorey cover.

There were 61 Garry oak saplings, 36 Garry oak trees, and 12 Garry oak snags 

within the plot. For Douglas-fir, there were 4 saplings, 35 trees, and one snag. In 
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addition, there were also 16 arbutus saplings and 10 arbutus trees, 5 juniper saplings 

and 3 juniper trees, and 3 Salix spp. (willow) saplings (Figure 4.40).

Examination of tree establishment dates alone indicates that there was a sharp 

decline in Garry oak establishment and an increase in Douglas-fir establishment at this 

site starting around 1950. However, many of the larger Garry oak saplings were also 

likely established during the 1950-1980 period, and are simply slower growing than the 

Douglas-fir of similar age. Regeneration of both Douglas-fir and Garry oak seem to be 

continuing and expanding. Comparison of historical and current airphotos also confirms 

this trend, and shows infilling of a previously open area in the southern half of the plot.

4.4.3 Georgeson Island

Regeneration of Garry oak on Georgeson Island appears to mainly be in the form 

of sprouting. Numerous patches of sprouts formed continuous ground cover in some 

areas (2.79% of total understorey vegetation), and a total of 372 stems were counted. 

The only other seedling within the plot was a 1 metre tall Rocky Mountain juniper.

There were 19 Garry oak saplings, 38 trees, and 3 snags. For Douglas-fir, there 

were 1 sapling, 11 trees and 5 snags (Figure 4.40). In addition, there were 2 juniper 

saplings, 6 juniper trees, 6 arbutus trees (one of which was dying) and 2 arbutus snags. 

Regeneration on Georgeson appears to be continuing on a similar trajectory as that 

indicated by historical establishment dates and the site is dominated by Garry oak. The 

steepness of the rocky slope, southern exposure and poor soils are all potentially limiting 

factors for recruitment.
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4.4.4 Tumbo Island

On Tumbo Island, there were no Garry oak seedlings found within the plot; 

however, there were 106 Douglas-fir (Figure 4.40), 3 juniper and 2 Abies grandis (grand 

fir) seedlings recorded. There appears to be no Garry oak regeneration within the plot, 

and has not been since the 1950s. In addition to no Garry oak seedlings, there are also 

no Garry oak saplings.

Despite the high number of Douglas-fir seedlings, intense grazing by deer 

appears to be preventing most Douglas-fir seedlings from growing into saplings: there 

were only 2 Douglas-fir saplings recorded within the plot. There were no other species of 

saplings present.

In the tree layer, there were 35 Garry oak, 34 Douglas-fir (including 1 snag) 

(Figure 4.40), 11 arbutus, and 2 Pinus contorta (shore pine) trees. Douglas-fir seedlings 

appear to be able to establish, whereas Garry oak seedlings are not, but the heavy 

grazing by deer that is evident at the site is restricting development of the Douglas-fir 

seedlings into saplings and eventually into the tree layer.

4.40.5 South Pender Island

At the South Pender Island site, the lack of Garry oak recruitment evident 

throughout the 1900’s appears to be continuing. Although there were 20 Garry oak 

seedlings, there were no Garry oak saplings and only 7 Garry oak trees (all of which 

were established prior to 1900). There were only 5 Douglas-fir seedlings, but there were 

23 saplings and 41 trees and 1 stump (Figure 4.40). Arbutus was also a minor 

component, with 1 sapling and 9 trees in the plot.
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4.4.6 Saturna Island

The Saturna Island plot is heavily grazed by goats, which have likely been on the 

site for more than 100 years. There were virtually no seedlings, saplings or shrubs in the 

plot. The only seedlings found were two first-year seedlings growing in the seasonal 

creek bed: 1 Douglas-fir and 1 Garry oak.

There were a total of 30 Garry oak trees recorded and 8 Douglas-firs, as well as 

6 Garry oak snags (2 of which had fallen) and 1 Douglas-fir snag (Figure 4.40). All of 

these were established between 1710 and 1880 and there has been no recruitment of 

any trees since 1880.

4.4.7 Salt Spring Island

In the Salt Spring Island plot, there were twice as many Garry oak seedlings (79), 

as there were Douglas-fir (40). Garry oak sprouts at the bases of existing trees were 

also common (approximately 140) (Figure 4.40). Almost all of the Douglas-fir seedlings 

and saplings were found on a nurse log and adjacent stump within the plot. There were 

also 17 Acer macrophylum (bigleaf maple) seedlings, though there were no bigleaf 

maple saplings or trees.

It appears that most of the oak seedlings are not making it into the sapling or tree 

layers, since there was only one Garry oak sapling observed within the plot (although 

there were 2 sapling-sized snags). However, Garry oak dominates the tree layer, with 68 

trees (most of which were established between 1860 and 1900). There were also 6 tree

sized Garry oak snags (Figure 4.40).

There were 15 Douglas-fir trees in the plot, all established between 1860 and 

1910. There were also 4 Douglas-fir saplings approximately 8-10 years old (age 

estimated from nodes) (Figure 4.40). Though there were no Douglas-fir snags within the 
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plot, a number of the nearby Douglas-firs have been killed by recurring Lambdina 

fiscellaria somniaria (western oak looper) infestations since 1978 (Roemer 2000).

4.4.8 Vancouver Island

At the Cowichan Garry Oak Preserve on Vancouver Island, there were 61 Garry 

oak seedlings (as well as some sprouting from the bases of trees) and 9 Douglas-fir 

seedlings (Figure 4.40). Despite the large number of Garry oak seedlings, there were no 

Garry oak saplings, and the youngest Garry oak trees were established in between 1900 

and 1910.

There were 11 Douglas-fir saplings and 11 trees. Douglas-fir has been heavily 

logged in this area, and there were 1 snag and 29 stumps (some of which have been cut 

recently in a management effort by the Nature Conservancy of Canada, which owns the 

property). There were 55 Garry oak trees within the plot, along with 4 snags and 8 

stumps (Figure 4.40). As with other sites, there has been no Garry oak recruitment since 

1900-1910.
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4.5 Site chronologies

4.5.1 Anniversary Island

On Anniversary Island, the Garry oak chronology shows increased ring-width 

variability between 1870 and 1905 (likely affected by small sample size for this time), 

and less variability from 1965 to present (Figure 4.41). There is a disturbance event 

between 1940 and 1945, which caused a sharp decline in width, and a stand-wide 

resurgence in growth over the next 5 years. Ring-widths become uniformly narrow 

around 1960, with little annual variation.

The detrended chronology for Douglas-fir on Anniversary Island is quite short, 

has few samples, and has only one tree with series extending from present back to the 

1940’s (Figure 4.42). The other two tree-ring series extend to the 1970’s (from the same 

tree). Noticeable variations in annual index values include higher values in the late 

1950’s, a peak in growth at 1977, reduced growth from 1987 to 1993, and an increase in 

values between 1997 and 2002.

Ring-widths for juniper on Anniversary Island vary widely from year to year, and 

one juniper is at least 200 years old (Figure 4.43). Sharp decreases in ring-width are 

common, and are typically followed by increased width for several years. There is a 

noticeable suppression of ring-widths between 1920 and 1930, and again between 1975 

and 1980. There are potential disturbances indicated at 1942 and 1950, followed by 

increased growth until the 1970’s, with 1965 having a particularly high index value. Index 

values increase in the 1980’s until present, except for two years with low values (1988 

and 1992).
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Figure 4.41. Tree-ring chronology for Quercus ganyana on Anniversary Island and number of samples per year used to create 
chronology.

