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Abstract

Competition is often assumed to determine relative abundance in plant communities,
especially in the absence of disturbance. At the community level, however, the
relationship between competitive ability and abundance is rarely tested. Emerging
evidence supports an alternative model where species abundance is determined as much
or more by differences in dispersal ability. If true, this suggests that factors that restrict
dispersal in contemporary landscapes, such as habitat fragmentation, may be more
limiting for native species than competition by invasive flora. I tested the relative
importance of competition and dispersal in an invaded and fire-suppressed oak savanna in

* southwestern British Columbia. Dominance by two exotic perennial grasses strongly -

suggests that competition is restricting the occurrence of native flora, many of which are
presently rare. Extreme fragmentation of this savanna (habitat loss > 95%), however,
suggests that dispersal may also limit their occurrence. I explored these alternatives using

‘a combination of experimental (field and glasshouse) and biogeographical approaches.
' My results confirmed the importance of competition for structuring this plant community.

Removal of the dominant grasses greatly increased the cover of previously subordinate

" native forbs. A pair-wise competition experiment revealed that the most abundant

species, the invasive perennial grass Poa pratensis, dominates by limiting light
availability and recruiting by tillering in the light-limited understbry. Seed addition
experiments, however, also confirmed the importance of recruitment limitation for native
species. Despite low light, most native species established and survived in the grass
sward. By reducing the dominant grasses and eliminating the litter layer, experimental
burning increased the survival of added species but was not a necessary pre-condition for
recruitment. For community structure generally, burning transformed the savanna from a
grass-dominated system to one dominated by native forbs. However, because forbs are
substantially less productive than grasses, litter levels dropped so that fire could not occur
continuously over time, which in turn favours recruitment by grasses. Based on these
results, I surmise that this system formerly oscillated between domination by grasses and
forbs with fire. Long-term fire suppression explains the domination by grasses in many
remnant areas - presently. In combination, my work revealed that competition and
dispersal interact to structure this oak savanna. Disturbance, soil depth, and annual
variations in climate also have an impact on the interaction of these two factors.




Table of Contents

Abstract
Table of Contents
List of Tables

- List of Figures
Acknowledgements

Chapter One

Introduction
Introduction '

_ Are invasive species really that different?: reflections on the competitive

ability of invasives

The role of recruitment in invaded systems : S
The role of disturbance in invaded systems

Invasion in the Quercus garryana savanna

" Organization of the thesis

Chapter Two

Brief Natural History of the Garry Oak Savanna
Ecosystem |
Introduction

Diversity of communities and species
Fire
The impacts of humans

Invasion in the Garry Oak savanna

Study area

iii

i
i

Ix

Xiii

11
13

15

21
24
28
30
31
34




v

Chapter Three _
Defining Conservation Strategies with Historical

Perspectives in the Garry Oak Savanna

Abstract _ | 36
Introduction ' o _ | _ 37
Methods ' o 39
Results - o / 40
Distribution and vegetation structure ' 41
Vegetation composition - R 44
Fire R ' 46
European changes L o 50
Discussion , o 51.
Former_ conditions _ 54
Greatest ecosystem changes _ | 55
~ Implications for conservation ' ' 58
Conclusion | ~ _ 61
Chapter Four

Relative Importance of Suppression-based and
Tolerance-Based Competition Among Morphologically

Similar Native and Invasive Grasses

Abstract | 63

Introduction . : : 64

Methods : ‘ | 67
Study area and selected species 67
Glasshouse experiment l : 68
F ield experiments : 76

Results . | 77




Hypothésis one: Sdppression specialists will dominate post-disturbance
assemblages

Glasshouse control conditions

Effects of burning on seedling recruitment ‘
Hypothesis ‘two: the order of establishment will influence .the outcome of
competition | , A ‘
Hypothesis three: tolerance ability determines competitive outcomes within
undisturbed savanna _ ’
Hypothesis four: competitive outcomes will be specific to pafticular '
combinations of environmental factors

Fertilization

Impacts of burning on relative abundance

- Discussion | v

‘Hypothesis one: Suppression specialists will dominate post-disturbance
assemblages
Hypothesis two. the order of establishment will influence the outcome of
competition ‘ | |
Hypothesis three: tolerance ability determines competitive outcomes within
undisturbed savanna | |
Hypothesis four: competitive outcomes will be specific to particular
combinations of environmental factors ' .
Implications for succession

Conclusion

Chapter Five

Impacts of regional-scale processes on local plant
diversity

Abstract

Introduction

78
78
81
83
84
84
86
89
89
91
9
95

97
99

101
102




vi

Methods ‘ 106

- Field experiment 106
| Biogeographical analysis | ' 112
Results - | 115
Pre-treatment conditions o 115
Seed bank _ ' 117
Recruitment of added seed in unburned plots o 119
~Impacts of burning. _, | _ .120
Recruitment by added seed in the burned plots _ 123
Biogeographical results - 124
Discussion | _ : 127
Chapter Six
Mechanisms and Impacts of Dominance by the Exotic
Grasses
Abstract ) 134
- Introduction | . . 135
Methods . 137
Study area _ 137
Experimental design and sampling - 138
Statistical analy‘ses : : 142
Results ' - . | _ 142
Pre-treatrﬁent conditions C | 142
Mowing and weeding impacts on the dominant species | 145
Treatment impacts on subordinate species ' | 147
Impacts on resources | - : 150
Recruitment from added grass seed , 155
Diécussion . 155
‘Competitive impacts of the dominant flora ' ' 157

Evidence for impacts on ecosystem function? . 159




vii

Impacts of recruitment limitation on subordinate flora , 160

Positive effects of the dominant species 162
Conclusion 164
Chapter Seven
The Destabilizing Effects of Fire in a Fire-Dependent
Ecosystem |
Abstract : - 166
Introduction _ ' 167
Methods - | | 169

Study area : 169 .

Experimental design ; 171

Statistical analyses o | : 174
Results . . | 176

Fire behavior N 176

Light ' 176

Impacts on species cover | ' V 178

Production | R 182

Reproduction | ' ' 182
Discussion » | 187

Predictions for long-term stability : 187

The initial impacts of fire ' , ‘ | . 188

The long-term impacts of fire : 190

Conservqtion implications | 192
Chapter Eight
Conclusion | |

Introduction : 195

Competition - . 199




viii

Recruitment » ’ , » 202

Disturbance . o 204 .
Conservation recommendations ’ _ S 208
Literature Cited | 211
. Appendix 1: Species list of savanna plant species of the Cowichan Valley 251
Appendix 2: Historical descriptions of the Garry Oak savanna ecosystem from 259

1771-1951.




1X

- List of Tables
Table 3-1 Native plant species described in the historical documents. - 47
Table 3-2 Exotic plant species introduced to Vancouver Island in the 19" 52
century. A
"Table 3-3 Habitat associations and functional groups of the 59 at-risk plant 56

taxa of the Garry Oak savanna ecosystem.
Table 3-4 Flowering phenologies for native and exotic species from 13 plant 60
| families of the Garry Oak savanna ecosystem.
Table 4-1 Selected traits of the four pérennial grass species. All measured 69

values are from the glasshouse experiment.

Table 4-2 Summary of split-plot ANOVA results for the glasshouse 75
experiment. | _ '
Table 5-1 Summary details for the ten species added as seed. 110

. Table 5-2 ‘Summary statistics for the deep-soil (Site A) and shallow-soil (Site 116
B) sites prior to 'bux.'ning and seed addition in 2000, and seven
. (2001) and nineteen (2002) months after burning and seed addition
Table 5-3 Summary of ANOVA results for total seedling. establishment in 122
the seed addition experiment.
Table 5-4 Summary of ANOVA results for seedling survival in the seed 122
addition experiment. . | |
Table 6-1 Analysis structure of repeated measures ANOVA for the removal 143
- and mowing experiment.

Table 7-1 Analysis structure of repeated measures ANOVA for the burning 175

experiment.




List of Figures | !

Figure i

Figure 1-1
‘Figure 2-1
. Figure 2-2

Figure 2-3
Figure 2-4
Figure 2-5
Figure 2-6
Figure 2-7

Figure 2-8
Figure 3-1

Figure 3-2

Figure 4-1

Figure 4-2
Figure 4-3

- Figure 4-4

“Figure 4-5
Figure 4-6

Figure 5-1

Cowichan Garry Oak reserve - May 2003.

Impacts of competition and immigration on species richness

Distribution of Garry Oak savanna in the Pacific Northwest.

Average rdaily temperatures and precipitation for Salt Spring
Island, 1971-2000. | |
Camassia quamash and Anthoxanthum odoratum.

The regional endemic Seriocarpus rigidus

Soil depth profile near the Cowichan Garry Oak reserve.

Holocene pollen profile from Washington state.

Invasion by Cytisus scoparius at the Cowichan Garry Oak reserve.

Aerial photograph of the Cowichan Garry Oak reserve from 1954.
Former and current distribution of the Garry Oak savanna on the
Saanich Peninsula of southeastern Vancouver Island.

Two-meter tall bracken fern. ‘ .

Unfertilized and fertilized pots from the glasshouse experiment.
Pair-wise interactions among the four grass species for tolerance
and suppression competition.

Differences in average maximum height among the four grass
species at 6; 11, 16, and 23 weeks of the glasshouse\experiment.
Differences in seedling height and seedling survival at 12 Wee‘ks
(December) and 28 weeks (April) among the four grass species in

the seed addition experiment.

Contrast between fertilized and unfertilized treatments in the

" glasshouse experiment for Elymus glaucus.

Differences in response to burning among the four grass species
between 2000 and 2002.
Map of the past and present range of the Garry Oak savanna in the

Cowichan Valley of southeastern Vancouver Islahd, and the

Xvi

22

23

25
26
27

.29

33
34
43

46

71

79

82

85

87

88

106



Figure 5-2
Figure 5-3

Figure 5-4

‘ Figure 5-5

Figure 5-6
Figure 5-7

Figure 5-8

Figure 6-1

Figure 6-2

Figure 6-3

Figure 6-4

Figure 6-5 :

Figure 6-6

Figure 6-7

hypothesized migrational route for the oak savanna flora from

California during the Holocene.

~ Burn plots for the seed addition experiment.

Seed bank samples after one month in the glasshouse.

Distribution of the ten forb species used in the seed addition

~experiment along a combined soil depth and canopy cover

gradient. Values determined from 177 plots in the six major
savanna remnants in the Cowichan Valley of southeastern - ‘
Vancouver Island.

Mount Tzuhalem ecological reserve in the Cowichan Valley of

" southeastern Vancouver Island.

Number of established seedlings two years after seed addition.
Survival and establishment of seedlings based on total number of
seeds added per plot and ;cwerage s_eed mass of each species.
Relationship among the regional, landscape, and site level species
podls for the four rhajor functional groups of the oak savanna
flora: annual and perennial grasses, and annual and perennial
forbs.

Weeding plot in the removal experiment. .

Dense sward of Dactylis glomerata.

Seasonal variations in soil moisture in the deep-soil and shallow-
soil sites of the Cowichan Garry Oak reserve.

Changes in percent cover for the most abundant perennial grass
species at the two sites.

'Changes in species richness, species diversity, evenness, and
forb/grass ratio at the two sites. |

Changes in percent cover of native species, legumes, forbs, and

annuals at the two sites.

Summer weeding plot after three years (May 2003), with high

amounts of bare soil and high cover of established and recruiting

Camassia quamash.

Xi

106
107
109

114

118
121

125

140
144

145

146

151

152

154




Figure 6-8

Figure 6-9

Figure 7-1

Figure 7-2
Figure 7-3
Figure 7-4
Figure 7-5
Figure 7-6

Figure 7-7

- Figure 7-8

Figure 7-9

Figure 7-10

. Figure 8-1

Figure 8-2

Summer mow,plot after three years (May 2003) at Site A, with
high cover of Sanicula crassicaulis (fhe broad leaved species) and
numerous smaller annuals.

Total number of established seedlings 12, 28, and 37 weeks after
seed addition. Data are from 168 subplots (15 X 15 c¢m) from both
sites combined. »

Initiation of burning with a roofing torch — autumn 2003. Photo
courtesy of the Cowichan News;Leader (Duncan, British
Columbia) | |

Separated (left to right) litter, grass, and forb (mostly Camassia)
biomass from a control treatment plot at Site B.

Seasonal variation in ground level light in burned and control plots
at the two sites.

Changes in percent cover for Carex, Camassia, and Bromus spp.
In the control and burned plots at the two sites. |

Cover of the exotic forb Valerianella locusta in a summer-burn
plot. _ o

Changes in percent covef of annual forb species with summer
burning at the two sites. |

Changes in pefcent cover for four native perennial forb species in
summer-burn and control plots at the two sites.

Changes in production in burned and control plots at the two sites.

"Contrast in litter cover between control and burned plots at the

shallow-soil site. | »
Changes in flower head production in burned and control plots at

the two sites.

Dense monoculture of Camassia'quamash at St. Peter’s Church,

Cowichan Valley.
Dense sward of invasive and native perennial grasses in the

Cowichan Garry Oak reserve.

Xii

154

156

172

173

177

179
180.
151 '
182

184
185

186

201

202




Xiii

Acknowledgements

This work was made possible by the support and encouragement of Dr. Roy Turkington.
Roy supervisory skills provided an intellectual and collegial environment that aided the
completion of my project, as well as providing an atmosphere that was a pleasure to work

in on a daily basis. Many thanks!!

My dear and loving partner Ruth Buchanan provided unending support, patience, and

encouragement throughout the five years of this project. I am one lucky guy!

Much gratitude to my parents Don and Lois MacDougall (Fig.’ 3-2) for their love,

support, and encouragement over the years.

Thanks also to my highly supportive supervisory committee (in alphabetical order): Dr.
- Gary Bradﬁéld, Dr. Rob DeWreede, and Dr. Judy Myers. Their comments and
contributions greatly aided the development of this project, especially in my first year
during Roy’s sabbatical absence. Thanks also to the comments and insight by my external

advisors: Dr. Peter Arcese, Dr. Greg Henry, and Dr. Scott Collins.

Warm thanks also to my lab buddies: Chf_is Lortie, Mike Treberg, Justine Karst, Jennie
MacLaren, Ben Gilbert, and Leonardo Frid.

My research was made possible by the support of Tim Ennis, Irvin “Big Dog” Banman,
and Jan Garnett of The Nature Conservancy of Canada. Thanks to Tim in particular for
his endless support, advice, and enthusiasm on matters relating to project logistics,

working in the Cowichan Garry Oak preserve, and on the functioning of the Garry Oak

ecosystem generally.




Xiv

I was greatly supported by the contributions of my field assistants during this project: Joe

Boucher, Suzanne Caskenette, Kate Edwards, Rebecca Best, and Sara Lord.

Many thanks for the enthusiastic support and advice from Marilyn “Can Do” Fuchs and
the rest of the Garry Oak Ecosystem Recovery Team (past and present) - Brian Ree;der,
Brenda Beckwith, Cafrina Mas_lovat, Joel Ussery, Richard Hebda, Dave Fraser, Matt
Fairburns, Wayne Erickson, Brenda Costanzo, Tom Gillespie, Dave Polster, Micﬁael
Dunn, Hal Gibbard, Mike Meagher, Richard Feldman, Brent Ingram, Tracy Fleming,
Fran Spencer, John Olafson, Robb Bennett, George Sirk, Chris Junck, Jim Rutter, Kate
Stewart, Pam Krannitz, Cheryl Bryce, Louise Blight, and Art Robinson. Thanks to
Brenda and Carrina in particular for the highly productive and enjoyably collaborative

writing experience (Chapter Three)!

Dr. Hans Roemer and Brenda Costanzo provided invaluable assistance with species

identifications (especially Bromus carinatus — Hans!)

Thanks to Dr. Tony Kozack and Dr. Val LeMay (UBC Forestry) for advice on all matters
| statistical. Thanks to Dr. Wayne Temple, and Dr. Art Bomke (UBC Soil Sciences) for
advice and assistance on all matters edaphic. Thanks to David Kaplan (and Harry the Cat)
for the enthusiastic and hélpful assistance in the UBC Horticulture Greenhouse.

Many thanks to Tim Neill and Patv Hayes (BC Ministry. of Forests), and Rob Moore
(Mun1c1pal1ty of North Cowichan) for advice and support on conducting my experlmental

burns. This prOJect would not have happened without their support.

Thanks also fo the following individuals who helped along the way: Lebby Balakshin,
Veronica Oxtoby, Judy Myers, Elaine Simons, Irvin Stuart, and Sandy Abah (UBC
Botany); Adolf Ceska; George Dougias; Brﬁd Hawkes and Steve Taylor (Canadian Forest
Sérvice); Dr. Peter Dunwiddie and Patrick Dunn (The Nature Conservancy of
Washington); Dr. Tony Glass; Dr. Briony Penn; Chris Chappell '(Washington Natural

/.




- . XV

Heritage Program); Dr. Kern Ewing and Jeanette Dorner (University of Washington) and

Steve Erickson (Frosty Hollow Ecological Restoration).

Many thanks to Dr. Judy Lo'o, Donnie McPhee, Kathleen Forbes, and Bruce Pendrel of
the Canadian Forest Service — Atlantic region for providing writing space from December

2002-March 2004.

- Funding for this project provided by an NSERC PGS-B, University of British Columbia
UGF, Dr. Roy Turkington, Endangered Species Recovery Fund (World Wildlife Fund-
Canada), Environment Canada, Mountain Equipment Co-op, and the Garry Oak Meadow

Preservation Society.

W
'*l &“:?&"""‘“‘ Cunee B
© Sencocanaden  CanadenWide i)

delafame  Senico - |







Chapter One

Introduction:

“It must be remembered that plants, when once established in a suitable
climate and soil, soon take possession of the country, and occupy it to
almost the complete exclusion of later immigrants. The fact that so many
European weeds have overrun New Zealand and temperate North America
may seem opposed to this statement, but it is really not so. For in both
these cases the native vegetation has first been artificially removed by
man and the ground cultivated: and there is no reason to believe that any
similar effect would be produced by the scattering of any amount of seed
on ground already completely clothed with an indigenous vegetation.”

“About this time (1810) large numbers of European, American, and South
African plants were imported (to the island of St. Helena) and many. of
these ran wild and increased so rapidly as to drive out and exterminate
much of the relics of the native flora; so now the English broom, gorse,
and brambles ...and some common American, Cape, and Australian weeds,
alone meet the eye of the ordinary visitor. These, in Sir Joseph Hooker’s
opinion, render it absolutely impossible to restore the native flora which
only lingers in a few of the loftiest ridges and most inaccessible precipices
and is rarely seen except by some exploring naturalist.”

Alfred Russell Wallace Island Life (1881)

“We have the apparent double anomaly, that Australia is better suited to
some English plants than England is, and that some English plants are
better suited to Australia than those Australian were which have given

way before English intruders.”

' Joseph Dalton Hooker Notes on the Replacement of Species in the
> - Colonies and Elsewhere (1864) [from Crosby 1986]

Of the many impacts of the colonial era (Crosby 1986), the blurring of the world’s biotic
boundaries by plant transportation is one of the most significant from the perspective of

global biodiversity. Although the mixing of species has occurred throughout geological

history (e.g., Stebbins and Major 1965, Vermeiji 1991), it is unlikely that so many of the




world’s. major biomes have been breached concurrently, and often b.y many of the same
families, genera or species (Elton 1958). Given the association betweén invasion and the
decline of native species, invasion. is viewed as one of the major threats to future levels of
global diversity (Myers and'Bazely 2003). At the same time, our understanding of why
| invasions have occurred remains in its infanéy. The movement of individuals into ner
habitéts or regions is not unique to the tranéport of plants by humans, and has driven the
assembly of many of the world’s post-glacial commuqities (MacArthur 1972, Clark et al.
1998). However, nﬁmerous contemporary invasions have not only added to the siz_¢>of ‘
local species pools (SaxA and Gaines 2003) but have changed the ways by which many
ecosystems function (Vitousek 1986, 1990). What is so paradoxical about this proceés, as
pointéd out by Hooker in 1884, is that invaders typically derive from different geo-
evolutionary coﬁtexts than those that they invade. The abilityof_ invasive' species to -
ignore fhe long-éstablished adaptive relationsﬁip between a speciés and its habitat

seemingly defies the foundational logic of eéological and evolutionary theory.

As intuited by Wallace (above), the key to understanding invasion lies in undefstanding
issues related to competition, dispersél,_ sFability, and disturbance. It is not a coincidénce
that these same iséues are also thé foundation of community and ecosystem ecology. The
understanding of invasion, therefore, rests in the understahding how cqmmunities,
function and how these principles apply, énd interact, to cause or permit invasion (Mack

1986). In many ways, this perspective forms the basis of this thesis. By studying the

! Note: the terms “invasive” and “exotic” are used interchangeably in this thesis to describe non-native
species that have naturalized, presently occur in large numbers, and may impact community structure (i.e.,
composition, diversity, and physical stature of the community) or ecosystem function (i.e., changes to the
pools and flows of limiting resources). Most non-native species, of course, do not have such impacts.




mechanisms that cause and maintain invasion, there may be considerable insight gained
on the ecological functioning of communities in general. This, in turn, will help guide the
management and control of invasive species, and the restoration of communities affected

by their presence.

A fundamental challenge for understanding invasions is that they typically co-occur with
a host of other transformations. Many heavily invaded ecosystems have suffered the
effects of habitat loss, the isolation of remnant areas, increased global témperatures and
| CO; levels, eutrophication, or the alteration (increase or decrease) of disturbance regimes.
. Viewed in this way, it is often difficult to determine if invaders are the primary drivers of
eéological change or merely the passengers of more fundar'nen£al transformation. Further
complicating this issue is our inability to retrace the typically complex series of steps that
caused the invasion. Instead, we are confronted with the end-.point of years, decades, or
even centuries of transformation. Unfortunately, the present-day appeéré,nce of a heavily
invaded system may suggest one process (€.g., exotic dominance due to corhpctitive
superiority) while the underlying éause has actually been another (e.g., exotic dominance
due to severe recruitment limitations that influences native species more than exotics)
| (Fig.. 1-1). This theme of “things may not be as they appear” is another primary theme of
this thesis. Ail of the experiments have attempted to test whetherv the most ‘obvious |

~process is actually causing the current pattern of diversity, or whether alternative yet

hidden processes are also at play.
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Figure I-1. Two different interactions between regional “additive” processes and local
“antagonistic” processes that can lead to the same result: reduction of species richness.
In the top graph, an increase in the rate of species loss caused by competition (for
example) with no change in immigration drives richness from S1 to S2. In the bottom
graph, a decrease in the rate of immigration with no change in competition results in the

identical decrease from S1 to S2. Modified from MacArthur and Wilson (1967).



Are invasive species really that different?: reflections on the competitive ability of

invasives
N

Although Wallacé assumed that invasioﬁ sometimes depended on the destabil_izatioﬁ of
the native community, there are many examples that violate this assurﬁption. Numerous
invasive species have become established, and subsequently dominated, pristine native
communities. This has lead to the perspective that invasion is determined by differences
' in competitive ability between invading and native species. Rathér than depending on the
' dé-stabilization of the native communitsl (e.g., over-grazing, cultivation, settlement, fire
suppression), invasivés are simply better at acquiring limiting résources. But why do such
competitive differences exist? Why should species from elsewhere have the ability‘ to

sequester the majority of limiting resources compared to the local flora or fauna?

Although the answer is not fully understood (Thebaud and Simbefloff 2001, Leger and
Rice 2003), research evidence points to at least three possible hypotheses: (i) escape from
. native pathogens or predators (comijetitive superiority dué to an absence of 'enemiés that
wére left behind) (Maron and Vila 2001, Keane and Crawly 2002, Wolfe 2002), (ii)
evolution in more competitively intense environments (compétitive superiority due‘to’ the
traits that the invader arrived with) (D’Antonié and Vitousek 1992, Byers 2000, Callaway
and Aschehoug 2000), or (iii) novel hybridization (Ellstrand and Schierenbeck 2000,
'Gaskin and Schaal 2002). It is beyond the scope of this thesis ‘to fully test these

alternatives. However, more simplified versions of these hypotheses are addressed: are

exotic flora really that different in competitive ability, traits, life history, or susceptibility




'to disturbance? And how do these differences (or similarities in some cases) relate to
current patterns of relative abundance? In exploring this question, Chapin et al. (1996)
~ hypothesized two possibilities based on the degree of trait differences between the
invasive species and other members of the community. If invasives are profoundly . .
different, then it is these trait’differences that are the primary cause of invasion (e.g.,
invasive legumes in nutrient poor areas formerly lacking legumes). If the invaders are not
-that different, the primary cause of invésion will likely be environmental change (e.g.,

invasive fire-sensitive species in fire-suppressed oak savanna).

Testing whether dom.jnancelis caused solely By species traits or by the combination of
traits and altered environmental conditions has been vdifﬁcuit. Case studies of invasion
typically reveal a complex myriad of past events that ﬁave led to the present day levels. A-
~ classic example is Tamdrix spp., one of the most invasive plaﬁts (several closely_' related
species) in the United States (Busch and Smith 1993, Cleverly et al. 1997, Deloach et al.
1999, Zavaleta 2000). Tamarix profoundly affects ecosystem function in arid
environments. It lowers the water tabie beyond the reach of native species, salinizes the
soil due to its ability to excrete salt from its leaves, and increasesy fire due to its prolific
‘.output of leaf litter. However, these effects are also identical to the primary impacts of
hﬁman activity in this region: lowered water‘tables due to damming, river diversion, and
irrigation; salinization caused by the pumping of ground water, and increased fire due to
human land use. Thus we have a dilemma: is Tamarix dominant because of its ability to

change the ecosystem (i.e., driver), or merely because it tolerates the changes caused

primarily by humans (i.e., passenger)? Such- intractabilities plague the understanding of




many invasions. The covariance of factors, combined with uncertainty over how
invasions have unfolded, leave us struggling to understand the causes of change, and how .
to reverse their effect. An objective of the experimental work of this project was to

examine the impacts of trait differences versus the impacts of environmental change on

invasion.
The role of recruitment limitation in invaded systems

If there is one paradigm that characterizes community ecology, it might be that of
competiﬁve regulation — ‘two speciés,-one limiting resource, superior competitor
eliminates the subordinate’ (e.g., ‘Gause 1934).' Such simplistic elegance appealed to
mathematical ecologists of fhe early 20'}‘; century who wished to develop first principles:
of ecological orgaﬁization rivaling those of physics and chemistry (Kingsland 1995).
Since that time, hundreds of studies have documented the occurrence of competition and
its role in structuring communities; driving succeésion, and causing evolutionary

character displacement among closely interacting individuals (Keddy 2001).

Although the importance of .competition is well recognized, some have argued that its
impact has been over-emphasized at the expense of other non-interactive proéesses,
especially immigration, that can also structure communities (Ricklefs 1987, Ricklefs and
‘Schiuter 1993)..This oversight can be perpetuated becaﬁse it is relatively eésy to measure |

and model ‘competition. By contfast, the impacts of the so-called “regional” factors

(immigration, speciation) are difficult to measure because their influence is revealed only
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after years, decades, or ﬁﬁllemia. Yet these factors can have profound significance fof
the formation of contemporary communities (Clark ef al. 1998). The debate on the
relative role of competition versus regional factors has been coined “MacArthur’s
Paradox” (Loreau and Mouquet 1999), after Robert MacArthur who wrote extensively on
competition (e.g. MacArthur 1958) but also recognized the importance of immigration in
“his work with E.O. Wilson (MaéArthur and Wilson 1963, 1967). Recently, much
research effort has focused on the p’otential, impacts of regional factors on local plant
communities (Tilmén 1997, Foster 2001, Symstad and Tilman 200‘1., Foster and Tilman

2003), and has confirmed their significance.

Sﬁch arguments are relevant to invasion ecology because the importance of competition
for invasion may sometimes be overstated, or rhay interact with regional factors in Aways
not fully understood. In invéded corhmunities vdomina'ted‘by one or a few exotic épecies,
differences in relative abundance between the numerically dominant speciés and the rest
. of the community are sometimes assumed to directly mirror the relative ability to acquire
limiting res;)urces. Regrettably, this is_ rarely tested. Most studies of the effects of
invasion on the decline of native species are éorrelative rather than causal (Levine et al.
2003), and alternative explanations are rarely eliminated. Davis (2003) haé pointed'oﬁt :
that competition by invasive species has rarely been demonstrated to be the direct cause
of the loss of native species, as opposed to the effects of habitat loss that typically also

affects invaded systems. Indeed, reviews by Sax et al. (2002) and Sax and Gaines (2003)

indicate that the “one invasive species added, one native species displaced” model may
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apply to birdis' in some cases but never for plants, fish, or insects. Instead, the
overwhelming effect of invasion is the increase in the size of the local species pool.
)

.The résults of Sax and his collaborators are interesting because théy strongly suggest that

many communities may be “unsaturated” (sensu Srivastava 1999, Loreau 2000). That is

to say, rather thanA commuﬁity membership being tightly regulated by the; ‘battle for

limiting resources (i.e., saturation) it may be more limited by the ébility of species to

arrive and establish. If so: “then the key to community structure m@.lie in extrinsic
biogeography rather than in intrinsic local processes, making community eco)ogy more

of an historical science” (Cornell and Lawton 1992). In competition-based models of '
community organization, the Signiﬁcance of immigration is relegated to situations where
competition isv limited or absent (disturbances, newly created islands, imrﬁediate post-
gl‘acial' landscapes). In immigration-based models, as vsuggested by the invasive spe.cies. A

work of Sax, its significance is much greater. Testing these alternative models of

community organization is another theme of this thesis.

Separating the impacts of local and regionaﬂ processés on communities is more than’ an
academic exercise. Because invasion is viewed as a rﬁonumental threat to native diversity
| (rightly or wrongly), eradication is often viewed as a critical first-step for restoration.
However, the validity of this approach rests on whether the invadiﬁg species are the most
limiting factor for native species. If they are, refnovals can have dramatic positive

impacts for restoration (Myers et al. 2000). Howevef, emerging evidence suggests that

things are rarely this simple (Myers et al. 2000, Zavaleta et al. 2001). If native plants are.
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more limited by dispersal due to habitat fragméntation, then the eradication of exotics
‘may have no impact on their recovery. In some cases, exotics have assumed the
functional role in the ecosystern that was formerly held by the species that they replaéed.
Eradication of the exotics, in this 'context, may have unanticipated consequences, sucli as
the destabilization of food wabs or the elimination of resistance to invasion by other
functional groups. In grasslands, for example, invasive grasses may resist invasion vby
woody plants in the same manner that native species did formerly (Wilson 1998).
Eliminating these invasive grasses may then hasten conversion to woodland, rathei than
facilitating recovery of the native grasses. The possibility that invasive species may

actually have positive impacts is another of topic of interest in this thesis.
The role of disturbance in invaded systems

All ecosystems are not invaded e(iually. Many of North America"s northern'.tempe_rate |
forests, for example, have been largely unaffected by invasion. In contrast, grasslands and
savannas have been severely impacted (Grace et al.- 2001). in some Californian
‘grasslands, Bromus tectorum now comprises 100% of the species cover. Poa pratensin
and Dactylis glomerata, two perennial grasses of primary interest in this thesis, have
invaded many mesic grasslands in Canada and the United States (Curtis and Partch 1948,
Etter 1951, Towne and Owensby 1984, Sc;hadt and Stubbendieck 1985, Sullivan 1992).
Other problematic grassland invaders of North America include: 1) grasses such as

Agropyron cristatum, Bromus inermis, Bromus japonicus, Cynodon dactylon, and

Imperata cylindrical; 2) forbs such as Euphorbia esula and Centaurea spp.; and 3) shrubs
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such as Cytisus scoparius, Rhamnus catharﬁca, and Triadica sebifera (Christian and
Wilson 1996, Mooney and Hobbs 2000, Grace et al. 2001). Combined with the effects of
habitat loss and over-grazing, grasslands are considered some of the world’s most

endangered ecosystems (Ricketts et al. 1999).

‘Grasslands and savanna’ are chanactérized by fhe dynamic interplay of fire, climate,
tnpography, soil depth, and grazing (Anderéon 1990, Knapp et al. 1998, Collins 2000).
These factors underlie the evolution of the gréssland biome (Axelrod 1985), and
presumably many of the species found within. Since the onset of European settlement in
North America, this dynamic has been completely reconfigured (i.e., intensive
‘agricu]ture)- or largely eliminated (ﬁre supprevssion). In areas not converied to an
agronomic monoc'ulture,' fire sunpression is viewed as a major cause of grassland decline
(Leach and Givnish 1996) and a contributing factor for invasion (Grace et al. 2001). The
re-intfoduction of ﬁre, therefore, has been proposed as a tool for grassland restoration,

including the control of invasives.

A central assumption‘ of this view, however, is that fire will favour natives over exotiqg.
This assumption is rarely tested, howéver, and may be untrue (Grace et al. 2001).. Many
grassland invaders have evolved in pyrogenic environments (e.g., the Mediterraneén), or-
are simply unaffected by fire. Fife is also assumed to be a stabilizing factor in grasslands,
despite its déstructive properties. By offsetting the effects of intense competition (by ‘

native and exotic species) and preventing conversion to woodland, repeated fire is

? Note: grassland = general term for ecosystems with grass-dominated understories; savanna = grass-
dominated ecosystems with tree canopy cover from 5-50% (Anderson et al. 1999).
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- assumed to preserve grassland function. However, this model is spatially dependent (i.e.,
'_ requires sites eleewhere that are fire-free) and thus opeeates regionally rather than locally
(DeAngelis and Waterhouse 1987, Collins 2000). Un’fortur.lat‘ely, grassland ecosystems no
longer possess their former regional extent. Instead, remnant areas are small, isolated and
contain populations of native plants that are shadows of their fermer occurrence. Fire,
therefore, may behave in completely different ways in these remnants than occurred
formerly. The “rush to burn” has thus been questioned (Howe 1994a, 1994b, 1995,
Collins et al. 1998). Although the positive impacts of fire for restoration are not. debated,
considerable research is still required to determine how it interacts with habitat loss, -
grazing, invasion, and the timing and intensity of its applicatien. Such issees' are the

focus of Chapter Seven
Invasion in the Quercus garryana savanna

All of the issues described above apply to the fragmented, invaded, and fire-suppressed
Quercu;v garryana Lit. (hereafter called Garry Oak) savanna of southwestern British
- Columbia. This system, therefore, is perfectly suited to test hypotheses .on. the effect of
competition, recruitment limitation, plant invasion, fire, and habitat loss on the structure-
and function.of plant eommunities. It is one of Canada’s-most threatened terrestrial
ecosystems (Fuchs 2001)',.now covering only 5% of its former range with remnant areas
that are are highly isolated and heavily invaded. The co-occurring impects of invasion

and habitat loss present the opportunity to test models of local vs. regional regulation of

present-day community structure in this savanna. While the non-native species are
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numerically dominant, most do not appear to possess substantial morphologica_l or
functional differences from the native species they have replaced. This raises the question
of why invasion has occurred, and presents the oppoﬁunity for testing thé impacts of
subtle trait differences, environmental gradients, and disturbance on the interaction -
between exotic and native species from the four major fuhctionél groups of this savanna
(annual and perennial grasses and forbs). Finally, this formerly pyrogenic ecosystem has
been largely free of fire for at least a century. By 'experimentally re-introducing fire, the
effects of burning on éompetition, the availability of limiting resources, and invasive

species control can also be tested.

These questions are explored using results from four 'years of experimental work
conducted mostly at the Cowichan Garry Oak reserve in the Cowichan Valley of British
Columbia. Based on this work, there are three over-arching goals in this thesis: 1) to test
hypotheses on \the impacts of competition, dispersal, and disturbance on community
structure generally; 2) to examine how competition, dispersal, and disturbance influences
invasion, and 3) to explore methods for consewatidn and restoration of this nationally

endangered savanna ecosystem. More specifically, the objectives are:

1) To test for differences in relative competitive ability among morphologically -
similar invasive and exotic species.
(ii))  To test for evidence of recruitment limitation of native plant species.