Figure 4.42. Tree-ring chronology for three series of Pseudotsuga menziesii on Anniversary Island and number of samples per year 
used to create the chronology.
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Figure 4.43. Tree-ring widths of individual series, Tree-ring chronology for three series of Juniperus scopulorum on Anniversary 
Island and number of samples per year used to create the chronology.
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4.5.2 Brackman Island

The Garry oak chronology shows 1927 and 1936 to be years of increased 

growth, both followed by periods of reduced growth (Figure 4.44). The period between 

1975 and 1980 is one of low growth as well.

In the Douglas-fir chronology for Brackman Island, there are a number of 

potential disturbances indicated from 1860-onward (Figure 4.45). The strongest event 

occurs at 1895, and is followed by 15 years of sustained average growth. The 1920’s 

showed sustained low growth, and 1955-1975 showed little variation in annual index 

values. From 1975 onward, annual index values vary widely from year to year.

Rocky Mountain juniper tree-rings on Brackman are quite wide, with variation 

between years also being common (Figure 4.46). The oldest tree (159 years old) has an 

extremely wide ring at 1878, and this correlates with wide rings in Garry oak and 

Douglas-fir. Potential disturbances are indicated in the chronology at 1881,1900,1924, 

1950, and 1970.
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Figure 4.44. Tree-ring chronology for Garry oak on Brackman Island and number of samples per year used to create the chronology.

Year

Figure 4.45. Tree-ring chronology for Douglas-fir on Brackman Island and number of samples per year used to create the 
chronology.
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Figure 4.46. Tree-ring widths of individual series, site chronology for Rocky Mountain juniper on Brackman Island, and number of 
samples per year used to create the chronology.
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4.5.3 Georgeson Island

The Garry oak chronology for Georgeson Island indicates disturbance at 1890 

and 1893, followed by a period of suppressed growth until 1935 (Figure 4.47). Ring

widths were particularly narrow over the 1920’s. Growth increased over the 1930’s, 

particularly between 1935 and 1940, and remained high until 1960. The 1960’s and 

1970’s also had below-normal growth. In recent years (2000-2004), growth has also 

declined.

The Douglas-fir tree-ring series’ on Georgeson appear to be responding to site

wide factors and the chronology is similar to the Garry oak chronology (Figure 4.48). The 

chronology indicates a disturbance at 1872, followed by increased growth until the early 

1880’s. This is followed by another disturbance at 1887, with increased growth until the 

late 1890’s. Growth remains suppressed between 1900 and 1930, when there is a 

sudden and dramatic increase in growth, lasting until the 1960’s. This pattern is similar 

to that observed in the Garry oak chronology, and the Douglas-fir chronology also shows 

a decrease in growth in recent years.
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Figure 4.47. Tree-ring chronology for Garry oak on Georgeson Island and number of samples per year used to create the 
chronology.

Figure 4.48. Tree-ring chronology for Douglas-fir on Georgeson Island and number of samples per year used to create the 
chronology.
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4.5.4 Tumbo Island

Garry oak on Tumbo Island have large growth rings. Ring-widths were 

particularly wide in the early years of the trees that established in the 1920s, though 

rings are generally wide between 1900 and 1960. The Garry oak chronology indicates 

disturbance at 1876,1885,1894, and 1899 (Figure 4.49). Growth is relatively consistent 

after 1900, except for a noticeable peak in growth in the 191 O’s. Growth slowly tapers 

off, and is particularly low in the 1960’s and 1970’s. Since 1980, growth has increased, 

except for declines at 1993-94 and at 2000-03.

After initial recruitment and rapid growth, the Douglas-fir chronology from Tumbo 

Island indicates a slowing in annual growth between 1915 and 1930, and increase 

between 1931 and 1948, and another slowing between 1949 and 1970, although some 

recruitment continued (Figure 4.50). Growth rates picked up somewhat again since 1970 

(especially 1970-1985), and there appears to be an increase in annual variation, 

particularly during the 1990’s.
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Figure 4.49. Tree-ring chronology for Garry oak on Tumbo Island and number of samples per year used to create the chronology.

Figure 4.50. Tree-ring chronology for Douglas-fir on Tumbo Island and number of samples per year used to create the chronology.
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4.5.5 South Pender Island

The two older Garry oaks on South Pender Island appear to be relatively stable 

in their growth between 1745 and 1800. Both show very narrow rings at 1803, and one 

shows an increase in growth at 1810-15 and 1822, while the other shows decreased 

growth at these times. The trees that established between 1840 and 1870 grew slowly 

until a release between 1874 and 1900, which appears to be a period of major 

recruitment (Figure 4.51). This release follows a sharp decline in annual index values at 

1870, indicating a stand-wide disturbance at this time. After this release, there was a 

period of low growth during the 1920’s, followed by a smaller increase in growth between 

1935 and 1975. Growth was also reduced between 1970 and 1990.

Douglas-fir within the South Pender Island plot appears to have grown slowly, 

with little annual variation until 1820 (Figure 4.52). There is a period of reduced growth 

from 1821-1841, followed by increased growth from 1842 to approximately 1865. There 

appears to be a disturbance event at -1870, which was followed by a dramatic increase 

in growth that was sustained until approximately 1900. Growth again slowed until the 

1940s, with the lowest values between 1925 and 1930. After a minor and slow increase 

in values over the 1940’s, index values remained high between 1955 and 1975. Average 

values have remained constant or decreased slightly over the last 20 years, and there 

has been considerable annual variation in values between years between 1970 and 

present.
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Figure 4.51. Tree-ring chronology for Garry oak on South Pender Island and number of samples per year used to create the 
chronology.

1770 1780 1790 1800 1810 1820 1830 1840 1850 1860 1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 
Year

Figure 4.52. Tree-ring chronology for Douglas-fir on South Pender Island and number of samples per year used to create the 
chronology.
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4.5.6 Saturna Island

Garry oak on Saturna Island shows consistently low growth and little variation 

between 1760 and 1875, followed by a large and sustained increase in annual index 

values beginning in 1880 (Figure 4.53). Immediately prior to this release, values were 

particularly low at 1873. The growth slowly tapered off, beginning at approximately 1900 

and reached a low at ~1964. Since 1990, there has been an increase in index values 

until present. Annual variation throughout the chronology is lesser at this site than it is at 

other sites, particularly from 1900 to present.

The Douglas-fir chronology from Saturna Island shows an early increase in 

growth, between 1870 and 1880, occurring after a potential disturbance event at 1869 

(Figure 4.54). Additional potential disturbance events occur at 1883, 1888, and at 1896. 

Following the year of low growth at 1896, there is an increase that lasts until 

approximately 1915. Between 1915 and 1975, growth is slightly suppressed. From 1975 

on, there is increasing yearly variation in annual index values. The years 1992 and 1997 

were among the highest index values in the chronology and 1989,1995 and 2003 were 

among the lowest values.
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Figure 4.53. Tree-ring chronology for Garry oak on Satuma Island and number of samples per year used to create the chronology.

Figure 4.54. Tree-ring chronology for Douglas-fir on Saturna Island and number of samples per year used to create the chronology.
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4.5.7 Salt Spring Island

The Salt Spring Island Garry oak chronology extends to 1715; however, the 

number of samples for the period between 1715 and 1870 is too low to identify site 

disturbances (Figure 4.55). The chronology does show an apparent drop in growth 

starting at 1869. There was particularly low growth at 1881, followed by a gradual 

increase in annual index values that peaked at 1897. Growth declined after this, and 

remained low until 1965, where another period of increase growth began. This elevated 

growth lasted until approximately 1995, when it declined again and remained low until 

present.

The Douglas-fir chronology for Salt Spring Island is much shorter than the Garry 

oak chronology (Figure 4.56). Growth was above average through the 1890’s but 

declined sharply at 1907-1911, reaching a chronology-wide low at 1911. Growth slowly 

increased after 1911, but remained below average until 1930. Annual index values 

reached a high at 1932, and remained high until 1985. Since 1985, index values have 

remained lower than average.
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Figure 4.55. Tree-ring chronology for Garry oak on Salt Spring Island and number of samples per year used to create the chronology.

Figure 4.56. Tree-ring chronology for Douglas-fir on Salt Spring Island and number of samples per year used to create the 
chronology.
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4.5.8 Vancouver Island

The first century of the Vancouver Island Garry oak chronology is based on only 

one sample, between 1775 and 1870 (Figure 4.57). In addition, trees at the site are likely 

complacent, due to the mesic conditions, and periods of disturbance and release are not 

obvious. The first potential disturbance event is noted at 1876, and although growth did 

not increase beyond average following this event, there was not another year of low 

growth until 1894.

A disturbance is indicated at 1896, followed by a period of increased index 

values until 1915. From 1915 to 1970, growth remained stable and there was little 

annual variability. After 1970 there was an increase annual variability, with four years of 

particularly high growth and two years of low growth in the 1980’s and 1990’s. Annual 

index values increased between 2000 and 2004.

The first disturbance indicated by the Douglas-fir chronology for the Vancouver 

Island site occurred at 1889, followed shortly by another at 1894-95 (Figure 4.58). 

Annual index values increased after 1895 and reached a high at 1904-1906. The next 

disturbance occurred at 1912, followed by generally average annual index values until 

1987. There was a disturbance between 1987 and 1993, which was followed by a 

dramatic increase in growth by 1997 that lasted to present.
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Figure 4.57. Tree-ring chronology for Garry oak on Vancouver Island and number of samples per year used to create the chronology.

Year

Figure 4.58. Tree-ring chronology for Douglas-fir on Vancouver Island and number of samples per year used to create the 
chronology.
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CHAPTER 5. DISCUSSION

5.1 Individual Islands

5.1.1 Anniversary Island

The coastal environment likely has a very strong influence on the stand structure 

and vegetation communities on the smaller southern Gulf Islands, such as Anniversary 

Island. This island has pockets of well-developed soil, and rich meadow vegetation with 

in some areas, with a high percentage of native forbs. The charcoal found near one old 

Rocky Mountain juniper indicates that fire did occur on the island, though was either not 

severe enough to kill the fire-sensitive tree (Arno and Hammerly 1977), or that this fire 

pre-dated the juniper (>100 years).

Despite the presence of invasive grasses and invasive blackberry, the 

understorey vegetation is remarkably diverse, particularly given the island’s small size, 

with a mixed landscape of forbs, grasses, shrubs and low tree cover. There is no 

evidence of human occupation or logging, though observation of a large amount of the 

exotic grasses Holcus lanatus and Dactylis glomerata (outside of the plot) suggests that 

the island was historically used for summer sheep or goat pasture. Prior to the 

development of the scrub oak woodland in the early 1900’s the island would have made 

limited summer pasture for sheep and it is possible that it was used for such. The 

sudden increase in Garry oak recruitment following 1900 would be best explained by the 

removal of sheep from the island after a period of grazing use in the late 1800’s. This 

hypothesis requires corroboration with historical archives.

Rocky Mountain juniper growth declined during this period of Garry oak 

recruitment. Douglas-fir only recently recruited within the plot, in the 1930’s after the 

pulse of Garry oak recruitment. The rapid pulse in Garry oak recruitment and no 

Douglas-fir recruitment for several decades is consistent with the earlier presence of
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Garry oak on the island with recruitment limited by a lack of disturbance prior to grazing 

pressure, and sporadic minor recruitment through the late 1800’s as a result of sheep 

grazing pressure.

A disturbance is indicated between 1940 and 1945, with a sharp decline in Garry 

oak ring-width, followed by increased growth over the following years, in both Garry oak 

and Douglas-fir. The relatively steady state of the forest cover on the island since the 

1970’s is reflected in the aerial photos that show no landscape-scale evidence of 

disturbance and very little change in the canopy cover.

Despite there being no seedlings (only Garry oak sprouts) of any species 

observed on the island, there is a number of Garry oak saplings. The majority of these 

saplings, however, are estimated to be at least 50 years old since 13 of the 17 Garry oak 

saplings are >7 cm dbh, and the smallest trees (11-13 cm dbh) were between 89 and 

102 years old. The lack of woody debris, and increase in recorded stand density, 

suggests that historically the island was more open, with only a scattering of Garry oak 

and Rocky Mountain juniper trees. Sprouting occurs at this site both from the root collar 

of individual trees, and from dense patches of shrub-form oaks. These shrubby oaks 

form a large percentage of the island’s understorey vegetation (nearly 20%), and the 

forest cover is almost entirely Garry oak. In addition, there were nearly as many Garry 

oak saplings as there were trees. The large number of oaks (as well as establishment of 

some Douglas-fir) over the last century indicates that the island has become increasingly 

forested and shows signs of continued forest development. Given the small size of the 

island and the harsh environmental conditions, it is unlikely that conifers will shade out 

the Garry oak stand.
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5.1.2 Brackman Island

The distinct period of high oak establishment between 1910 and 1950, 

particularly in the 1920’s, is potentially linked to a disturbance indicated in both the Garry 

oak and Douglas-fir chronologies at 1895. However, given the deeper soil at this site and 

the presence of only a few very old trees, it is likely that this site was historically subject 

to frequent fires which maintained an open savannah. The pulse in Garry oak 

recruitment is likely to be a result of interruption of First Nations use of the island, and 

increased fire suppression after 1910. The later pulse in Douglas-fir recruitment, in the 

1970’s and 1980’s, appears to be ongoing forest encroachment that has followed oak 

recruitment.

The lack of disturbance event indicators and stand-wide trends suggests that, 

other than the 1895 event, there has not been a significant disturbance event on this 

island since at least the early 1800’s. There was no sign of fire within the plot, and the 

presence of a veteran juniper with no sign of char adjacent to the meadow supports the 

conclusion that this island has not had a sizeable fire for nearly two centuries. Forest 

gap dynamics are probably responsible for the annual variation in ring-widths. The 

already considerable forest cover shown on the 1950 orthophoto is increasing and 

expanding into the previously open southern extent of the island.