(ili)  To determine the impact of competition, soil depth, and disturbance (ﬁre) on

the recruitment of native species.
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(iv)  To determine the short- and long-term fmpacts of dispersal on diversity in
‘remnant areas for native and exotic flora using biogeographical analysis.
(V) To deternﬁne the impact of the ddminant invasive species on the structure and
function of the oak savanna plant community.
(viy To d¢tern1ine the imI()acts of fire on competitive interactions and succ'essionall
stability within the oak savanna.
(vii) To determine the impacts of long-term human activity on the present-day

 structure of the oak savanna, including invasion.
Organization of the thesis

Several chapters in this thesis are stand-alone papers that have been or will be submitted
to journals. To smooth out any discontinuities that this may cause, the objectives of each

chapter and how each connects to the overall story of the thesis are outlined below.

éhapter Two provides a brief natural history of the Garry Oak ec;osystem. Understanding
how this savanna functions rests in part in understanding its biogeographical contexf. The
most pressing quéstions are: why and how does a xeric oak sava_nné ecosystem with
mostly Californian floristic affinities occur amongét some of the wettest temperate forest
of the world? The answers are explained mostly by a uniqﬁe cqmbination of climatic and

topographic factors. These factors determine the seasonal weather patterns, local

microclimate, and long-term migration of plant species into this region from the south.
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They also explain in part why this ecosystem may be so vulnerable to the effects of

. contemporary habitat loss, fire suppression, and invasion.

Chapter.ifhree focuses on one specific element of the biogeographical story: the iinpacts
of human activity on ecosystem function. ‘This .chapter was co-written with Brenda
Beckwith and Carrina Maslovat (both from the University of Victoria). The historical
descriptions that served as the basis for this paper are i)resented in Appendix 2. Although
many of North America’s ecosystems are assumed to have been “pristine” prior to
“European colonization, the'existence of formerly untrammeled wilderness may be more
fiction than fact (Russell 199’\7, Boyd 1998, Vale 2002, KeeleyI2003). Lands sﬁrrounding_
* the Strait of Georgia (i.e. southwestern British Cblumbia) apparently supported the
densest concentration of indigenous peoples in North America prior to the influx of old-
.‘world diseases in the late 1770s (Harris 1997). The Northern Straits Sélish of this region
depended greatly on the oak savanna for plant and animal reéources, and influenced its
composition and struf:turé by burning and the introduction and intqnsive hérvest of
numerous plant species (Suttles 1987, Duer 2002). By the 1860s, European settlers began
pouring into the region. Many preferentially settled in tﬁé savanna \region due to the
favorable climate and its high agricultural potential. Thousands‘of doméstic livestock
were introduced, as were numeroﬁs plant species. In combination, the impact of First
Nation and European inhabitants has probably influenced the oak savanna for millennia.

Determining how and to what degree this influence shapéd the savanna is critical for

understanding its functioning generally, as well as the underlying causes of invasion and

the decline of native species.
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- Chapter Four addresses two questions: (i) does competition alone explain why
~morphologically similar exotic and‘ native perennial grasses differ so widely in relative
abundance? and (ii) if it does, are these competitive ‘diffe.,renc.es determined by the traits
of the invaders or by the environmental conditions of the savanna, especially
disturbance? Davis et al. (2000) suggested that invasion is contingent on environmental
change, either by nutrient enrichment (eutrophication) ér by disturbances that free
limiting resources. As discussed earlier, the view that invasion dependé on disturbaﬁce
has a long history (Wallace 188‘1)... By implying that native communities will resist
invasion unless disturbed, it suggests that invading species may not be profoundly
different competitors than the species they replace. Of’. that the exotics are superior
competitors but. only in the context of intensive agriculture-based Adisturb'ance to which
the exotics are presumably well adapted. These issues are examined using glasshouse and
field experiments that compare competitive strategies (“compeﬁtive suppression” vé.
“competitivc: tolerance” ability) among foﬁr grasses of similar life history. Poa pratensis
and Dactylis glomerata (note: hereafter called Pod and Dactylis) currently domiinate the

savanna, while Bromus carinatus and Elymus glaucus, native perennial species, are

" relatively uncommon.

Chapter Five tests the relative importance of competition and dispersal for explaining the
relative abundance of native and exotic plants in the oak savanna. Because Poa and
Dactylis are so abundant compared to all other species, it suggests that they are limiting

these other species competitively. Alternatively, habitat fragmentation may be seriously
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’ J
- restricting the ability of the less-common species to disperse. Their absence may thus be

caused by recruitment limitations rather than competition. This is tested experimentally
- using the addition of seed‘ from 10 forb species of various l‘ocal abundances (common to
rare). If competition regulates abundance, then recruitment success should be eitremely ,
Jlow in the dense grass swards of Poa and Dacuwylis. If dispersal is most limiting, then

recruitment from the added seed should be high regardless of the exotic 'grasses.

To assess the longer-term implications of this experiment, I conducted a biogeographical
ahalysis comparing. the relative abundance of major functional groups between the
regional species pool (British Columbia) and site—lével pools within rerﬁnant areas of the
Cowichan Valley on southeastern Vaﬁcouver Island. Biogeographical anal.ysés are
generally qualitative procedures that are .~becoming increasingly utilized fo test the
impacts of regional processes on loéal communities (Ricklefs 1987, Nacem and Wright
2003). I test whether the relative abundance of species Within each functional group at the
~ regional level predicts the relative abundaflce of species in each site. This can only
happen if: 1) membership in‘ each site is determiﬁed by a lottery (e.g., if 60% of all
species regionally are perennial grasses, then 60% of species pef site shbuld be perennial
grasses), and 2) that membership is not regulated by competition or site factors (e.g.,
establishment should not favor species from the éompetitively superidr funétional group
— perennial grasses). There are two reasoﬁs why we would not expect full concordance
between régional and site-level species pools. First, annual grasses and annual forb
| species produce prolific quantities of seed that disperse much greater distances ;:ompared

with most perennial forbs and grasses. If dispersal determines membership in sites, then

t
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these groups should be over-represented. Second, perennial grasses are highly effective
competitors in these savannas due to their ability to produce of dense layers of foliage
and litter. If competition determines membership in sites, then this group should be over-
‘represented compared to the other three. Confirmation of one or the other of these two

factors would indicate that regional processes have little importance' for site-level

dynamics in this savanna.

Chapter Six further_ e‘xamine-s the relatiohship between the causes of dominance (by Poa
and Dactylis), and the impact of dominant Species on the abundance of other species in
~ the community. Increasing evidence pointé to the separation of processes causing
commonness and rarity in plant communities (e.g., Hubbell 2001). As described above, if
native species are more limited by dispersal than competition then thé removal of the
domiﬁant grasses (Poa 'and‘Dactj/lis) should have little or no impact on the vabundance of
subordinate species. We test this With' a factorial experiment that includes treatments that
reduce the presence of the dominant grasses (mowing) and eliminates them (selective
removal). These treatments also give the opportunity to examine the fole of the exotic
grasses on the suppression of wo'ody plant invasion. Conversion of savanna to woodland
has affected many oak savanna remnants in the Pacific Northwest but is hypothesized to
be slowed by the presence of a dense grass sward. If the dominant exotic grasses have

replaced the functional role of the native grasses, their removal may cause unanticipated

increases in woody plants rather than increases in native grasses or forbs.
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Chapter Seven examines the impact of fire on the ﬁre-supp;essed savanna conimunity.
Because of its former importance, fire has‘ been touted as a critical first-step for
‘restoration. It is hypothesized that burning will offset the competitive impacts of the
exotic grasses. However, not only may rarer speciés be unaffected by cqmpetition but
models of ecologically stability_‘predict that repeated. fire may be as destabilizing as
intense cofnpetition (DeAngelis and Waterhouse 1987, Huston 1994, Collins'2000). Re-
introducing fire, therefore, may not immediately’tr'ansform exotic grasslavnd. into a
- species-rich community of native plants. The effects of burning on native species with
late summer phonologies (when fire usually occurs) may be especially problematic.
Given the small size of remnant areas, fire threatens the persistence of these species
iﬁcluding the regional endemic Sericocarpus rigidus that is evergreen and flowers in late
summer. .We test tﬁe effects of fire on community stability by monitoring its relative

impact on productivity, reproduction, and the abundance of functional groups.

Chapter Eighf concludes the thesis by synthesizing the various results of the proceeding

chapters
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Chapter 2
Brief Natural History 6f the Garry Oak Savanna

Ecosystem

Introduction

The Garry Oak savanna ecosystem of southwestern British-Columbia is part of a prairie
and oak savahna vegetation complex that extends sauth to California via the San Juan
Islands and Puget Tréugh of Washingtbﬁ, and the Willamette Valley of Oregon (Fig. 2-
1). Extensive habitat loss and high levels of exotic plant invasion characterize all parts of
the range. In British Columbia, the oak savanna is concentrated in southeastern
Vancouver Island from Victoria to Comox, and on the sputhem Gulf Islands. Limited
occurrences of Garry Oak aﬁd associated ground flora are also known from -the lower

Fraser Valley and from Savary Island west of Powell River.

The Garry Oak savanna is regionally unique in part because it occurs in close proximity
to one of the world’sl wettest temperate climates. The processes that maintain xeric‘oak‘
savanna in the Pacific Northwest derive from a combination of topography, soil, fire, and
climate (Roemér 1972, Jungen 1985, Fuchs 2001).: In British Columbia, it occurs in the

rain shadow of the Olympic Mountains and the Vancouver Island Coastal Range. The
soils are highly variable in comp‘osition and drainage but are generally moderately

infertile, glacially derived and well drained. Soils in lower lying areas (<100 rh)

5 .
-
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Figure 2-1. Major areas of oak savanna occurrence in the Pacific Northwest of North
America. The boxed area delineates the ecosystem’s distribution on the Saanich

Peninsula of southeastern Vancouver Island, as presented in Fig. 3-1.
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often contain high amounts of clay and silt deposited as glacio-marine material during the
end of the last glacial period. Seasonal variations in Pacific Ocean currents create a sub-
Mediterranean climate with wet cool winters and warm dry summers. Prevailing winds
are mostly from the southwest in the winter, and from the northwest in the summer.
Average annual precipitation on southeastern Vancouver Island range from 50 — 150 cm

year' (Fig. 2-2). Winter temperatures rarely fall below 0° C.
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Figure 2-2. Average daily temperatures (C) and mean monthly precipitation (cm) for St.
Mary’s Lake, Salt Spring Island from 1971-2000. Values on the X-axis apply to both
temperature and precipitation. This weather station occurs approximately 8 km to the
northeast of my study area. The concentration of rainfall between March-October, the
average winter temperatures > (0° C, and the warm average summer temperatures is the

typical profile of a Mediterranean climate. Data are from Environment Canada.
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Diversity of communities and species

This oak savanna ecosystem possesses high levels of biological diversity compared to
rhost other regions of western Canada, and supports over 100 rare, threatened, and
endanger’eci species within a relatively small geographic area (Fuchs 2001). Many of t;he '
-species of the savanna are associated with xeric climes not typical of the Pacific
Northwest, and most are more abundant in regions south of British Columbia. The most
visible species is the Garry Oak itself, which is the 6n1y oak spe‘cies native to British
Columbia and extends in range to central California (Griffin and Critchfield 1972).
Associated With this tree species are close to 700 vascular plént taxa, 150 of which are
naturalized non-native species (Fuchs 2001). The most abundant native species includé
numerous perennial forbs (e.g., C;amassia spp. (Fig. 2-3), RamJ.nculus.sp‘p., Dodecatheon
spp., and Lomatium spp.), annual forbs (e.g., Plectritis congesta, Plagiobotkrjys spp-»
Monﬁa spp., Trifolium spp.) and perennial grasses (e.g., Festuca idahoensis, Danthonia
califorﬁica, Bromus carinatus, Elymus glaucus, Koeleria macrantha, ahd Stz?a
lemmonnii). Appendix 1 provides a full list of oak Saval_nna plant species of the Cowichan
Valley on southeastern Vancouver Island. A diverse assemblage of bryophytes and

lichens is also supported (Fuchs 2001). -

The rarest of the savanna vascular plant species include perennials such as Tritelia

howellii, Viola prdemorsa,- Castilleja levisecta, Balsamorhiza deltoidea, and Seriocarpus
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rigidus (Fig. 2-4). These species are nationally or provincially endangered; the latter three

are regional endemics.

Figure 2-3. Camassia quamash with the invasive grass Anthoxanthum odoratum.

The most abundant exotic flora include perennial warm-season’ grasses (Poa pratensis,
Dactylis glomerata, Lolium spp., Alopecurus pratensis), the cool-season perennial grass
Anthoxanthum odoratum, annual grasses (Aira spp., Bromus spp., Vulpia bromoides),
annual forbs (Trifolium spp., Myosotis spp., Vicia spp.), and perennial forbs (Cirsium

spp., Hypochaeris spp.).

3 Warm-season = grasses and forbs with summer phenologies (i.e., mostly begins flowering after May);
cool-season = grasses and forbs with spring phenologies.
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The Garry Oak savanna also supports a number of vertebrate and invertebrate species that
are presently regionally uncommon or rare. These include the alligator lizard
(Gerrhonotus coerulus principis), sharp-tailed snake (Contia tenuis), streaked horned lark
(Eremophila alpestris strigata), western bluebird (Sialia mexicana), Lewis’ woodpecker
(Melanerpes lewis), as well as butterflies such as the propertius duskywing (Erynnis
propertius) and the moss elfin (Incisalia mossii). The island marble butterfly (Euchloe

ausonides) is considered extirpated from Canada.

Figure 2-4. The regional endemic Seriocarpus rigidus.
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The floral composition of the oak savanna in British Columbia is not geographically
uniform due in part to variations in soil depth, aspect, slope, naturally occurring habitat
isolation (e.g., south-facing slopes on isolated mountains), and land use history. Although
two intricate vegetation community classification schemes have been derived for the
Garry Oak savanna (Roemer 1972, Erickson 1996), for the purposes of this thesis two
general categories are recognized: shallow soil savanna (<10-20 cm) and deep soil
savanna (> 20 cm). Shallow soil savanna occurs mostly on hilltops and south- and west-
facing slopes, escarpments, and hilltops; deep soil savanna is found on low elevation
plains of glacial till and marine clays. Deep soil sites (Fig. 2-5) have been more
significantly impacted by European agricultural activity and by exotic plant invasion. An
estimated 95% of remaining Garry Oak savanna occurs in steeply inclined areas of

shallow soil with limited agricultural worth (except possibly grazing).

=

Figure 2-5 . Soil depth profile near the Cowichan Garry Oak Reserve. A deep layer of

semi-previous “finger-shale” underlies approximately 40 cm of clay-based soil.
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Fire

A key uncertainty in the functioning of this ecosystem. in British Columbia is the
irﬁportance of fire. This debate mirrors similar speculations on the importance of fire for
the origins and long-term maintenance of the praifie biome of central North America ‘
(Axelrod 1985). One hypothesis is that Burning plays a minor role in maintaining the
‘savanna. Instead, the comb_ination of the raihshadow and the shallow, rapidly drained,
and moderatelyb infertile soils are sufficient to maintain the xeric oak sévanna assemblage;
The alternative hypothesis is that in the absence of repeated fire, this savanna >would
‘convert to oak woodland (>50% tree cove;) or to Déuglas-ﬁr forest with a radically

different community of understory plants.

There is evidence to support both hypotheses; ‘and it is most likely that both operéte
concurrently. For the post-glacial origins of oak savanna in British Columbia, t\he story is
uncontested. Palynological data from Vancouver Island reveal the arrival of oak as early
as 8,000-10,000 B.P., peaking around 6,000 B.P. (Mathewes and lHuAesser 1981, Huesser

1983, Brown and Hebda 1998, Allen et al. 1999) (Fig. 2-6).

 This arrival occurred during the warmer conditions of the early- to mid-Holocene. Many
“or all of the ground flora species may have also arrived at this time, though the pollen
record cannot confirm this. Following 4,000 — 3,000 B.P., a cooling climate led to a

reduction in oak, and the creation of contemporary West Coast forest dominated by

Douglasﬁﬁr, and in wetter regions, western red cedar and western hemlock. It is at the
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onset of this contemporary period that fire may have been most important for maintaining
the savanna. Because of the rarity of lightning strikes on the Pacific coast (Keeley 2002),
the origins of these late Holocene fires are presumed to be the result of land use practices

by First Nations peoples.

C-14 age
(yr:B.P)

5310

- 8220

- 10,730

Meters

-

- 14,850

15,640

e

- 17,300

L 20,200

I-L

M A P mmhe h

( 100
Summary % % by species

Fig 2-6.. Pollen profile from Washington,, including Garry Oak, for the last 20,000
years. From Krukeberg 1 991. Note the maximum occurrence of oak pollen from 9,000-

~ 5,000 years before present (B.P.). Ash (Fraxinus) is uncommon on Vancouver Island.
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The impacts of humans

“Pre-emptions by European settlers (of southeastern Vancouver Island)
were often located on former Indian village sites for the simple reason that
such places possessed cleared land, fresh water, and safe anchorage.
Indeed, the land acts (of the late 1800s) permitted white settlement or
commercial activity on most places used by Indians for resource
procurement: clam and oyster beds, fishing stations, river courses, camas
beds, hunting grounds for deer and waterfowl. Such places had been used
- for millennia for food procurement...”

Richard Mackie The Wilderness Profound: Victorian Life on the Gulf of
Georgia (1995) '

"The Pacific Northwest formerly supported one of the densest concentrations of First
Nations peoples in North America (Harris 1997). Large populations developed in this
region in part because of the abundance of many plant-and'ahimal species that provided
“food, clothing, and shelter (Suttles 1986). Some of these species were associated partly or
entirely with the oak savanna ecosystem, such as black-tailed deer, Roosevelt elk, and -
plant species such as Camassia and Pteridium aquilinum (White 1999). The hunting,

. gathering, and the use of fire to propagate some species (e.g., Camassia) not only

affected their abundances but probably also had significant impacts on ecosystem

function.

If the persistence of the oak savanna depends on fire, then burning by First Nations
peoples during the late Holocene may be‘ solely responsible for its presence on the
present-day landscape.. It is certain that fire was a regular occurrence on southeaetem
Vancouver Island and adjacent Gulf Islands at ehe time of European contact (Brown and

Hebda 1998). Historical records indicate that the Northern Straits Salish annually burned

the savanna to increase Camassia production and possibly to improve forage for elk and
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deer (Turner 1999). Howe;fer, it is unclear whether fire is as necessary, or can be
supported as frequently, in shallower-soil areas where productivity by plant speciés is
low and successfon to forest is less likely to oceur. In-stead, fire probably interacted with
site-level environmental factors to. determine whethér Garry Oak savanna species were.
supported at a particular locétion. On shallow-soil sites, fire may have been unnecessary.
-As soil depth increases on the lower slopes and till plains, fire becomes more important
for preventing conversion to Douglas-fir forest. In the post—settlemént era, Douglas-fir
invasion of Pacific Northwest prairie has been observed in many areas (Franklin and |
Dyrness 1988, Krukebérg 1991), including British Columbia. Repeated Buming by First
Nation peoples would presumably prévént Douglas-fir establishment in deeper-soil areas,
as well as limit ground flora biomass accumulation. The question about the importance of
ﬁre,' and land management activity by First Nationé peoples in general, is the focus of thé

next chapter.
Invasion in the Garry Oak savanna

Invasion of the oak savanna in British Columbia began immediately following the
colonization of Vancouver AIsland in the vicinity of present-day Victoria by the Hudson’s
Bay Comp’a’ny in thé 1840’s. Aithough the area was selected for its arable potential, it is‘
not known how extensively the early settlers modified the land, or how thesé activities
contrjbuted to the present-day decliines of native species and to planf invasion. The open

conditions of the oak ecosystem may have required little effort to farm, and plant

introductions may have been gradual or inadvertent (“passive” model). Alternatively,
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there could have been a substantial effort to cultivate the land and _establiéh Eurasian

pasture species (“active” model). .

The establishment of exotic species was ‘both intentional and accidental, and included
birds (e.g., skylark, Califorﬁia quail), animals (rabbits, feral sheep and goats), an\d many
shrubs, trees, grasses and Afo‘rbs. For plants, many pasture species were introduced
repeatedly to improve forage quality in the savanna. Many of these pasture species
currently dominate remnant Garry Oak savanna sites (e.g., Dactylis, Poa, Holcus lanatus,
Lolium perehne,.: Anthoxanthum odoratum, Bromus sterilis and other annual brome
grasses, Vicia spp., Lathyrus spp.). The legufrﬁnoﬁs shrub Scotch broom (Cytisﬁs
scoparius) was introduced in the mid 1800s as an omamental, and is most likely the most
detrimental invasive species in-this ecosystem (Fig. 2-7). As it increascs in abundance,
-Scotch broom shades out ground flora aﬁd probably alters soil .m.ltrients (e.g., Peterson
~ and Prasad 1998). Today, native flora typically constitute less than 10% of all spgcies
. cover in site remnants. In some cases, native species have been completely eliminatéd.

Although the relaﬁon’ship between the increasing abundance of exotic plants and the

decline of native species is assumed to be direct, there has been limited research to date

that examines whether this is true in the. Garry Oak savanna.




Figure 2-7. Invasion by Cytisus scoparius at the Cowichan Garry Oak reserve (top photo

— taken in 1999), and results of its manual removal by the Nature Conservancy of

Canada (bottom photo — taken in 2003).
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Study Area

The experimental work for this thesis was primarily conducted in the Cowichan Garry
Oak reserve, located in the Cowichan Valley of southeastern Vancouver Island, British
Columbia. The reserve was purchased by the Nature Conservancy of Canada in 1998, in
cooperation with numerous local citizens who were concerned that it be protected. It
covers approximately 25 ha, of which 15 ha are Garry Oak savanna (the remainder is
Pseudotsuga menziesii forest or riparian forest with Acer macrophyllum, P. menziesii,
and Tsuga heterophylla) (Fig. 2-8). It supports large populations of three rare vascular

plant species: Tritelia howellii, Viola praemorsa, and Seriocarpus rigidus.

Figure 2-8. The circled area indicates the location of the Cowichan Garry Oak reserve,
taken in 1954. Since this photo was taken, there has been considerable infilling by Garry
Oak in the southern portion of the reserve, as well as the development of large

subdivisions on the east side of Maple Bay Road.
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The reserve is one of the largest remaining areas of deep-soil savanna in British-
Columbia, although it also contains areas with shallower soil (5-20 cm). It is gently
sloped (5-15°). Decades of fire suppression have led to .the development of é dense,
continuous stand of Garry Oak that covers approximately 50% of the total savanna area.

The experiments were conducted in two savanna openings on the western side of the

reserve, beginning in the summer of 2000.
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Chapter Three

| Defining Conservation_Strateg'ies With Historical Perspectives
in the Garry Oak Savanna

Abstra’ct: T he restoration of degraded ecosystems can be constrained by uncertainty
over former conditions and the relevance of the past given recent changes. It can be
difficult to differentiate among contrasting hypotheses i’egarding past ecosystem function,
and restoration efforts can emphasize species re-establishment- without integrating the
ecological aha’ cultural processes that once determined their occurrence. As a case study,
historical descriptions of an endangered oak savanna in southwestern British Columbia,
Canada, were assessed to determine' former conditions» and assess theirv validity for
deﬁning restoration targets. Twenty-three ‘documents described this ecosystem from
1790-1951. Comparison of early survey records with contemporary occiirrences sitggosts
habitat loss > 95%. The identity antl former range of most native plant species were
poorly described, but accounts of ecosystem structure revealed a diversity of floral
communities that has been much simplified. Fire, most likely set by indigenous peoples,
interacted with edaphic and topographic factoi’s to create this structural diversity.
European settlers intensively modified the ecosystem _with gi’azing, ctiltivation,. and
introduced flora. These transformations partly explain the current high levels of plant
invasion. Restoration must target the ecosystems’ former structural diversity and the
ecological and cultural processes that maintained it. Given the recent impacts of fire

Suppressioh, habitat loss, and plaht invasion, however, land managers must balance the

re-establishment of historical processes with their potential negative effects in sites with
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numerous at-risk species. This ecosystem was, and remains, part of a culturally modiﬁéd '
landscape, where human activity has maintained unforested areas for millennia but now
promotes mostly exotic flora. Although pre-European conditions cannot be fully restored,
the historical data provided restoration insights unobtainable from current biological

studies emphasizing the end point of long;term ecological change.

Introduction

The importance of melding conservation biology with historical research is récognized
~ but debated (Meine 1999, Egan and Howell 2001). Two issues underlay this debate: (1)
uncertainty over how ecosystems functioned formerly and 2) uﬁcertainty wﬁether past
'ecologivcal prqceSSes ére relevant given contempérary conditions of habitat loss, invasion,.
and altered disturbance regimes. At best, historical viewpoints can reveal former patterns
and processes that have been obscured or erased (e.g., ‘Bllondel and Vigne 1993, Jackson
et al. 2001).- At Qorst, they can lead to a preoccupation with issues that have little
connectionrto the current modified landscape (Howe 1994, Kellman 1996).
L

These problems are especially relevant for restoration ecology. For ecosystems that are
_degraded and lacking reference sites, there may be no clear indicatibn of what to restore
(ie., the_r\estoration target) or how to maintain them over time >(i.e., management). These
difficulties often necessitate “looking back” for evidence of the former conditions.

However, the effectiveness of this strategy can be limited. Restoration targets in North

America, for example, have traditionally focused on pre-European conditions with the
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presumption that the landscapé was “pristine” at this time. Pre-European conditions, of
course, weré neither ecologically static nor free from human influence (e.g., Boyd 1999,
Keeley 2002, MacDougall 2603). There is also a tendency to overemphasize the obvious
former processes, such as fire, which may not have been the most influential factor or
may have been coupled vﬁth ancillary environmental (e.g., soil depfh, topography) and
cultural (e.g., cultivation) factors that also reQuire consideration (e.g., Hobbs and

Huenneke 1992, Blackburn and Anderson 1993, Beckwith 2002).

Such difficulties suggest an intractable dichotomy: the néed to re-establish the historic
ecosystemlversus the difficulty in defining the ecosystem’s parameters based on evidence
from the past. Many have suggested that the solution lies in hbw the data are used (Cairns
1§89_, Higgs 1997, Whife and Walker 1997).. Rather than defining restoration targets
based directly on historiqa'l evidence, the implications of retrospective ldata should be
integrated with . contemporary ecological, éocial, and logistical considerations. For
example, the reintroduction of fire to highly fragmented grassland may Voffset woody.
plant invasion but exacerbate invasion by herbaceous exotics and have unwanted
consequences for naﬁve flora curreﬁtly reduced to sméll and isolated populations (Hobbs
and Huenneke 1992). H‘istorical perspectives can also challenge current hypotheses on
former ecosystem function. For degraded ecosystems, contrasting opinions often afise

regarding the former relative importance of factors such as native grazing, fire, or -

underlying environmental gradients (e.g., Axelrod 1985, Howe 1994).
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A case study is- presented on the uée of historical information for defining restoration
targets in a degraded oak savanna of southwestern British Columbia, Canada.
RetrospectiveA data are used tb (1) contrast former ecosystem app"eax_'a‘nce with-present
conditions, (2) assess current assumptions about pasf ecosystem functioning, and (3)
examine the implications of these findings for restoration in the cdntext of current

problems such as fragmentation and species decline.

" An analysis of this kind is urgently needed in this ecosystem because there are no
unmodified referenqe sites. There is also no distinctive boundary befween a pre-Europe;an
“pristine” landséape and a post—colohization "disturbed” lands.éape because this region
had such a dense concentration of indigenous peoples prior to the 19" century (Harris
1997). Thus, restoration planning is not simply a rhatter of defining former species
composition and relative abundance. It will require discerning how ‘indigenous peoples
affected the ecosystem and how the landscape was subsequently transformed by
European settlement. Although we know the end products of European land ﬁse. (e.g,

habitat loss, invasion), the methods employed by early settlers can explain the extent of

“ecosystem disfuption and provide insight into how to counteract the cumulative changes.
 Methods

Historical accounts of the exploration, survey, and settlement of southwestern British

Columbia during the late eighteenth, nineteenth, and early twentieth centuries were

examined for reference to the Garry Oak savanna ecosystem. Documents were identified
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from library and archive searches and from anthropological, ethnobotanical, and

“historical works on the region (e.g., Harris 1997, Boyd 1999).

Each document was scanned for three types of information: (1) aistribution, species
composition of vascular plants, and general appearance of the ecosystem, including
grazing by native ungulates, 2) evidénce of fire, including references to the frequency
and intensity of burning aﬁd to the role of indigenous peopies in initiating and managing
the fires, and (3) the timing and metﬁod of European settlement, includi_ng the
introduction of livestock and exotic ﬂoré and the degree of ecosystem clearance and

cultivation.

Documents were qualitatively assessed to determine the author’s purpose, the
circumstances of the passage, and the degree of concordance_with other accounts. This
assessment was done to determine whether biases or inaccuracies could be detected (e.g'.,
Edmonds 2001). éome passages from the 1840s, for example, contain glowing accounts

of soil fertility that appear to have been written to entice potential settlers.
Results

Twenty-three documents dating from 1790 to 1951 contained references to oak savanna
plant communities in British Columbia. The earliest accounts are limited, having been

‘written by coastal explorers who made few landings on southeastern Vancouver Island

1

(Bodega y Quadra 1792, Menzies 1923, Fidalgo 1971, Vancouver 1984). The most
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desériptive accounts are from land surveys conducted ‘before or during the early days’of
settlgment in the rrﬁd ninéteenth century (e.g.,. Grant 1857, Wells 1859). During the
1860s, numefQus articles were published that describe the general appearance ‘of the land,
the local aboriginal peoples, flora and fauna, and settlement prospects. Accounts of the
“late ninefeeﬂth century primarily describe éettler’neht progress and changes to the land.
These latter works include ethnographic texts that describe indigenous peoples and their

land management practices.

The clarity of the documents varied, especially regarding species identification. Overall,
| however, the accounts support each other in terms of oak savanna distribution, land
appearance, ﬁse of fire by indigenous'bpeoples, and the modifications conducted by
European settlers. Because European settlement on Vancouver Islaﬁd greatly increaséd
during the mid-1860s, assessment of oak ecoéystem distribution was restricted to

observations that preceded this period.
Distribution and vegetation structure

Based on the earliest accounts, the Garry Qak savanna had a restricted distribution and
was nested within the more wide-ranging P. m.ehziesii forest of Vancouver Island. James
Douglas (1842) described the ecosystem as “a perfect Eden in the midst of thé dreary
wilderness of the north-west coast and so different in its general aspect from the wooded,

rugged regions around.” This account was shared by several authors, some of whom

described its luxuriance as “park-like” compared with the more typical forests of the
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Pacific Northwest coast (Fitzgerald 1848, Seemann 1853, Begg 1862, Forbes 1864,

McLoughlin 1943).

The regional extent of the Garry Oak ecosystem, as described in the mid-1800s,
coincides with the present-day range in British Columbia (Fig. 3-1). The ecosystem was-
described as‘ patchy in distribution and varying in total area, from pocket grasslands of a
few hundred hectares to open “prairie” of 8.5 - 13 km® (Grant 1849, Ijouglas 1842, |
Verney 1996). The largest tracts were on deep soils. Althdugh some openingé were large,
the region lacked the extensive continuous prairie of the Wiliamette Valley of Oregoh
(Kane 1971) or the Cowlitz and Nisqually r_egion§ of western Washington (Douglas
1979). Instead, the larger-sized grasslands were part of a mosaic of community types thaf
included Garry QOak and P. menziesii woodland i(e.g., Grant 1849). Altﬁough the
con.tenﬂporary range of this ecosystem matches the former historical range, local

occurrences have been greatly reduced (Fig. 3-1).

The stature of the grass- and fern-dominate(i ground flora varied from extremely short
(_Anonymous 1849) to over 2 meters (Wells 1859; Richardson 1872; Williams 1977,
Douglas 1979), likely depending on soil depth and fire frequency. Many authors
described a dichotomy between plant communities in deep and shallow soils and how this
distinction shaped patterns of vegetation growth (Douglas 1842,‘ Grant 1849, Forbes

1864, MacFie 1942). Douglas (1979) observed “...two marked varieties of soil on those

prairies, that of the best land is a dark vegetable mould varying from 9 - 14 inches in
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Oak Ecosystem
Range (Saanich):
~ 1840s (grey) and
Y 5km current (red)

Figure 2. Extent of oak savanna habitat loss on the Saanich Peninsula (Victoria) of
southeastern Vancouver Island. The original range is derived from historical records of

the mid-nineteenth century, including pre-settlement land surveys. The current range

indicates areas that contain Garry Oak and associated native ground flora species.

Modiified from Lea (2002) and used with permission.
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depth.. .that produces the (greatest) growth of native plants that I have seen in America.

\

The other variety is of inferior value...and...naturally more unproductive.”

Accounts of the former density of native ungulates (Odocoileus hemionus columbianus,
Cervus elaphﬁs roosevelti) and their grazing impact were scarce. Most common were
rstatements such as “the foresté were full of wild game” (Ludrin 1928). Vancouver (1984),
describing nea_rby Whidbey Island in Washington, stated, “in these beautiful
pastures,f..the deer were seen playing about in great numbers.” With these accounts, it is
impossible to determine the effect of native ungulates on the oak ecosystern or how their
grazing inténs’ity compare..d with ‘that va domeétic livestock introduced in the 1840s.
However, it is most likely that pre-Columbian ungulate densities were not sufficiently
dense to drive the dynamics‘of the oak s;lvanna plant community due to ciimatic factors
(e.g., Mack and Thompson 1982), hunting pressure by the Straits Salish, and the former

prevalence of cougar and wolves in the region.

Vegetation composition

The most commonly mentioned floral groups were grasses, clover, wildflowers, bracken,
.wild rose, and various other shrubs (Table 3-1). Individual references to plant species,
with the exception of camas, were uncommon and tended to focus on showy species or

on species with some economic potential (Table 3-1). These accounts do not provide

insight into the ranges or population sizes of these species.
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Based on all accounté, large portions _of the Garry Oak ecosystem were composed of a

patcthrk of grasses, grass and forb mixtures, camas ISWards, bracken fern, and. shrubs,

with varying densities of oak and sometimes P. menziesii. Grass and grass-’forb.

communities were commonly described. From the.initial Vanco‘uVer Islaﬁd survey, James

Douglas (1842) erote that “[The soils]...produce [an] abundénce of grass and several

varieties of red clover on the fich »moistvbottoms...We saw several acreé of clover

growing with a luxuriance...more resembling the close sward of a well-managed lea than

the produce of an uncultivated waste.” In some cases, camas occurred in extensive

swards (Hazlitt 1858).

There were mulliple references to bracken fern throughout southeastern Vancouver Island

(Douglas 1842, Seemann 1853, Wells 1859, Brown 1864, Ludrin 1928, Kane 1971;

MacFie 1972). This species is presently infrequent in remnant areas. It was described as .
occuniﬁg in dense thickets and commonly reaching heights greater than 2 meters (Fig. 3-

2). Farmers considered bracken fern problematic because its rhizomes producedi
continuous regrowth. Conversely, it was a favorite food of the indigehous peqples, and

they used fire to encourage its occurrence (White 1999).

There were also numerous accounts of wild rose, brambles, blackberries, and briars
(Mayne 1967, MacFie 1972, Brown 1989). Given the familiarity of wild rose to European
colonists, it was difficult to determine the validity of statements such as “in the spring

every plain is covered with the Wild rose...” (Mayne 1967). It may have been a species

that was overemphasized to attract potential European immigrants. Alternatively, the
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wide distribution of wild rose could have been a reflection of resource management by
aboriginal residents. Wild rose and other culturally significant native shrubs, ferns, and

forbs, thrive with regular disturbance, especially periodic fire (White 1999; Turner 1999).

Fig. 3-2. Two-meter tall bracken fern on the old Cowichan Valley rail line near Duncan.

Pictured are Don and Lois MacDougall (summer 2002).

Fire

Between 1843-1865, fires were commonly observed on southeastern Vancouver Island

(Grant 1857, Douglas 1979, Verney 1996). This burn frequency suggests a considerably
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shorter fire-return interval than the estimated 50-100 years for P. menziesii forests of the

Pacific Northwest (Agee 1993). The cause of these fires was not always stated, but it was

" usually implied that indigenous peoples intentionally started them. Lightning strikes were -

not reported, which is consistent with the rarity of lightning-initiated fires in

contemporary oak ecosystems of western North America (e.g., Keeley 2002).