The inland meadow opening, in contrast, has remained relatively open to 

present, and shows little forest infilling to date. A veteran Douglas-fir on the meadow 

edge has heavy lower branches, indicative of being open-grown (see Figure 4.7). The 

structure of this tree also indicates that the meadow has existed for more than two 

centuries. Why this meadow has not yet been invaded by Douglas-fir is unknown. It is 

possible that the meadow had a well-developed grass and herb cover historically, which 

limited the ability of tree seedlings to become established. A disturbance may have 

allowed the establishment of Cytisus scoparius sometime in the last century, which also 
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limited forest development. This meadow should be monitored for tree seedling 

establishment, as well as reinfestation by C. scoparius. It is also possible that the 

meadow was once the centre of a larger open meadow that was historically maintained 

by frequent, low-intensity fires. Such fires would leave little or no charcoal, and would not 

kill the large veteran trees already established at the site.

There appears to be ongoing recruitment of Garry oak on the island, with more 

than 100 Garry oak sprouts, several seedlings, and 61 Garry oak saplings within the 

plot. Garry oak regeneration is greater than other tree species, with only 4 Douglas-fir, 5 

juniper, and 16 arbutus saplings in the plot. Although examination of tree establishment 

dates alone suggests a sharp decline in Garry oak establishment and increase in 

Douglas-fir establishment at the site starting around 1960, some of these Garry oak 

saplings were likely established during the 1960-1980 period, and are simply slower 

growing than Douglas-fir of similar age.

The increased canopy cover in the woodland is the result of this rapid Douglas-fir 

growth. Given the large number of saplings and sprouts, however, Garry oak recruitment 

appears to be ongoing. As the canopy closes, Garry oak recruitment is expected to 

cease on the inner areas of the island and saplings and trees will be shaded out. This 

process may already be evident, as there were 12 Garry oak snags within the plot. In 

addition, many of the live Garry oaks within the denser stand are prostrate, or growing 

horizontally, as they reach for sunlight. Not all snags were within the forest; however, 

with at least one Garry oak sapling dying from a cause other than light deprivation 

(Figure 4.9).

The majority of the plot had a thick shrub layer, mostly Symphoricarpos albus, 

which is often a component of Garry oak communities. In addition, there was also a 

considerable amount of an exotic honeysuckle, Lonicera etrusca, found throughout the 

forest understorey. Exotic pasture grasses were also found on this island, both
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Anthoxanthum odoratum and Holcus lanatus; however, cover of these invasives was 

relatively low in comparison to the larger island sites. The proximity of this island to 

larger Vancouver Island (near the town of Sidney) likely explains the presence of 

invasive species. Sporadic occurrences of other invasives were also found on the island, 

including a single Daphne laureola plant (a very toxic and invasive exotic shrub). 

Although this island is largely intact and hasn’t been heavily impacted by settlement, 

logging or grazing, it will require monitoring and regular removal of invasive species.

5.1.3 Georgeson Island

Georgeson Island is a small island situated east of Mayne Island’s Bennett Bay. 

Comparison of the island between 1950 and 2004 shows no change, and there is no 

evidence of human disturbance (see Figure 4.10). Meanwhile, nearby Mayne Island 

shows disturbance (land clearing) between 1950 and 2004. The Island is now within the 

GINPR, and public access is not permitted.

The plant community on Georgeson reflects the dry conditions at the steep, rocky 

site, and is relatively intact, especially in comparison to site with deeper soils and with 

ongoing grazing or browsing pressures. Although non-native species are present in the 

understory at this site, it is unlikely that the change in composition has had a noticeable 

effect on the stand structure since the understory component is so sparse.

The combination of steep slope, poor quality soil, and no human obvious human 

disturbance appear to have resulted in the lack of evident change at this site. The only 

noticeable impact requiring management is the presence of Centaurea melitensis, which 

has infested the lower slope at the site, and is the only understorey vegetation in some 

areas.

The relatively steady recruitment of Garry oak at the site over the last 200 years 

is likely related to site conditions, with Douglas-fir being potentially restricted to the top of 
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the steep slope on which the plot was located. Like the other small islands, regeneration 

of Garry oak on Georgeson Island appears to mainly be in the form of sprouting, with 

numerous patches of sprouts forming continuous ground cover in some areas.

At this site, the Garry oak and Douglas-fir chronologies are similar, indicating that 

both species are responding to similar stand-wide or regional factors. The most 

noticeable feature in the chronologies is growth suppression over the 1920's, followed by 

sustained release from 1935 to 1950. This suppression in the 1920’s occurs in the same 

period as widespread drought during this decade, as shown in Figure 5.1.

Figure 5.1. Reconstructed Palmer Drought Severity Index (PDSI) values for the Pacific 
Northwest (data from Zhang et al. 2004).

5.1.4 Tumbo Island

Comparison of orthophotos from 1950 and 2004 also shows little or no change in 

forest cover along the southern shore of Tumbo Island, although encroachment into the 

interior meadow, and along the northern shore, is noticeable (Figure 4.14). The first 

Garry oak cohort (between 1870 and 1880) was established in the same period that the 

island was first inhabited by European settlers and is potentially related to change in 

land use from First Nations use to use by European settlers. In the typical pattern 

observed at most sites, Douglas-fir recruitment followed this Garry oak recruitment. The 

second Garry oak cohort occurs along with a Douglas-fir cohort, and coincides with the 
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increased pressure to control fires. The increase in recruitment is therefore potentially 

linked to the suppression of fires that may have historically controlled tree recruitment.

Recruitment of Douglas-fir has also been ongoing since the 1950’s, in small 

numbers. The two youngest Garry oak trees within the plot were established in the 

1950s along with three Douglas-firs. Following this, Douglas-fir establishment has 

consisted of five Douglas-fir trees, two saplings, and over 100 seedlings between 1960 

and 2003. This high number of seedlings occurs in one dense cluster, heavily browsed 

by deer. Although there are currently few Douglas-fir saplings at the site, removal of 

browsing would result in rapid growth by the existing suppressed seedlings.

Following a period of relatively suppressed growth between 1960 and 1980, 

Garry oak ring-widths return to average until present. Douglas-fir also shows a period of 

suppressed growth, but this occurs earlier, between 1948 and 1967. Neither of these 

periods of low growth appear to be related to regional drought or temperature patterns, 

and are more likely related to nearby logging or other site disturbance. In general, the 

trees at this site appear to have little correlation with regional drought and temperature 

patterns.

The Tumbo Island study plot vegetation reflects the influence of the invading 

Douglas-fir forest, with the presence of Douglas-fir seedlings and saplings and salal 

(Gaultheria shallon). In addition, the high exotic grass cover is indicative of the history of 

use and disturbance at the site. The understorey vegetation at this site was heavily 

browsed, and poor in terms of individual size and species diversity. Very few native 

herbs were observed at the site during a preliminary spring visit, although they were 

found on cliffs inaccessible to deer immediately below the plot. As a result, it appears 

that deer browsing has caused the disappearance of herbs at this site. Douglas-fir 

seedlings have been able to establish well in the understorey (whereas Garry oak 

seedlings have not) but the heavy browsing by deer is restricting their development into 
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saplings and eventually into the tree layer. Removal of this browsing pressure would 

potentially allow for Garry oak recruitment, but would also result in the rapid 

development of Douglas-fir canopy cover.