Table 3-1. Native vascular plant species described in the historical documents.”

-Common name C‘ommentb Location Reference
(scientific nafne) ,

Blackberry (Rubus widespread; Victoria Mayne 1967; MacFie

spp.) familiar to 1972; Browﬁ 1989
Europeans

Blue-eyed mary familiar to Victoria Verney 1996

(Collinsia spp.) Europeans |

Bracken fern widespread; Courtenay, Douglas 1842; Seemann

(Pteridium .aquilinum) familiar to Victoria, 1853; Wells 1859;
Europeans Duncan Brbwn 1864; Ludrin

1928; Kane 1971;
MacFie 1972

Brambles (Rubus spp.  widespread; Vivctoria, Mayne 1967; MacFie

or Ribes spp.°) familiar to Duncan 1972; Brown 1989
Europeans ' o

Camas (Camassia showy ﬂowéf; - Victoria - Hazlitt 1858; Mayne

leichtlinii or Camassia  widespread; 1967

quamash) indigenous food
source

Crocus (Olsynium showy flower Victoria MacFie 1972

douglasii or
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Sisyrinchium spp.°) _
Easter lily showy flower Victoria ‘MacFie 1972

(Erythronium

oregonum) .

Blue lupine (Lupinus widespread; Victoria Mayne 1967

spp.) " familiar to

Europeans

Red clover (Trifolium | widespread Victoria - Douglas 1979
 wormskjoldii®) along coast

Sunflower €conomic  Victoria MacFie 1972

(Balsamorhiza importance

deltoidea) | (chicken feed)

Wild rose (Rosa familiar to | Victoria, Mayne 1967; MacFie

nutkana) Europeans " Duncan 1972; Brown 1989

2Common names are those mentioned by the original authors. Scientific names follow
‘Douglas et al. (2001). bProb.ablez reason ‘why species described. °Species identity

speculative.

Fires were reported for both the Garry Oék ecosystem and for the adjécent coastai P.
menziesii forest. “Miles of [opén grassland] were bufnf and smoky, and miles were still
burning” (Anonymous 1849). The same author also reported “We ran the Straits the next
day...Nothing but forests of (P. menziesii). At one part, ten miles of them were on
ﬁre;.. .”. Although human-initiated burning of P. menziesii forest may have occurred for a
variety of reasons (é. g., enhancement of plant resources, clearing of underbrush, hunting),
it is also possible that these fires were oak ecosystem burns that accidentally ‘e'scaped, that

were part of a multi resource management effort, or were burns that ran unencumbered

over the landscape (Brenda Beckwith, unpublished data). Although the authors often
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commented on the extensiveness of the fires, it could not be determined if this scale was

typical or if these highly visible fires drew more consideration from the observers.

According to ethnographic accounts, local indigenous Apeoples burned intentionally to
promote culturally important resources, especially root foods such as camas (Anonymous
1849, Grant 1857, Suttles 1951, Turner‘1999). Camas bulbs were a significant food and - |
trade item amohg the aboriginal peoples of southwestern British Columbia (Turner' 1999,
" Beckwith 2002). Its harvest occurred on a local and intensive scale, and “...where the
camas grew thick, the women had their.. .plots marked off with stakes.. .Worhen dug the

bulbs in the spring.. .Later when it was dry, they burned it over” (Suttles 1951).

The descriptions of the vegetation structure of the oak-communities depended on when
' fire had last occurred, and if indigenous peoples were present in the area. Fitzgerald
(1849) reported on the observations of a fellow colonist: “...he walked over a plain of
some miles in extent...which had not a blade of grass growing, owing to it having lately
béén burnt by the Indians, and that a few months afterwards, on goihg over the same spot,
hé found the grass up to his middle in height.” Similarly, Grant (18.49') wfote “There
being no natives residing on the spot, the plain has been less burﬁt‘ over by
: ﬁre...Consequehtly, the vegetation deposit not being ye;(irly destroyed..., has »

accumulated to a much greater depth than it otherwise would have done.”

In some cases, the accounts provided valuable information on the frequency and

seasonality of fires set bybthe indigenous people. One author observed «...the fire runs
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‘along at a great pace, and it is the custom here if you are caught to gallop right through it;
the grass being bshort, the flame very little...” (Anonymous 1849). This observation
suggests a low-intensity fire that was probably caused by the reduced fuel loads of

repeated burning.

Fires Wére observed during the late summer énd early fall (Grant 1857, Hazlitt 1858,
Douglas 1979), a period of extended drought in the region dué to 10\;v rainfall and high
temperatures associated with the sub-Meditérranean climate. Europeans disapproved of
the burning by the indigenous peoples and sought to elinﬁnate it once their settlements

became established (Grant 1849).
European Changes .

The European settlers made considerable modifications to the Garry Oak ecosystem
during the early colonial period. The most revealing account comes from the late 1850s

" (MacFie 1972):

“There are open lands...already fit for'th.e plough, and from which a crop may -
be obtained without any exertion from clearing. But even the richest prairie soil
cannot entifely dispense with preparation for ploughing...If fern prevail on the
land, it should be ploughed up...All bulbous weeds, such as kamass, should be
collected and burned. Fern-land, not required for immediaté use, may..'be left

for hogs to burrow in...The roots of oak descending...vertically into the ground

are...not easily eradicate”..
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The rate of landscape changé by the European settlers was rapid; much of the land was
settled or farfned within 30 years. Hundfeds of acres of crop fields were established by
the late 1840s, and thousands of livestock were introduced. The importation of livestock
probably éontinued throughout. the nineteenth century, inéreasing up to the capacity of
the land. Coupled with cultivation and grazing was the intentional introduction of
Eurasian pasture flora (e.g., Douglas 1979). Many exotic species, especially grasses, were
planted to increase forage quality for domestic livestock and have now become

naturalized (Table 3-2).

Settlement had considerable impacts on the indigenous peoples of the region. In 1868,
Gilbert Sproat (1987) noted that ;‘...oﬁe of the bitterest regrets of the natives is that the
encroachment c;f the ;Vhites is‘rapidly depriving them of their crops of this useful and .
almost necessary plant [camas].” In admiring the open prairie of the Courtenay region in

the 1860s, Mayne (1967) wrote

“The Indians told us that a great many blankets would be wanted for the purchase
of this tract, as all the neighbouring tribes resorted there in the summertime to
collect berri’es, shoot deer, ...etc. all of which were found in large quantities.
Indeed, they showed some reluctance at taking us over it, feeling >sure...that we

should desire to possess it when its qualities became known”

Discussion

The historical records provide a detailed perspective on the former structural diversity

and dynamic functioning of the Garry oak savanna in southwestern British Columbia.
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| Although these records are limited by inconsistencies typical of such information, Ithe'y
clarify ‘uncertainties about past ecosystem function, including the role of land
ménégement by indigenoué peoples, and about the ’intensity and speed by which this
region was transformed by Europeans.
.

These data also highlight the extent of écosystem modiﬁéation by habitat loss,-pl-ant
invasion, and fire suppression. These changes suggest that the past appearance of this
ecosystém cannot serve as the sole blueprint for contémpora.ry restoration activity.
Because of habitat fragmehtation, for éxample, it will be impossible to implement the
former landscape-wide burning regifne;s or to re-establish plant pépulations that match
‘their former regional distribution. Restoration strategies must, tﬁerefore, adopf an

inte grativé approach that accounts for the former conditions of the ecosystem, the

Table 3-2. Exotic species introduced to Vancouver Island in the nineteenth century.

Species | Location Date® Reference
Grasses |

Dactylis glomeratab Victofia, 1860s, MacFie 1972;

- Courtenay 1890s Mackie 2000

Lolium multiflorum Victoria 1860s MacFie 1972
Lolium perenne® Victoria v 1860s MacFie 1972
Festuca filiformis ' Victoria 1860s MacFie 1972
Festuca trachyphylla Victoria - 1860s MacFie 1972
Phleum pratens‘eb Victoria, 1840s, Mayne 1967;
| Courtenay 1860s, MacFie 1972;

Douglas 1979;
1890s ~ Mackie 2000
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Poa pratensis ® Victoria 1860s - - MacFie 1972
Forbs | | ’ | |
Trifolium hybridum Victoria . 1860s _ MacFie 1972
Lotus corniculatus _Victor{a ‘ 1860s MacFie 1972
Onobrychis viciifolia - Victoria 1860s-  MacFie 1972
Vicia sativa® Victoria 1860s MacFie 1972
Trifolium incarnatum Victoria 1860s MacFie 1972
Taraxacum oﬁiCinaleb ’ Victoria 1873 - Dawson 1989
Medicago sativa o Victoria _ 1860s MacFie 1972
Zeucanthemum vulgare® Victoria 1870s Dawson 1989
Trifolium pratense Victoria 1 860‘5 MacFie 1972
Rumex acetosella® | Victoria . -1860s, MacFie 1972;
- 1870s Dawson 1989
Trifolium repensb Victoria, . 1847, Grant  1864;
Courtenay 1860s, Mayne 1967;
| | MacFie 1972;
1890s Douglas 1979;
~ Mackie 2000
Barbarea spp. Victoria 1860s Grant 1864
Shrubs | _ | ,
‘ Cytisus scoparius® Victoria 1849 - Ludrin 1928

Scientific names follow Douglas et al. (2001). ®Year or decade of introduction according

o the author. *Currently widespread in oak ecosystem remnants.

changes that have most greatly affected its functioning, and the contemporary restrictions

'
!

that affect the persistence of its native flora. -
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Former Conditions

The Garry oak ecosystem was formerly a regionally distributed mosaic of vegetation
~ types determined by interactions of topography, soil depth, and fire. Its distribution was
naturallly patchy, with patch sizes raﬁging from extensive open prairie to small rock
outcrop plant cqmmunities. The most significant factor may have been fire océurrence,
which prevented conversion to P. menziesii forest and maintained structural
heterogeneity within the ground flora communities. The significance of recurrent fire in
this ecosystem resembles that of many other pyrogenic ecosystems in western North
America (e.g., Hanes'1977, Dunn and Ewing 1997) and worldwide (Whelan 1995). The
- impacts of cohtemporary fire suppression in the Garry oak ecosystem also resemble those
observed in other pyrogenic ecosystems (Leach and Givnish 1996). Remnant areas no
longer contain the structural diversity that was Adescribed formerly, and are dominated by
exotic flora that appear to be competitively superior to other species in these undisturbed

settings. -

The historical records also confirm that this ecosystem was part of a culturally modified
"landscape. The exact timing of the onset of aboriginal fire use is unknown but it may
extend to the n}id-Holocene or earlier (Brown and Hebda 2002). The high frequency of
fire described by records lendé support to the hypothesis that indigenous burning offset
conve‘rsion to conifer forest in recent millennia. This is probably most true in deep soil

areas, which are less moisture-limited than shallow soil sites (Chapter Six) and prone to

infilling by P. menziesii in the absence of fire (Tveten 1997). Combined with intensive
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harvesting of native plants, and possible plant transplantation (Deur 2002), indigenous
land management activities must have dramatically influenced the appearance of this
ecosystem as observed by early Furopeans. Because few areas probably escaped these
impaéts, directly or indirectly, the deﬁ.nitionv of contemporary restoration targets inA the
wake of their cessa.ti'on is a primary challenge. Clearly this was not a successionally
stable or compositionally uniform assemblage of piant species or a “pristine” ecosystem

free from the impacts of long-term human activities.
Greatest Ecosystem Changes

The historical records ‘highligh‘t three substantial changes that have affected current
- ecosystem fﬁnction: fire suppression, habitat loss, and plant invasion by mostly exotic
flora. The relative importance of each of these factors for conservation is uﬁclear,
although they intefact to limit the occ_urrencé and abundance of native species within the

contemporary landscape.

The most significant change may'be the suppression of fire. In its absence, dense swards
of mostly exotic grasses and shrubs cﬁrrently dominate. remnant sites. In addition to a
crowded overstory of living biomass, these swards often contain thick léyers of -grass
litter and are limited in bare soil, ground-level light, and available soil nitrpgen (Chapters )
Five, Six, and Seven). These conditions select against plant functional groups with

| limited competitive ability. Of the 59 “at-risk” plant taxa in this ecosystem (Fuchs 2001),

31 are small annuals and 20 are short-statured perennial forbs that often perform poorly
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‘in densely vegetated swards (Table 3-3). Although nétive grasSes and bracken fern also
formed dense swards (Grant 1857, Hazlitt 1856, Wells 1859), periodic fire would have
eliminated litter and opened recruitment sites for subordinate grass and forb species
(Maslovat 2001, Dunwiddie 2002). It may aléo have reduced the local abundance of some
of the dominant flora; “competitive” species often have a limited tolerance of rei)eated
biomass loss (Tilman 1988). For ‘the competitively subordinate native species, the
elimination of fire has likely contributed to their preéent-day displacement té mostly

shallow-soil locations, where grass and shrub swards can form less densely.

Table 3-3. Habitat associations and functional groups of the 59 at-risk vascular plant

species of the Garry oak savanna:

Habitat : "~ No. of Functional group , No. of
species | : ' species
vernal pools and seasonally moist 29 annual forbs , 30
soils | |
open oak woodlands 11 perennial forbs 20
dry open prairie | 10 perennial graminoids 5
rock outcrop i 5 ferns , 2
closed woodland 2 annual graminoids 1
. wet open prairie or wetland 2 shrubs’ | 1
Total . | .59 Total 59

The effects of fire suppression have been confounded by substantial habitat loss.
Although the historical records do not describe the former distribution of native species,

their population ranges and among-patch gene flow have almost certainly been greatly

reduced. Of the 350 native flora in this ecosystem, many are NOW uUNcommon Or are
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locally abundant but with restricted distributions. This combination of restricted
distribution, rarity, limiied immigration, and isolated available habitat leads inevitably to
species loss (MacArthur & Wilson 1967, Hubbell 2001), which has been observed in |
.other ecosystems experiencing similar circumstances (Leéch and Givnish 1996, Laurence
et al. 2002). At présent, there have only been four confirmed plant extirpations of oak
ecosystem flora in British Columbia, bixt the abundance of many other species has been
greatly reduced. Thirty—séven percent of the at-risk plant species occur in vernal habitats
(poois; seepage zones) (Table 3-3) that were proBably never widespread but now appear

to be critically limited. Thus, remnant areas are not only small and isolated but appear to

inadequately represent the former habitat heterogeneity of this ecosystem.

" European land use has maintained the open condition of southeastern Vancouver Island;
prevenﬁng the widespread conversion to conifer-dominated forest. However, the species
composition of these open areas is now dominated by exotic flora rather ‘than oak
ecosystem taxa. The causes of plant inv_asion in the Garry oak ecosystem are not fully
imderstood, mirroring the iack of consensus on the causes of plant invasion in general»
(D’Antonio and Vitousek 1992, Williamson 1996). With 151 naturalized exotic plant
species, this ecosystem is more heavily invaded than the adjacént forested ecosystems of
the Pacific Northwest that have also been intensively disturbed (by forestry). Its relatively

high species richness compared with neighboring ecosystems has not conferred resistance

to invasion, an outcome observed in species-rich areas in other parts of the world (e.g.,

Cornell and Lawton 1992, Stohlgren et al. 1999).
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What does seem clear from the historical records, however, is that invasion has co-
occurfed with intensive grazing, cultivation, and the repeated introduction of exotic
plants. This implies that invasion by some exotic ﬂqra was facilitated by the
destabilization of the native plant communities rather than being determined by oﬁtright
competitive superiority (Elton 1 ‘958; Mack 2000). This hypothesis supports the “active”
model of plant invasion within this ecoéystem, although it is untested and proBably does
not apply to all exotics. However, if there is a connection between disturbance and -
invasion, it suggests that reconstructed native plant assemblages could be successfully
established if the same combination of intensive perturbation and repeated introductions

were employed. This assertion urgently needs testing, and restoration activities planned

for this ecosystem (GOERT 2002) will provide the opportunity to do so.

Implications for Conservation

The historical records describe the former widespread spatial and successional

" heterogeneity of the ground flora communities within this ecosystem. This includes

described variations in seasonal phenology associated with the local climate, in
vegetation structure cauéed by fire and other types of indigenous land management, and
in habitat caused by topographical and edaphic factors.' There was no single plant
assemblagekor habitat type that defined this ecosystem and that can serve as a principal

restoration :target.
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Because this ecosystem has become regionally and locally sirﬁpliﬁed by habitat loss and
fire suppression, management actions must focus oﬂ restoring its former dynamic
heterogeneity at both spatial scales. This includes inéreasing gene flow by expanding the
regional distribution 6f native species, and reintroducing fire or other disturbance (e.g.,
mowing) to increase structural heterogeneity and to offset the competitive explusion of
subordinate native flora.  These measures emphasize active and qn-going management.
Reserve creation alone is a necessary but insufficient conservation measure becaﬁse
stability promotes the dominance of a small subset of mostly éxotic species.
The most obvious first step for restoration, besides _habitat acquisition, is the
reintroduction pf fire. fn the context of tallgrass prairie restoration, however, Howe
(1994) has cautioned that fire reintgoduction may have unwénted consequenc_és if the
timing of the burns 'is not carefully matched with'the phenology of the native species.
Specifically, répeated burning in a particular season will seiect agaiﬁst those species that
flower or set seed at that time. In the oak savanna, most species formerly escaped the
effects.of fire because their gfowing season (March-July) vdid not coincide with the timing -
of peak fuél comﬁﬁstibility (August-October) (Table 3-4). Combined with the knowledge
that some of the ‘most pernicious invaders are exotic warm season species (P'oa, .
Dactylis), this implies that late summer or autumn burning will benefit oak ecosysfem

restoration.

Unfortunately,‘ not all oak ecosystem flora complete their annual life cycle by

midsummer or, by implication, are fire tolerant (Table 3-4). This includes many species




60

from the family Asteraceae, in-cluding -the endangered regional endemic Sericocarpus
rigidus Lindl., which is evergreen and ﬂowgrs in late summer. This reinforces the point
that former fire impacts probably varied across the landscape due to pombinations of
topography, soil .d"epth, and cultural management activities. A;eas that remained

unburned, or were burned infrequently, may have been important refugia for native warm

Table 3-4. Flowering phenologies for native and exotic species from 13 vascular plant

families of the Garry oak savanna ecosystem.

Family Early (April-May) Mid summer (June) Late summer (July-

September)
native  exotic native exotic native®  exotic®

“Asteraceac 3 3 15 8 22 16

Poaceae 6 17 16 10 5 10
Scrophulariaceae 8 1 6 3 4 0
Apiaceae 8 0 4 0 2 1
Liliaceae 8 4 10 1 1 0
Onagraceae 3 0 4 ; 0 1 0
Fabaceae 15 8 8 8 0 5
Portulaceac 12 0 0 0 0 0
Ranunculaceae 5 0 6 1 0 0
Caryophyllaceae 5 5 3 2 0 3
- Polemoniaceae 4 1 2 0 0 0
Boraginaceae 4 2 2 0 0 0

Saxifragaceae 4 1 3 0 0 0

“All species whose flowering times coincide with the primary period of fuel

combustibility.
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season species. Further, it is apparent that not all exotic. flora will be adversely affected
by fire (Table 3-4). Numerous introduced species‘set seed prior to late summer, and some
proliferate following fire (Chapter Seven). Thus, if‘ managers reintroduce burning to
small isolated remnants, they must account for the native species that are sensitive to fire,

and monitor the impacts of fire on exotic species that may flourish in its presence.
Conclusion

These results support two primary conclusions relevant for the restoration of the Quercus
gar}yana savanna ecosystem. First, this ecosystefn was dynamic e;nd spatially
heterogeneous rather than homogeneous, stable and naturally pristine. Second, restérativc;
measures must use a combination of historically based and novel management
approaches to recreate this heterogeneity. Managers must sustain of re-establish the
complement of historic species and processes (e.g., buming, dispersal) and deal with the
realitiés of contemporary landscapes such as habitat loss and invasion. In cases where fire |
is impractical or ineffectivé, for example, alternative or complementarsz measures such as
mowing, mechanical soil disturbance, weeding, and selective thinning may be required.
Althdugh some of these actions are intensive and appear contrary to the sénsiti\?e status of
“this endangered 'ecosystem, they are not without precedent. Intensive cultural activity has |

shaped this ecosystem for millennia and appears necessary to maintain it into the future.

The relevance of historical data is not unique to the Garry oak savanna. The combined

effects of altered disturbance regimes, habitat loss, and shifting cultural practices have led
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to conservatién challenges in m'any parts of the world. Retrospective data can clarify
issues regarding the former dynamics and subsequent transformation of such systems that
might othe/rwise be irresolvable. This information c.an also guide the development of
restoration objectives, ideally in conjunction with other sources of in‘formatioﬁ on past
and current ecosystem function (e.g., archaeobotanical data, population viability
analyses). Although past conditions can rérely'be fully 'restb‘red, historical information

provides a perspective that is unavailable from current biological studies that focus on the

end point of centuries of ecological transformation.
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Chapter Four

Relative importance of suppression-based and tolerance-based
competition among morphologically similar native and -
invasive'grasses.

Abstract. Invasive species curr.ently dominate many ecosystems but the competitive
strategies underlying this dominance are unclear. Are invasive 'speciés generalist
competitors, or specialized competitofs that only thrive 'in certain environments? Are they
largely associated with post;disturbance plant asseml;lages, or capable of dominating the
end-point of succession? 1 éxamined these questions by testing the relative importance of
resource agquisition ((competitive suppression ability) and the ability to tolerate reduced
resource levels (competitive tolerance ability) among four warm-season perennial grass
species in an invaded oak savanna. These species are morphologically similar but differ
w-idely in relative abundance.' Two species (Poa pratensis an>d Dactylis glomeréta) are
exotic invaders and afe dominant. The two native species (Bromus carinatus and Elymus
glaucus) are thought to have been the former dominants. Usiﬁg glasshouse and field
experiments [ vtested whether the two strategies were maintained with chaﬁging resource
levels and successiqnal conditions, and the relative roles vof the strategies in explaining
exotic dominance. The relati{/e importance of suppression- and tolerance-based
competition shifted with'neiéhbour densit){, burning;. and planting order. Further, the
‘relative importaﬁce of plant traits changed depending on the imposéd conditions, and the

exotic dominants were only competitively superior under specific circumstances.

Competitive suppression was maintained with changing resource levels but was confined
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to post-disturbance conditions. With lstaggeréd planting order, individuals that

established early Were the suppression-baséd competitive dominants -regardlehv's of
. species, fertility, and neighbour density. Competitive tolerance determined long-term

patterns of relative abundance and coexistence, but only under the current conditions of
low fertility and limited disturbance in the field. Alteratio;1 of these conditions changed

the relative abundance of the four grasses, and would lfkely reconfigure the composition

and relative abundance of the entire oak‘ savanna cbm?nunity. AExotic dominance in the -
oak savanna is ldrgely determihed by tolerance-based competitive traits such as low

relative growth raié interacting with the long-term absence of disturbance. Dbminance is

best explained, therefore, by the combination of competitive strategies, resource

availability, and disturbance history, rather than any one factor alone.
Introduction

It is often assumed that plant invasion is caused by differences ‘in competitive ability
between the invading and thev ‘native flora, but the strategies that determine these.
differences are not fully understood (Herbold and Moyle 1986, Byers 2000). Perspectives
on fhis issue tend to mirror a more genéral debate in plant ecology: the relative
~ importance of suppréssion ability (i.ﬂe., competitive effect) versus the ability to tolerate

low-resource levels (i.e., competitive response) for determining species abundance

(Goldberg and Landa 1991, Goldberg and Barton 1992).
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The “suppression” hypothesis predicts that invading. flora have superior resource
acquisition ability .due to traits sueh as fast growth or large size compared: to native
species. As such, they are inherently better at 'supt)ressing other species, they ,can
dominate iri a range of environments, and are especially favoured by disturbance where
' resources are less limiting (e.g.,'Davis et al. 2000). The “tolerance” hypothesis predicts
that exotic flora are more resistant to reduced resource levels in conditions that include
intense competitien. Tolerance specialists are not associated with disturbance, But may be
constrained by trade-offs in their ability to compete for various resources (e.g. light vs.

nitrogen) and may be limited to specific environments (Tilmah 1988).

Many studies have tested the relative importance of suppression versus tolerance ability
for structuring plant corrimunities (e.g., Goldberg and Werner 1983, Goldberg and Landa
1991, Keddy et al. 1994, 2002, Wilson and Tilman 1995). Questions remain, however,
concerning which has the greatest impact on community structure (Goldberg 1.996), the |
stability of these relationships along environmental and successional gradients (Keddy
2001), and whether stochastic factors (e.g. establishment order) can influence
suppression- versusv tolerance-based competition (Gerry and Wilson 1995). In iiivaded
communities, it is unciear whether invasive epecies -are more likely to possess one
strategy or the other, the importance of disturbance and environmental heterogeneity for

i

invasion, or if invasion may be more a function of past events than competitive trait

differences (e.g., Mack 2000, Mack et al. 2000).
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" The relative importance of suppression versus toierancé may be determined by trade-offs
.between the ability to grow rapidly and the ability to recruit within resource-limited
undérstories th\at develop as plant communities approach equilibrium (Grace 1990;
Goldberg 1990, 1996). This has led to several hypotheses on the relative importance of
suppression .and tolerance competition along environmental and successioﬁal axes, and
may contribute to’understanding the causes of dominance by exotic spe'éies:
1. Suﬁpressién specialists will be dominant in post-disturbance assemblages in
which traits such as maximal growth rate and size will be favour;d in competitive
interactions (Goldberg 1996, Grime ‘2001).
2. Because size is a determinant of suppression ability, fhe order of establishment
will inﬂﬁen‘ce ‘the outcome of competition following disturbance, and will allow
larger, older plants to suppress s?naller, younger plants regardless of species
(Goldberg ahd Werner 1983, Goldber'g‘1996). |
3. The influence of suppression-based competition will be transient compared to
tolerance-based competition in which the ability to withstand reduced resource levels
will determine the final outcome of competition (Goldberg 1996, Tilman and Lehman |
2001, Tilman et al. 2001).
4. Short-term suppression ability, determined by larger size and faster growth, will
be effective in many environments (e.g., high or low fertility), while léngér-term

tolerance-based competitive outcomes will be limited to particular combinations of

environmental factors (e.g., high fertility and low light) due to trade-offs in the ability

to compete for different resources (Tilman 1988, Goldberg 1996).
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In this chapter, I te.st these hypotheses by. examining suppression- and tolerance-based
competition among four warm-season perennial grass speciés in an invaded oak savanna.
Althoﬁgh these species possess some morphological similarities, they differ greatly in
rélative abundance. Two of the grasses are iﬁvasives thaf now dominate the ecosystem;
the others are hypothesized to have formerly been the native dominants. The mechanisms
that have caused the transformation of this sévanna are not readily apparent, and I seek to
determine the under_lying influence of suppression- and tolerance-based competition on

current patterns of relative abundance.

Using glasshouse and field experiments, I examined. the relative jmportance of
suppression versus tolerance competition in post-disturbance conditions, ‘the traits that
detérmine the competitive outcomes, the influence of order of establishment (i.e., size-
asymmetric interactions created by the staggered planting of neighbours) on competitive
intgraétions, the ability of each species to fecruit within the established grass sward (i.e.,
tolerance ability), and the stability of the competitive Vrelationships with changing soil
fertility and with experimentél burning. The glasshouse study allowed me to isolafe the
impacts of the various treatments 6n interactions among the grasses, and tl“lC fieldwork
served to test the applicability of the glasshouse findings for structuring the natural

community.

Methods

Study area and selected species
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The field experiment was conducted in the Cowichan Reserve near Duncan, British
Columbia (Canadé) on Vancouver Island (48°48° N 123° 38’ W). This is an 18 ha oak
(Quercus garfyana Lit.) savanna that has never been cultivated or cleared but was

periodically grazed by cattle and sheep from the late 1800s to the early 1980s.

The four study species are the most comen_grasées on the reserve. They have some
morphological similarities (Table 1), but presently differ greatly in relative abundance.
 The two invasive grasses (Poa pratensis L. and Dactyli; glqmerata L.) have averége
cover (based_ on 160 1 m® plots — see Chapter 6 & 7) values of 47% and 23%
rgspectively. The two ﬁativé spécies (Bromus carinatus Hook. & Am. and Elymus
glaucus Buckl.) are less abundant (6% and 0.4% cover respectively) (hereafter I will use
generic names only). All four species are perennial C; “warm-season” grasses thét flower
from June to early August. Both Poa and Dactylis are highly invasive grasses in many

parts of North America (Grace et al. 2001).
Glasshouse experiment

The glasshouse experiment was conducted in an unlit and unheated facility at the
University of British Columbia (UBC) in Vancouver, British Columbia (49°03° N 122°
45> W). This experiment assessed suppression ability and tolerance ability among the

four species, and how these relationships were altered by soil fertility, the density of

neighbours, and staggered planting order. The experiment was an all-possible
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Table 4-1. Selected traits of the four perennial grass species. All measured values are

from the glasshouse experiment. Maximum height and maximum mass are final means

from the target plants grown without neighbours, and with (+) and without (-) fertilizer.

“No. of flowering culms” is a combined value over all treatments. Bracketed values = 1

' standard error.
Traits Species
Invasive species | Native species
Poa pratensis  Dactylis Bromus Elymus
glomerata carinatus* glaucus
Growth form- rhizomatous caespitose caespitose caespitose
Seed mass (mg seed™) 0.2 1.4 _ 9.2 4.6
Emergence time (days) 13.4 106 8.2 7.1
No. of flowering culms 7 24 41 129
Treatment (+/- + - + - | + - o -
fertilizer) ‘ ‘

Max mass (target - g) 18.3 68 903 19.5 483 | 108 395 93

¢ ;51’) (0.42) (5.51) (24) (2.85) (0.35) (1.46) (0.62)
Max ht — week 6 4.0 3.1 6.7 | 60 120 124 140 139
(target - cm) (0.13) (0.08). (0.11) (0.11) (0.25) (0.17) (0.21) (0.17)
Max ht—week 11 25.7 177 484 38.0 399 259 331 216
(target - cm) (0.44) (0.45) (0.85) (0.97) (0.6) (0.49) (0.57) (0.46)
Max ht — week 16 354 281 751 483 51.5 374 525 395
(target - cm) (0.67) (1.31) (1.49) (0.85) (0.91) (0.99) (1.0) (0.95)
Max ht — week 23 1020 . 67.8 1282 79.8 1431 119.1 1724 118.6
(target - cm) (3.72) (1.89) (233) (1.51) (3.61) (261) (5.6 (3.5)

*listed as ‘biennial by Pavlik (1995). Listed as biennial or perennial by Douglas et al.

(2000). This species grows as a perennial at the study area (MacDougall and T i«_rkington,
unpublished). '
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combinations pair-wise competition study conducted from March to September 2001
(Fig. 4-1). The experiment’s duration mimicked that of the growing season of the four

species in the field. The plants were started from seed collected in the reserve.

Ten litre pots were used to maximize available rooting volume and were filled with a
mixture of peat (45%), sand (45%), and native soil (10%). The na;ive soil was collected
from the study area and served as an inoculum in case there wefe mycorrhizal or
microbial asseeiations required by the grasses (Chanway et al. 1991; Callaway &
Aschehoug 2000). The quality of the potting mixture resemBled the quality of the reserve
soils, with low pH and limited available N (Potting mixture: pH = 5;2; NO;3; =2.08 mg kg’
1vsoil; NH,; = 45.07 mg kg'; Reserve soils: pH = 4.9; NO; = 4.37 mg kg'; NH, = 46.46
mg kg™). Soil analyses were conducted at the UBC Soil Sciences lab. Nitrate and

ammonium were extracted in 1mol L' KCL solution.

The experiment was arranged as a split-plot design (Steel & Terrie 1980) with fertility
(+/- fertilizer .addition) and establishment order (targets ahd neighbours planted
simul.taneously, or delayed planting of neighbours) as the main effects, and density (zero
[control], four or sixteen neighbours pot™) and species (four) as the subplot effects. There
were three replicates of all treatments.” Each pot was planted (from seed) with four target
individuals of one of the four grass species. Four targets were used to reduce the effects

“of size variation among individual target'plants (Goldberg and Landa 1991). The total-

number of pots was 432 (four species X four main effects X nine subplot interactions
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[one control pot + eight neighbour treatments (i.e. two densities X four species) per

species] X three replicates).

Figure 4-1. Unfertilized (left) and fertilized (right) pots from the glasshouse experiment.

Seeds from all target plants were sown on March 30, 2001. Neighbour plants were
simultaneously sown in half of the 432 pots (0 [control], 4, or 16 neighbours pot™). The
remaining 216 pots were sown with neighbors 45 days (May 14) after the target plants

were sown. By this time, the target plants had grown to heights averaging between 5-12
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cm depending on the species.v To achieve the required target and neighbor densities, seeds
were over-sown and thinned. Seed germination of all the species was >95%. Once
plaﬁting was completed, 'the pots were arranged into twelve blocks (4 main plot
combinatioﬁs X3 replic)ates). Half of the bloeks were fertilized with a diluted N-P-K
(15:5:15, diluted to 100 ppm) water-based solution (Excel™ by Scott Co.). All pots were

watered as needed, which was up to once per day during the summer.

The heighte of the target plants were measured four times during the experiment - at 6
- weeks (May 14), 11 weeks (June 20), 16 weeks (July 24), and 23 weeks (September 7).
This allowed us to chart the changing d&nanﬁ(;s of the species iﬁteractions from
emergence to ﬁnal'harvest (Gibson et al. 1999). Height served as a surrogate for
" competition because light is an important limiting factor for recruitment and relative
abundance in the dense grass swa_rds that currently dominate the reserve (Chapters Six -
and Seven). I assumed, therefore, that small differences in height would likely have
profound impacts of plant interactions in the glasshouse and in the field (e.g., Gaudet and

Keddy 1988, Grime 2001).
After 16 weeks, the fertilized pots were encircled with 40 cm-tall wire mesh (5 cm) to
prevent plants' avoiding within-pot interaction and from interacting with plants in the

neighboring pots.

After 23 weeks, all above-ground biomass was harvested over an eight-day period and all

target and neighbour individuals separated and counted. The roots of target and
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neighbour plants could not be differentiated, so below-ground biomass was not measured.

Above-ground biomass was dried for 48 hours at 70° C and weighed.

The competitive influence of the neighbours on the targets, based on final target biomass,
was calculated using an index of relative competitive intensity (RCI) (Weigelt and

Jolliffe (2003):

RCI = (In[control biomass] - In[treatment biomass])

In[control biomass]

Treatment biomass was the final mean weight of the target plants grown With neighbours
of each species. Control biomass was the final mean weight of each speCies grown
without neighbours. -RCI was caiculated for monoculture (target and neighbours are the
same species) and mixture (ta.rget and neighbour are different species) to allow separation
of intra— and i;ﬁef—épeciﬁc elffect's (Miller 1996). Values were transformed (Inx + 1) to
normalize the aata, eépecially the treatment measures which were highly skewed towards

zero (median = 6.4 g plant™) yet also contained outliers > 110 g plant™.

Competitive suppression ability of each species x on species y was the mean RCI value

with x as the neighbour and y as the target. Competitive tolerance ability was the mean

RCI value with x as the target and the other species as neighbours.
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I calculated the per-plant competitive interaction (i.e., both sﬁppression and tolerance) of
y and x by regressing the density of neighbours () o'n the final biorﬁass of the target (x). I
calculated the per-gram competitive influence of y and x by regressing the average final
biomass of each neighbo'ﬁr plant @) on the final biomass of the target (x). Although per-
plant and per-gram -‘effects are génerally expected to be equivalent (Freckleton &
Watkinson 20005, I anticipated that per-plant competitive effects would be significantly
greater than per-graﬁx effects if below-groundl processes were important; per-gram.

measures were based only on above-ground biomass.

Treatment effects on final above-ground target biomass (i.e., RCI) were examined using a
split-plot ANOVA, with fertilization and plantiﬂg order as the main effects (Table 4-2).
Of particular interest were the higher-order interactions among the four variables,
especially the degree to which species/density interactions were shaped by fertility and;
planting order alvonev and in combination. Once the significance of these interéctions was
determined, planned individual comparisons were condﬁcted using Dunnett’s test that

contrasted the various single treatments with the control (Zar 1999).

The seasonal height data weré analysed using repeated-measu.resl ANOVA for thé
unstaggered treatments only (fertilized and unfertilized). Because the variance-covariance
.matrices failed the test for sphericity, significance was determined after the probabilities
were adjusted using Greenhouse-Geisser and Huynh-Feldt cérrectioné (Zar 1999, Von

Ende 2001). Individual contrasts (Tukéy’s Test) tested the similarity in heighf among the

four species at each period of measurement (May-September) (Zar 1999).
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Table 4-2. Summary of split—blot ANOVA for above-ground biomass at final harvest in
 the glasshouse experiment. Main effects are fertilizer (F) and establishment or&er (0);
sub-plot effects are neighbor density (D), and species (S). Significant effects are shown in
bold (p<0.05) 2 |

Source df Final Biomass
F-ratio p value (<)
Main Effects |

Replication 2 0.46 0.63
F 1 647  0.0001
0] 1 74.1 0.0001

F*O 1 0.47 0.49

Error 6

Sub- plot Effects

S 3 65.7 0.0001
D 8 37.5 . 0.0001
S*D 24 13 0.181
F*S 3 | 251 0.0001
F*D 8. 3.6 0.0005
O*S 3 11.4 0.0001
0*D- 8 17.2 0.0001

| F*S*D 24 1.9 0.0009
O*S*D 24 1.3 0.174
F*O*S 3 3.9 0.01
F*O*D 8 16 0.119
F*O*D*S 24 0.84 0.69

Error 280

TOTAL 431




76

To determine the relationship between relative suppression and tolerance ability and trait .
differences among the grasses, I used step-wise multipie'regression analysis (Zar 1999) to
_ determineb which trait or traits (Table 4-1) are most strongfy associated with the final
competitive outcome of the glasshouse“experiment. Seed biomass was the averége mass
~ per seed based on fifty seeds .of each species. Emergence‘time was determined by
averaging the time from planting until germination of ﬁfty seeds for each species. The

=1ss

ratio of “maximum final height p’lant'l: maximum final biomass plant®” combines the
ability to resist suppression (vertical growth) and to suppress neighbours (lateral growth).

All data analyses were performed using JMPIN software (SAS 2001).
Field experiments

Two field experiments were conducted to determine the response of the four grasses to |
annual Burning over three years, énd their ability to establish from-seed with and without
the presence of the grass o‘verstory. Both were conducted in the same 1 m? plots, as part
of a laréer study examining competition along én experimental disturbance gradient (i.e.,
Chapters Six and Seven). In the first expériment, three burn treatments Were imposed
over three years: contrpl (no burning), a fall burnv (moderate disturbance), anbd a summer
burn (high disturbance). Percent cover was assessed prior to the first burn in May 2000,
and re-assessed in May of 2001 and 2002. Percent cover Qalues were visually estimated
following Arnﬁesto and Pickett (1985). Percent cover changes by the grasses for each

burn regime were examined with a 2-way ANOVA. Planned individual contrasts were

conducted with Tukey tests (Zar 1999).
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In the second experiment, following vcommence'ment éf the fall rainy season (October
2001), fifty seeds of each species were planted in 10 cm’ subplots within the 1 m’ piots.
There were four replicates per treatment. The numbef and height of germinants were
measured in December 2001 and April 2002. Final height and percent establishment of
each spécies in each treatment were examined with a 2-way ANOVA. Planned individual

contrasts were conducted with Tukey tests.
Results

Competitive suppression and tolerance ability among the four species were influenced
significantly by interactions among establishment order, neighbour density, and burning
(Table 2). The observed suppression and tolerance hierarchies were not 6onsistent among
the treatments or between the glasshouse and field experiments, and the relative

importance of various plant traits changed depending on the imposed conditions.

Overall, the exotic dominants (Poa and Dactylis) were competitively superior only for
' ﬁarticular combinations of environmental factors. Dactylis was the dominanf corﬁpetitor
for both suppression and tolerance in the glasshéuse (Fig. 4-2) but was a poor tolerance
competitor in the field. Poa was the Weakest suppréssion and tolerance competitor of the

four species for most of the glasshouse and field treatments, despite being the most

abundant species in the study area.
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Hypothesis One: Suppression specialists will dominate post-disturbance assemblages.
Glasshouse control conditions

The glasshouse control conditions simulated a post-disturbance environment, with high
light availability and no initial competitive interference. Under these conditions,

suppression and tolerance hierarchies were identical (Dactylis>Bromus>Elymus>Poa).

Dactylis was best able to suppress all target species at both neighbour densities, and was
least affected by the competitive effects 6f the other species. These results did not differ
whether I used per-plant (r’=0.11, p<0.0001) or per-gram (r*=0.13, p<0.0001) measures.
For Dactylis and Bromus, the”impacts of iritra-speciﬁc suppression were significantly

greater than the suppressive impacts of Elymus and Poa (Tukey’s Test, p<0.002).

Only one trait was significantly associated with both suppression and tolerance ability for
the control treatment - mid-season plant height (11 and 16 weeks) (p<0.039). Mid-season
plant height was also significantly associated with final rﬁaximum biomass (r2:0'.92,
p=0.008), although this measure did not signjﬁcantly predict suppressioh-based or

tolerance-based competitive ability directly (*=0.68, p=0.17)..

Two traits, seed mass and emergence time, determined relative growth in the early stages

of this experiment (e.g., Méy plant height) but were not correlated to the final
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. Fig. 4-2.. Per-plant sitppres&ion and iol_eraﬁée Jor the four gl;zsshouse treatments, based
on the calculated competition valies. Competition values range from 0 (no competitive
influence) to 1 (complete suppression). The g‘reatertthe positive slope of the interaction,
the greater the competitive suppression with increasing neighbour density. Row:)s indicate
“relative tolerance ability”, the performance of each specie.§ as a target in the presence
of the other species as neighbours. Columns indicate “relative suppression abiliiy”, the
ability of each species as neighbouré to reduce the performance of the other species as
the target. (®) = fer?ilized and simultaneous planting of neighbours. M) = unfertilized
and simulta_neou’s planting. (O)-= fertilized and delayed planting 0{’ neighbours. ()=
unfertilized and delayed planting of neighbours. For example, in row 1 - column 2

‘simultaneously planted Dactyﬁs neighbours suppressed Bromus targets with increasing
density in both fertilized and unfertilized pots, while deléy-planted Déctylis neighbours

had no effect on Bromus in either fertility treatment. Standard error bars (n= 3

replicates) are not iricluded for the sake of clarity.
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competitive outcome (p>0.50). Large seed rhass and rapid émergencé,‘characteristic of
the native grasses (Table 4-1), were sighiﬁcantly correlatéd (1°=0.86, p=0.042);
determined target héight after 6 weeks (p<0.03), and also were significantly associated

with final culfn production and final maximum height for these species '(p<0;045). The
' initial growth advantage conferred by these traits was temporary; Bromus and Elymus
were overgrown by Dactylis -by June (week 11) (Fig. .4-3). By contrast, Poa had the
smallest seed size and was the slowest to emerge and did hot overcome this disadvéntage

for the duration of the glasshouse experiment.
Effects of burning on seedling recruitment

The competitive hierarchies observed for the glasshouse control treatment (D>B>E'>P)
did not match the patterns of relative recruitment success following burning in the field,
even though both ‘experinients were initiated from seed; both had limited or no
competition from established plants, and both were of similar duration. After 28 .weeks in
the fall burn f)lots, Poq had éigniﬁcantly lower nunibers of sur\}iving seedlings compared
to the other grasses, which did not differ significantly (Fig. 4-4a). The summer plots had
the highest pércentage of bare soil and the lowest level of established vegetation cover, -
yet thére were no significant differences in survival among the four species (Fig. 4-4b).

Poa had significantly higher survival for this treatment compared to its survival in the

control plots (t = 6.17; p = 0.016) (Fig. 4-4a).
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Fig. 4-3. Average maximum seedling height (cm) (bars = 1 SE) at six weeks (May),
eleven weeks (June), sixteen weeks (July), and twenty-three weeks (September) for the
four grass species in the glasshouse. Bars showing the same letter are not statistically

different within each of the four time periods (Tukey'’s test).

Hypothesis two: The order of establishment will influence the outcome of competition.

Staggered planting altered the observed competitive hierarchy (i.e., D>B>E>P) in the
glasshouse for both fertilized and control conditions (Fig. 4-2). Plants that established
early were the eventual competitive dominants regardless of species and neighbour
density. By the seventh month for each species, the final biomass of target plants grown
with neighbours planted six weeks later was not significantly different from final biomass

of target plants in the control pots with no neighbours (p=0.82).

Height and biomass of neighbour plants were significantly reduced compared to the
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neighbour plants that were not stagger-planted (p<0.0001). Average heights of the
stagger-planted neighbours did not exceed 20 cm for either fertilized or unfertilized
treatments, compared to average heights of the neighbour plants in the unstaggered
treatments (101.32 cm [SE = 3.1] and 53.8 cm [SE = 1.9] respectively). Mortality of the
stagger-planted neighbours in the fertilized treatment was significantly greater (78% of
all plants) than mortality in the unfertilized stagger-planted treatment (19% of all plants)
(t=6.42, p<0.005), even though differences in average neighbour height and final

competitive impact on target performance were both minimal.

Hypothesis Three: Tolerance ability determines competitive outcomes within undisturbed

savanna.

The prediction that the current dominant species (Poa and Dactylis) would be most
capable of regenerating from seed in their own understory was not supported. The two
native species (Bromus and Elymus) had significantly higher levels of seedling survival
and final seedling height in the unburned control plots compared to Dactylis and Poa
(Figs. 4-4a & 4-4b). Over time, this result persisted despite the reduction in the number of
surviving seedlings of all species. In some control plots, the native species grew tall
enough to penetrate the dense overstory of litter and living biomass within the seven
month period. The exotic grasses, by contrast, had significantly lower survival rates and

average heights after 28 weeks; they were unable to penetrate the litter layer (Figs. 4-4a

& 4-4b).
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Hypothesis four: Competitive outcomes will be specific to particular combinations of

environmental factors.

Fertilization

Fertilization did not alter the competitive hierarchy observed in the control treatment
(D>B>E>P). Dactylis was the superior competitor for both suppression and tolerance
ability (Fig. 4-2). This result occurred despite NO; levels 150 times higher in the
fertilization treatments (mean = 304.35 mg kg’) compared to the NO; levels in the
unfertilized pots, and increased aboveground biomass by an average of 5 times compared
to the control treatment. Soil NHy levels were not significantly increased by the fertilizer

treatments (t=0.39, p=0.64).

While the competitive hierarchy among the plant species was maintained, the traits that
determined this outcome changed. For suppression-based competition, the only trait to
vary significantly among the species was the maximum final height:maximum final
biomass ratio (r*=0.97,p=0.014). Mid-season height (weeks 11 and 16), final maximum
height, and final maximum biomass had no significant impact (p>0.08). Both Dactylis
and Bromus were able to grow beyond 1 m in height as well as produce dense layers of
lateral foliage that suppressed target individuals or reduced the influence of neighbour

individuals on its own growth. Elymus, by contrast, grew tallest of all species with
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Fig. 4-4. (a) Average number of seedlings plot'l and (b) average seedling height plot!
after 12 weeks (December) and 28 weeks (April) for the three field treatments. Bars
indicate 1 standard error (n = 4). Fifty seeds species” were planted in each plot. B =
Bromus, D = Dactylis, E = Elymus, P = Poa. Letters indicate statistical relationships
among the four species at 12 weeks (a,b) and 28 weeks (c,d.e) within each treatment
(Tukey's test, p < 0.05). Bars with no letters = no statistically significant differences. Red

line indicates approximate height of the litter layer in the control plots.
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fertilization but produced little lateral foliage and had limited competitive influence on

the other grasses (Fig. 4-5).

The ability to resist suppression by neighbours was significantly associated with a
combination of factors: the height:mass ratio (r’=0.97, p=0.002) and final maximum
height (r*=0.91, p=0.042). Because the neighbours surround the target and were
prevented from growing laterally due to the wire mesh, target plants that were equal in

height or smaller than the neighbours were suppressed.

Seed mass and emergence time were correlated with height in May (p<0.02) and
maximum final height (p<0.002). However, they were not significantly associated with

suppression- and tolerance-based competitive ability (p>0.68).

Impacts of burning on relative abundance

Burning did not increase the percent cover of any of the grasses; the relative abundance
of one or all of these species was significantly reduced depending on burning frequency
(Fig. 4-6). For the fall burn, the existing pattern of relative cover was maintained, except
Poa was reduced significantly (from 45% to 26% average plot cover) compared to

control plots (t = 5.381; p = 0.02). For the summer burn, all of the species decreased
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Fig. 4-5. Unfertilized (left) and fertilized Elymus glaucus affer seven months from the

glasshouse experiment.

significantly compared to the control plots (Fig.4-6). Elymus was eliminated from all
plots, and Poa declined significantly (8% average cover) compared to the control plots (t

=20.621; p < 0.0001).

In the summer burn plots, the four grasses were mostly replaced by a combination of
annual forbs (mostly exotic), annual grasses (all exotic), perennial forbs (all native), and

the exotic perennial grass Anthoxanthum odoratum. The annual species recruited from the
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seed bank, while the perennial forbs and 4. odoratum recruited mostly from dispersal
from nearby adults, as well as re-sprouting from individuals that occurred in small

numbers prior to disturbance (Chapters Five, Six, and Seven).

20

Fall burn Summer burn

B Poa

O Dactylis
404 Bromus
B Elymus

Cover change (%) - 2000-2002

50

Fig. 4-6. Average change in percent cover (bars indicate 1 standard error, n = 40 plots)
in control, fall-burn, and summer-burn plots from 2000 (pre-treatment) to 2002.”*”
indicates a significant decrease in average cover plof I compared to 2000 (Tukey’s test, p

< 0.05). In the summer-burn, Elymus was eliminated from all plots.
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Discussion

The focus of these experiments was to assess the relative importance of suppression-
based and tolerance-based competition among the exotic and native grasses, whether
these relationships were maintained with changing environmental conditions and
successional phases, and the connection between these strategies and the current patterns

of relative abundance in the natural community.

The results indicate that competitive tolerance ability currently determines the patterns of
relative abundance for these species in the study area, but is contingent on a particular
combination of environmental factors, especially the absence of disturbance. The results
also demonstrated the robust but ephemeral status of competitive suppression ability and
suggest that deviations from the current environmental regime (i.e., a low-resource low-
loss habitat) due to disturbance would shift the relative abundance of these grasses and,

most likely, overall community composition, structure, and diversity.

Hypothesis One: Suppression specialists will dominate post-disturbance assemblages.

My results support the hypothesis of numerous authors that suppression specialists
dominate post-disturbance plant assemblages (Goldberg and Werner 1983, Grace 1990,
Goldberg, 1996, Grime 2001). The traits that determined position within the competitive

hierarchy in the glasshouse, under control conditions, were height and growth rate at mid-
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season. The robust stature and rapid growth of Dac#ylis led to its suppression of all target
species, including itself. But tolerance ability was also relevant. Both suppression and
tolerance hierarchies were identical in the control pots, and the ability to resist
suppression was as important as being able to suppress neighbouring individuals. In
addition, the traits that determined these abilities were almost identical. The positive
correlation between suppression and tolerance ability has been predicted for post-
disturbance environments where interactions occur among individuals of similar size
(Goldberg 1990). By pre-empting available resources, rapidly growing species not only
suppress competitors but also are generally indifferent to the competitive influence of

their neighbours (i.e., tolerance).

The competitive dominance exhibited by Dactylis developed gradually over the first
twelve weeks of the glasshouse experiment. Initial seedling emergence favoured the two
native species due to their larger seed mass and their ability to break dormancy within a
few days of sowing. Many studies have demonstrated the importance of emergence time
in determining competitive outcomes within plant communities (Fowler 1984, Bergelson
& Perry 1989, Goldberg et al. 2001). For the four species of this study, however, it did
not influence final competitive outcome. Dactylis was able to overcome the initial size
advantages of the two native grasses, over-topping all species by mid-summer. This result
highlights the importance of examining the competitive interactions of plants across a
range of life history stages, rather than only focusing on the initial or final stages of

growth (Gibson et al. 1999; Freckleton & Watkinson 2000).
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The ability of Dactylis to dominate other species, native or exotic, in post-disturbance
conditions suggests why it has become a problematic invasive species in this savanna and
elsewhere. Prior to invasion, rapid emergence time by Elymus and Bromus in this sub-
Mediterranean climate was probably an important strategy for maximizing growth before
the on-set of the summer moisture deficits, as well as increasing competitive ability
following disturbance pulses. However, when competing against similar-sized seedlings
of Dactylis, the rapid development of Bromus and Elymus only confers a temporary

competitive advantage.

Hypothesis Two: The order of establishment determines the outcome of competition.

Goldberg and Werner (1983) proposed that suppression-based competitive ability may be
generally equivalent among plant species, and thus differences in physical size may
determine competitive outcomes among individual plants regardless of their species
identity. My results demonstrated the influence of establishment order on competition
among the four species, thus supporting this hypothesis. In the glasshouse, the 45-day
staggered planting altered the suppression- and tolerance-based competitive hierarchies
that were observed under control conditions - the larger older target plants dominated
regardless of species, density of planting, or fertility level. Even with the slowest
emerging species (Poa - 13.4 days) planted with the fastest (Elymus - 7.1 days), the

neighbour plants had no measurable effect on the targets.
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Although this suggests the significance of establishment order at the individual level, it is
unclear whether these advantages could affect species dominance within the natural
community. A number of studies have found establishment order to have a limited impact
on the structuring of communities, while others have found the opposite (see Gerry and
Wilson 1995). In this ecosystem, it seems unlikely that suppression-based advantages
conferred by establishment order could determine longer-term patterns of relative
abundance due to the differences in tolerance ability among the four grasses. However,
establishment order may be highly significant for the coexistence of subordinate species.
It is unlikely that Dactylis seed, for example, will always be present when gaps are
formed thus allowing individual plants from subordinates to grow large enough to resist
subsequent suppression. Such resistance by individual plants has been observed in other
heavily invaded Mediterranean regions of western North America (Stromberg & Griffin

1996)

Hypothesis Three: Tolerance ability determines competitive outcomes within undisturbed

savanna.

Numerous authors have stated or implied that, over time, tolerance-based competitive
ability is more important than suppression-based competitive ability for determining
persistence and abundance within plant communities (Goldberg and Werner 1983,
Wilson and Tilman 1995, Goldberg 1996, Tilman and Lehman 2001). In the absence of
long-term data, 1 tested this assertion in two ways: (i) by examining whether the

competitive differences caused by growth rate and physical size in the glasshouse
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experirhent match the relative abundance hierarchies in the field, and (ii) by examining
the relative tolerance-based competitive abiiities of each species within the established
grass sward. This latter approach is based on the assumption that to persist, recruiting
individuals of the dominant species must be able to tolerate the reduced resource levels

that the species imposes on the community (Goldberg 1996).

The discrepancy between the glasshouse results and the relative abundance in the field
suggests . that suppression-based competition would- determine dominance following
disturbance, but over time would be replaced by species that could tolerate reduced

resources caused by increased crowding. Under glasshouse control conditions, Poa was

' the weakest competitor because of its slow rate of growth and small physical size.

However, these same traits, along with larger root:shoot ratios, rhizomatous life form,
and the ability to recruit by tillering, should give it a substantial competitive advantage in

the absence of subsequent disturbance.

The most significant characteristics favouring Poa under low loss conditions (no burning,

limited :herbivory) is the production of a dense above-ground litter layer and the ability to

recruit through this layer by tillering. The other grasses are bunch-type species that do not

- expand laterally below—grouhd. The ability of Poa to tiller gives it a competitive
-advantage against most other species of this community that must recruit from seed if

they are to persist, including Dactylis, Bromus, and Elymus. Only a small percentage of

the eighty species in the study area can recruit consistently within the dense grass sward,

and most are exotic pasture species (e.g., Vicia spp., Cerastium spp.).
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In the seed addition experiment, I tested whether the ability of the fouf grasses to recruit
“from seed was directly proportional to their relative abundance in the field. This
hypothesis was not supported. The ¢xotic grasses had low establishment and survival,
suggesting that both recruit rarely frlom seed in the dense grass understory. The
unimportance of seed recrﬁitment by dominant species has been observed in ‘other.
grasslands (Hartnett and Fay 1998). By contrast, the native grasses were able to establish
from seéd within the light-limited sward. This ability may be caused by their larger seed
mass, which allows the seedlings to penetrate the 1ayer of grégs litter and living biomass

before their seed reserves are exhausted.

These results have thfee implicatiqns regarding the mechanisms determining persistence
and relative abundance of these four grass species. First, it emphasizes the importance of
tillering for Poa and suggests that Dactylis is maintained by periodic disturbance pulses
that allow it to recruit and establish. As discussed earlier,' Dactylis is adept at rapid

resource acquisition in post-disturbance competitive environments.

Second, it suggests that the initial penetration by exotic species into this ecosystem
required some level of disturbance of the native community. This may have been
connected to highly intensive livestock grazing, which began immediately upon

European colonization on Vancouver Island, or may have been coupled with the

occurrence of fire prior to its suppression in the late 1800s. The intentional introduction




95

of large amounts of seed in the late 1800s may also have facilitated grass establishment

’

(e.g., Mack 2000).

Third, it indicates that the assumption of former dominance by Bromus and Elymus may
be incorrect. This assumption is based on their current ‘high abundance relative to the
other_native‘ species at this site. However, their abundance appears to reﬂect their
capabilities o'f‘ establishing within the exotic sward (i.e., they are.capable tolerance
éompetifors from seed). This scenario is consistent with the results of Rabinowitz et al.
(1984) where competitive superiority was tied to long-term pérsistence within fhe

community, but it did not result in high relative abundance.

Hypothesis four: Competitive outcomes will be specific to particular combinations of

environmental factors.

I hypothesized that if the‘ relative ébundance hierarchy was bging maintained by
suppression-based compefition; then disturbance should majntain or inc}ease this pattem.
If driven by tolerance-based competition, then burning should disrupt current resource
levels and lead to shifts in abundance. My resﬁlts demonstrated that the latter assertion is
more likely. Burning caused a pronounced transformation in relative abundance among

the four spelcies,'and in the community in general. With the fall burn, Poa was the only

species to decrease significantly in percent cover. With the summer burn, all species

declined.
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The feduction of Poa cover with disturbance has been observed elsewhere (Wilson and
Tilman 1995, Collins 2000), and is consistent with thé view that tolerance competitors
are locked into trade-offé that include an inability to respond rapidly to loss (Tilman
1988). The high relative abundance of Poa is probably maintained or increased over time
in this community following individual-level fumbver of other species (e.g., plant
senescence) or by in—ﬁlling of small géps by tillering. Turnover caused by frequent and

wide-spread disturbances would favour other species.

By contrast, fertilization had no effect on the order of suppression and tolerance
competition in the glasshouse experiment. Based on the view that the soils of this .
ecosystem afe infertile, I had hypotheéizéd that abundance was a function of coﬁlpetition
for nutrients énd that fertilization would eliminate this advantage. This hypothesis was
not suppofted, desi)ite the substantial increase in above-ground biomass of target and

neighbour plants.

‘The primary explanation is that the glasshouse experiment did not adequately simulate
the conditions under which these grasses interact in thé natural community. With initially
high light conditions and competition against individuals of similar size, fertilization
mérely magnified the advantages o} the larger and faster groWing species such as
Dactylis. However, it also .appear'S'that soil fert_ility may not be as 1jmiting in this‘

ecosystem as I had originally assumed. Instead, light limitation seems to have a far more

imp)ortant impact on recruitment and relative abundance as is typical of more productive

grasslands (Carson and Pickett 1990, Knapp et al. 1998). 1 predict, fhefefore, that
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increased fertility in the field would intensify light competition by raising productivity,
rather than switching interactions from below-ground to above-ground. My inability to
measure root competition prevented us from testing that light is more limiting than
nutrients or description of how. fertilization affects interactions among roots. However,
the concordance of my results at low and high fertility suggests that such measures may
be unnecessary (Cahill 2002). Further, fertility increases can cause increases in below-
ground competition among grassland plants but this is most likely to occur in
unproductive systems where canopies are short and light less limited (Rajaniemi et al.

2003).
Implications for succession

The current pattern of relative abundance for these four grass species in the study area is
a result of a combination of events initiated\following European‘ settiément in the late
1800s. The study area has been free from intensive disturbance for some time, possibly |
dating to the 1940s, and sporadic grazing ceased in 1983. It seems likely that this period

of stability has contributed to the current dominance of Poa.

The other three grasses, however, do not appear to be transient species of early-
succession. Instead, they have recruitment strategies that maintain their coexistence.
Dactylis grows much faster than the other grasses in post-disturbance situations, and is

predicted to dominate. At present, disturbances are infrequent, with occasional soil

mounding by red-backed voles (Clethrionomys gapperi Vigors) or by introduced rabbits
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(Oryctolagus cuniculus L.). When such openings do occur, Dactylis is favoured. Elymus
and Bromus have the ability to recruit within the existing dense grass sward, albeit rarely

based on current abundance levels, due to their large seed mass.

The observed competitive strategy of Poa, and its dominance in areas of limited

disturbance are consistent with successional work on Poa by Tilman (1988). He observed

.Poa to be slow-growing, and not associated with immediate post-disturbance

assemblages. However, this species was not a successional endpoint but was eventually
replaced by other species. This begs the question regarding the future successional status

of this oak grassland.

It appears that, in the absence of disturbance, the successional trajectory in‘the study area

. could have several possible endpoints: 1) continued dominance by Poa due to its ability

to suppress recruitment of most other species, 2) invasion and subsequent dominance by

‘different grass species that are better tolerance competitors than Poa under existing

conditions, or 3) invasion and transformation by species associated with higher fertility,
specifically shrubs and trees. The study was too short to indicate the likelihood of any of
these scenarios. In some regions of North America, Poa can form dense swards that
persist for decades (e.g., Curtis 1957). There are slower growing exotic grasses on site
(e.g., Agrostis stolonifera L.), but all are rare and highly localized. There are also areas
where shrubs gnd trees (exotic and native species) have invaded former grassland. Of
particular noté is the leguminous shrﬁb Cytisus scoparius (L.) Link that has difficulty

establishing within the existing grass sward without disturbance (Chapter Six). Once
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established, however, it spreads rapidly by altering ground level light availability and

possibly by raising levels of available soil nitrogen.
- Conclusion

~ The high abundance‘ of Poa implies that it is a robust and aggressive competitor
compared to the other taxa of this ecosystem. However, this _is only true within a specific
environmental context. Underlying its dominance is a pa;ticular combination of factors
that include its competitive traits; the current conditions of low fertility, low lighf, and
limited loss from fire and herbivory; and a site history that may include initial disturbance

and intentional seed introductions.

This finding indicates that there is no single competitive strategy associated with plant
invasion in tﬂis ecosystem. Invasive species are often assumed to be suppression
specialists with rapid seed emergence, high seedling grthh rate, and the ability to
quickly colonize disturbed areas (e.g., Baker 1965). Although many such speéies occur in
theée oak grasslands, including Ddctylis, it is not the mo'st'abu.ndant functional group af
présent due to limited perturbation. Instead, Poa donﬁnates because of its ability to
tolerate reduced ;reAsour.ce levelé under conditions of intense competition. This supports
the hypothesis that the relative importanc\:e of suppression- and tolerance-based
competitive traits can shift in invaded ecosystems over time, a result that also has been

reported in lacustrine ecosystems (Kolar and Lodge 2002). Furthermore, it supports the

idea that invasibility is best predicted from the combination of life history traits, levels of
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limiting resources, and disturbance history, rather than on any one factor alone. The
invasive plant species of this community that are fast growing and dominate post-

disturbance environments, for example, do not appear to be highly problematic species in

the long-term because they compete poorly in late-successional assemblages.
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Chapter Five

Impacts of regional-scale processes on local plant diversity

Abstract: In heavily invaded ecosystems, reduced diversity of native flora is usually

attributed to displacement by a small number of competitively dominant species. Because
many invaded ecosystems are also highly fragmented, however, it is equally plausible
that declining diversity is caused by reduced immigration that prevents native flora from
offsetting naturally occurring population turnover. If so, conservation measures that
tackle the highly visible problem of invasion may miss the root cause of lowered
diversity. I used experimental and biogeographical analyses to determine whether local
factors (competition, soil depth) or regional factors (immigration) are currently most
limiting for plant diversity in the oak savanna. Seed additions revealed strong evidence of
recruitment limitation by native forb species — most were able to establish and survive in
dense grass swards. Establishment (# seedlings after two years) was determined by the
density of seed added. Survival (% established seedlings/# added seeds) was related to
seed mass but only in the control plots — species with the smallest seeds had the lowest
survival levels. Burning increased establishment and survival of all species significantly.
However, recruitment by native species in burned but unseeded plots was close to nil.
Comparison of functional groups between regional and site-level species pools showed
no evidence for recruitment limitation for native species at the site level- relative
abundance of functional groups regionally predicted relative abundance in sites of the
Cowichan Valley. For exotic species, however, site-level pools were over-represented by

two functional groups associated with dispersal: annual grasses and forbs. These results
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suggest that regional diversity determines site-level diversity but that this process unfolds
slowly due to the limited dispersal ability of perennial species. Although exotic flora
dominate remnant patches, many speciés appear to be “sink” populations maintained by
continuous dispersal. By contrast, native flora are dispersal limited and most populations

are restricted to areas of shallower soil where competition is low.

Introduction

Ecologists have long debated how species diversity is produced and maintained in
communities (Huston 1994, Weiher and Keddy 1999). Given current declines in diversity
worldwide, it has never been more important to understand the mechanisms that maintain
diversity or cause its reduction. Much work on the regulation of species diversity has
focused on the interaction of local and regional processes, debating whether local-scale
factors such as competition and environmental variability, or regional-scale factors such
as dispersal inefficiencies, are most limiting (Gaines and Roughgarden 1985, Ricklefs
1987, Ricklefs and Schluter 1993, Zobel 1997, Qian and Ricklefs 1999, Partel 2002).
This debate is critical because it captures the mechanisms that cause the decline of native
species in contemporary landscapes. Local impacts such as invasion and the elimination
of pre-colonial disturbance regimes affect diversity by altering competitive interactions in
local communities (Grace et al. 2001). Regional impacts such as widespread habitat loss
affect diversity by restricting immigration and reducing the size and diversity of species
populations (e.g., Leach and Givnish 1996, Drayton and Primack 1996, Hubbell 2001).

Understanding whether diversity is locally or regionally regulated, therefore, can also
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help predict the relative effects of invasion, habitat loss, or disturbance alterations on

species loss and the steps by which these effects could be alleviated.

Although current theory recognizes the relative contribution of local and regional
processes for diversity and for conservation, the testing of their relative impacts has been
limited (Ricklefs 1987). Most experimental diversity studies are of short duration and
focus only on the endpoint of long-term ecological change. The relative contributions of
local and regional factors, however, tend to be evident at different spatial and temporal
scales that may bias explanations towards shorter-term phenomena or obscure the
significance of processes that no longer operate. The impact of rare long-distance plant
dispersal, for example, may have limited short-term ecological relevance but may largely
explain the assembly of post-glacial plant communities during the Holocene (Clark et al.
1998). In heavily degraded ecosystems, dominance by exotic species may suggest
competitive superiority but may actually reflect the impacts of habitat fragmentation on
native species and the widespread introduction of exotic seed during the early stages of
European settlement. These examples highlight the challenges for discerning the causes
of diversity only using experimental methods, and point to a need for integrative studies
that investigate local impacts while accounting for the biogeographical context within

which they occur (Ricklefs 1987, Ricklefs and Schluter 1993, Losos 1996).

In this study, I combined experimental and biogeographical analyses to test the relative
importance of local and regional processes for plant diversity in a degraded oak savanna

ecosystem of southwestern British Columbia, Canada. Here I define diversity as the
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combination of species richness and relative abundance. Local- and regional-based
models can both potentially explain current diversity levels in this savanna. This
ecosystem is post-glacial so historical factors underlie its assembly, but the importance of
long-term dispersal for explaining contemporary patterns of diversity is unknown. The
flora is derived largely from the California Floristic Province (Fig. 5-1) and possesses the
high percentage of annuals and perennial forbs that characterize the Californian
assemblage (Barbour and Major 1977, Raven and Axelrod 1978). It is unclear, however,
whether species pools at finer spatial scales (landscapes, sites) bear this distinctive
floristic signature or whether membership is primarily determined by local environmental
factors interacting with relative competitive ability. Prior to European colonization in the
1840s, the ecosystem was pyrogenic and organized along a soil depth gradient. Currently,
less than 5% of the ecosystem remains, most remnants are shallow-soil sites of limited
agricultural value, and fire has been eliminated. Since the onset of colonization, the
ecosystem has absorbed 144 exotic plant species but without concomitant losses of native
flora (only four extirpations). Although this suggests an absence of competitive-based
regulation of plant species diversity (i.c., regional model), all of the native species have
reduced ranges and many are precariously rare. Competitive displacement by invaders
may account for this reduction, and species loss may be slow to occur but inevitable (ie.,

local model).

For the experimental work, I tested for evidence of recruitment limitation, and
determined the relative effect of burning, environmental heterogeneity, and species life

history differences on site level diversity. For the biogeographical work, I used data on
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Fig. 5-1. (left) Map of past and present range of the Garry Oak savanna in the Cowichan
Valley of southeastern Vancouver Island, and (right) hypothesized migrational route of

the oak savanna flora during the Holocene.

the relative abundance of species within the four major functional groups of the savanna
at three spatial scales: regional (British Columbia), landscape (Cowichan Valley), and
site level pools (remnant savanna of the Cowichan Vallgy). I test if the site level pools
fully sample the regional pool of British Columbia, regardless of differences in site
factors or species life history. The alternative hypothesis is that site membership is
determined by environmental gradients and relative competitive ability. If so, species
from the most competitive functional groups (perennial grasses) should be over-
represented at the site level compared to annual forbs and grasses. I also tested for

regional and site differences among native and exotic species. Because exotic flora are
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probably less dispersal limited than natives, I predict that there will be high similarity

between the regional and site pools for this group compared to the native flora.

Methods

Field Experiment

The seed addition experiment was conducted in two large open areas (called Site A and
B) of the Cowichan Garry Oak reserve. In May 2000, five 2 X 2 m’ (Fig. 5-2) blocks
were placed in each opening (5 replicates experiment'1 site™!). At Site A, none of the
blocks contained any of the species that were added as seeds. At Site B, the blocks
contained low densities of several of the added species (Camassia quamash, Lomatium
utriculatum, and Ranunculus occidentalis). Both sites were dominated by Poa and

Dactylis.

Fig. 5-2. Fire plots, prior to seed addition, in the summer of 2000.
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Prior to treatment, the blocks were divided into four 0.6 m? plots and each was assessed
for species composition, relative species abundance, ground-level light (percent full light,
Licor quantum sensor), soil moisture availability (Hydrosense TDR meter), litter biomass
(g 0.01 m*), and % bare soil. Light and soil moisture were monitored every two months
throughout the experiment. Relative abundance was visually estimated using a 0.6 m’
frame divided into 16 segments that was used to guide the visual estimation. For each
block, seed bank composition was determined from soil cores (10 cm diameter, 7 cm
deep) taken in early July 2000, divided into two layers (the upper 2 cm and lower 5 cm of
the core), and cold-stored in plastic bags at 5° C. In October 2000, the core samples were
spread over sand-filled trays in a heated greenhouse (Fig. 5-3). For eight months, all
seedlings were counted, identified to species, and removed from the trays as they
emerged. Unknown species were transplanted to separate pots and grown until they were

large enough to recognize. Identification of seedlings to species at this stage aided

subsequent seedling identification in the field.