5.1.5 South Pender Island

The two veteran Garry oaks in the plot show a year of low growth at 1803, which 

could be attributed to low summer temperatures, followed by a period of increased 

growth between 1810 and 1825. A disturbance event is indicated by both Garry oak and 

Douglas-fir chronologies at approximately 1870. There is a dramatic drop in annual 

index values for both species, followed by a sustained increase in growth and the 

establishment of a large cohort of Douglas-fir. This disturbance is likely related to 

European settlement: potentially logging and/or fire. The site is steep and rocky, and 

there are no indications of a homestead in the area (though this needs to be confirmed 

by historical records) suggesting that sheep-grazing was not likely an important 

disturbance at this site.

Forest cover (Douglas-fir) is rapidly increasing at the South Pender Island site 

and there has been no Garry oak recruitment since the 1880’s. Orthophoto comparison 

also shows noticeable forest expansion over the last 50 years and the stand history 

suggests a second pulse of recruitment in the 1950’s. This cohort may be related to site 

disturbance resulting from nearby logging, also suggested by the presence of what 

appears to be a post-logging cohort adjacent to the study plot.

Yearly growth declined after the turn-of-the-century pulse, particularly through the 

period of drought in the 1920’s. This was followed by a slight increase in growth between 

1935 and 1975 which is potentially related to the increase in PDSI values over the 

period. Douglas-fir index values remained constant or decreased slightly over the last 20 

years and also increasingly varied from year to year. These recent changes to annual 
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index values can be attributed to increased competition and canopy closure as the trees 

mature. In contrast to Douglas-fir, Garry oak index values increased slightly following a 

low in 1986 (a period of increased drought). The Garry oak chronology shows little yearly 

variation over recent decades, presumable because the Garry oak trees are 

predominately along the shoreline rather than within the forest.

Although on the forest periphery, Garry oak trees at this site are still shaded, and 

additional recruitment seems unlikely since there has been no recruitment of Garry oak 

into the tree canopy for over a century. There were 20 Garry oak seedlings counted 

within the plot; however, there were no saplings. This indicates that either seedlings are 

dying before they reach the sapling stage, or seedling establishment is a relatively 

recent development. In contrast, there were few Douglas-fir seedlings (5), but many 

saplings (23) and trees (41). The orthophoto comparison shows a similar pattern both at 

the plot scale and in the area around the plot. The patchwork of forest and openings on 

South Pender Island that was apparent in 1950 has developed into mostly closed 

canopy forest by 2004.

5.1.6 Saturna Island

The understory composition at this site reflects its heavy grazing pressure and 

steepness of the slope. The vegetation has been dramatically altered from its historical 

state and shrubs and herbs are under particular pressure, with only the more weedy and 

resilient species persisting. Though the site is dominated by exotic grasses, there are 

still some rare herbaceous species persisting on the ridge. It is possible that the open, 

sparse grassy conditions that have been maintained by overgrazing have also allowed 

for the persistence of species that might have otherwise been shaded out by conifer 

encroachment on the ridge.
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The steep ridge, including the study plot, has not been logged. As indicated by 

the orthophoto comparisons, although there has been change on the landscape 

surrounding the plot, there has only been very slight change in canopy cover on the 

ridge itself over the last 50 years. Following settlement (1873), the island was used for 

sheep farming and some logging. Exotic grasses would have been introduced to the 

island at this time, along with a large invasive herb (Verbascum thapsus) that has 

heavily invaded some open areas (though not Brown Ridge itself). Brown Ridge 

(formerly known as Prairie Hill) was too steep for any direct land use, though has likely 

been browsed by goats, and grazed by sheep as well, since the 1880’s. The lack of tree 

recruitment since the 1870’s, as well as seedling and sapling establishment, is most 

likely due to browsing and grazing pressure on the few seedlings that do become 

established on the steep, dry slope.

The stand has predominantly been composed of Garry oak since at least the 

early 1700s, with a large proportion of the existing stand recruited between 1770 and 

1830. Recruitment in general has been sporadic and ongoing. All of the trees in the plot 

were established between 1710 and 1880. At the time of settlement, growth patterns for 

both species were altered. The Garry oak chronology shows an increase in index values 

beginning in 1880, which slowly tapers between 1900 and 1964. Douglas-fir appears to 

either have had a delayed response to disturbance or responded to a different 

disturbance. The Douglas-fir chronology shows disturbance at 1896, followed by a 20 

year increase in growth, then suppressed growth until the 1970’s. Douglas-fir growth at 

this site did not decrease noticeably during the 1930’s as it did at other sites.

Charring on older Douglas-firs within the plot supports the idea that fires from 

clearing and farming of land below the ridge likely escaped and traveled upslope. Given 

the steep slope and sparse vegetation, these fires would have been hot and fast-moving, 

causing little permanent damage. Given the differences in the Garry oak and Douglas-fir
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chronologies, it is likely that the trees in and along the ravine that runs through the plot 

are responding to different factors than the Garry oaks that occur on the open slope.

5.1.7 Salt Spring Island

The earliest settled and most populated of the southern Gulf Islands, Salt Spring 

Island was quickly converted to farm use with 70 settlers arriving in 1859, and large 

carnivores being eliminated by the late 1870’s. Early survey notes also indicate that the 

deer population on the island was high as early as 1874. The Salt Spring Island study 

site’s location above Burgoyne Bay means that it was adjacent to an early farm 

(established 1891) and was potentially grazed or logged, although the steepness of the 

site would have restricted its usefulness. Though fire may have occurred at the site, 

there is little evidence of it in the chronologies (except for one site-wide disturbance 

between 1890 and 1900 that may have been due to fire), and no charcoal was found on 

site. It is possible that the site has been continuously grazed since the late 1890’s to 

present, as feral sheep are still found on the slope, though grazing and browsing 

intensity does not appear to be as high as on Tumbo or Saturna Islands. Grasses, 

particularly exotic species, were the predominant understorey vegetation, but there was 

a higher percentage of herbaceous cover and less of a shrub layer than at other sites, 

potentially related to grazing and browsing pressure and the infestation of rose campion 

at the site.

The existing stand was established (mostly between 1860 and 1900) during the 

period of European settlement; however, Garry oak and Douglas-fir do not appear to 

respond to a single disturbance event during this period. The Garry oak chronology 

indicates disturbance occurred at 1881, followed by a gradual increase in index values to 

a peak at 1897, whereas Douglas-fir indicates a disturbance event at 1888, followed by 

a 20 year release with increased growth. While Garry oak growth dropped off between 
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1900 and 1910, Douglas-fir growth increased. It is unclear whether there were localized 

events occurring that affected each of the trees separately, or whether the recruitment 

pulse that occurred at the turn of the century was the result of fire suppression. 

Burgoyne Bay and the slope above, where the study plot was located, may have been 

kept open by the First Nations practice of setting frequent fires, which would have been 

interrupted by European settlement and could have resulted in the pulse of recruitment.