Fig.5-3. Seed bank samples after one month in the glasshouse.
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Plots in each block were randomly assigned to bne of four treatments: control, burning
only, seed addition only, or burning plus seed addition. The burned plots were treated in
late July and early October 2000. The method of burning is described in detail in Chapter
Seven. An additionaf 0.25 m was burned aroﬁnd the plots to reduce edge effects. Soil
sarhples from the top 5 cm »o.f eachv plot were taken before, one week after, and two years
after the October Burh, extracted with 1 mol L' KCL, and analyzed for extractable NO3

and NH, (mg kg™ soil)..

Seeds of ten native forb .s’pe'cies were collected from June-August 2000. The species
represent a range of ‘life history strategies (Table :5-1) and exhibit different habitat
preferences in the Cowichan Valley based on soil depth and canopy cover (Fig. 5-4).
Most seed came from the reserve, although limited collection occurred in nearby savanna
“remnants (< 3 km) to reduce collection pressure on the rarer species. After collection,
seeds were air-dried in papef bags at room temperature. In October 2001, seeds of each
species weré counted, weighed, and added to an all-species mixture that was broadcast
over each plot within a 0.6 _rn2 box. Seeds were not stratified (e.g., wetted, cold treatm;:nt)
prior to broadcasting because all of the addegl species (or other 'closely related species)
are known to readily germinate in.their naturally setting (e.g., Dorner 1998, Keeley
2000). The planting density of each species in the mixture (Table 5-1) was determined by
seed availability in the field. Species that produced more seed naturally had more seeds in
~ the mixture. This allowed us to test whether seedling establishment and percent seedling

survival were regulated by the density of seed in the mixture (more seed = more survival)

or by factors such as seed mass and habitat preference (sﬁrvival determined by life
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history and habitat conditions). Plots that were burned and seeded were covered with 5

cm gauge wire mesh for four months to prevent seed predation by birds.
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Figure 5-4. Distribution of the ten native forb species used in this chapter across a
combined soil depth and canopy cover gradient. Data are from 177 1 m’ plots from the
six major savanna remnants within the Cowichan Valley (Fig. 5-1).. Soil depth values
were determined from four locations in each plot. Canopy cover was measured with a
spherical densiometer (Solar Pathfinder©®) ranging from full canopy (0) to no canopy
(1). Soil depth and canopy cover values for each species were determined by averaging

the values for all plots within which each species occurs. Bars = +- 1 SE.



Table 5-1. Summary details for the ten species added as seed*.

Species Seed  Planting % Cover Establishment Establishment - Survival Survival
mass  density 2000 2002# (Control ) (Burn) (Control ) (Burn)

: (mg) (ploth A B A B A B A B A B A B
Achillea 0.13 23 0 0 0 2 1 0 0 5° 0.6 0 0 2.1 0.3
millefolium ' ' _ , ’ :
Camassia 491 541 03 16 5 5 28 32.6 56.4 55.6 52 6 10.4 10.3
quamash : :

Delphinium 0.94 65 0 0 2 1 22 1 9 9.6 34 1.5 13.8 14.8
menziesii o A

‘Dodecatheon  1.78 455 0 04 6 4 66 39.8 137.4 296 145 8.7 30.1 6.5
hendersoniii "

Eriophyllum 0.53 321 0O 0 1 1 1.2 0 5.6 02 04 0 1.7 0.06
lanatum '
Erythronium  6.11 121 01 0 2 1 12.2. 6.8 234 13.8 10 5.6 19.3 11.4
oregonum '

Lomatium 3.09 239 0 07 4 3 19 192 69.8 48 7.9 8 29.2 20.1
utriculatum ’

Plectritis 1.62 222 0 0 4 3 19 9 59.2 432 86 4.1 26.7 19.5
congesta

Ranunculus 2.69 273 0 01 3 2 12.6 12.4 34.6- 27.8 4.6 4.5 12.7 10.2
‘occidentalis _ ‘ ‘

Zigadenus 2.71 205 0o 0 1 1 8.2 8.2 244 196 . 4 4 11.9 9.6
VEenonosus ' )

*Seed mass (mg seed”) is the average from 100 seeds. Planting density

is the number of seeds added per 0.6 m plot “#” = % cover

Jor burn plots only. “A” = site A (deep soil site); “B” = site B (shallow soil site). Establishment and survzval are averages from five
plots (per site) for two years after planting. Establtshment = average number of seedlings species’ I plof’. Survival = the percentage of

surviving seedlings/number of planted seeds species ! plof”! after two years.
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After planting, each block wcs surrounded by 1 m tall wire mesh to prevent herbivory.
Although browsing is limited in the reserve (small numbers of Europeanrabbit- and
black-tailed deer), fencing was used to eliminatc all pcssible nerbivore disturbance in

case seed surviv_al was extremely low for some species. No euidence of browsing was

observed in the blocks during the experiment.

In May 2001 and May 2002, all plots were re-assessed for species composition, relative
species abundance (% cover), litter, and percent bare soil. Seedlings of both added and
naturally recruiting species were counted. Counting was aided by placing the 16;cefl
frame over the plot; seedlings were counted one cell at.a time. Tillers (mostly Poa
pratensis) were not counted because their age could not be determined. In May 2001,
seedling locations Qf the added snecies were marked with colored toothpicks so they
could be re-located the following year. Recruitment from seed in untreated plots at both
sites was used to quantify the background levels of seed establishment and survival for
the added species, in contrast to plots " where experimental additions occurred.
“Establishment” was the total number of seedlings of the added species in the plots after
two years. “Survival” was the ratio of the total number of established seedlings (after two

years) to the total number of seeds of each species added per plot.

Using ANOVA, I tested for the main and interactive effects of burning, species, planting
density of seeds, site, and blocking on establishment and survival of the added seeds. I

was especially interested in the interactions between burning and species, with the

assumption that burning would reduce or eliminate the regulation of seed recruitment by
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the established grass éward. I was also infereéted to defermine if the response variables
differed significantly between sites. A. posteri contrasts among the individual species
were conducted with Tukey’s multiple comparison test. Because there was only one
planting density per species, there was collinearity ‘between the variables “density” and
;‘species”. As a result, they could not be simultaneously used in the ANOVA (Zar, 1999)
so individual ANOV As were done using one-or the other factor. “Densfty” allowed me to
test if total. and percent survival varied as the number of seeds increased (ineépecti{/e of
life history differences among the species such as seed mass, germiﬁation time, annual vs.
perennial, etc.). ;‘Speciés” allowed me to test if total and percent survival varied among
the ten species for the treatment combinations. Such variation would be presumed to
result from species-specific differences in seed mass (i.e., species with larger seed rﬁass
would likely have higher' survival in the unburned grass sward, as opposed i‘n Chapter
Four for the native grasses). All statistical analyseé were done using JMP IN (SAS 2001).

Biogeographical Analysis

~ I tested whether the six major oak savanna remnants of the Cowichan Valley (Fig. 5-1)

have sampled the regional species pools proportionally (regional model — more species
regionally = fnore species ldcally), or whether the sites contain a subset of the rggional
pool favoring specific functional groups (local model - e.g., over-safnpling of perennial
grasses, over-sampling of annual species). Site-lel/el and regional species bools of oak

savanna flora in British Columbia are easily defined (Fig. 5-5) due to a strong association: "

between the distribution of the member Species and the occurrence of a limited set of
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environmental factors (soil Adepth; aspect, slope, canopy cover, elevation). As well, survey
work haé been relatively extensive in British Columbia including rare flora that are often
imder-represented in regidnal databases (Cz;tley and Schlutelr 1997). The site-level species
pools were determined from surveys at the six primary oak savanna remnants of the
Cowichan Valley conducted in 'April-May 2001, combined with other supplemental
surveys from the remaining smaller sites in the valley A(Fig. 5-1, Appendix 1). The
regional pool, defined as all oak savanné plant.speéies of British Columbia, was taken
from Fuchs (2001) (see Fig. 2-1). The landscape pool was the total number of specjes

found in the six site pools of the Cowichan Valley combined (listed in Appendix 1).

The analysis focused on the relative proportion of.the four main functional groups of the
oak savanna: both annual and perennial grasses and forbs. If prbpdrtional saimpling.is
occurring, then the relative proportions of the regional pool shduld be observed in each
site (é. g., Caswell and Cohen 1994). Higher relafive abundance regionally méans a higher
probability of being represented within a site-level sample. If directional sampling is
occurring, then relative ébundance will be shaped by local factors of competition or
habitat heterogeneity. I would expect perennial grasses to be numerically dominant (i.e.,,:
highest species richness) if local factors are determining diversity because these spécies

are competitively superior in the current context of fire suppression and limited grazing

(Chapter Four). If recruitment limitation is most limiting for local species occurrence

(e.g., due to habitat fragmentation), then I would expect annual forbs and grasses to be

- over-sampled at the site level.
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Fig. 5-5. The green line indicates the boundaries of an oak savanna remnant on the west-

facing slope of Mt. Tzuhalem in the Cowichan Valley, taken in the fall of 2002.The

browned area to the right is an Ecological Reserve; the area to the left is a subdivision.
Infilling by Douglas-fir sharply delineates the boundaries of the reserve, and the
distribution of oak savanna ground flora species. The sharp visual boundaries of most
site remnants is matched by a sharp transitional boundary between obligate oak savanna
species and non-obligate (and wider ranging) ground flora of the Coastal Douglas-fir

ecosystem.

All species were classified into one of four functional groups for both native and exotic
species (Appendix 1). Using a 1000-run Monte Carlo simulation, I generated confidence

intervals (oo = 0.05) based on the relative abundance of native or exotic species within
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~each of four functional groups within the regional podl. Native annual grasses were
excluded - the regional pool has eight species but nohe occur at the landscape and site
levels of this study. I then tested whether the relative proportion of these groups in the

site and landscape pools fell within the generated intervals using G likelihood ratio chi-

square tests (SAS 2001).
Results

. Pre—tre_atment conditions

Oniy two of the measured environmental variables differed signiﬁcantly between the
sités: late spring understory light and early su@er soil moisture (Table 5-2). Although
" median liéht levels in April and May were < 5% of 6verstory light at both sites, the
shallow soil ploté had much wider variation; some plots exceeded 10%. The onset of soil
moisture reductions caused by summer drc;ught was detected earlier ih the shallow soil
site; June soil moisture levels were sign_iﬁc‘antl}.' highér at Site A. During the late summer
and winter, moisture levels did not differ between Sites A and B. More extensive

descriptions of the light, soil moisture, and soil N conditions of the oak savanna

ecosystem are presented in Chapters Six and Seven.




Table 5-2. Summary statistics for the deep-soil (Site A) and shallow-soil (Site B) sites prior to burning and seed addition in 2000, and

seven (2001) and nineteen (2002) months after burning and seed addition*.

Seedling recruitment (average # plot ~)

Bare Light Litter Soil # Diversity  Poa
Soil (%) (g Moist. species (1/D) cover (burned plots only)
: plot') plot (%)
- all annuals perennial perennial exotics
species grasses forbs
2000 0.48 298" 545 - 13.0° 357 684> 712 262% 182 252 394>
(A) A : :
2000 0.08 6.51° 4.45 - 20.5° 7.42%%  252% 7227 58 0.4° 13.6%  59.8°
(B) - ' - :
2001 39.4* 87 077 13.06° 246° 695 222* 3364> - 198%* 48 43.4%*  161.8**
- (A) o , :
2001 192° 89 091 1098 293> 876> 172% 5192% 4896  02° - 9.6  484®
(B) - 3 : :
2002 9.65* 25.1° 1.15 125 231*  6.89% 417" 22467 714%  272% 63.8*  90%
(A) _ A
2002 6.12° 205 1.03 1048 272° 802 196 2764 2222 08 182> 227.6%
B

* Bare soil is percent cover plot”. Light is % at ground level compared to light levels above the grass canopy. Soil moisture is % '
saturation, with 50% as fully saturated; these measures were not taken in 2000. Statistical comparisons for bare soil, light, litter, soil
moisture, and # species are within-column and within-year contrasts using Tukey'’s test (p<0.05) (e.g., 20004 vs 2000B). Statistical
comparisons are within-year contrasts (a vs b), and across-year contrasts (* vs #) (e.g., 20004 vs 20014).
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" The total number of recmiting seedlings .(all species) in the untreated plots (unburnéd,
unseeded) did not differ significantly between sites (tu=0.0s, ¢f = 8y = 1.99, p S 0.08),
averagiﬁg 92 seedlings plot! (SE = 13.98, n = 462 total seedlingé) at Site A and 203
seedlings plot” (SE = 54.02, n = 1017 total seedlings) at Site B (Fig. 5-6). At Site A, 24%
of the seedlings were native species but most were not oak savanna obligates (mostly
Sanicula crassicaulis). Camas and Erythronium recruited naturally in small numbers ‘
(mean = 2.6 and 2.5 seedlings plot‘l. fespectively). At Site B, seedling recruitment wasl
dominated by two exotic annuals (Galium aparine: 44% of all seedlings, and Lathy}fus
sphaéricus: 28%). Three oak obligate species (Camas, Lomatium, Ranunculus) recruited
naturally, but each averaged < 2 seedlings plot” and represented only 1.4% of all
seedlings. Belative- abundance in the established sward overstory did not predict the
felative abﬁndance of recruiting seedlings. Very few seedlings of the two most dominant
sbe‘cies (Poa and Dactylis) were found, and only at Site A (0.4% and 0.8% of total |

. seedlings réspectively). Poa appeared to recruit almost exclusivély by tillering.
Seed bank

Soil cores from Site A contained larger numbers of germinatiﬁg seed (0.622 seeds/cm’ of
soil, n = 4,418 individuals) compared to Site B (0.22 .seeds/cm3, n = 2,423), although the

average number of speéies per core Sample did not differ significantly (Site. A = 13.01

species, Site B = 12.85 species). Most of the germinated seed at both sites were annual
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ruderals (Site A=69%, Site B=77.1%). Poa, the most abundant overstory species in most

plots, was the most abundant perennial grass species in the soil cores (Site A:10% of all

Site A
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Fig. 5-6. Number of established seedlings in each of the four treatments, two years after
the seed additions. Error bars are + 1 SE (n = 40 plots, 10 replicates per treatment).

germinating seed, Site B: 7%). Dactylis seed was not common (Site A: 0.3%, Site B:
0.4%).
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Only 1.8% of all germinated seed, from six species, were oak savanna obligates. At Site
- A, 92% of these obligate species were graminoids (Cdrex inops and Bromus carinatus).
At Site B, 63% were perennial forbs (Camas, Lomatium, and Ranunculus). The top 2 cm
of the soil core containéd over twice the number of germinating seed (1.04 se'eds/cr'n3 of
soil) compared to the bottom 5 cm (0.45 seeds/cmé). Most annual ruderal species had
significantly higher seed densities in the upper layer (t=0.0s, ar= 18)= 3.62, p = 0.002) Two
species, both éxotic, had signiﬁcahtly higher densitieé in the lower portion of the core:
the shrub Cytisus .scvoparius and the per_ennial forb Hypochaeris radicata. Most of the
annual ruderal species emerged 1-4 weeks after the soil cores were placed in‘ the
_greenhouse. All of the native obligate species, except the rapidly germinating grass

Bromus carinatus, began emerging after 2-4 months.
Recruitment of added seed in‘unburned plots

All species except Achillea millefolium were able to establish from seed in the dense
grass sward, regardless of life history or habitat preference and despite low light, limited
available N, dense litter, and no bare so.il. Establishment was significantly determined .by
planting density (f2=0.46; p=0.009) - the higher the numl%er of added seeds, the higher the
number of eétablished seedlings still surviving after two years (Table 5-3, Fig. 5-7).
Although all species were able to establish, not all survived equally well - »there were
significant differences between the total nﬁmber of surviving individuals per species

(presence/absence), and the percent survival of individuals per species (relative

abundance) (Tables 5-1 and 5-4). Survival in the control plots was significantly
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associated with differences in seed mass (=0.24; p=0.03) — species with greater seed

mass had greater survival (Fig. 5-7). There was no evidence of density-dependent
{ . .

limitation on seedling recruitment, despite the -large quantity of added seed. The: total

number of non-planted seedlings did not differ signiﬁcahtly between the control and the

unburned seed addition plots at either site.
Impacts of burning

Burning transformed the micro-environmental conditions and recruitment dynamics of
the plots, although these effects diminished after two years (Tabie 5-2, Fig. 5-6). Seven
* months after burning (May 2001), plots still had no litter cover, increased average ligﬁt
leve.ls > 90% full lvight, higher percentages of bare soil, and higher species richness and
diversity. NO3 and NHy levels increesed at both sites (Site A= 9.03 and 53.19 mg kg
respectively, Site B= 27.97 and 50.23 mg kg") but were not significantly different from

pre-burn levels (Tukey’s test). Soil moisture levels were not affected by burning.

Site B had significantly higher numbers of seedlings pldt'l compared_ to Site A (A¥ 3364, -
- B = 519.2) (ta=00s, de=39) = 4.67, p = 0.0005). Post-burn recruitment was dominated by
‘species found in high abundance in the seed bank; most seedlings were annual ruderals
or, at the deep-soil site, the leguminous exotic shrue Cy‘tisus scoparius. Background

recruitment byeék obligate* species did not differ between the unseeded burned and

" % Ground flora species specifically associated with the Garry Oak savanna (e.g.; Camassia), as opposed to
more wide-ranging species of southwestern British Columbia (e.g., Sanicula crassicaulis, Osmorhiza
berteroi).
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Table 5-3. Summary of ANOVA results for total seedling establishment. Density refers to

the density of added seed per species. Treatment = control versus burning.

Source : df F P ' R*
Model 7 _ 18.27 <0.0001 0.40
Error o 192
Total 199

Effect tests
Site 1 ‘ 7.25 <0.008
Treat | 1 132.18 <0.001
Density o - 47.38 <0.001
Site * Treat 1 3.52 0.06.

Site * 1 2.56 . 0.11
Density ' :
Treat * _ 1 11.08 <0.001
Density \

Treat * Site 1 2.50 0.11 -
* Density :

Table 5-4. Summary of ANOVA results for seedling survival.

Source df | F P | R*
Model 39 5.76 <0.0001 ©0.584
‘Error 160 ‘ |

~ Total 199

Effect tests
speéies - 9 10.76 <0.0001
Site. 1 0.76 0.39
Treatment 1 0.90 034
Sp * Site 9 0.68 0.72
Sp * Treat 9 3.16 <0.002
Site * Treat . 1. 397 <0.05
Sp * Site * 9 0.76 0.65

Treat




 recruitment due to the reduction of the dominant species (Table 5-2).
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unburned plots although establishment levels were higher at the shallow-soil site after

seven months. Six species not observed in pre-treatment plots, all annuals, appeared

following fire. Four of these species were native, and three were oak savanna obligate

taxa (Lupinus polycarpus, Lotus micranthus, Collinsia grandiflora). '

The 80 established species found in the plots prior to.the expérimént exhibited different
degrees of fire sensitivity. The two most dominant species - (Poa and Dactylis) were also
the most fire-sensitive; decreasing from 73% to 294.4% plot'l, and 14.9% to 6% plot'l,
respectively. At Site B, two native species increased significantly in percent cover
(Camas + 3»5%, Ranunculus +10% plot™). Becausev Poa was significantly more abundant
at the deep-soil site, post-burn plots at this site had significantly more %> bare soil, higher

ground-level light levels in spring, higher levels of species richness, and higher seedling

By May 2002, the impacts of bui‘ning had diminished. Although the percentage of Poa
and Dactylis cover and the quantity of litter were still significantly lower from pre-
treatment levels, ground level light and % bare soil plot”! were no longer different.

Recruitment by added seed in the burned plots

There were significant impacts of Bumihg and site on the establishment and survival of

added seed (Tables 5-3 and 5-4). Most species had higher levels of establishment and

survival at the deep-soil site, in association with the higher % bare soil and higher
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ground-level light caused by the sensitivity of Poa to burning. For establishment, burning
significantly increaséd all species except for Dodepatheon at Site B; there was no
significant difference between the control and burned plots for this species (Table 5-1).
For survival, burning and site interacted significantly due to the higher survival of species
in the burned plots of Site A. Burnving was most important for survival of the two species

with the smallest seed mass - Achillea and Eriophyllum (Table 5-1).

As with the control plots, establishment in the burned plots was significantly associated -
with the density of added seed species” (1"=0.24; p=0.026). Unlike the control plots,
however, there was no significant relationship between seed mass and éurvival (r2=0.081,

p=0.24). ,
Biogeographical results

In cdmparing the relative abundance of sp¢ciés within the four functional groups, there
were significant differences Between the regional and site-level species pools and
between native and exotic flora (Fig. 5-8). For the native species, there was no significant
difference between the regional‘and site pools in sites with both deep and shallow soils
(Fig. 5-8; rows A and B). Sites with soil depths < 20 cm had much 'hfgher percentages of
annual forbs and perennial grasses thén the relgic;nal pool. For the exotic species, all sites

.(Fig. 5-8; rows A-F) were significantly different from the regional pool. Each site had

significantly higher levels of annual grasses and forbs.
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Fig. 5-8. Relative abundance of the Sfour major plant functional group;s within the
regional (British Columbia), landscape (Cowichan Valley), and site level (4-F) species
. pools. The left column of graphs aré the na;ive species pools (note: landscape and sites A
and B statistically simi?ar to regional, based on G? likelihood analysis); the right column
are the exotic'spécies (# = statistically similar based on G? likelihood analysis). The
middle column présént;v the distribution of all sample plots along thé gradient of canopy
cover and soil depth at each of the six site remnants in the Cowichan Valley. Error bars

are derived from a 1000-run Monte Carlo simulation. AG = annual grasses, PG =

perennial grasses, AF = annuai forbs, PF = perennial forbs. -
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Discussion

The experimental results demonstrated that the exotic sward could limit but not prevent
the establishment of all but one added species, regardless of differences in life history or
habitat preference, and despite constraints on resource availability. By contrast, there was
strong evidence for recruitment limitation. Naturally occurring recruitment by all nativ'e‘y
‘ species of this ecosystem, not just those added as seed, was almoét zero regardless of the
A removai of the grass sward by fire. Seedling recruitment significantly increased following

fire, but mostly by exotic ruderals from the seed bank.

While establishment was determined prir_na;ily by the densify of the seed additio‘nsb
(regional regulation), survival was di'c.tated locally by the interaction of site factors and
seed mass differences among the species. Larger-seeded species tended to survive better
in the deeper soil site with denser litter layeré, lower light, and reduced moisture stress in
the summer. Recruitment dynamics, therefore, resembled a modified lottery (Turnbull et
al. 20005 where more added seed led to more seedling establisilment but the probability
of success was partially contingent on habitat conditions along with the life "histo.ry'

attributes of the species.

Burning significantly increased the subsequent establishment and survival of seedlings

from the added seed, but it was not a necessary precondition for recruitment. Seedling -

survival after burning was significantly greater in the plots of the deep soil site, where
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species diversity was lower and levels of exotic dominance high. On one hand, this result
Was explained by a “diversity” effect where ihe higher diversity plots on shallow soil
were mbre resistant to recruitment by added seed. Burning these plots caused a
proliferation of previously established but uncommon native perénnial forbs'that lowered
light availability and reduced the survival of the added seed. Howevér, the more
pronounced cause was differential fire sensitivity among the exotic and native species of
this oak savanna. The most ldomi‘nant species, Poa, was highly fire sensitive and
decreased by 40% at the deep soil site compared to 5% at the shall.ow‘ soil site where it
was less abundant. High abundance by Poa is associaied with low plot div‘ersity due to its
ability to limit the abundance of other species. Its reduction created higher levels of bare
soil, light, and NOs, which facilitated seedling survival. |

The bioéeographical results rgvéaléd significant differences in fuiictional group diversity ‘
among the regional, landscape, and site levels for native versus exbtic flora. Foi the
native plants, I predicted littie concordance betwéen thé regional pool and the landscape
aild site pools due to the effects of invasion and reducéd disperseil. I founci, however, that
the regional signatuie of functional groups was evident at the landscape le\}el and at the
site level for remnants that pos‘sessed. the widest range of soil depth and canopy cover.
Four of the site.s were mostly unshaded with shallow soils (<20 cm) and had significantly
fewer native forbs and moie perennial grasses compared to the regional pool. Converéely,
the regional signature was not evident at \either the landscape or site level for the exotic

species. All six sites contained the same functional group profile, with higher percentages

" of exotic annual grasses and forbs, and lower percentages of exotic perennial forbs.
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.’I;he results demonstrate that fegiona_l precesses influence local diversity rrixore than is
implied by the current pattern of dominance by a small number vof exotic grasses. A
balance of dispersal inputs, species-specific habitat preferences, and occasional fire that -
reduced local corﬁpetitive pressure detennined diversity at the site level. Thec’ommunity

~appears to be unsaturated, with the capacity to support many more species than presently
occur. Current levels of diversity, therefore, are caused as much by reduced immigfation
as by increased competition due to invasion and fire suppression. While antagonistic

~ competitive interactions probebly regulate which species are common or rare,
immigration can determihe the numbers of species present in this ecosystem irrespective

of competition or the life history attributes (e.g., seed mass) of the species.

This regulation of diversity can be depicted as “source-sink” model (Pulliam 1988) where
~each species has a definable “source” population along the gradient of soil depth and
canopy eo;/er (e.g., Fig. 5-4), and numerous additional “sink” populations thelt -are
maintained elsewhere by dispersal. Dispersal'cah thus maintain unexpectedly high levels
of species richness across a range of habitats but only if these inputs are continuous. The
interaction of local competition and site factors cannot prevent the establishment of
incomiﬂg propagules but can regulate the relative abundance of epecies and excludes

subordinate flora over time if dispersal inputs are stopped.

This result increases the understanding of the causes of preseht-day diversity declines,

“and points toward the combined effects of habitat loss and consequent fragmentation,
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population reduction, fire suppréssion, and invasion on the dynamic between regional and
local processes. It also helps determine the conservation strategies required to counteract
these changeé. Europe.e.m land ﬁse activity over the past 150 yéars has affected diversity in
this ecosystem by decreasing regional dispersal (vié fragmentati‘on)'whille intensifying the
1evel of competitive interactions in remnant patches. Habitat loss and fragmentation has
substantial‘ly reduced totalwseed output per species because regional populations are so
much smaller and dispersal distances for sink esiabl_ishment are greater. Remnant areas in
the Cowichan Valley, for example, are isolated by distances of | 3 km or more.
Concurrently, fire suppression promotes the dominance of a few e.xotic,*grasses that
reduce the probability of successful propagule establishment if and when dispersal does
occur. ’Given that dense swards of native grass were reported in unbﬁmed areas prior to
European settlement (Chapter Three), it is unclear whether the current dominants are
competitively superior to their native plant equivalents; evidence from a recent study
suggests that they may not be (Chapter Four). These impacts ha;'e probably most affected
the persistence of “sink” populations within the Cowichan Valley due to the combined
effects of dispersal restrictions and increased competition. Native ﬂora bmay ’thus be
largely restricted to their “source” areas where they are best able tb persist based on their
life history characteristics (e.g., seed mass, stress tolerénce). ‘Because most of the
remaining habitat is on shallow-soil, this explains whyl deeper-soil species have been

eliminated or are extremely rare in this ecdsystem (Chapter Three). -

Results from the biogeographical analysis corroborate the source-sink dynamic detected

by the experimental work. The presence of the regional functional group “signature” at
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the landscape énd the site level within the Cowichan Valley impliés a‘ loitery-type model
of species accumuiation where high relative abundance in the regional pool determines |
high relative abundance at lﬁner scales. This accumulati_oﬁ is filtered, however, by the soil
depth profile of each site and the establishment of permanent sourée populations may be
unsuccessful unless there is the appropriate range of soil depth. The process of species
accumulation at finer spatial scales appears to unfold <extrefnely slowl.y given that the
regional pool signature of the invasive species was not detectéd in the Cowichan Valley
after 150 years. Because invasive species are assumed to be less dispersal-limited than
native speqies in contemporary landscapes, itlwas surprising that the iandscape and sites
pools did not represent the signature of the régional pool.‘Instead, the most abundant
functional groups were the invasive annuals ;chat are aséumed to be less dispersal limited

than perennials.

It is also surprising that there was no significantly different impact of soil depth or
canopy cover on the invasive species, in contrast to the natives. All six sites possessed the:
same signature of invasive flora. This suggests that many populations of exotic annuals
are “sinks” maintained by continual dispersal that allows them to persist in sub-optimal>
areasv. The proliferation of invasive flora worldwide hag often been intérpfeted as
evidence for the competitive superiority of these si)ecies. My results, in contrast, indicate
that invasion in this ecosystem is maintained by on-going dispersal into a wide range of
habitats. If these seed inputs ééased, héwev‘er, I predict that the ‘dis_tribution of many

exotic flora would be reduced to “source” areas as determined by interactions between

the life history characteristics of the various species and the patterns of local
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environmental variation. The notion that the range of 'widespread exoti¢ species may
eventually become attenuated based on habitat factors has been discussed théoretically |
(Wilson 1961, Ricklefs and Cpx 1974, Sax and Brown 2000) but has been difficult to
test. If this is the case in these oak savannas, I sul;rrxise that many invasive annﬁals will
eventually become restricted to shallow soil sites and that invasive perennial species will

increase in relative abundance within the landscape and site-level pools.

The full impact of regional processes on diversity in .this ecosystem would have been
difficult to ascertain without the combined approaches used in this study. In this
ecbsystem, invasion is determined by a combination of regional and local factors that
have caused declines in native plant diversity (i.e., relative abundance). Conservation
initiatives that target invasion, therefore, may fail because invasion is as much a by-
product of habitat fragmentatioﬁ and fire suppression as it is a cause of reduced nativé '
diversity. Conservation measures must embrace an integrative approach, targéting in
combination the capture of habitat diversity (and thus “source” habitats), the
reintroduction of dispersal to- broaden levels of occurrence regionally, and the
-reintroduction of disturbance to offset éompetitive intensity and facilitate the
establishment of sink populations. The intfoduction of fire on its own, for example, will
fail if it is not coupled with the bridging of dispersal barriers that exist due to habitat
fragmentation. The. conservation goal in this or any ecosystem is not only the
reintr‘oduction‘of former diversity levels but also the stabilization of re-introduced native

assemblages over time. In this ecosystem, this depends on restoring both local and

regional processes, an emphasis beyond the scope of traditional conservation measures.
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Reserve creation alone, for exémple, merely promotes ecésystem stability and increases
competitive intensity, potentially accelerating the local displacement of native species.
Further, the protection of pristine areas may not ensure persistence if p‘opulations are
“sinks” rather than “sources”. This highlights the need to understand the ‘underlyin.g ‘

ecological processes that explain the distributions of the species.

An integrative approach for the study of diversity not only clarifies conservation
perépectiyes but also serves to_clarify theoretical issues surrounding the maintenance of
diversity. Most ecological studies inadvertenﬂy target thel endpoint of cenﬁries or
millennia of ecdlogiéal change and thus are destined £o emphasize the short-term
' dynamics that are mdst_detectable by these methods. This bias not only limits our ability -

-to understand the processes that maintain diversity but also hampers our capacity to

model and predict the consequences




134

‘Chapter Six

Mechanisms and Impacts of Dominance by the Exotic Grasses

Abstracf: The causes of dominance, and the impact of dominant species on community
structure, afe often attributed to competition. This assumption, however, is rarely tested
and alternative non-interactive mechanisms such as imﬁigration aﬁd disturbance history
can also determine relative abundance. Ti hus, while numerical dominance may suggest
competitive superiority, subordinate species may actually be limited by non-competitive
factors. In an oak savanna dominated by two exotic grasses, I examined these issues by
experimentally reducing (mbwing) or rémoving (selective weeding) the dominant species,
and monitoring the response& of 93 subordinate species. The tiﬁing (surﬁmer vs. fall) and
location (deep and shallow soils) of the treatment applications were varied to détermine
their impact on the interaction between dominant and subordinate species. A seed
addition experiment tested the impact of the dominant species on limiting resources, and
how ;hese impacts affected recruitment by the dominént grasses and several less common
grass species. My results confirm the importance of competition for limiting the
abundance of many community members, although this dominance hierarchy was fully
contingent on the absence of disturbance. Nur‘neroz;s subordiﬂate species increased in
percent cover following both treatments. The impacts of mowing and weeding on these
s?ecies were surprisingly similar, and the summer treatments resulted in signiﬁcanily

greater increases in cover compared to the fall treatments. Many spécies were also
severely limited by recruitment, iffespective of the presence of the dominants. As well, the
dominant grasses restricted woody plant establishment and, with moderate disturbance,

facilitated the survival of juveniles of several native species. The dominant exotic grasses
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have negatively affected the relative_ab‘undance of many native species. However, they
also have apparently helped to preserve this grassland by slowing conversion to

woodland, which eliminates savanna species entirely.
Introduction

Ecologists have long been interested in the questions of why species dominate and how
they impact the abundance of other species in the community (Preston 1948, Whittakerl
1965, Déubenmire 1968a, McNaughton and Wolf 1970, Tilman 1987, Fox 2002). All
dpnlinant species impact the structure of communities by their sheer abundance (e.g,,
interception of most resources, occupation of niost recruitment space) (Smith and Knapp
2003). The degree of impact, however, can differ profoundly depending on thé étrength
of the connectioﬁ between the mechanisms driving the abundance of the déminant and

those causing the rarity of the other species.

In highly interactive (i.e., cémpetitive) communities, dominance is determined by the
relative ability of species to attain limiting resources. The dorhinant species limits the
abundance of all others by capturing most of these'resources Vié exploitation, inhibition,
or both (Keddy 2001, Amarasekare 2003). The removal of the dominant is predicted to
cause substantial changes in community structufe as subordinate species gain access to
fonnetly limiting resources. In weakly interactive communities, however, there can be a

partial or complete de-coupling of processes limiting common and rare species (€.g.,

Hubbell 2001). In particular, relative differences in immigration ability or environmental




136

stochasticity can be strong determinants of rare species abundance, regardless of the
mechanisms affecting the dominant (McNaughton 1983, Ricklefs 1987, Collins 2000).
Because the effect of these processes tends to ‘unfol-d more siowly than competition,
beyond the temporal resolution of most field experiments, large differe;;lces in relative
abundance are often attributed to competition but it may not be the sole cause. In

communities regulated in this manner, the removal of the dominant i$ predicted to have

little impact on the relative abundance of subordinate flora.

Using a fqur-year factorial field experiment (i.e., one pre-treatment year [2000] followed
by three years of treatment application), I examine the impacts of dominance on the
composition and relative- abundance of épecies in an invaded and fragmented oak
savanna. There are two dominant species in this savanna: the perennial invasive grasses
Poa and Dactylis that are highly'iﬁvasive in several regions of North America (Grace et

al. 2001). It is unclear, however, whether they limit other species by competition or if

_non-interactive processes limit the subordinate species in these invaded communities.

Both dominants are aggressive exploitation competitors for light and soil resources (e.g.,
Hensel 1923, Curtis 1959, Zedler and Loucks 1969, Kirsch and Kruse 1973, Sullivan
1992, Choi and Pavlik 1994, Chapter Four), and can potentially alter the functioning of

grassland ecosystems due to the enhanced N content of their foliage, especially Poa

(Wedin and Tilman 1990). Conversely, they have been planted in vast numbers for forage

“or erosion control in cultivated or often highly fragrﬁented ecoéystems (Sullivan 1992,

Grace et al. 2001). Their dominance in some areas, therefore, may be caused by. site .

history rather than their interactions or impact on other species in the community.




137

I examined the impact of Poa and Daétylis on éommunity structure using a reduction
treatment (mowing), a removal treatment (weeding of dominants), and the experimental
addition of seeds of various native and exotic grass species. Because the impacts 'of
disturbance on grasses can be highly contingént on site factors and the season of
applicationj (e.g., Howe 1994b, 1995, Fowler 2002, Jutila and Grace 2002), I also varied
the timing of the treat;nents (summer vs. fall) and their location (deep-soil vs. shallow-
soil). By monitoring treatment responses of 93 subordinate species, I tested whether they
were limited by the presence of the dominant grasses, by non-interactive factors rélating
to dispersal, or some combination of the two. With the seed addition e.xperiment, I
examined the relationship between the impact of the dominant grasses on resources, and

patterns of recruitment by native and exotic grass species.