The mostly consistent growth for both species over the remainder of the last 

century occurs over a period where there was likely little disturbance and the recently 

established trees of both species were developing into the tree layer. The differences in 

growth are most likely a result of climatic effects, the ongoing Douglas-fir recruitment 

and the effects of the western oak looper, primarily on Douglas-fir. Though the pest does 

affect Garry oak, the effects on Douglas-fir are more serious and often fatal. This natural 

process may be one of the methods by which Garry oak savannahs in Canada are 

maintained (Roemer 2000), and could be an active process at this site.

Both Douglas-fir and Garry oak appear to have ongoing recruitment, though 

Garry oak recruitment is at a much lower level. Since 1950 when the last oak trees were 

established, one sapling remains (two others have died), and there are hundreds of 

seedlings and sprouts. Although this appears to be a low rate of recruitment, it is similar 

to the rate prior to 1900. At present, the Douglas-fir within the plot is solely located along 

the shallow depression (similarly to the Saturna Island plot), and as long as it does not 

encroach on the remaining area, is unlikely to negatively affect the Garry oak savannah 

at this site.

The orthophoto comparisons confirm the ongoing slow increase in canopy cover 

that is suggested by the reconstructed stand structure and the tree-ring chronologies. 

The Douglas-fir recruitment has only occurred in the shallow ravine running through the 
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plot, and this area shows the greatest increase in canopy cover between the 1946 and 

2005 photos.

5.1.8 Vancouver Island

The Vancouver Island site is different in a number of ways from the other sites in 

this study: it is inland from the ocean and is relatively flat with deep, rich soil and a dense 

grass/herb layer. The site is level and a vernal creek runs through the plot. The property 

has also been actively farmed since 1889, and was almost certainly regularly burned by 

First Nations prior to that. Unlike the other plots in this study, there has been logging 

activity within the plot at this site. More mesic than all other sites, a large part of the 

understorey is made up of Dactylis glomerata, a particularly invasive exotic grass in 

deep-soil Garry oak sites. Also notable was the species richness at the site, with a much 

greater number of species recorded within the plot than in the other study plots.

There was no sign of fire on stumps or live trees, and the thick vegetation would 

have obscured any charcoal that might be present on the ground. This is to be expected 

if fires were set by First Nations for camas production, since these fires would be 

frequent and low-intensity, leaving little charcoal and causing little damage to existing 

trees. Over the last 50 years there has been considerable canopy expansion, including 

expansion of Garry oak cover (55 Garry oak and 11 Douglas-fir trees). The large number 

of Douglas-fir stumps within the plot (29) suggests that without logging or ongoing 

conifer control, there would be considerably more Douglas-fir in the canopy. There were 

numerous Garry oak seedlings (61) and some sprouting from tree bases; however, the 

lack of any Garry oak saplings, and the age of the youngest Garry oak trees 

(approximately 100 years old) means that there has been no recruitment of Garry oak 

since at least 1910. In contrast, there were as many Douglas-fir saplings (11) as there 
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were trees, in addition to 9 seedlings. The lack of Garry oak recruitment at this site may 

be a result of the dense stem density that developed following fire exclusion.

Both Garry oak and Douglas-fir chronologies indicate the occurrence of a 

disturbance at approximately 1894-96. This disturbance, and the following release, is 

supported by the Garry oak recruitment history, which shows a period of increased 

recruitment between 1880 and 1900. This sharp increase in recruitment in the 1880s is 

likely related to land clearing and subsequent cessation of fires related to the farm’s 

establishment. Garry oak recruitment abruptly stopped after 1910, although low levels of 

Douglas-fir recruitment were ongoing. The reduced growth seen in Garry oak through 

the 1900’s is likely a result of high tree density and degree of canopy closure at the site.

5.2 Stand structure

There are two patterns that emerge when looking at the stand structure and 

development for the eight sites. The first is that pulses of recruitment typically occur at 

the time of, or shortly after, European settlement at each of the specific islands or sites. 

The recruitment pulses are more obvious at the sites which have the least environmental 

constraints (i.e., the sites that have the most favourable growing conditions). This finding 

supports the hypothesis that changes on the landscape associated with European 

settlement widely affected Garry oak - Douglas-fir stands. Causal mechanisms likely 

varied between sites, with some sites responding to various levels of site disturbance 

upon settlement, and others responding to cessation of First Nations burning and active 

fire suppression. The site-specific stand structure results were combined to show a 

general overall pattern for the region in Figure 5.2. In this figure, Garry oak recruitment 

forms a bell-shaped curve and started to increase in the 1850’s and continued until
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1930. Douglas-fir recruitment is more linear, and started gradually around I860, and 

continues until present.

The second pattern that appears is that the Garry oak cohort is typically the first 

to establish, and is followed by Douglas-fir 10-20 years later, as shown in several of the 

individual stand structure histograms, as well as the combined histograms shown in 

Figure 5.2. Garry oak recruitment is not ongoing, and instead forms a 10 to 20 year 

cohort, whereas Douglas-fir recruitment tends to persist for longer periods. As Garry oak 

is slower growing than Douglas-fir, it can be quickly overshadowed despite its “head

start”, resulting in cessation of oak recruitment. Douglas-fir, in contrast, is able to 

continue establishing in shadier conditions, and is seedling development is potentially 

facilitated by the oak overstorey. Most sites show this pattern in stand structure, with the 

majority of the older trees within the plots being Garry oak and younger trees being 

Douglas-fir. The sites with deeper soils, gentler slopes, and/or more adjacent conifer 

forest had the higher levels of conifer recruitment following oak establishment, which is 

expected based on the understanding that Garry oak ecosystems can be considered 

climax ecosystems on more xeric sites, and serai ecosystems on more mesic, nutrient

rich sites.
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Figure 5.2. Comparisons of combined stand structure from all sites, showing Garry oak 
(top) and Douglas-fir (bottom).

5.3 Understorey vegetation comparison

All sites in this study were located on a southeast to southwest aspect, or were 

relatively flat. Slopes ranged from 0-50%. The smaller islands typically had a greater 

percentage of native vegetation, in comparison to non-native, and also show more 

ongoing Garry oak recruitment over the last 50 years. This pattern suggests that these 

savannahs have been predominantly environmentally-maintained (i.e., by factors such 

as shallow soils, moisture deficit, and coastal exposure) rather than fire-maintained.

Comparisons of the Saturna Island and Vancouver Island plots show dramatic 

differences in vegetation response to farming use. The Saturna Island site has had 

ongoing browsing by goats and the Vancouver Island site is currently browsed by deer 

and has a long history as part of a farm. The Saturna Island site is steep, with shallow 

mineral soil, while the Vancouver Island site is flat with a dark organic soil. The 

Vancouver Island site was also likely maintained by First Nations through burning, while 

the open Saturna Island savannah has likely been environmentally-maintained. No trees 
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(or shrubs) have become established on the Saturna Island site since the beginning of 

browsing pressure, and the predominant vegetation is non-native grasses. In contrast, 

the Vancouver Island site continues to have a high percentage of native vegetation, 

including shrubs and forbs, and also has ongoing Douglas-fir recruitment. This 

comparison demonstrates that deep-soil sites (which have been maintained by 

disturbance) are better able to withstand increased herbivory, but also can quickly 

succeed into conifer forest if ongoing recruitment is permitted. It is likely that herbivory or 

other disturbance (including selective logging) have been factors that allowed the 

persistence of the Vancouver Island deep-soil Garry oak savannah over the last century. 