Methods

Study area

- The experiments were conducted in two grass-dominated sites within the Cowichan
Garry Oak reserve in the Cowichan Valley of southwestern British Columbia, Canada
(48°48° N 123°38” W). Both sites had 71 species (N = 95 total species), alfhough Site A
was composed of mostly perennial gfasses, annual exotic pasture species (Vicia spp.,
Cerastium spp.), and native forbs that were non-obligate oak savanna speéies (Sanicula

crassicaulis, Osmorhiza berteroi). Poa and Dactylis also dominated Site B but the site

had few other perennial grass species and many more. native obligate forbs (e.g.,
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Camassia quamash, Dodecatheon hendersonii, Ranunculus occidentalis, Cerastium
arvense, Saxifraga integrifolia). Camassia quamash was the only obligate forb species to
occur in plots at both sites. The leguminous shrub Cytisus scoparius had formerly
invaded several sections of the reserve but has been removed (Fig. 2-7). No experiments
were conducted on areas formerly dominated by this leguminous shmb, but it was
abundant in areas adjacent to Site A. It occurs in large numbers in the seed baﬁk of this -

site (Chapter Five).
Experimental design and sampling

The experimental layout was a randomized complete block design with no within-block
replication. Blocking was. used to account for slight differences in slope, soil depth, and
relative abundance of the dominant ground flora within each site (Dutilleul 1993) but it

had no statistical effect on any of the treatment responses.

In May 2000; ten 4 X 10 m blocks were placed in each site beyond the dripline of the
'surrounding oak canopy. Plots (1 m?) within each block Were fandoriﬂy assigned to one
of six treatments: selective removal of Poa and Dactylis, mow’irig, and control applied in
July or early October (6 treatments X 2vsites X 10 bldcks = 120 plots). There were
separate controls for each season. The July treatments had three impacts: (i) the removal.
of the litter layer, (ii) the elimination of living foliage of Poa and Dactylis (weeding) or

all species (mowing), and (iii) the exposure of the soil surface to increased solar radiation

throughout the summer. The October treatments eliminated litter and whatever living




139

foliage remained by that time of year’. The treatmehfs were applied annually from 2000 to
2003. Mowing was- conducted With a “whipper-snipper” to ground level, and all cut
material was raked and removed. Wgeding rerﬁoved all aboveground biomass of Poa and
Dactylis (Fig. 6-1). Roots and rhizomes were also removed although it was impossible to
completely eliminate all of Poa’s rthizomes. As a result, this species remained in many
weeded plots for the duration of the experiment but at levels typicaily < 2% cover each
year. An explosion of Cytisus seedlir;gs from the seed bank followed weeding in Sevefal
piots af Site A. These Cytisus seedlings were removed each year becausé we were testing
the iﬁlpacts of the dominant exotic grasses on. the suppression of non-woody species. An
additional 0.25 m buffer zone was weeded or mowed around all plots to reduce edge

effects.

Prior to treatment applica.tion, all plots Were assessed for (i) species richnéss (number of
spécies plot™), (ii) rare species richness (species that occurred in <2 plots site”! [n= 2_8
species)), (iii) relative species abundance (% cover plot™), (iv) Eyqr, an index of evenness,
(v) Simpson’s l/D, an index of diversity .emphasizing the most abundant species in the |
plot (Magurran 1988); and (vi) levels of light, soil mdisture, available soil nitrégen,_ and

organic matter.

Relative abundance of each species was visually estimated (élways by me) using'a 1-m?
frame divided into 20 cells (each 5% of the total plot area) (Armesto and Pickett 1985).

Resources were (i) ground-level light (percent full light) during the spring, measured with

.a Licor
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Figure 6-1. Weeding plot in 2000. Flagging tape indicates location of native species,
mostly Bromus carinatus and Carex inops. The upper section of the plot, comprised

mostly of Poa pratensis has yet to be weeded.

quantum sensor, (i) soil moisture availability to 12 cm depth (percent volumetric water
content; saturation = 50%), measured with a Hydrosense TDR meter, (iii) available soil N
(mg kg™ soil of NO; and NHy), (iv) % soil OM (g g soil), and (v) % bare soil. Available
N was obtained from soil samples taken from the top 5 cm in half of the plots (n = 60),
extracted with 1 mol L™ KCL, and analyzed for extractable NO3; and NH4 (mg kg'1 soil).
The % soil organic matter (OM) was determined by heating 20 g of soil at 400° C for 5
hours and contrasting pre- and post-heating soil weight. Light was measured in spring
because this is the period of maximum growth and reproduction by most savanna species.

Data on light variations across the entire year are presented in Chapter Seven. Soil
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moisture levels were monitored at monthly intervals from March to August, and
bimonthly for the other months. Moisture measurements did not begin until November

- 2000. Percent bare soil plot” was visually estimated using the 1 m’ frame.

In May of each year from 2001-2003, all measured variables were re-sampled.
Exceptions were the measurements of soil NO3, NHs, and % soil OM. These were only
measured twice: prior to the treatments and three years after the first application of the

treatments (August 2002).

Seed of seven perennial grass species was collgcted in the summer of 2001, air dried in
open paper bags-, and édded to half of all plots in October of that year, just prior to the
onset of the winter rainy seaéon. There was no stratification treatment used on the seed
prior to planting. Besides Poa and Dactylis, the selected species represent different
relative abundances, phenologies, and habitat preferences (soil depth and canopy cover)
withini the Cowichan Valley. Anthoxanthum odoratum was the third most abundant.
pevrennial grass species. This species is also exotic, but flowers earlier (March-May) than
Poa or Dactylis (June-July), and is associated with shallower soil areas. Two native
grasses, Bromus carinatus and Elymus glaucus, tend to co-occur with Poa aﬁd Dactylis
but are fnuch less abundar{t within the Cowichan Valléy. Danthonia californica and
Festuca roemeri are nativve grasses rare to the reserve and currently associated with areaé
of shallower soil within higher-elevation remnant‘ savanna of the Cowichan Valley. Fifty

seeds from each species were added to 15 cm x 15 cm subplots within all plots from two

blocks at each site (2 blocks X 2 sites X 6 plots = 24 plots species™). Germination tests in
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moistened and sand-filled petrie plates showed germination >90% for each of the species,
with Danthonia emerging 4-6 weeks later as reported elsewhere for this species
(Maslovat 2002). Percent germination, percent survival, and maximum seedling height

were monitored for 37 weeks until the treatments were re-applied.

Statistical analyses

Separate repeated-measures analyses of variance (ANOVA) were used to test the
individual and interactive effects of freatment, block, site, year, and season of appiication
on the measured responses (e.g.; richness, diversity, speciés cover) (Potvin et al. 1990,
Kuehl 1993) (Table 6-1).‘A more detailed description of this procedure, and why
repeated-méasures ANOVA was used instead of MANOVA, is presented in Chapter
Seven. Graphs were used to help 'with 'the interpretation of the v;clrious higher—_ordér

interactions, and whether trends were maintained or switched across any of the factors. 4

- posteri contrasts were conducted with Tukey’s multiple comparison test (p < 0.05). All

analyses were conducted on JMPIN (SAS 2000).

Results
Pre-treatment conditions
In the absence of disturbance, the understory environment of the savanna is characterized

by low ground-level light and low available nitrogen (Fig; 6-2, see also Fig. 7-1 for light

levels). Soil moisture levels fluctuated seasonally following the pattern typical of
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Table 6-1. Analysis structure of repeated measures ANOVA for three treatments

(mowing, weeding, control), two seasons (summer and fall), two sites (deep- and shallow-

soil), conducted over four years (2000-2003). The analysis is conducted as a split-plot

design (same design used in Chapter 4) with “year” as the split-effect. Repeated

measures ANOVAs were conducted separately for each analyzed response variable (e.g.,

diversity, percent cover changes by individual species, number of species plof h). Post-

hoc individual comparisohs used Tukey's tests (p<0.05).

Source

Number

Degrees of freedom

MAIN EFFECTS

Site (fixed)

Block (random)

Season (fixed)

Treatment (fixed)

Site X Season

Site X Treatment

Season X Treatment

Site X Season X Treatment
Error1

SPLIT EFFECTS

Year (fixed)

Site X Year

Season X Year

Treatment X Year

Season X Treatment X Year
Site X Season X Year

Site X Treatment X Year.

Site X Séason X Treatment X Year

Error 2

TOTAL

8(2[10-1] x [4-1]

640-1

AN WO W WL

432
639
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significant (F=2.32, p=0.135). Levels of available N averaged 192.8 g kg soil plot” (SE

=94.4) at Site A and 108.23 g kg™ soil plot ' (SE = 35.6) at Site B.
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Fig. 6-3. Variations in soil moisture at the deep-soil (4) and shallow-soil (B) sites. “*”
indicates significant site differences within the given month. Soil moisture readings of
50% represent full saturation. May and June moisture levels of 2002 and 2003 are
significantly lower than in 2001 respectively (Tukey's test, p<0.05).

Bare soil was rarely observed in any plot and at either site, although small amounts of

soil mounding by red-backed voles occasionally occurred in the grass understory.

Mowing and weeding impacts on the dominant species

Summer mowing reduced the cover of the two dominant species to levels similar to those

observed in both weeding treatments. After three years of summer mowing the average
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Fig 6-4. Changes in percent cover for the most abundant perennial grasses at the two
sites. C = control, M = summer mow, W = summer weed, A = autumn treatment.

- “Antho” = Anthoxanthum odoratum. For visual simplicity, control values are presented

as averages of the summer and autumn control plots.
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cover of Poa was reduced to < 2.5% plot'lv at both sites. Dactylis also decreased
significantly after three years in the summer plots to <2.4% at both sites (Tukey’s test)

(Fig. 64).

The impact of fall mowing did not significantly reduce the cover of Dactylis at either site.

Poa, in contrast, was significantly reduced by this treatment, decreasing in average cover

_plot™ from 65.4%to 8.0% at Site A and from 25.3% to 8.6% at Site B.

Treatment impacts on subordinate species

. Species richness, E,ar, and Simpson’s 1/D increased significantly with mowing and with -

removals at both sites (Fig. 6-5). The increases in richﬁess and diversity happéned
immediately after one year (2001) for both distqrbances, and these. levels were
maintained for the remainder of the experiment. These increases were caused mostly by
the recruitment of annual ruderals (Fig. 6-6), which occur in high number in the seed
bank. Differehces in evenness, b}; contrast, were only detected between the pre-treatment
levels (2000) and the final year of the experiment (2003). There was an unexplained

increase in evenness within the control plots in 2003 at both sites (Fig. 6-5). The

treatments did not affect the number of native species plot! (Fig. 6-6) or the number of

rare species plot ™.
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Treatment responses by the 93 subordinate spec'iesr of the reserve were widely variable

(Note:

individual responses of each species not presented for sake of brevity). Some

species, such as Camassia quamash, increased in percent cover after one year in response

to the removal of the dominant grasses (Fig. 6-7) but many others did not immediately

respond. Responses fell into six identifiable categories:

1)

2)

3)
4
5)

6)

no treatment responSe until the final year of the experiment (many native forbs)‘
(Figs. 6-5 [forb/grass ratio plot'l] and 6-6 [% native species plot™])

an" increase after the first round of treatments but declines in subsequent years
(e.g., several annual ruderal species [Note: see Myosotin panelé in Fig. 7-4 ae'
response by this species to burning was identical as its ‘response to mowing and
Weeding).

a. 51gn1ﬁcant response to the July treatments but not to the October treatments
(several perennial grasses and forbs, see Daclylzs panels in Fig. 6-4)

significant differences between sites but no response to-the treatments (e.g.,
legumes, Fig. 6-6), | |

no significant response to any treatment but fluctuations over the duration of the
experiment in concert with annual climatic variations (several forb species),
signiﬁcant declines with one or both disturbance treatments. This latter group
included eeveral exotic ruderal species commonly associated with mesic pastures

(Cerastium fontanum Galium aparine (see Fig. 7-4), Stellaria medza and the

native evergreen forb Cerastium arvense (see Fig. 7-7)," Wthh declined

significantly with repeated mowing.
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Typically, there were no differences observed between the response of exotic and natiye
species within each‘of the six response groups. With mowing, most perenn'ialtgrasses
decre:ised significantly in peicent cover inclluding' Bromus (Fig. 6-4‘1). An exception was
Anthoxanthum, which increased signiﬁcantly during two years following the first
treatment application but declined to pretreatmenf levels by fhe third year (Fig. 6-4). This
was not a treatment effect, however, because the control plots followed this same trend.
Several native and exotic annuals both incieased to similar degrees in the first year
following the treatments and then declined subsequently. Overall, there was a maintained
significant increase in annual species after three years of treatments (Fig. 6-6) caused by

species such as Valerianella locusta, Lathyrus sphaericus, and Vicia hirsuta.

The treatments had no impact on the differences in{ species composition between the two
sites that existed prior to the onset of the treatments. Although there were significant
. N\

changes in relative abundance, these responses were confined to species that were

previously present, rather than facilitating the recruitment of new species.

After three years, the most substantial increases in cover were by native perenniai forbs
that became the most abundant species in most plots at both sites (Fig. 6-6). Increases in
the deep-soil plots were mostly by Camassia quamash and Sanicula crassicaulis (Fig. 6-
8), and in the shallow-soil plots by Camassia, Dodeca(heon hendersonii and Ranunculus
occidentalis. These changes were greater in response to the July treatments, but i;s;ere

mirrored, albeit at lower levels, in the October plots.
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Both treatments caused significant increases in recruitment by woody plants, mostly
Cytisus scoparius at Site A (Tukey’s test). Although mowing and weeding reduced £his
species each year, its cover by 2003 (composed of hundreds of newly emerged small
seedlings) was still signiﬁcantly greater than its pre-treatment cover in 2OQO. Cytisus
cover did not significantly change in the control plots over the four years»of the
experiment, and seedlings were rarely observed. There were also non-significant
increases in,rec-ruitment by Pseudotsuga menziesii and Acer macrophyllum, both native

trees, and Craetagus spp., an exotic shrub, at both sites.

Nine previously unobserved species established following the treatments. Most were
annual forbs, including several native obligate species of the oak savanna (Lupinus
polycarpus, Lotus micranthus, Collinsia parviflora). Most established after the sec.:ond or
third Year of appliéation, and most were only observed in one plot (of 120 plots). Some
_ recruited from the seed bank (Chapter Five) while others apparently dispersed from
'elsewhere in the reserve. Even after three years of treatmenté, recruitment by pe'rennial
fofb and grasé species was close to r}il for both native and exotic species in plots where
they were not already established.. Dodecatheon and Ranunculus, two abundant native
forbs, established iﬁ plots at Site A after the tﬁird year of treatment application but did
not‘increase >2% cover plot”. Both of these species occurred in sma]l numbers within 10

m of the colonized plots prior to the experiment.

Impact on resources

After three years, the impacts of mowing and weeding on light, available N, soil
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moisture, and bare soil were generally the same. Both treatments, not unexpectedly,
increased light availability and bare soil. They had no effect on soil N or moisture, which
were only affected by site factors (i.e., levels of both resources were significantly higher

in plots with deeper soils).

Deep soil site Shallow 'soil site
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Fig. 6-5. Changes in species richness, species diversity (Simpson’s 1/D), evenness (E,a),

and forb/grass ratio at the two sites. Forb/grass based on the number of species plot !
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There were significant treatment differences in light availability caused by the interaction
of the season of application, thé yeér of application, and site (i.e., soil depth). After one
year, plots that wére summer-treated at the deeperfsbil site had significantly higher light
levels in the spring. This effecf was caused by two interacting factors: higher pre-
treatment cover of pérennial grass at Site A and higher ﬁost-treatment cover of perennial
forbs at Site B. Because all perennial grasses declined following treatment application,
post-treatment light levels were positively correlated with the percentage of pre-tfeatment
grass cover. Because perennial forbs increased significantly after treatment application,
post-treatment light levels were negatively correlated with the percentage of pre-
treatment forb cover. This: effect, however, was no ‘longer evident by 2003 as the

percentage forb cover in plots at Site A (mostly Camassia or Sanicula) increased to levels

. similar to those at Site B (e.g., Fig. 6-8).

There were also significant differences between the summer and fall in‘owing treatments
in the second and third years. Initially, the two mowing treatments were equally effective
at increasing spring light levels.- By the second year, however, plots of the summer
mbwing were signiﬁcahtly brighter and this result was repeated the follbwing yearl. The -
difference in light levels between summer and fall were positively correlated with the
differences in cover of Dactylis cover. This species was not significantly reduced '(%.

cover) by the fall mowing treatment.
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Fig. 6-7. Summer weeding plot after three years (May 2003), with high amounts of bare

Yy
|
A

soil and high cover of established and recruiting Camassia quamash.

F p
™

Fig. 6-8. Summer mow plot after three years (May 2003) at Site A, with high cover of

Sanicula crassicaulis (the broad leaved species) and numerous smaller annuals.
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Recruitment from added grass seed

For seedlihg establ_ishment after 12, 28, and 37 weeks, there were significant interactions
among species and the timing and type of treatment application (Fig. 6;9). All séveh
species emerged after 12 weeks in similar numbers in all treétments, except for
Danthonia that was not evident until 16 weeks (Tukey’s test). In the coﬁtrol plots,
seedling establishment at 28 and 37 weeks by Bromus and Elymus was significantly
greater than all other species (Tukey’s test). Anthoxanthum had significantly lower levels
for both measures in these plots (Tukey’s tést).' All species but Anthoxanthum had
moderate to high le;fels of establishment in the mow and weed plots at 28 weeks but
- extremely low levels of survival into the summer months when solar exposure was high.
Only Anthoxanthum was able to survive in relatively 41argé numbers under these
co(nditions. The highest levels of survival for Poa, Dactylis, Danthonia, and Festuca were

in the autumn treatment plots, a result associated with the cover of Dactylis that reduced

ground level light inténsity during the summer months.

Discussion .

The high laburidance of Poa and Dactylis, their impact on light levels and the availability
of bare soil, and the rarity of most other flora suggest that this community is strongly

regulated b'y competition. The positive responses of many species to mowing and

weeding confirm this conclusion. However, many other species appear to be limited by
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Fig. 6-9. Total number of established seedlings 12, 28, and 37 weeks after seed addition.
“4”’=Anthoxanthum, “B”=Bromus, “Dc”=Dactylis, “Dn”=Danthonia, “E”=Elymus,
“F” =Festuca, “P”= Poa. Data from 168 subplots (15 X 15 cm) from both sites

combined.

non-interactive processes relating to dispersal. As well, the dominant grasses appear to
have some positive effects on this savanna by suppressing woody plants and facilitating
the survival of juveniles following moderate disturbance. Community structure, therefore,
is regulated by a combination of inter-active and non-interactive processes rather than

one or the other separately.
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Competitive impacts of the dominant flora

These data provide considerable evidence for the impact of competition, based on the

significant increases in species richness, evenness, diversity, and the growth and

‘reproduction of subordinate flora following the decrease of the dominant grasses. These

increases occurred in most plots, at both sites, and were most evident in the summer
treatments where. the reduction of perennial grasses was most severe. I detected no
evidence for alternative non-competitive explanations for these increases. The impacts of

mowing and removals, for example, can both cause temporary increases in productivity

‘due to litter feedbacks that could the resemble our observed treatment responses (€.g.,

Berendse 1994). By the fourth year of our study, however, there was little standing

foliage remaining and litter was mostly eliminated, yet the increases by the subordinate

flora continued. It seems clear, therefore, that asymmetric competitive interactions among

. the member species in part contribute to the structure and function of this community.

Poa dorrﬁnétes these oak sévannas by producing a dense layer of litter and foliage, which
limits gfound-level light and suppresses many subor_dinéte species. Althongh some
species can recruit from seed under these conditions, levels of success for most species
are low and many remain rare. Exotic pasture species such as Vicia sativa, Vicia hirsuta,
Cerasfium fontanum, and Galium aparine are the exception. These species are

presumably well adapted to the light-limited conditions of pastures.
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3

The causes of high relative abundance by Dactylis are less clear given its inability to
recruit within the light-limited understory of the grass swatrd. As repo‘rted in Chapter
Four, this species has high relative growth rates compared to mcrphologically similar
grasses of tiris savanna, which should fevour its recruitment when small disturbances
occur (e.g., vole mounding). Once established, adult plants are highly tolerant of |
neighbour competition because of their height (>150 c¢m) and their production of dense

lateral foliage (Chapter -Four).

Although the dominant grasses limit the occurrence and growth of other species by
competition, they do not appear to be profoundly different from the other warm-season
perennial grass species cf this savanna. Supporting evidence is derrronStrated by the
shared sensitivity of these species to repeated mowing. Although the dominant grasses do
possess trait differences sufficient to impact recruitment and inter-specific co‘mpetiti‘on
(Chapter Four), these trait differences do not extend to the. ability to resist repeated
disturbance. All perennial warm-season grasses, native and exotic, presently appear to
 thrive with _limited or nc disturbance, and co-exist by a range of recruitment strategies
relating to differences in seed mass, maturation rate, and tolerance of low light (Chapter
Four). This implies that dominance by perennial grasses iri the absence of disturbance is
not strictly a contemporary phenomenon. Accounts prior to European settlement confirm
this, as talll (2 meters) and dense thickets of grass were described in unburned areas
(Chapter Three). Thus, exotic dominance is not caused by radically different functional
strategies compared to other native and exotic perennial grasses. Instead the various traits

of Poa and Dactylis allow them to dominate in situations where warm-season perennial
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grasses would normally be abundant. They dominate in this context because of their
" combined ability to tolerate the low light (Poa) or preferentially regenerate if and when
small disturbances occur (Dactylis). However, this dominance is fully contingent on the
absence of repeated disturbance. As will be discussed in Chapter Seven, repeated

disturbance leads to a new hierarchy of relative abundance where warm-season grasses

are relatively uncommon.
Evidence for impacts on ecosystem function?

Although Poa and Dactylis limit other species by competition, it is less clear whefher
they also affect the functioning of this ecosystem. The alteration of ecosystem function 'is
defined as a species-mediatéd change in the pools and flow of limjting resources
(Vitousek 1986, 1990). A large number of invasive species are'_knowr‘l to have these
effects. Not only do these species out-compete native flora for lirrliting resources but they
“change the rules of the game” (D’Antonio and Vitousek 1992) By permanently
modifying their subsequent évailability. The removal of the species, therefore, is not
guaranteed té eliminate their impact on the functioning of the system (e.g., elevated N

levels in the soil).

Poa and Dactylis could have two possible ecosystem effects: increased % soil OM due to
increased litter production, or increased soil N due to higher nitrogen concentrations in

their foliage (Wedin and Tilman 1990). Our analyses revealed no change in available N

or % OM with the removal of the dominant grasses, although this may reflect the limited
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numbér of samples taken, the season when sampling occurred (late summer), or the sﬁon
duration of the experirﬁent. In other grass.land studies, high litter" production, as currently
occurs in this oak sdvanna, increases % soil OM (and thus levels of soi] carbon), which
significantly affects nutrient cycling by its impact on soil microbial activity (Gill and
Burke 1999, Knops et al. 2002). Although possible, wé suggest that this is unlikely
because this savanna was capable of naturally producing high standing biomass prior to
invasion (Chapter Three). The key difference between th¢ exotic and native grasses,r if
one exists, is probably the nitrogen composition of the foliage. This hypothésis remains
untested, although the complete absence of un-invaded sites will challenge the ability to
distinguish between possible differences in foliage quality and the long-term effects of

native versus exotic dominant species on soil processes.
Impacts of recruitment limitation on subordinate flora

In addition to the impacts of competition, there was strong evidence that recﬁitment
limitation severely restricts the distribution of many species within this savanna. In f)lots
where subordinate ﬁative taxa were not already established, there was little or no
response to the reduction of the dominant grasses. The few species that were able to
colonize only did so rarely, and most established 2-3 years after the initial treatment.
Conversely, when seeds of locally rare ‘spec'ies_ such as Danthonia and Festuca were
experimentally added they established in large numbers. The low survival by all but one

(Anthoxanthum) of these grasses in the summer treatment plots was due to the effects of

moisture stress, rather than the competitive effects of the dominants (see next section). .-
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Thus, although competition by the dominant grasses exacerbates the dispersal problem
(ie., low establishment by most added grass species in the control plots), it is not .

sufficient to explain the low abundance of many species.

Although it is urilikely that increased immigration by éubordinate species would
transform the existing dominénce hierarchy, it' would increase their relative abundance
ifrespectivg of competition by the dominant grasses (as reported in Chépter Five for
forbs). The causes of colonization limitation in this ecosystem aré unclear. Habitat
fragmentation has been severe (Chapter Three), but large populations of hétive forb
species occur. in the study area. Many disperse by gravity and thus may be naturally
limited in their ability to occupy recruitment sites when | they become available.
AConverseliy, recent studies have suggeéted the importance of ungulates for the longer-
distance dispersal of herbaceous ground flora (e.g., Pakeman 2001). Black-tailed deer are
common but their movement among savanna remnaints is likely restricted. Roosevelt elk,
formerly common, no longer occur. i’resently, rare and unpredictable dispersal events
(storms, rare transport by animals) may 'be the most important mechanism for

establishing.new populations for many species (e.g., Clari< et al. 1998), if they occur at
all. Based on thé slow rates of dispersal suggested by this study, it may take considerable
periods of time for new populations to establish even within a few hundred meters of
existin_g occurrences. Distuibance would presumably hasten the process by increasing the
probability of suécessfuliestablishment by rare dispersal. 'However, the rétés by which the

perennial grasses are reduced or eliminated (several years) is much faster than the rate by

which most native flora disperse. Recovery, therefore, will be slow or may be
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circumvented by species less limited by dispersal (i.e., other exotics)
Positive effects of the dominant species

There was also strong evidence that the dominant grasses can positively influence the.
structuring of this commﬁnity. In moderately disturbed plots, Dactylis cover promoted
the survival of juvenile grasé species during thé summer months. In the seed addition
experiment, highest survival was in the October treatments that eliminated the litter layer
but maintained a cover of living grass foliage. This living cover réduced light penetration
to the sbil surface in the summer months, pres{lmably reducing heat stress and other
related factors. By contrast, the complete removal of litter and living foliage resulted in
the high morfality of most species. Even species associated with habitats of shallow soil
and high solar exposure (Danthonia, Fes;uca) suffered high mortality. Although poor
survival of juveniles due to exposure is a common resuit of removal experiments
(D’Antonio et al. 1998), this effect would likely;be overshadéwed by the naturally

occurring limitation in soil moisture during the summer that is characteristic of

- Mediterranean climates. Native and exotic grass species appear to be equally constrained

by these conditions, and survival may be 'episodic dependin_g on the intensity of the

moisture deficit in any given year. Soil moisture in the spring of 2002, for example,

appeared to be unusually low, at least compared to levels in 2001. As long as litter levels

remain low, a cover of summer grasses facilitates the survival of juvenile grasses and

may be especially important in drier years.
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Conversion to woodland "(predominantly Pseydotsuga menziesii) or shrubland
(predominantly Cytisus or Symphoricarpos alba) has occurred in oak savanna ecosystems
throughout the Pacific Northwest (Krukeberg 1992, Tveten 1997), in part because of ﬁre
suppression. However; the dense swards of grasses appear to greatly slow this conversion
to woody plants, as has been observed in grasslands elséwhere (Wilson 1998). In the
control plofs, newly emerging seedlings of shrubs and trees were occasionally observed
but rarely survived. Only oak appeared capable of regenerating clonsistently, presumably
because of the large amounts of nutrients in the acorn. The highest levels of woody plant
recruitment were in plots with little or no grass due to the treatments. _Althoﬁgh the
woody species were eliminated by the re-application pf the tféatments, less frequent

disturbance would hasten the recruitment of woody plants.

The fole of the exotic grasses in facilitating juvenile survival and preventing woody plant
invasion supports the notion that exotic species may somewhat preserve the fuﬁctioning
of degra;ded ecoéystems, and that eradication may have unanticipated negative results
(Myers et al. 2000, Zavalata et al. 2001). In this case, there is a trade-off between the
negative impacts of competition on the recruitment of native species, and the positive
impacts of their presence‘ for juvenile survival and resisting conversion to woodland.
Although the negative impacfs are currently more significant, the importance of the
positive impacts increases with disturbance. Recruitment appears to be most negatively
affected by the litter layer réther than the livihg foliage, a finding common in many

grasslands (Facelli and Pickett 1991, Foster and Gross 1998, Jutila and Grace 2002.).

Disturbances in the fall season such as mowing (and burning — see Chapter Seven)
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remove this layer but maintain a cover of living foliage, and seedling survival increases

for all species measured.
Conclusion

It is critical to understand the causes and consequences of dominance by non-native
specie‘s becaﬁse of their apparent ability to displace native flora and alter ecosystem
f_uncﬁon (Vitousek et al. 1997, Levine and D’Antonio. 1999). .Although many studies -
have reported correlations between invasion and the decline of native richness and
| diversity, few studies have explored the mechanisms underlying these changes (Levine et
al. 2003). As demonstrated by this study, exotic dininance can be determined by a
complex ‘array of factors relating to competition, recruitment, environmental factors and
disturbance, rather than any one factor alone.. While extreme differences in relative
abﬁndance may suggest competi.tive displacement, our results reveal that dispersal is also
limiting the distribution of many subordinate species. Further, the ability of the invaders
to suppress woody plants and facilitate the survival of juvenile grasses in some situations
indicates that they may actually maintain this savanna. Con\}ersion of this.'savanna to
woodland is far more detrimental'thén grass invasion because it eliminates all savanna

obligates, including most of the non-native invaders.

These results suggest a dynamic model of restoration for this endangered ecosystem,
requiring a balance between the reduction of litter, the maintenance of some herbaceous

cover to facilitate juvenile survival, and the simultaneous control of woody plant
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invasion. This dynamic model mimics the processes responsible for maintaining
grasslands generally (McNaughton 1983, Axelrod 1985, Anderson 1990), where the
interacting effects of disturbance, climate, succession, and competition rather than any

one factor alone determine stability. These issues will be discussed further in Chapter

- Seven.
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Chapter Seven
The Destabilizing Effects of Fire in a Fire-Dependent
Ecosystem

"~ Abstract: Fire is lassumed to stabilize grassland communities by offsetting competitive
displacement. Species loss in grassland remnants is often attributed to -increased
competition'due to ﬁfe suppression, and this leads to the use of prescribed burni'ng for
restor_atién’. However, not only may rare species be unaffected by cqmpetition but
stability models predict that repeated fire will be as destabilizing as the effects of intense ’
competition. This will be espécially true in small remnant areas with spatjall)z restricted
populations of native plants. I examined the effects of fire on stability by monitoring its
impaét on productivity, reproduction, and the abuhdance of functional groups in the
Garry Oak savanna. Four years of summer burning caused a substantial decrease of
perennial grasses and a concomitdntvincrease of forbs. Few speciés were elimin:ated by
repeated fire, and these were warm-season taxa, includiné the native perennial grass
Elymus glaucus, which were rare(<5 plots) prior to the start of the experirhent. Given the
decline in grasses and increase in forbs, we predicted that fire would create a forb-
dominated community that was as stable with repeated burning as the grass-dominated
community with its long;term absence. Our daté did not support this hypothesis. Total
' production dfopped in the saﬁanna, as the increase in forb pfoduction was unable to
rﬁatch the former output by the grasses. Due to substantial differences in litter quality

and quantity, it is predicted that perennial forb species will be incapable of supporting

annual burning over time. Because burning does not completely eliminate the more
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abundant perennial grass species, they would be predicted to increase in response to the
decreased occurrence of fire. At the site level, therefore,‘the savanna cofnmunity is
predicted to oscillate through time between grass- and forb-dominated assemblages. The
interaction of soil a’epih and annual climatic variations are predicted to deflect th-isv
oscillation into further unpredictability. Prior to the exterisive loss of habitat, the stability
of this savanna was probably best defined at the regional level dué to the fire-induced
.variability in forbs and grasses at the site 'levél. Although burning- in remnant a:rea.§
could re-establish this oscillation, ‘many native species no longer have regional

distributions and may be highly vulnerable to its effects.

Introduction

Fire has been traditiorially viewed as a critical stabilizing factor for many grassland
communities (Anderson and Brown 1986). Stability is defined as a lack of statistically
detectable change in the cqmposition, physical structure, or any other measurable facet of
| grassland function (e.g., Collins 2000). Despite its obviously destructive properties, fire
éan stabilize grasslands by offsetting competitive dominance, preventing conversion to
woodland, increasing productivity (or decreaéing it in some cases), stimulating seed
germination, and elifninating litter (Daubenmire 1968b, Hulbert 1988, Collins and
Wallace 1990, Leach aﬁd Givnish 1996, Blair 1997). Given its importance, fire

suppression is viewed as a critical threat to the persistence of remaining areas of native

grassland in North America and elsewhere. As a result, the re-introduction of burning is a
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commonly employed technique of grassland restoration (e.g., Curtis and Partch 1948,

- Whelan 1995, Lesica and Martin 2003).

An inherent assumption of the “fire stabili‘ty” hyquhesis is that the effects of intense
competition in unburned grassland are far mo.re detrimental for species persistence than
the occurrence of burning. By offsetting the destabilizing impacts of competition on
subbrdinate species, fire thus “stabilizes” the grassland (Andersoh and Brown -1986).
While intuitively attractive, stability models have clearly demonstrated that the effects of
disturbances are as destabilizing for the strﬁcture and function of ecblogical communities
as intense competition (Huston 1979, DeAngelis and Waterhouse 1987, Pimm 1991, Wu‘
and Loucks 1995). These effects are especially prevalenf at small spaﬁal scales where
locally rare species can b¢ quickly eliminated by fire or other types of disturbance. In '
systems characterized by disturbance, therefore, stability caﬁ only be defined at a regional
scale where the localized effects of the disturbance are offset by the broader distributions
of the species (DeAngelis and Waterhouse 1987). Native grasslands; unfortunately,
occupy less than 5% of their former range due to the combined effects of habitat loss,
conversion of grassland to woodland, and widespread plant invasion. In this context, the
_rg-introduction of fire is predicted to be highly destabilizing becaﬁsp its negative effects
on rare plént pépulations cannot be balanced by re;colonization from eisewhere.

Therefore, fire may actually hasten the loss of species in remnant areas.

We examine the impacts of fire on stability (as defined above as the lack of change) in a

highly fragmented and ﬁre-suppressed oak savanna of southwestern British Columbia,
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Canada. We focus on the effects of repeated burning on the relative abundance,
producticv)nv and reprociuction of the dominant funi:tional groups. Abundance and
production are measures of the immediate impact of fire on community-level processes.
Reproduction is a measure of the longer-term implications of fire for species persistence.
Since widespread burning was eliminated in this savanna more than 150 years ago
(Chapter Three), a persistent sward of exotic perennial grasses has 'ermed in many '
remnant areas. The most dominant grasses (Poa and Dact){lis) restrict the abundance of
many native spacies due to their ability to limit ground-lavel light and space for
recruitment (Chapters Four;Six). With fire, however, grass co-\'er declines significantly
(Chapter Four) but it is unclear how fire impacts the production and réproduCtion of these
species and by implication, their stability. It is also unclear how fire impacts the
subordinate native forbs. Because these species appear‘ to be light-limitect (Chapter Six),
_ fire may cause their proliferation by removing the grass overstory. Alternatively, many of
these species are locally uncommon or rare (i.e., averaging < 2% cover plotfl) and may be
susceptible to repeated disturbance. We extrapolate the observed trends from four years
of burning in small plots to the longer-term implications‘of repéated burniilg at the

regional level in this savanna (DeAngelis and Waterhouse 1987).

- Methods

Study area

The oak savanna ecosystem of British Columbia, mostly restricted to southeastern
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Vancouver Iéland, is at the northern limit of an oak savanna complex extending south to
California (Barbour and Major 1976, Dunn and Ewing 1997, Maret and Wilson 2000,
MacD‘ougall et al. 2003). In Bn’tish Columbia, this savanna is associated with a sub-
meditérranean climate and moderlately infertile soils of post-glacial origin. Soil depth
ranges from < 5 cm to > 100 cm, and influences the distribution of functional groups and
species (Erickson 2002). Perennial grasses, shrubs, and trees dominate the deeper-soil -
sites, while shallower soils have hiéher percentages of annual and perennial forbs. Over

150 naturalized non-native plant species occur in this savanna along the entire soil-depth

~ gradient (Fuchs 2001).

Average precipitaﬁon ranges from 90-100 cm _year'l, ahd occurs mostly from October to
March; .temperatures in winter rarely drop below 0° C. As with Mediterranean climatés in
general, there can be considerable annual ﬂuctuatioﬁs in the quantity and timing of
rainfall that are thought to affect producﬁori and flowering phenology (e.g., Major 1977).
Among the major plant farﬂilies of this community, 82% of all ﬁative species flower from
April to early June before the onset of summer moisture deficits (Chapter Three). Manyl
non-native species also flower at this time, but the donﬁnant perennial ﬁon-native grasses

(Poa, chzylis) mostly flower in June and July.

Prior to European settlement in the mid-1800s, fires occurred during the dry season from
late July to early October (Chapter Three). This fire regirhe favors species that complete

their annual reproductive cycle by late spring. Charcoal records on southeastern

* Vancouver Island indicate fire occurrence back to the early Holocene. The negative effect
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of late-Holocene climatic cooling on oak savanna distribution was probably offset by the
use of fire by Native Americans (Brown and Hebda 1998), especially in areas of deeper

soil (Chapters Two and Three). -

 Pre-colonial levels of grazing by black-tailed deer (Odocoileus hemionus columbianus)'
and Roosevelt elk‘(Cervus elaphus roosevelti) are unknown but were believed to have
had limited impéct on ecosystem function, especially compared to the impacts of
domestic grazing in recent years (Chaptgr Three). Pocket gophers_.(f homomys spp.), an
important component of oak ecosystem funcﬁon on the continental mainland (Hobbs and
Mooney 1991, Hartway and Steinberg 1997) do not occur in this ecosystem on

Vancouver Island.
Experimental design

In May 2000, burn and control plotsl(l .II-IZ). were randomly assigned to ten 4 X 10 m
blocks in each savanna opening (2 sites X 2 treatments X 10 blocks = 40 plots). Burning
was annually applied in a 1.25 m® box (Fig. 7-1) in late July from 2000 to 2003. July
| burns had three impacts: the removal of the litter layer, the elimination of living foliage,
and the exposure of the soil surface to increased solar radiation throughout the summer.
Because of this last factor, there was no re-growth by the grasses until the onset of the
rainy season in the fall. Burning was initiated with a roofing torch, and then re-applied to

unburned areas to ensure homogeneity of the application. This allowed us to test the

impacts of fire in each plot without the cdnfounding effects of unburned patches on post-
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fire vegetation response. An additional 0.25 m buffer was burned around all plots to

reduce edge effects.

Figure 7-1. Initiation of burning with a roofing torch — autumn 2003. Photo courtesy of
the Cowichan News-Leader (Duncan, British Columbia)

In 2000, the properties of the fire treatment were described by measuring flame height,
burn duration, and temperatures at, above (50 cm), and below (5 ¢cm) the soil surface.
Temperatures were measured with fire thermocouples (Canadian Forest Service,

Victoria) that take readings at one-second intervals for the duration of the burn.

Prior to treatment application (May 2000) and for the three following years (May 2001-
2003), relative species abundance (% cover plot”’, n = 95 total species) was visually
estimated using the 1 m’ frame divided into 20 cells (Chapter Six). The total number of

flowering stems plot ~' was counted for the most abundant perennial graminoids and
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forbs. The grasses were Poa, Dactylis, Anthoxanthum (all exotic), and Bromus carinatus,
Elymus, and Carex inops (all native). The forbs were Camassia quamash and
Dodecatheon hendersonii (both native). In half of the plots at each site, biomass was
clipped at different locations in May of each year in 0.01 m? subplots to provide an
estimate of production in each plot (g m?). The clipped material was separated into

grasses, forbs, and non-arboreal litter (Fig. 7-2).

Figure 7-2. Separated (left to right) litter, grass, and forb (mostly Camassia) biomass

Jrom a control treatment plot at Site B. Biomass was sampled from a 10 X 10 cm subplot

from each 1 m’ plbt.

Light was measured at ground level at monthly intervals from March to August, and

bimonthly for the other months (percent of light measured above the grass canopy of each
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. plot; Licor quantum sensor). As with the mowing the weeding treatments (Chapter Six),

fire had no impact on soil moisture or available NO3 and NHy in the plots at either site.

Statistical analyses

Separate repeated-measures analyses of variance (ANOVA) \were used to analyze
changes in percent cover of functional groups, réproductive effort, and productibn caused
by burning over the four years of the experiment (Potvin et al. 1990, Kuehl. 1993). The
independeﬁt variable.s were site, blogk, year, treatmént, and their various intéractions
(Table 7-1). Because of temporal auto-correlation among plots that are measured
repéétedly, the variance:covariance matrices often .suffer from sphericity that
compromises the validity of the ANOVA analysis (Von Ende 2001). Most of my
ANOVA -analyses tested significantly for sphericity (Mauchly’s test). Therefore, levels of
significance in the ANOVA were adjusted using Huynh-Feldt and Greenhouse-Geisser
corrections that are more conservétive than the unadjusted probabilities but overcome the
sphericity problem (Von Ende 2001). In all cases of my analysis, these two corrections
were in agreement on. significance. An increasingly common alternative form ‘of '
repeated-fneasures analysis, multivariate MANOVA (Von Ende.2001), was not used due
to the large number of dependent and ihdependent variables that would have made
interpretation of the results extremely difficult (Tony Kozak, personal communication).
Results.of the ANOVA were assessed using\a posteri Tukey’s multiple comparison teéts

(significance level = p<0.05). Changes in biomass quantity betweén May and July were

compared with t-tests. Relationships between seasonal light levels and production were
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determined using correlation analysis. All analyses were conducted using JMPIN (SAS

2001).

.Table 7-1. Summary bf repeated measures ANOVA for two treatmenis (burning, control),

one season (summer only), two sites (deep- and shallow-soil), conducted over four years

(2000-2003). The analysis is conducted as a split-plot design (same design used in

Chapter 4) with “year” as the split-effect. This analysis structure was used separately for

each of the analyzed response variables (e.g., diversity, percent cover changes by

individual species, number of species plof !). Individual comparisons were made using

Tukey’s tests (p<0.05).

Source Degrees of freedom
MAIN EFFECTS '
Site (fixed) 1.
Block (random) - 18
Treatment (fixed) 1
Site X Treatment 1
Error 1 39
SPLIT EFFECTS '
Year (fixed) 3
Site X Year 3
Treatment X Year '3
Site X Treatment X Year 3
Error 2 144
159

TOTAL
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Results

Fire behavior

Fires mimicked a cool burn typical of grasslands with' moderate stature (e.g., Whelan
1995). Flame height was < 1 m and the burns typically lasted < 10 seconds.
Thermocouple measures at 50 cm indicated temperature maximums ranging from 133-
408° C plot™! (mean = 263.5 C% n - 8 plots). Maximum temperatures at the soil surface
ranged from 74-213° C (mean = 1'06.1° C). After 10-15 seconds, temp‘eratures at both
heights stabilized to 15° C. Thermocouple meas'ures at 5 cm below the soil surface did

not detect any temperature increases due to burning.

Light

Pre-treatment light levels in the gras‘s ﬁnderstory averaged < 5% of full light at both sites
(Fig. 7;3). Deeper—soii plots had significantly-lowef light, averaging 2.14% (SE =0.37)
compared to 3.56% (SE = 6.36) in plots in éhallower—soil plots (t =293, p = 0.005).
These site differences were explained by a negative correlation between total production
plot” and light (+* = -0.31, p < 0.0001). Throughout the experiment, mean light levels in
control piots rémained below 10%, with shallow-soil plots being slightly better

illuminated in most months (Fig. 7-3). In Augﬁst, immediately after burning, light levels .

ranged between 90-97% in most plots
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100

| {——ABumn
| |~m—BBum

| |-&—A Control
| |=0—B Coniro}

% Full light

Year (2000-2003)

Fig. 7-3. Seasonal variationlin'. :ground level light in burned and control plots from 2000-
2003. A = plot average at deep-soil site. B = plot average at the shallow-soil site. Burns

were applied in late July each year, indicated by the bold “X” on the bottom axis.

'and did not differ between sites. Light levels were not 100% because there was slight
shading of horizontal light from the standing grass that surrounded each plot. Over the
fali and winter months (Oct-Feb) mean light availaBility remained >85%. Light declined
.precipitously after March, in response to the increased growth by grasses and forbs at- that

-

time (Fig. 7-3).
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Among years, spring light levels (April-May) following the first bumn (2091) were
significantly lower compared to leyels follo§ving subsequent burhs at both sites (Fig. 7-3)
(Tukey’s test). Av_erage. light availability in 2001 ranged from 20-27%, compared to
ranges of 40-70% in 2002 and 2003. This result reflected the higher presence of berénnial
grasses after the first burn compared to the subsequent burns whén grass cover < 5%
plot™. Light availability was also inversely correlated with post-burn grass production at

both sites (r* = -0.12, p < 0.02).

Between sites, spring light levels were significantly lower at the shallow-soil site in April
2001 and May 2002 but not in April or May of 2003 (Fig. 7-3, Tukey’s test). This trend
was positively correlated with changes in forb production at both sites following fire (* =

0.26, p < 0.0001).

Impact on species cover

At both sites, burning caused significant increaées in the cover of two functional groups
(perennial forbs and annual forbs) and significant declinesv of one (perennial grasses)
(Tukey’s test). Burning eliminated two perennial grasses that were rare prior -to the
treatment: the native Elymus glaucu& and the exotic Phleum pratense. There was no
treatment effect on the native perenniél sedge Carex inops (Fig. 7-4). The percentage of

leguminous species plot” was also unaffected by fire, although Cytisus scoparius and the

: exotic annual Trifolium dubium increased significantly at Site A (Tukey’s test).
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F ig. 7-4. Changes in average percent cover plot”! for Carex inops (native perennial
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(Bromus spp.) with repeated burning. In the legend, b = burn and ¢ = control.
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Many annual species were affected positively by repeated burning, with the response by
most interacting with site. Annual forbs such as Valerianella locusta (Figs. 7-5 and 7-6),
Cardamine oligosperma (Fig. 7-6) and Lotus micranthus, and the annual grass Bromus
hordeaceus (Fig. 7-4) all increased with fire compared to their average cover in 2000. For
some annuals, such as Myosotis discolor (Fig. 7-6) and Bromus sterlis (Fig. 7-4), this
increase was temporary (2001) and their subsequent decline (2002, 2003) was correlated
with increasing forb production at both sites by the third year. Annual species that were
abundant in control plots dropped significantly with fire (e.g., Galium aparine [Fig. 7-6],

Cerastium fontanum).

Fig. 7-5. Cover of the exotic annual forb Valerianella locusta (small white flowers) in a

summer burn plot at Site A — May 2002. Likely introduced originally as a medicinal herb,
this species is very closely related, and functionally very similar, to the native oak

savanna annual Plectritis congesta.
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Many perennial forb species also increased significantly in percent cover with repeated
burning (Tukey’s test). Most were native geophyte® species such as Dodecatheon,
Ranunculus occidentalis, Lomatium utriculatum (Fig. 7-7), and Camassia quamash (Fig.
7-4) One exception was the native evergreen perennial forb Cerastium arvense that

declined by 50% (Fig. 7-7).

Dodecatheon Cerastium arvense &b
& c

Percent cover plot-1

2000 2001 2002 2003 2000 ' 2001 2002 2003

Fig. 7-7. Changes in average percent cover of native perennial forb species with summer

burning from 2000-2003.In the legend, b = burn and ¢ = control.

Production

Prior to burning, total production was significantly higher in plots at the deep-soil site

(mean = 10.77 g 0.01 m? year" [SE = 0.27]) compared to plots of the shallower-soil site

* Geophyte = species that survive unfavourable periods by means of underground storage organs (Allaby
1998)
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(mean = 7.82 g 0.01 m? year” [SE = 0.24]) (Tukey’s test) (Fig. 7-8). At Both sites, total
production was mostly composed of litter and grass fbliage. Forb production was
significantly higher in the shalléw-soil plots (1.08 g 0.01 m” year'l» [SE Q.08]) versus
plots from the deeper-soil site (0.87 g 0.01 m™ year™' [SE = 0.06]) (Tukey’s test) (Fig. 7-

8).

One year after the initial burn (May 2001), total production signiﬁcanfly declined at both
sites (Tukey’s test) and .these decreases were maintained for the rest of the experiment
(Fig. 7-8). Burﬁing eliminated the differences in tétal production between the two sites.
The decreased total output was caused by significant declines in grass production and by
the near elimination of the litter layer by the third yeAar- (Fig. 7-9). In 2001, there were
slight but non-significant increases in forb production at both sites. In 2003, these
increases had become significant at both sites compared to initial levels in 2000. The
increase in forb production, however, could not replace the lost production by the grasses

(Fig. 7-8).
Reproduction

Prior to burning in the deep-soil site, Poa produced significantly more flowering heads
plot! (mean = 81.4, SE = 11.4) than any other species (Tukey’s test) (Fig. 7-10).
~ Numbers of flower heads for Dactylis, Anthoxanthum, and Bromus were not different

(means 9-13 heads plot™). Camassia produced an éverage of 0.6 flower heads plot”. At

the shallow- soil site,
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Fig 7-9. Contrast in litter cover between control plot (foreground) and a summer burn

plot in the winter of 2003.

Poa (mean 26.7, SE = 5.9), Anthoxanthum (mean 35.5, SE = 7.2), and Dactylis (mean
17.5, SE = 4.5) flowered at similar abundances. Camassia averaged 4.7 heads plot.
Carex inops occurred and flowered infrequently in plots at both sites, while Dodecatheon
only occurred in plots of the shallow-soil site and flowered in small numbers (mean = 0.4

flower heads plot™).

Burning caused significant decreases in flower-head production by most native and
exotic warm-season grasses (Poa, Dactylis [Fig. 7-10] and Bromus carinatus). Poa

flowering decreased significantly after the first burn, and by 2003 was producing 4.7
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heads plot' and 1.3 heads plot’ vat the deep- and shallow-soil sites respectively.
Flowering by Dactylis and Bromus did nét decrease significantly until after the second
burn; by 2003 both species produced < 2 heads plot”. Flowering by Anthoxanthum was
unaffected (deep-soil) or varied unptedictably (shallow-soil) with fire (Fig. >7-10).
Although Carex flowered too infrequently to statistically analyse its response, it produced
90% fewer flowers after three years of burning at the deep-soil site and did not flower at

the shallow-soil site.

Burning caused significant increases in flower-head production by Camassia at both sites
(Fig. 7-10). After three years it produced significantly more heads plot” than any other
species except Anthoxanthum at the shallow-soil site (Tukey;s test). At the deep-soil site,
its average production of ﬂowefing heads plot” excéed.ed the individual averages of all
perennial grasses even though it was ﬁot in all of the burn plots. Dodecatheon did not
occur in sufﬁciént number to statistically assess its response to fire, although its average

number of heads plot'@ increased from 0.4 to 1.9 at Site B.

14
Discussion
Predictions for long-term stability

We tested the hypothesis that fire would create a forb-dominated community that was as
stable with repeatéd fire as the grass-dominated community with the long-term absence

of fire. The results of this study do not support this hypothesis. While a forb-domiﬁated
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community quickly emerges with repeated fire, the linﬁtéd quality and 'quantity of its
litter suggests it will not be capable of carrying annual fires indefinitely. Because reduced -
fire will once again favour gfasses, local areas must continuously oscillate between grass-
and forb-dominated communities over time. We suggest that this non-equilibrium model
of .community function formerly characterized this system, and is comparable to results ‘
from other grassland regions (McNaughton 1983, Sinclair 1995, Knapp et al. 1998,
Collins 2000). Because local conditions would coﬂtinudusly fluctuate, the structural
. parameters of this system were probably best defined from a regional perspective. This
regional context no longer exists becvause of habitat. loss and consequent fragmentation.
The re-introduction of fire, therefore, may offset the negative effects of biotic feedbacks
on native flora within .rem‘nant‘ areas but might not stabilize the forb-dominated

community that emerges in its wake.
The initial impacts of fire

Repeated burning quickly destabilizes fhe current savanna community dominated by
perennial warm-season grasses. The production and reprodﬁétivé output of native and
exotic grasses declined precipitously, implying that these sp‘ecies would becoine much
less abundaﬁt if fire were applied over larger areas. Concurrently, these conditions
initially favour the emergence of mostly cool-season forb species. The replacement of
grésses by forbs with fire is the opposite response to that typically obsefved in the

published grassland literature. However, these other studies were done in tallgrass

prairies (e.g., Turner and Knapp 1996, Knapp et al. 1998) where dormant-season burns
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cause the proliferation of C4 grasses that, in turn, displace forbs by competition. Cs

grasses do not occur in the oak savanna of British Columbiax

The cause of tﬁis transition is due to the switch in contrdllihg factors, from severe
limitations of light and bare soil to repeated biomass loss during the 'summe.r months.
Summer fire élimin‘ates all foliage and reproductive structures ;)f the perennial grasses,
and this represents a substantial loss of resources. It also eliminates the dense litter layer
that favors their recruitment. Most forb species are winter ephemerals, emerging from
October to February and finishing their annual cycle by June. Because their growth is
restricted to < 8 months of the year, they are mostly unaffected by the fires that occur
when they are _inactivé (summer and early fall). The high percentage of spring-flowering
species in this savanna ecbsystem, combiﬁed with the ability of these species to avoid the -
harmful effects of ﬁre and summer drought, indicates that these limiting factors have
been important for determining community membefship in this past. Of the two, the
occurrence of fire is probably more limiting because many non-Mediterranean exotics
have been able to become established in the absence of fire. The climate is not
sufficiently severe to prevent their occurrence (e.g., duration and 'intensity of éummer '
moisture deficits), although initially there may have been strong selective pressure on

_ -these grasses favouring individuals with earlier phenologies.

Annual production and recruitment by perennial forbs is highly dependent on light

availability during the late winter and early spring. By eliminating litter and reducing the

production of grass foliage, fire greatly increases light levels during this period. Burned
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areas remain blackened throughout the winter, which may impact grthh due to the
warming effect of the sun on the soil surface. High light levels in winter also faveur seed
recruitment by native forbs. Germination can begin as early as late August or September,
depending on the occurrence of heavy rain er/ents during this time (MaeDougall and
Turkjngten, vunpublished dar:a). In the early years of development, many forb speeies ‘
concentrate the allocation of resources on the formatiorr of belowground root structures.
Seedlings thus produce limited foliage, are usually short (<10 cm height), and can be
highly susceptible te shading in the late winter and spring. Although most native forb
species, including anmials, have some capability of recmiting within the dense grass
swards (Cilapter Five), recruitment success is significantly higher in burned areas. By
mid-summer, seedlings of most species are no longer present aboveground. They escape
the impacts of fire, as well as the effects of soil moisture deficits (Chapter Six) and

increased solar exposure.
The long-term impacts of fire

Due to substantial differences in litter quality and quantity, perennial forb speci.es are
incapable of supporting repeated annual burning. Although production by these species
inereased significantly after'three years of fire, it was not. sufficient to replace the
combined high levels of foliage and litter production by the grasses. The quantity of litter
production was reduced, presumably due to the shorter annual growing period of these

species compared to the grasses. The quality of forb foliage also limits their ability to

produce a persistent litter layer that that can support fire. Forbs produce foliage with
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much less lignin and more water per unit biomass than grasses - their litter quickly

dehydrates in the summer and what remains rapidly decomposes in the winter.

Thus, the fire-induced transiﬁbn from a grass-dominated community to one dominated by
forbs cannot persist indefinitely. As the probability of fire decreases, recruitment and
survival by warm-season grasses will increase until litter accumulates to sufficient levels
to burn once égain. Rather than stabilizing the savanna community at the local level,
therefore, the continued presence of fire within the landscape will cause its repeated
oscillation betvséen forbs .and grasses. Formerly, this local cycling would occur

-

repeatedly across thevregio_nal extent of the ecosystem; vanalogous to a river meandering
‘back and force over time bﬁt remaining in the confines qf the valley. The'spatial and
temporal heterogeneity implied by this cycling is consistent with the early historical
accouﬁts of this savanna,- where fire interacted with soil depth, topography, and cultural
activity to create a mosaic of community types across thé region (Chaptér Three). It also
indicates that the regional model of stability observed in other grassland systems (e.g.,
Collins 2000) applies to the oak savanna of southwestern British Columbia, despite its

unique composition and structure (no C4 grasses, high number of perennial and annual

forbs).

Additionally, the impacts and interactions of site factors and annual- and long-term
climatic fluctuations on production would deflect these oscillations into further

unpredictability (e.g., Knapp and Smith 2001). Because deep soils have higher grass

production, presumably due to higher moisture availability, these areas should support
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highgrQintensity fires and should cycle between grass- and forb-dominated communities
more quickly. In the absenc_é of fire regionally, forbs should become limited to shallow
soil areas where highly corhpetitive perennial grass species are chstrained by moisture
availability. Although speculative, this may explain why the diversity of ﬁati\}e forbs_in
the Cowichan Valley is currently.highest in areas with soils < 10 cm deep (Appendix 1,
Fig. 5-4). Repeated wide-ranging fires should restrict grass distribution, limiting these
species to topographic and hydrological refugia (e.g., seepage areas, afeas with the deeper
‘soils) where fire may occur léss commonly (e.g., Whelan 1995). Althéugh this study was
too short to detect the relationship between climate and production, annual vériations in
the timing and quantity of precipitation are typical of Mediterranean climates and are
likely to interact with soil depth in inﬂuenping fire. In drier periods, fire will penetrate
. farther into the refugia of the grassés although production and litter build-up will
presumably be decreased somewhat. Wetter years will make areas of shallow-éoil
“deeper”, allowing grésseé to invade these areas that‘sgrve as competitive refuges for

forbs in periods of reduced fire.
Conservation implications

The former temporal and structural heterogeneity of this savanna has been much
simplifiéd since the onset of European settlement. Prior to this, regional species co-
existence was probably easily maintained. Competitive displacement by dominant species

was unlikely because of the interactions among disturbance, life history differences (e.g.,

forb versus grass), and environmental heterogeneity (soil depth, tdpography) — there were
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always areas of reduced éompetition. Species loss by environmental stochasticity was
unlikely because fire necessarily decreased through time as grasses were replaced by
forbs, and because climatic, edaphic, and topographical factors created safe sites where

the impacts of fire were limited — there were always areas of reduced disturbance.

The fuhctioning of this ecosystem, however, has been fundamentally changed by habitat
loss and the ‘elimination of fire. These changes largely explain the high levelé of grass
invasion in this system, the occurrence of numerous rare and endangered plant species,
and the infilling by tree species in some areas. Although non-interactive factors such as
recruitment are known to limit native species (Chapter Five), bio.tic feedback instabilities
may currently bose the greatest long-term risk in remnant areas. The impacts of
competition on species loss have recently been questioned in the context of plant invasion
(Davis 2003). "Howevgr, by limiting the relative abundance of native flora, competition
directly threatens the persistence of these species or increases their susceptibility to
stochastic disturbance events. These risks form the bésis for the call for re-introducing

fire to these formerly pyrogenic grasslands.

| Although fire is likely to reduce the negative effect of biotic feedbacks, the results of this
study indicate that burning also has destabilizing impacts on community structure. Of
particular concern are those riative savanné species that do not complete their annual
cycle by early summer. This includes many species from the family Asteraceae and a

number of perennial warm-season grasses (Table 3-4). The diversity of flowering

phenologies in this community is consistent with the view that this system formerly
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possessed both spatial and temporel heteregeneity. ‘Therefore, imposing a regime of
repeated burning within habitat remnants of limited size (typically < 10 ha) may be as
destabilizing for"seme species as the current regime of complete fire suppression. The re-
introduction of fire must be coﬁpled with attention to the underlying .envirc‘)nmental
conditions of remnant areas, the phenologies of the speciee found within, and the
likelihood that;the annual climatic conditions will affect the performance of the burn.
Failure to consider these factors may lead to unanticipated and potentially negative

consequences.

This re-enforces the point that small remnant areas may preserve the occurrence of
species but not necessarily the processes that formerly maintained 'them (e.g., Janzen
1986, Kellman 1996). In grasslands .aﬁd savannas in particular; the processes that
determine the structure and function of site-level species assemblages occur and interact
at both local and regional scales. Although fire will offset biotic instabilities (i.e., intense
. competition), the use of fire for conservation purposes must also consider the reduced
population range and size of native species and the possibility of unnaturally high fuel

levels caused by decades of suppression. Both of these factors may be as un-stabilizing as

the long-term absence of fire itself.
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Chapter Eight

Conclusions

“(For many invasions) we still have no notion of what happens, except

that there is a change”

“Interference (i.e., competition) may lead to the replacement of one
species, or part of the populations of one species by another — a
demographic event of whose interior causes we may be and usually are
ignorant. The snag is that replacement may occur without direct
interference...when one species decreases through pure coincidence from
independent causes during increase of the other; and. interference may
occur without replacement, as when two species jostle for nesting sites
when there are plenty more around for the loser to occupy.”

“The white dead-nettle is a successful (exotic) woodland plant in a rich
community of other species. Yet it has been in England for hundreds of
years without making the grade here as a woodland plant. But suppose it
had done so, would it have replaced some native species or just added one
more to the list? This is a recurrent and an insistent question that keeps
rising in the mind, and perhaps is the single most important problem lying
underneath all the facts of this book™

Charles Elton The Ecology of Invasions by Animals and Plants (1958)

Invasion has long been considered pafadoxical because it is unclear why species from
distant shores should be so successful in unfamiliar habitats. The earliest explanations
viewed invaders as weedy species that established in thé context of human disturbance.
lIndeed, many invasive sbecies share a long history with human civilization (Crbsby 1986,
D’Antonio and Vitousek 1992). However, there are numerous cases where weediness
cannot explain invasion. As ecologists have studied this phenomenon more closely, it is
becoming increasingly clear that there is a complex range of factors that cause and

maintain its occurrence (Myers and Bazely 2003). Further, detailed evaluation of these

factors often reveals that invasion is not so paradoxical after all (Levine and D’ Antonio
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| 1999, Sax and Brown 2000). Like any écological system, the underlying processes are
intricately cohnected, occur across a range of spatial scaies, and unfold slowly over time.
We typ.ically view invasioﬂs most closely when they become most problematic. Behind
every invasion, however, are often a long series of events and interactions shaped by
competition, immigration, disturbance, and other ecological factors. Understanding the
causes of invasion, therefore, rests on determining the past interplay of these factors
using theoretical and empirical procedures. This approach formed the basis'of_ this

” project.

Originally, I h;1d planned to study the role of competition in deterniining the composition,
diversity, and distribution of native and exotic plant species in the Garry Oak savanna.
Inherent in this objective was the assumption that 1) competition explained the
establishment and subsequent dominance- of invasive plants, and 2) competition by
exotics was the primary limiting factor for the abundance. of native species. I envisioned
two alternative hybotheses that explained the competitive success of the invaders (e.g.,
Daehler 2003). First, the “absolute” hypothesis where invaders possessed highly discrete
trait differences that allowed them to dominate irrespéctive of the environmental
circumstaﬁces. And second, thé “contingent” hypothesis where dominance was caused by
the myriad of environmental changes that o‘cc':urred.following European settlement. The
exotics, therefore, ov.ved their dominance. to the destabilizing effects of over-grazing,
habitat loss by cultivation and settlement, or the suppression of fire. The experimental

work in the glasshouse and field was designed to examine these hypotheses by testing

“ whether the exotics were really that different from various morphologically similar native
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species of the oak savanna. I anticipated that by manipulating factors such as fertility and
establishment order in the glasshouse, and disturbance frequency and dispersal i_nA the
field, I could reject various predictions derived from the two hypotheses. In turn, I would

have an understanding of how competition currently determines relative abundance.

Many of my results conﬁrmed the importancé of competition. The removal experiment
resulted in a proliferation of annual and pérennial forbs and grassesthat were previousiy
fare or absent. Pair-wise competition work in the glasshous¢ demonstrated the superior
ability of Dactylis to compete against other grasses under conditions of initially unlimited
. resources. The seed addition experiment in the dense grass sward revealed tﬁat the native
grasses Bromus and '.Elymus were effective tolerance competitors due to their ability to
regenerate in the light-linﬁted understory. Seed addition work also revealéd highér

esta‘blishrﬁent and survival of forbs in burned plots compared to unburned areas.

Howeve;, other results did not conform to expeéfation. Recruitment was found to be
limiting, as native species were able to.recru-it in the grass swards where adult plants
currently do not occur. Some species were more limited by soil depth or annual variations -
in climate than they were by the treatments. Despite being the dOﬁﬁnant species growing
in the study area, Poa was the weakest competitor in the glasshousé under a range of
conditions. In the -biogéographical analysis, site-level species pools of native plants were
found to fully sample the regional pool of native species ciespite the small area of the

remnants, their isolation, and decades of disturbance. Exotic species, by contrast, did not

demonstrate this relationship despite their dominance and the presumed frequent
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dispersal throughout' the region. Thus, while competition is important for structuring this
oak savanna, it is clearly not the only factor and perhaps not the primary determinant of

the diversity and distribution of species.

Although early ecologists such as Wallace had speculated on the occurrence of invasions,
Charles Elton’s seminal book The Ecology of Invasions by Animals and Plants (1958)
~ was the first to offer a broad array of hypotheses, predictions, and explanations regarding
" the causes and consequences of invasion. In the chaéter The Balance Between
Populations, Elton speculates at length on the possible role of com‘petitionb.in iﬁvasion.
While recognizing its importance in maﬁy cases, his ultimate conclusion on this matter
resembles those of this study — that while “competition...éan be seen by direci _
observation to be very important...it must be reme.mbered that th‘ere are many other

| forces operating...” (Eltoﬁ 1958; p. 123).

Clearly, this statement applies to plant invasion in the Garry Oak savanna eco'system.
Competitidn is necessary to understand invasion but it is not sufficient to completely
éxplaiin it. The composition and abundance of exotic and native species are also
determined by the dispersal, fire (and its ébsence), soil depth, annual climatic variations,
topographic positidn, and the long history.of human disturbance. Althoughl the strong
correlation between the proliferation of exotic planfs and the precipitous decline of native

~ species is highly suggestive of competition, the results of my research revealed a more

_complex and dynamic model of community organization than was originally anticipated.
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Competition

My experimental work clarified the mechanisms by which thé exotic grasses f:unently :
dominate. The primary evidence points towards light as the main lfmiting resource in this
ﬁre-suppressed. savanna. Although the soils have been described as infertile (Jungen
1985), the high production suggests that soil fertility is of secondary importance in the
areas where tl;is study was conducted. Throughout tﬁe year, light at ground level was
often as low as th'g understory of trdpical rainforest (i.‘e., less than 2% full light —
MacDougall‘ aﬁd Kellmén 1992). The most dominant grass species, Pda, not only creates
these conditions by its copious prodﬁction of litter, buf also easily tolerates them by 'its.
continuous regeneration by tillering. Only a few other species can regularly regeneraté in
this light-limited understory. Not surprisingly, many are weed spécies of mesic Eurasian

pasture such as Vicia spp., Cerastium spp., Stellaria media, and Lathyrus épp.

- The high abundance of Dactylis. in the field is harder to explain because it is non-

rhizomatous and appears to rarely regenerate from seed in the dense grass understoAry.
However, the glasshouse work clearly demonstrated it to be a classic “competitor”
sbecies ‘as described by Grime (2001). Fast growing and physically robust, this species
aggressively colonizes disturbances. Once established, it is long-lived and expands
slbwly by lateral tiller production to produce.plants with at least twice the biomass of
most other herbaceous species of the savanna. Although Dactylis méy not regenerate in

high numbers due to the sensitivity of its seedlings to low light, it may be expected to
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dominate most recruitment opportunities when they occur, and once established, it is not

displaced easily by competition from other species.

The results of this study also strongly supported the “contingent” hypothesis for
competltlve dominance. As predlcted by Chapln et al (1996), when the traits and
competitive strategles of interacting species are not widely dlfferent then the outcomg of
competition may readily switch with changing environmenfal conditions. In the oak
savanna, this switch is caused by trade-offs between the ability to tolerafe low light, and
the ability to tolerate repeated loss of biomass. The exotic perennial grasses were highly
sensitive to disturbance, suggesting that their d.ominancé depends on the long-term
absence of fire. It was surprising tﬁat the responses to the three disturbance treatments
(weeding, fire, mowing) were generally indistinguishable. Mowing (and faking) was
hypothesizgd to be the least stressful form of disturbance yet its application in the
surhmer months was as detrimental to the prbdtiction anci flowering of these grasses as
their manual removal. Although Poa and Dactylzs both thrive in heav1ly grazed pastures,

the 1ntens1ty of the treatments I apphed combined with the summer moisture stress of the

sub-Mediterranean chmate, exceeded their ability to compensate for these losses.

Because the native perennial grasses (Bromus and Elymus) demonstrated the same
sensitivity to disturbance, and because of the significance of establishment order for
determining competition in some circumstances (Chapter Four), it further suggests that

competitive strategies of Poa and -Dactylis are not profoundly different from thé

morphologically similar native grasses of this sy_stém. They are sufficiently unique,
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similarities (Fig. 8-2) but they do not regenerate as quickly or produce nearly the same
quantity of seeds to favour their recruitment when small disturbances occasionally occur

in this ecosystem.

Fig. 8-2. Dense sward of Dactylis glomerata, Bromus carinatus, and Poa pratensis in the

Cowichan Garry Oak reserve (July 2002).

Recruitment

Despite the importance of competition, several key expectations were not validated by
the experimental work. Most surprising was the ability of many subordinate forb species
to establish and survive in the dense grass sward. Given the low understory light levels

and the absence of adult forb plants from most plots, I had predicted that few or no
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species would survive except in areas that had been burned. The expl_aination for this
result is not entirely clear, although it is consistent with other recent seed addition studies
using similar methods (Primack and Miao 1992, Tilman 1997, Foster 2001, Foster and

Tilman 2003) as well as theoretical predictions (Shmida and Ellner 1984, Zobel 1997).

vOne possibility is that the light environment characterized by my measurements (taken at
one point in time at the daily solar maximum) does not accurately reflect the light.regime
at grdund level as experienced by recruiting plants. In shaded forest understorieé,
seedling regeneration often depends on short but intense light pulse.s (sunflecks) that
occur periodicélly during _the day (Pearcy. et al. 1994). Such events would not be fully
détected by my measurements and may be sufficient for the survival of young s%:edlings.
The frequency of these events would presumably depend on the quantify of aboveground

biomass, aspect and slope, and proximity to tree cover.

Regardless of why regeneration can occur in these swafds, this result confirms that
recruitment limitation. by subordinate species currently limits their presence and relati;/e
abundance. While recruitment success depends on site factors, especially soil depth, and
increases with fire, the results from this project suggests that many more species per unit
area could persist if dispersal were more frequent and occurred at a higher density. As
discussed in Chapters Five and Six, the reasons for this limitation are"uhl'(nown. Although
absent from most plots, species such as Camassia, Erythronium, Ranunculus; and

Dodecatheon occur in large numbers elsewhere in the reserve and. likely produce tens of

thousands of seeds each year. Based on my results, however, it appears that recruitment
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from seed only occurs in close nrnxinnty to the parent plants. It is tempting to look
towards fragmentation and other contemporary changes (e.g., loss of disnersal agents) as
the cause of these dispersal inefficiencies. And this :may be so. Howevér, many species
appear to be naturally inefficient dispersers (e.g., »gravity), suggesting that these
landscape changes exacerbate the inability of these species to widely disperse, rather than

causing it. This hypothesis urgently requires testing in this ecosystem.