Disturbance at the Saturna Island site, however, has resulted in cessation of all tree 

recruitment and decimation of native vegetation. This comparison indicates that 

restoration of these two different types of sites will require different approaches, based 

on the factors that have historically maintained the stand structure and understorey 

vegetation.

Of the six sites for which a detailed vegetation survey was done, Anniversary 

(ANV) and Brackman (BRK) Islands had the greatest percentage of native species, 

followed by Vancouver (VAN), Georgeson (GRG), Salt Spring (SSI) and Saturna (SAT) 

Islands (Figure 5.3). The Saturna Island plot had very few native species (only 3% 

relative cover), with vegetation consisting mainly of exotic grasses. Anniversary, 

Brackman and Georgeson Islands had the most intact sites, and were also the smallest 

islands, with no history of permanent European settlement. The Vancouver Island site 

cannot easily be compared to the other plots since intensive recovery actions have been 

ongoing at this site and much of the invasive species that had invaded the site were 

removed between 1999 and 2005.

Almost all sites varied in terms of understorey community structure. Anniversary 

and Brackman Islands both had a significant shrub layer, with 87% and 62% 

135



respectively, but Brackman Island had more grasses and herbs (Figure 5.4). This 

difference is likely attributed to Brackman Island’s deeper soil and larger size.

The understorey in the Satuma Island plot was almost entirely grasses (95%) 

and there were virtually no shrubs. In comparison, the Vancouver Island site had a 

relatively equal shrub and grass cover at 40% and 46% respectively, with an additional 

13% herbaceous cover. The differences in understorey vegetation between these two 

sites reflect the different effects of European settlement on a very xeric, shallow-soil site 

and a mesic deep-soil site.

Georgeson Island and Salt Spring Island sites had similar levels of grasses (60- 

70%) but Georgeson Island had a greater percentage of shrubs and fewer herbs, 

reflecting the sparse soil and rocky conditions at the site. The Salt Spring Island plot also 

had a higher percentage of bryophytes (classified under “other”). This site was unusual 

in this respect, and the reason for the high percentage of bryophytes at this site is 

unknown. Grasses were the predominant understorey vegetation at the Salt Spring 

Island site; however, there was also more herbaceous vegetation (20% relative cover) at 

this site than at the other sites. However, much of this herbaceous cover is made up of 

exotic species, illustrating the difficulty in using understorey plant guilds to classify site.

Although the percentage of herbaceous vegetative cover at the Vancouver Island 

site was relatively high (surpassed only by Georgeson and Salt Spring Island sites), the 

grass cover is still greater than 40%, much of which is made up of exotic species. The 

percentage of shrub cover at the Vancouver Island site is higher than at Georgeson and 

Salt Spring Island, and is mostly native. The Vancouver Island site has more than 10% 

cover of shrubs, grasses, and herbs, illustrating the structural diversity that can be found 

in the deeper soil Garry oak sites.
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Figure 5.3. Comparison of native and exotic species within six study sites.

Figure 5.4. Community structure of understorey vegetation.

5.4 Regeneration comparison

Regeneration varies between the study sites, with only the three smallest, 

uninhabited, islands showing ongoing Garry oak recruitment (Figure 4.40). At most sites, 

the Douglas-fir recruitment is ongoing. Douglas-fir regeneration is particularly high at 

South Pender Island and Vancouver Island sites, both of which show other signs of 

being encroached by conifers (no Garry oak saplings and suppressed annual Garry oak 

tree-ring growth). Grazing or browsing seems to directly affect recruitment of both 

Douglas-fir and Garry oak, and the sites with the highest level of observed herbivory 

(i.e., Tumbo and Satuma Islands) also have little or no regeneration.

The combined Garry oak and Douglas-fir regeneration totals show nearly twice 

as many Garry oak trees than Douglas-fir; however, there are twice as many Douglas-fir 
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saplings than there are Garry oak saplings. These totals confirm the stand structure, 

regeneration and disturbance results for individual islands that show declining Garry oak 

recruitment and persistence, and ongoing Douglas-fir establishment and persistence. 

The five larger islands are also devoid of Garry oak saplings (except for one sapling on 

Salt Spring Island), whereas they appear to be abundant on the smaller three islands. 

This finding suggests that Garry oak regeneration is ongoing on these smaller islands, 

but has been disrupted on the larger islands. However, Garry oaks also potentially 

remain in the sapling layer for a longer period on Anniversary, Brackman, and 

Georgeson Islands than on the larger islands, since the trees on these smaller islands 

are generally slower-growing. The larger saplings on these small islands may therefore 

be 50 to 100 years old.

5.5 Site chronology comparison

Overlaying the Garry oak, Douglas-fir and Rocky Mountain juniper chronologies 

for the sample sites illustrates common regional patterns. The chronologies show 

noticeable agreement between sites during two periods: the first starting at 

approximately 1865, and the second starting at approximately 1925. The three tree 

species also show a unified response at these same key periods (Figure 5.5).

The first period is identified by a typically sharp drop in annual index values 

around 1865, followed by an increase in growth at around 1875. This corresponds with 

the general period of European settlement, increased conflict and changing land use 

patterns, all of which could have impacted Garry oak stands.

The second period is a gradual decline in annual index values through the 

1920’s, followed by an increase in the late 1930’s, sometimes continued through to the 

1970’s. The slow decline and increase during this period suggests that the stands are 
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not responding to a site disturbance but rather to a gradual climatic change, and the 

tree-ring responses match well with the reconstructed PDSI (Figure 5.1).
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Figure 5.5. Common patterns in chronologies for Garry oak (top), Douglas-fir (middle) and Rocky Mountain juniper (bottom). 
Disturbance is indicated (reduced growth) in all three chronologies at approximately 1865, followed by release (increased growth) 
approximately 5 years later. Reduced growth is also shown in the 1920's, followed by an increase in growth in the late 1930’s.
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CHAPTER 6.CONCLUSIONS

Each of the sites described within this study has a unique suite of variables that 

have influenced the changes to the site over time. These study sites form a spectrum of 

examples to represent the range of conditions, Garry oak ecosystem types, and patch 

sizes, that occur within the Gulf Islands National Park Reserve. These examples provide 

a starting point on which restoration planning for the Gulf Islands National Park can be 

based. One strong common factor observed at all sites is an increase in recruitment at 

the time of European settlement. These recruitment events closely follow the time of 

settlement, or first known disturbance, on each of the islands, suggesting that the 

patterns seen in the tree-ring record are related to site and fire regime disturbance and 

not to climate.

Rates of forest encroachment varied considerably between sites and were 

dependant on the site’s environmental conditions, land use history, and the history of fire 

or other natural disturbances at the site. All sites, except for the smaller islands and the 

more severe steep Saturna Island site, exhibit a high degree of conifer encroachment as 

a result of changes on the landscape at the turn of the century. Fire and human 

disturbances did not have as important of a controlling factor on the Garry oak stands on 

the small islands, because the environmental conditions at these sites are restricting 

Douglas-fir encroachment. However, most of the sites have some degree of ongoing 

Douglas-fir encroachment, which is visible in the reconstructed stand histories, 

regeneration analysis, and orthophoto comparison.

Methods of forest encroachment were not found to vary considerably between 

sites. Though I found that rates of forest encroachment did vary between islands, I also 

found that methods of encroachment appeared to be similar at most sites, except where 
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grazing or browsing pressures are very strong (i.e., Tumbo Island). Rates of forest 

encroachment did vary between sites, with grazing/browsing pressure, exposure and/or 

salt spray, adjacent forest, slope, and soil type/depth all important factors that contribute 

to encroachment patterns and rates. For example, Tumbo Island exhibits the clump 

coalescence pattern of encroachment and also shows signs of heavy browsing. On this 

Island, forest progression is also occurring slower than at sites with gradual forest 

progression because browsing pressure is restricting the establishment of conifer 

saplings. Gradual forest progression is otherwise the typical form of encroachment that 

can be expected in these Garry oak sites, and the rate of encroachment is likely linked to 

browsing pressure, site disturbance, adjacent forest cover (and seed source), understory 

vegetation type and density, and degree of canopy closure. Restoration plans will need 

to be tailored to incorporate the different site-specific processes that are found in the 

otherwise similar-appearing ecosystems.

I did not find a clear relationship between the composition of understorey 

vegetation and/or presence of key species and forest encroachment. It appears that 

environmental conditions, herbivory, adjacent forest, and fire history are more 

appropriate indicators of forest encroachment. Understorey composition does, however, 

serve as a useful indicator of past land use, and the presence and abundance of exotic 

species is an important consideration for restoration and management. In this study, 

increased numbers of exotic species appeared to be related to increasing encroachment 

(in the absence of overgrazing/browsing), and can provide an indication of a site’s 

degree of disturbance from its historical state. For example, the smaller islands that 

show less human disturbance and conifer encroachment, also have the fewest exotic 

species.

I had suspected that different processes or variables (e.g. fire, environmental, 

biotic, land use) might have resulted in maintenance of similar-appearing savannah 
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patches, illustrating the need for site-specific assessment and evaluation of driving 

processes when prescribing management treatments. While I found that a number of 

different savannah-maintaining factors were important, depending on the site, I also 

found that it was possible to identify differences between sites that had a greater 

likelihood of being maintained by fire, as opposed to other variables. Fire-maintained 

sites are much more likely to be mesic, level, and have a deeper, more organic soil. 

Environmentally-maintained savannahs are more likely to have harsher site conditions, 

and readily show impacts from browsing or grazing (including exotic grasses, disturbed 

soil, and clipped forbs, shrubs and tree seedlings and saplings).

These sites may appear to contain similar ecosystems, however, the processes 

that historically maintained the savannahs differ. Fire-maintained sites will require 

reintroduction of disturbance if they are to continue to persist. Fire is not likely to be the 

most appropriate method of disturbance in many instances, however, due to health and 

safety factors, as well as the tendency for exotic species to invade sites following 

burning and the increased fuel levels (including presence of ladder fuels). As an 

alternative to fire, removal of conifers, particularly young (<50 yrs) conifers, in 

conjunction with replacement of invasive exotic species with native species is 

recommended for many sites. On islands where the Garry oak savannahs are showing 

signs of heavy herbivory (such as the Satuma Island site), fencing or removal of 

individuals will also be required to reduce the number of herbivores (sheep, deer and/or 

goats) and allow for regeneration of native herbs, shrubs and trees.

Analysis of the historical and current stand structure, recruitment, and 

disturbances for these sites allow for general evaluation of potential stand trajectories. 

Anniversary, Georgeson and Saturna Island sites are the only ones that are not currently 

undergoing transition into Douglas-fir forest. The Saturna Island savannah, however, is 

being maintained by otherwise detrimental levels of grazing or browsing, and without 
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changes to these pressures, there is unlikely to be any further Garry oak recruitment. 

Removal of herbivores from the ridge is recommended to allow for regeneration of native 

species. However, this site will also need to be monitored and likely managed to prevent 

establishment of invasive species, and herbivores may eventually be reintroduced to 

prevent accumulation of excess fuels. Anniversary and Georgeson Island have had little 

human impact, and although the existing Garry oak stands appear to have resulted from 

disturbances in the late 1800’s, they do not currently shows signs of increasing Douglas- 

fir recruitment. Due to the relatively intact state of these savannahs on Anniversary and 

Georgeson Islands, I recommend that restoration be limited to removing invasive 

species and potentially reintroducing appropriate native species at this time.

Brackman Island has a large cohort of Garry oak, which has developed into 

woodland with numerous Garry oak saplings. It is likely that the increasingly closed 

canopy at this site will eventually exclude Garry oak, and will develop into conifer forest 

similar to the rest of the island. Similarly, the Garry oak stand at South Pender Island is 

rapidly transforming into a closed canopy mixed forest. There is a very high number of 

Douglas-fir saplings within this plot, that will quickly shade out the few existing Garry 

oak. The Vancouver Island stand has similar encroachment pressure from the adjacent 

conifer forest; however, restoration activities at this site are expected to continue to 

maintain the Garry oak woodland. The lack of Garry oak saplings at this site may 

eventually become a management concern; however, the stand is currently much 

denser than it was likely to have been historically. All three of these sites should be 

managed to reduce canopy cover, by selectively removing trees as necessary.

Garry oak is not regenerating on Tumbo Island, whereas Douglas-fir and other 

conifers are, albeit slowly. If browsing pressure is removed from this island, Garry oak 

establishment could potentially occur and native understorey vegetation may recover; 

however, conifers would also rapidly establish and out-compete the oaks. Fencing or 
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other methods of reducing herbivory at the site, in conjunction with monitoring and 

removal of conifers as necessary, is recommended.

Douglas-fir is also recruiting on Salt Spring Island, although Garry oak does not 

appear to be. It is unclear what pressures are influencing recruitment at this site and why 

Garry oak is not regenerating. Grazing or browsing does not appear to be overly 

problematic, and conifer establishment is currently restricted to ravines and other 

protected depressions. The Garry oak stand is likely denser than it was historically 

however, and it is possible that the western oak looper is restricting conifer expansion at 

this site. Experimental plots at this site, to test the effect of fire and removal of 

herbivores, would provide a greater understanding of the dynamics affecting the site.

The sites described within this study provide a representation of the types of 

Garry oak savannah within and adjacent to the Gulf Islands National Park Reserve. 

Stand and disturbance histories for each of the sites were reconstructed to show the 

changes in the stand structures over time, and the patterns of disturbance for each site. 

The study also shows the range of forest encroachment that is occurring and the site 

factors that currently contribute to, or prohibit, this encroachment. Management to 

protect and restore the ecological integrity of Garry oak savannah in coastal British 

Columbia should be undertaken with careful consideration of the conditions and 

processes that historically maintained and affected the savannah. Restoration of 

ecological integrity in these systems will require an understanding of the physical 

ecological characteristics of the site, as well as the site’s specific processes that 

historically maintained the Garry oak savannah.
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