Despite the apparent inability of many grounti flora specieé to disperse long distances, the
results from the biogeographtcal analysis indicate that dispersal has played an important
role in the assembly of the oak savanna plant community in the past. Although naturally
occurring dispersal by most natiV¢ perennial forb species was not detected (i.e., in the
burned plots with no seed additions), it may §imp1y be operating at frequencies below the
temporal resolution of my vﬁeld study. Combined nvith my experimental results
demonstrating successful recruitment in the grass understory, there is sufficient avidencé
to suggest that competition cannot fully regulate membership in this savanna if dispersal
is frequent. If the savanna community is indeed an “unsaturated” system, this may
explain v&;hy so few spénies ha\‘/e disappeared despite the high levels of invasion by exotic

flora.

Disturbance

Disturbance is inexorably connected to invasion. It is often presumed to promote invasion

by occurring too frequently or by not occurring frequently enough. This latter perspective
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often characterizes hypotheses on the proliferation of exotic species in grasslands, leading
in turn to use of prescribed burning as a.control measure (Graée et al. 2001). There afe at
least three potential problems with the approach, however. First, the reintroduction of fire
does not always control invasive plants in these systems (Grace et al., 2001). Althouéh
some invaders are highly sensitive to burning, as demonstrated for Poa in thié study,
many others are not. Second, if fire is applied too extensively it can be as destabilizing
for some native sﬁecies as the effegts éf long-term fire suppression are. for others. Further,
the removal of an invader may sometimes facilitate invasion by a more problematic
species, as described in Chapter Six for Cytisus scoparius. Third, the‘effects of fire can be
strongly influenced by numerous biotic, edaphic, topographic, and climatic factors. Its
- impacts in any given location, and in any given year, thergforé, can be unpredictable. In
cqmbiﬁation, these problems reveal that the impacts of disturbance on invasion, like those
“of competition, cannot be understood in isolation. Nor cén disturbances such as fire be

viewed as a simple tool for the control of invasive species.

Experimental burning in this study confirmed its highly variable effects on oak savanna
vegetation, including invasive species. As an agent of control for exotic warm-season
p’erenn.ial grasses, it was effective. This result, however, was largely contingent on the
timing of .the application with a summer burn being more effeptive than a fall burn.
Further, these burns were also detrimental to native grasses with.similar phenologies.
Dunwiddie (2002) also observed negative fire effects on native grasses in a llong-term

burn study on Garry Oak savanna of the San Juan Islands of Washington State. The

native perennial grass Festuca roemeri declined significantly with fire and took seven.
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years recover to pre-burn cover levels. It will be difficult, if not impossible, to
disentangle the positive effects of fire for controlling exotic grass from its negative

effects on phenologically identical native grasses.

The impac‘t of fire Was also contingent on the combined effects of soil depth and species
composition. The most fire sensiﬁve spécies were those most abundant on the sites with
deeper soil aﬁd high productivity — the exotic perennial grasses. As a result, fire at this
site resulted iﬁ significantly higher levels of light and available bare soil in subsequent
years. In some cases, this greatly increased the survival of Qool—se‘ason forb ‘species added
from seed (Chapter Five). In others, it led to extremely high mortality of warm-s_easonl
grass species due to the combined absence of a protective canopy cover and t-he low soil

moisture levels of the spring of 2002 (compared to the previous year, Fig 6-3).

Although my study was too short to fully quantify the iﬁlpacts of climatic fluctuations on-
productivity and fire, it seems likely ’that variations in annual prccipitatioh could
influence both factors (Knapp et al. 1998, Knapp and Smith 2001). A series of wetter
years would presumablsr lead to gfeater productivity by grasses and the subsequeﬁt higher
incidence of fire, while long-term periods of drought may produce the opposite effect. It
also seéms likely that climatié variations could impaét the abundance and distribution of
invasives. Many éf the more abundant grass and forb invaders are non-Mediterranean
species with summer phenologies. Although tﬁe c_limaﬁc extrc:nﬁties of the sub-

Mediterranean in British Columbia are clearly too weak to limit their establishment

within the region, unusually intenseAyears of moisture limitation (e.g., the summer of
. i .
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-2003) may irﬁpact their reproduction. Under current predictions of global warming for
the Pacific Northwest (Franklin et al. 1991, Hebda 1997'); the Mediterranean climate of
western North America is predicted té intensify with possibly a longer and drier summer
period and a shorter winter period with less precipitation. If this happens, the relative
abundance of invasive species in the oak savanna may bégin to shift tow’ards those with
earlier phenologies. Because the Garry Oak savanna éurrently supports over .15.() exotic
species representing a range of functional gréups, the;e are many taxa that fit this profile

including some with Mediterranean origin's‘ (e.g., Bromus spp.).

Given the various biotic and abiotic factors that can interact with the occurrence of fire,
its impact on invasive species is not easy to discern. In my study area,.buming caused
substantial changes to the physical structure (canopy height, bare soil) and relatiye.
species abundance éf the savanna community due to its impact on Poa and Dactylis.
However, while numerous previously established native perennial forb species -
proiiferated with fire (mostly at Site B), many exotic species also increased sighiﬁcantly.
Thus, although fire will reconﬁgﬁre the composition and ‘diversity of the savanna
community it will probably remain déminated by invasives over the long-term. The
decreased ability of perennial forbs to support fire as they increaée in abundance,
combined with the failure of fire to eliminate Poa and Dacézlis completely, suggests that
the effects of burning on these currently problematic species .will be temporary. Clearly,

therefore, fire alone will not be sufficient to restore the savanna to a plant community

- dominated by native species, if this can occur at all. -
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Conservation recommendations

The results of this study support several recommendations for the conservation and

restoration of this nationally endangeréd oak savanna ecosystem.

1) Réserve creation alone will probably not protect this ecosystem because a lack of
disturbance promotes dominance by Poa and Dactylis. It may also lead to the subsequent
succession to a shrub- and tree-dominated ecosystem within which the current ground
flora species (native aﬁd exotic) cannot persist. Therefore, while reserve creation is a
critical and much-needed first step for protection it must be supplemented with active

conservation management of native and exotic species.

~ 2) The re-introduction of prescribed burning could be highly effective for the control of
the exbtic ground flora that currently dominate most remnant areas. It is likely, héwever,
that while fire will reduce species such as Poa and prorﬁote some native plant taxa, it will
also improve the corhpetitive performance of some of the other 153 exotic taxa that have
become naturalized (i.e., no longer require intentional or accidental seed additions by
humans to locally persist) within this ecosystem. The positive effects of burning for some.
hative flora, therefore, must be balanced with its potential to increase the occurrence of

- other problematic invaders.

3) Evidence from this study suggests that the impacts of mowing and raking were as

effective as fire at reducing the occurrence of the exotic perennial grasses. Given the
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potential dangers of burning, combined with the semi-rural or suburban setting of the
Garry Oak savanna at present, a regimen of summer mowing could potentially diminish

the need to burn.

4) Alfhough the yype of disturbénce treatment may not matter fo; the contfol of exotic
perennial grasses the timing of' its application appears to be critical. Th»ese-grasses are -
especially vulnerable to disvturb‘ance during the earl\y summer prior to seed set. Although
Poa did dectease with the fall treatment applications; their effect on this species was less

pronounced. Dactylis was only weakly affected by mowing or burning in the fall.

. 5) Because many native species appear to be recruitment-limited, the application of fire
or mowing must be supplemented with the addition of seeds or planted seedlings. Failure
to do this will perpetuate ruderal species in the seed bank and other regionally abundant

exotics such as Cytisus scoparius that appear to be less limited by dispersal.

6) The artificial assembly of a native-dominated community through the planting' of
seedlings (manipulating order. of establishr‘nent‘ for restoration purposes) rhay be
successful for the lifespan of those individuals, but they may .not persist in the long—terrh.
At presenf, Poa is_the superior tolerance competifor in this system and unless it can be
completely remerd, it will likely replace the native flora. The planting of native species

(seeds or seedlings) must therefore be accompanied by supplemental measures for the

control of exotics.
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7) Replicating the former effects of a regional fire regime in a small remnant area may be
akin to capturing lightning in a bottle. Large-scale fires are heterogeneous in impact, both |
spatie.lly and temporelly, and this heterogeneity may be impossible to mim‘ic. in small
areas. That being said, managing for some level of spatial and temporal variability may
be essential for the persistence of the diverse‘érray of functional grohps and phenologies
found within the Garry Oak savanna flora. If applied too widely, the use of fire in small
areas can create conditions that are as homogeneous as the current community dominated
by Poa and Dactylist Not only does this threaten native warm-season plant species, but
there is also coneem for many resident invertebrate species, especially butterflies. While
the life history of invertebrate ‘taxa are incompletely understood in the Garry Oak
savanna, the destruction of large areas ‘of standing biomass in the summer could

negatively impact their foraging and reproduction.

This latter point indicates that the complexities of this ecos&stem do not only apply to the
structuring processes of the plant community (i.e., the dynamic interaction of
competition, recruitment, and environment examined by this study) but can also extend
across trophic 'leVels.. The actions of any given conservation measu‘re, therefore, may
ripple through the system in ways that are 'unpredictable or unanticipated. Only by

continued research on the ecology of this oak savanna can these complexities be

articulated and accounted for in the design of conservation initiatives.
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Species list of oak savanna species of the Cowichan Valley, British Columbia. Data compiled are plot averages from 177 1 m” plots

aﬁalysis for chapter five. Plot frequency = n/177 X 100). Cover = degree of tree canopy cover over each plot; ranging from 0 (full

Appendix 1

- measured in the seven major savanna remnants of the valley (Cowichan Reserve, Mt. Tzuhalem, Maple Mountain (east and southwest

: élopes), Mount Richards (east and west peaks), and Cowichan River (Skutz Falls). Note: the Cowichan River site was not used in the

canopy cover) to 1 (no canopy) measured using a si)hefical densiometer. Soil dépth = the average taken from four points steel probe)

within each plot. Maximum vegetation height =‘the height of the tallest plant in each plot. Appendix compiled by Joe Boucher.

Species Origin
Acer macrophyllum Pursh Native
- Achillea millefolium L. | Native
Aira caryophylla L. Non-native
Aira praecox L. - ~~ Non-native
Allium acuminatum Hook. Native
Allium cernuum Roth ‘var. Native
cernuum ‘
Alopecurus pratensis L. . Non-native
Anthoxanthum odoratum L.~ Non-native
Arctostaphylos uva-ursi Native
Aster curtus Crong. Native

Bromus carinatus Hook. & - Native

perennial

perennial -

annual
annual
perennial

perennial

perennial
perennial
perennial
perennial

perennial

tree/shrub
forb .
grass '
grass

forb

forb

grass
grass
tree/shrub
forb

grass

Plot

Freq.

3.26
30.43
34.78

21.74

4.89

4.35

3.26
36.96

2.72

0.54
11.96

Aépect

157.0 -
185.4
178.4
181.6
188.8

196.5

2553
215.2
210.8

234.0

2169

Elev.
(fe)
332.33
703.91
674.36
8;19.78
625.44

664.50

114.67
431.25
505.20
926.00

345.00

Cover

0.455
0.56
0.72
0.84
0.74

0.31

0.5
0.57
0.428
0.43.
0.43

Slope

20
13.94
16.15
17.05

20

10.75

11.58
10.6
10
10.86

Soil depth

(cm)
11.85

13.43
19.38
6.29
9.92
1225

56.75 .
19.93
14.3

25.35

- 2725

Max. veg.
ht. (cm)

67.67
42.67

40.08

3144

55.33

40.25

785

52.83
52

a2

60.27
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Amn.

Bromus hordeaceus L. ssp.

‘ .thominii
Bromus sitchensis Trin
Bromus sterilis L.
Camassia leichilinii (Baker) S.
Wats. ssp. suksdorfi
Camassia quamash (Pursh) -
Greene
Cardamine oligosperma Nutt.
var. oligosperma
Carex inops Bailey
Cerastium arvense L.

" Cerastium fontanum Baumg.
Ssp triva'le
Cerastium glomeratum Thuill.
Circium arvense (L.) Scop.
var. horridum
Circium vulgare (Savi) Tenore
Clarkia amoena (Lehm.) Nels.
& Macbr.
Claytonia perfoliata Donn ex
willd.
Claytonia sibirica L.

Clinopodium douglasii

Non-native

Native

~Non-native

Native

Native

Native

Native -

Native

Non-native

Non-native

Non-native

Non-native

Native °

Native

Native

Native

annual

perennial

annual

perennial

perennial

annual

perennial

perennial

perennial

annual

perennial

perennial

annual

annual

annual

perennial

grass

grass

grass
forb

forb

forb

grass
forb

forb

forb

forb

forb

forb
forb

forb
forb

39.67

0.54

"13.04

6.52

50.00

5.98

38.59

34.24

1.09

11.96

1.63

1.09 -

5.43

8.70 .

0.54

5.43

180.7

233.0

173.9

243.0

198.3

179.6

205.2

189.7

204.5

173.5
2337

249.0

187.9

199.1

270.0

178.1

648.58

456.00

551.25

204.75

554.46

637.27

702.27

689.62

610.00

441.18

151.33

120.50

857.80
490.88

720.00
690.50

0.73
0.81
0.61
0.365
0.59
0.48
0.65
0.64

0.72

0.52

0.47

0.39
0.90

0.46

0.33
0.339

15.06
18
10.5

5.58

12.63

12.19
14.85

10.5

13.63

11.666

45

24.1

11.875

8.7

11.89

24

14.83

48.37

18.23

18.45

19.09
12.78

22.85

18.27

47.13

27.78

215

7.95

21.89

43.72
46
44.5
72.17
47.69
52.18
41.44
44.05

43

60.04

81.67

70

31.7

43

39.2
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(Benth.) Kuntze

Collinsia parviflora Dougl. ex
Lindl. |

Collomia heterophylla Hook.
C;‘ataegus monogyna Jacq.
Crepis atrabarba (ragweed)
Cynosurus echinatus L.
Cystopteris fragilis (L.) Bernh.
Cytisus scoparius (L.) Link
Dactylis glomerata L.
Danthonia californica Boland..
Dap}me laureola L.
Delphinium menziesii DC. ssp.
menziesii

Dodecatheon hendersonii A.
Gray spp. hendersonii

Elymus glaucus BuCI;I.
Eriophyllum lanatum (Pursh)
Forbes var. lanatum
Erythronium oregonum
Appleg. ssp. oregonum
Euphrasia nemorosa (Pers.)
Wallr.

Festuca idahoensis Elmer spp.

roemeri

Native

Native
Non-native
Non-native
Non-native
Native
Non-native
Non-native
Native |
Non-native

Native

Native

~ Native

Native
Native
Non-native

Native

annual

annual

perennial
perennial
annual

perennial
perennial
perennial
perennial
perennial

perennial

perennial

perennial

perennial '

perennial
annual

perennial

forb

forb
tree/shrub
forb

grass

ferm -

tree/shrub

grass
grass
tree/shrub

forb

forb

grass
forb

forb

forb

grass

9.78

0.54
5.98
0.54
0.54
0.54
41.30

21.74

30.98

0.54

27.712

21.20

7.07

13.04

1.63

34.24

168.0

204.0
2548

72,0
100.0
161.0
207.9
2184
168.9
223.0

12237

201.1

182.2

186.7

2353

194.0

188.0

710.06

.512.00

108.36
351.0
893.0

971.0

568.97

283.28

769.07

106.00

582.73

752.45

768.15

73923

613.29
847.33

729.25

0.61

0.53
0.35
0.43
0.42
0.26

0.61

. 0.46

0.67

0.26

0.633

0.565

0.54

0.73

0.40

0.94

0.681

16.44 .

18
5.09
14
19
32
13.
9.425

14.7

15.26

15.58

20

8.375

20

9.22

20.5
47.45
2.33
2028
7.95
1521
27.575
14.75
33
12.835

18.38

15.77

13.24

23.77

5.957

11.58

35.22

36
75.81
38
63
30
46.17
68.75
42.89
80

49.86

37.78

50.76

49.69

47.95

38.66

41.80
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Festuca rubra L.
Fragaria vesca
Fritillaria affinis (Schult.)
Sealy var. affinis |
Galium-aparine L.

Geranium bicknellii Britt.

Geranfum molle L.

Holcus lanatus L.
Hypochaeris radicata L.
Koeleria macrantha (Ledeb.)
J.A. Schult,

Lactuca muralis (L.) Fresn.
Lapsana communis L.
Lathyrus nevadensis S. Wats.
var. pilosellus

Lathyrus sphaericus Retz.
(default)

Leucanthemum vulgare L.
Lithophragma parviflorum
var. parviflorum

Lomatium sp.

Lomatium utriculatum (Nutt.
ex T. & G.) Coult. & Rose

Lonicera ciliosa

Native
Native

Native

Non-native

Non-native
*

Non-native
Non-native
Non-native

Native
Non-native
Non-native
Native

Non-native

Non-native

Native

Native

Native

Native

perennial

perennial

perennial

annual

annual

annual
perennial
perennial

perennial
annual
annual
perennial

annual

perennial

perennial

perennial

perennial

perennial

grass
forb

forb

forb

forb

forb
grass
forb

grass
forb
forb
forb

forb

forb

forb

forb

forb

forb

0.54
2.72
4.89

56.52

10.87

25.00
2.17
32.07
3.26

1.09

0.54

5.98

17.39

0.54

2.72

0.54

45.65

0.54

2200

218.6
2183

196.3

210.5

200.8
157.8
180.1

199.8

182.5

269.0

219.5

2343

174.0

226.6

93.0

202.4

275.0

450.00
502.60

597.22

575.61

328.10

467.22
93.50
670.32

574.67

- 218.50

102.00

© 726.55

368.75

1060.00

621.60

342.00

719.57

515.00

0.48
0.34

0.40

0.52
0.62

0.58
0.33
0.69
0.78

0.20

0.7

0.33

0.50

0.44

0.56
0.62

0.31

29
11
9.22

12.19

16.65

13.23
19.5
15.61

24

8.09

7.40

11.8

14

13.39

18

143
13.92
22.43

20.91

21.0

16.67

13.875

10.72

14.65
415
54
22.07

29.45

53

21.305

7.5

14.69

5.8

65

55.2

55.44

51.97

61.65

53.09
77.5
45.62

48.16

49.5

96

- 45.09

50.85

28

38.6

89

" 39.96

30
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Lotus micranthus Benth.
Lupinus polycarpus Greene
Luzula multiflora ssp.
multiflora

Mahonia aquifolium (Pursh)
Nutt.

Melica subulata (Griseb.)

Scribn.

" Mimulus guttatus DC.

Moehringia macrophylla
(Hook.) Fenzl.

Montia linearis (Dou‘gl.mex
Hook.). Greene

Montia sp.

Myosotis discolor Pers.

Myosotis sp. (exotic)

Nemophila parviflora Dougl.

ex Benth. var. parviflora
Orobanche uniflora
Osmorhiza berteroi DC.
Panicum milliaceum L.
Pentagramma triangularis
(Kaulf)) Yatsk., Windh. &
Wollen. ssp. triangularis
Perideridia gairdneri (H. &

Native
Native
Native
Native

Native

Native

Native

Native

Native

Non-native

Non-native

Native

Native
Native
Non-native

Native

Native

annual
annual

perennial

perennial

perennial

annual

perennial

annual

annual
annual
annual

annual

annual .
perennial
annual

perennial

perennial

forb

forb

grass

tree/shrub

grass

forb )

forb

forb

forb
forb
forb

forb

forb

forb

grass

‘fern

forb

44.57

4.89

19.02

15.76

12.50

1.63

1.63 -

1.09

0.54
15.22
0.54

9.78

1.63
1.63

1.63

2.17

5.43

188.0
204.7
201.5

183.0

223.8

166.0

199.3

182.0

264.0

172.6

180.0

187.6

2143

265.7
161.0

170.8

205.9

752.33
828.56

640.80

690.45

680.61

193.00

1006.67

539.50

121.00
542'.32
995.00>
506.89

483.67
115.67
959.33
696.25

684.90

0.64
0.87
0.53086
0.47345

0.31304

0.79

027
0.565
0.47

0.59214

1

0.39111

0.43

T 032

0.93
0.75

0.49

13.70
17
12.59

15.96

9.43

14.39
14

14.05

11.67

19.75

10.3

13.54

5.522

14.57

14.21

25.78

8.83
30.85

17.9

24.07

18.05

6.9

23.50

15.13
36.78
6.27

1625

25.93

37.11
24.89

43.77

45.65

‘4591

69.67

13933

35

55
49.42
45

50.16

51.67
75.33
31.3
56
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A.) Mathias

Phlox gracilis

Piperia elegans (Lindl.) Rydb.

Plantago lanceolata L.
Plectritis congesta (Lindl.)
DC.

Plectritis macrocera T. & G.

Poa pratensis L. spp. pratensis

Polypodium glycyrrhiza

Polystichum munitum

Psuedotsuga menziesii (Mirb.)

Franco

Quercus garryana Dougl.

Ranunculus occidentalis Nutt.

var. occidentalis

Rosa nutkaha Presl

Rubus ursinus Cham. &
Schiecht. ssp. macropetalus
Rumex acetosella L.
Sanicula crassicaulis Poepp.
ex DC. var. crassicaulis
(default)

Sanicula graveolens Poepp.
Saxifraga integrifolia Hook.
Sedum spathulifolium Hook.

Native
Native
Non-native

Native

Native
Non-native
Native
Native

Non-native

Native

Native

Native

Native
Non-native

Native

Native

Native

Native

annual
perennial
perennial

annual

annual

perennial
perennial
perennial

perennial

-perennial .

perennial

perennial

perennial

perennial

perennial

perennial
perennial

perennial

forb
forb
forb

forb

forb
gra'ss
fern
fern

tree/shrub

tree/shrub

forb

tree/shrub

tree/shrub

forb

forb

forb
forb
forb

10.87
3.80
5.98
13.04

0.54
23.91
0.54
0.54

8.15

4.35

24.46

2.17

2.17

18.48

23.37

3.80

0.54

0.54

208.4
201.3
1733

179.5

161.0
225.8
214.0
172.0

173.5

202.5

2133

236.3

157.8

1822

2104

205.1
284.0
88.0

667.20

745.71
171.82

487.29

971.00

321.95

509.00 .

931.00

827.87

533.50
687.09

971.50

93.50

800.91

554.47

933.71
183.00
341.00

0.75
0.36

0.75

0.56458

0.26
0.48
0.25
0.34

0.57

0.35

0.54

0.26

0.5

0.72
0.39

0.51
0.77
0.25

13.1
7.42

13.81

14.16 -

- 32
8.568

23"

13.06
10.375
11.13
19.5

14.58

9.744

13.28

9.75
33.25
12.38

10.09

7.95

31.87
15.8 .
12.07

17.73

19.05

19.22

29.02
13.87

8.18

28.26

19.875
9.5

33.1
45.71
71.18

45.35

30

62.43

81

65

34

54.25

42.26

33

71.5

32.17

49.60

38.71
28
34
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Selaginella wallacei Hieron.

Sonchus asper (L.) Hill
Stellaria media (L.) Vill,
Stipa lemmonnii
Symphoricarpos albis (L.)
Blake

Taraxacum officinale G.H.
Weber ex Wiggers
Trifolium dubium Sibth.
Trifolium microdon H. & A.
Trifolium oliganthum Steud.
Trifolium repens

Trifolium variegatum Nutt.
Trifolium willdenowii Steud.
Triteleia hycinthina (Lindl.)
Greene

Valerianella locusta (L.) Latt.
Veronica awénsis L. (default)
Veronica officinalis L.

Vicia americana Muhl. ex
Willd.

Vicia hirsuta (L.) S.F. Gray
Vicia sativaL.

Viola praemorsa Dougl ex

Native

Non-native
Non-native
Native

Native

Non-native

Non-native
Non-native
Native
Non-native
Native
Native

Native

Non-native
Non-native
Non-native

Native

Non-native

Non-native

Native

_perennial

annual
annual
perennial

perennial

perennial

annual
annual
annual
perennial
annual
annual

perennial

annual
annual
perennial

perennial

annual
perennial

perennial

spike-
moss

forb
forb

grass
tree/shrub

forb »

forb
forb
forb
forb
forb

forb

forb

forb
forb
forb

forb

forb
forb

forb

13.04

2.17

- 217

10.33
9.78

3.26

8.70
11.96
0.54
0.54
4.35
1141

45.11

14.67

28.26
0.54
3.26

1522
34.78

2.17

172.6

207.0

144.0

170.9

230.6

224.0

214.8

180.7.

240.0
154.0
194.1

176.0

-192.4

238.8
195.9
88.0

199.5

224.9
220.6

241.8

715.13

509.25
602.25
826.79

612.39

302.00

454.19

805.36

493.00
967.00
699.00
896.43

597.12

163.30

566.06

341.00

565.50

261.64
316.97

115.75

0.74

0.87

0.255

0.86 .

0.38

0.43

0.64
0.80
0.45
0.52
0.65
0.72

0.68

0.54

0.68

0.25

0.31

- 0.46

0.51
0.28

20.91

21

18.5

© 16.89

8.222

15.33

15.56
15.86
10
29

15

12.07

6.717
15.826

9.6666

8.5714
10.203
3.5

7.03

7.825

16.4375

- 8.57

25.45
25.03

12.75
10.36
10.4
22.1
17.75
8.1

17.16

28.47
12.46
13

22.57

34.09
26.96
36.45

38.02

43
64.25
40.63
46.61

66.16

47.75
40.5
- 58
24
46.75
34.14

46.65
62.40
49.65
34
58.33

59.32

63.75
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Lindl. ssp. praemorsa

Vulpia bromoides (L.) S.F. Non-native annual - grass 2391 187.2 660.91 v 0.65 . 15.818 10.20 36.54
Gray
Zigadenus VEnenosus S' Wats‘ Native ) perennial forb 20.11 184.2 N 754.73 0.64 14.07 . 15.85 42.24
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Appehdix 2

Historical descriptions of the Quercus garryana ecosystem 1771-1951. These quotes
serve as the basis for Chapter Three. They were obtained from the Koerner Library, the
Special Collections Library (University of British Columbia), the Duncan Archives, the
Surveyor-General Office (Victoria) and the British Columbia Provincial Archives
(Victoria). '

General Descriptions

John McLoughlin — HBC Fort Vancouver (1831) p286-287.“In a former part of this
letter, I mentioned that Captain McNeill, when cruising in the Beaver had examined the
east and southern coast of VI in search of an eligible spot for the erection of a new
establishment...(Much of the eastern side of the island to the north has a small extent).of
level ground (that is) rocky and barren, thickly wooded with pines (douglas-fir), and
without any particular advantage or situation. On reaching the south end of the island, a
decided improvement was observed in the appearance of the country. Three good
harbours of easy access west of Pt. Gonzalo...The land around these harbours is covered
with wood to the extent of a half a mile, interiorly, where the forest is replaced by a more
open and beautifully diversefied [sic] country presenting a succession of plains with
groves of oaks and pine trees for a distance of 15 to 20 miles...The plains are said to be
fertile and covered with the most luxuriant vegetation, but judging from a sample of soil
brought here, I think rather light and certainly not the best quality, admitting even this
disadvantage, I am persuaded that no part of this sterile and rock bound coast will be
found better adapted for the site of the proposed depot or to combine to a higher degree,
the desired requisites of a secure harbour, of good pasture, and to a certain extent, of
improvable tillage land.” '

Vancouver Island (Mayne p393-396..) “On Vancouver Island, although the quantity of

agricultural land is very small in comparison with that in BC, there are many lovely spots
for farms...To name all the clear spots on the island would take too much space...I will
therefore merely speak of the larger tracts which have been examined and of the system
by these, or any portions of them, may be occupied.” '

History of Founding of Fort Victoria (In John McLoughlin papers Volume 2 (1838-44)
“(Governor Simpson further angered McLoughlin by proposing) building of a new post
. at the southern (instead of northern) end of VI, and this he intended by degrees should
supercede Fort Vancouver as the HBC headquarters for the entire region. (This was to)
see the principal depot moved to some point on the Juan De Fuca Strait, in order that
should would not have to cross the dangerous Columbia River bar. (Simpson was
concerned over the border uncertainty with the US, thought the VI fort would be of
strategic and political importance, and would lay claim of the entire Island for the
British).” ' '

Descriptions of vegetation and soil properties




260.

Flora of the Colonies (MacFie p304): Grasses/Herbs: "Among the grasses may be
enumerated white pea, wild bean, ground nut, reed meadow grass, white clover, bent
spear grass, wild oat, wild timothy, sweet grass, etc. The fern, so prolific and annoying fo
the farmer, often reaches the height of from 6-8 feet...[Species List] : ... Glyceria aquatica,
Poa pratensis?, Festuca pratensis, Phleum pratense, Stipa avenacea, Juncus, ..."

General Description of soil/vegetation- July 1858 Victoria (Hazlitt p214-7):"...In some
places the spontaneous vegetation testifies to the richness of the soil, such as wild pease
or vetches, and wild clover, which I have seen up to my horse's belly, and the most
luxuriant growth of underwood, brambles, fern, etc...I visited several farms...no clover,

the natural grass [native grass??) supplying sufficient food for the cattle and sheep.”

Soil Descrlgtlon (Douglas July 12.1842)“Both kinds (i.e., soils), however, produce

abundance of grass and several varieties of red clover grow on the rich moist bottoms. In
two places particularly we saw several acres of clover growing with a luxuriance and
compactness more resembling the close sward of a well-managed lea than the produce of
an uncultivated waste. Being pretty well assured of the capabilities of the soil...we ought
to be able to grow any type of grain raised in England. On this point however we cannot
speak confidently until we have tried the experiment and tested the climate...” :

~Landscape ( Septémber 1848) — Report in the Times” A few days back a few of us went up
'Cedar Hill, the highest eminence near...Below us we saw little clear ground, most of it

being covered with fir, yew, cedar, and laurel. The oaks are upon the open surfaces.
Wherever these grow it was clear from underwood, and we had grass and FERN to
gallop along :

Fire (September 1848) — Report in the Times (1849) “Miles of the ground were burnt and

smoking and miles were still burning. The Indians burn the country in order to find more

“easily the roots that they eat. The fire runs along the grass at a great pace.and it is the

custom here if you are caught to gallop right through it; the grass being short, the flames
being little and you are through in a second. All the horses and cattle feeding know it
well and make straight for the fire immediately.”

Grass / General Description of Vancouver Island (1848): Fitzgerald, J.E. “The general

character of VI is mountainous but is extremely varied...In the south there are extensive
plains of rich alluvial soil. A gentlemen who had been in the HBC service, once informed
the author that he had walked over a plain of some miles in extent, on the south side of
the island, which had not a blade of grass growing, owing to it having lately been burnt
by the Indians, and that a few months afterwards, on going over the same spot, he found
the grass up to his middle in height. Another gentleman informed me that in the NE of the
island, after penetrating through an almost impassable forest, he arrived at a beautiful
plain, of several miles in extent, covered with high grass, and interspersed with oaks and
other trees, having much the appearance of a nobleman’s park in this country...”

Resources of these Colonies (Mayne) Fabaceae: Representative of their order are

extensively found. The Blue Lupine, Purple Clover, and several varieties of Vetch are
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everywhere growing wild as large and strong as any I have seen cultivated in other
places. Graminaceae: Varieties of nearly every grass which grows in Europe, and many
which do not, are found in these colonies: the Wild Oat is as vigorous a plant here as one
cultivated at home. I have seen Timothy Grass grown on the Island 8 ft in height.”’

Cowichan Valley 1862 (Bishop Hills with Captain Verney, in Williams 1977) “Some land
I passed over today (in the Cowichan Valley)...rich black soil, grasses 3-4 feet high, fern
six feet (tall, and) much open land...”

Species List, Cowichan Valley (MacFie 1865 p48): "Every species of plant grows
luxuriantly in Cowichan. In the meadow-lands are the following: white pea, wild bean,
wild timothy, wild sun-flower (said to be excellent for fattening poultry) [Balsamorhiza
deltoidea), wild oats [Danthonia californica?], wild lily [Lilium columbiana], wild
angelica, wild lettuce, brown-leaved rush, ground nut, white clover, reed meadow-grass,
. bent spear-grass [Bromus spp.], sweet grass, cowslip, crowsfoot, winter cress, partridge
berry, and mangold.” (p47)...."Besides the staple woods of oak and pine, we have..."”

General Description - Victoria (MacFie 1865): "In March, winter gives signs of taking

departure, and the warm breath of spring begins to cover the trees with tinted buds and
the fields with verdure. Then become visible the star-eyed and delicately blue Collinsia,
the chaste Erythronium, the scarlet-blossomed lilies [Lilium columbiana], and the
graceful Trillium; the spring grass and young fern show promises of returning life; the
unfolding oak leaf and budding wild fruits proclaim that winter is gone...In May, the
profusion and fragrance of the wild roses, the wide-spread variegated hues of buttercups
and daisies .. fill the mind with enchantment unequaled out of Paradise....By the end of
June vegetation reaches its annual maturity. Its growth in that and the proceeding month
is particularly rapid. Showers are rare during the summer...The protracted dryness of
summer often imparts to the soil a parched appearance but it is rather the pasture lands
rather than the crops that suffer this influence...The refreshing showers of autumn,
however, lasting to the middle of November, clothe the grass a second time with verdure,
which it retains until after Christmas. "

General Description of Vlctorla (Verney): "lovely wildflowers of every hue...I cannot

believe that any part of the world can show a greater variety and number of wildflowers
like this" ( May 27, 1862 p43-44)...day after day the cloudless sun pours its rays upon
this favored island...each succeeding day finds the forest more green and shows more
wildflowers springing into blossom under feet..." (March 30, 1863, p 128).. Almost every
day brings out some new wildflower that I have not seen before while some of the earliest
ones are already going off" (April 12, 1863 p 130).The wildflowers of every hue are
.innumerable” (May 9 1863 p137).The spring may be said fairly to have set in now;
everything is -budding...I have seen one or two specimens of a small blue flower, like a
forget-me-not, the young grass too has begun to shoot" (March 27, 1865, p252).

Pocket Grasslands (Verney May 25, 1862 p63)"The forest is in most places pretty thick,

but here and there it opens into park like enclosures, and large masses of rock-outcrop
bare of all but moss, a little soft turf in the hollows, and the most exquisite wildflowers
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among which one recogmzes the great abundance calcilaria, the violet, the sweet-briar,
and the strawberry ...

Robert Brown (1864): "(At the Saatlam carﬁp site just upriver from Mt. Prevost)..we
could have added (to our dinner) trout from the stream, gammas, and wild onions from
the woods" ' ‘

Early Flowers - Forget-Me-Not (Verney March 4 1864, p193): "...the first wildflower,
the little forget-me-not, appeared on the 26" of April."

Flora of Vancouver Island - Camas (Hazlitt p 179):"The flora of VI is poor with no new
varieties of plants discovered in the country. The open prairie ground, as well as the
patches of soil which are met with the clefts of the hills, are principally covered with the
camas, a small esculent root about the size of an onion, with a light blue flower, the
Camassia esculenta of botanists. The camas constitutes a favorite article of food with the
savages, and they lay up large quantities of it for winter consumption, burying it in pits in
the ground in the same way as they keep potatoes. This root has strong astringent
qualities; the savages prepare it for food by digging large holes in the ground, throwing
in hot stones, on the top of the stones placing quantities of camas, and covering the
whole up with sticks and mats until the root is sufficiently baked. The camas-digging is a
great season of reunion for the women of the various tribes, and answers with them to
‘our haymaking or harvest home. Several species of Campanula and Lupinus are found in
the woods and low grounds...Potatoes and dried salmon form the staple food of all
natives who can procure them, the camas being by them considered more as a delicacy.”

General Description of soil/vegetation- July 1858 Victoria (Hazlitt p214-7):"The
character of the soil is favorable to agriculture. It is composed of black vegetable mould
of a foot to two feet in depth overlaying a hard yellow clay...In some places the
spontaneous vegetation testifies to the richness of the soil, such as wild pease or vetches,
and wild clover, which I have seen up to my horse's belly, and the most luxuriant growth
of underwood, brambles, fern, etc...I visited several farms...no clover, the natural grass
[native grass??] supplying sufficient food for the cattle and sheep...I am told that in
September rains fall which renew the face of nature so suddenly that it assumes the garb
of spring, with flowers even coming out.”

General Description (April 16, 1851) p177 (Fort Vict Letters)“The spring has been
remarkably early, the crops look well and the country is covered with verdure and early
Sflowers.” '

San Juan Island (Mayne traveling in 1858) p39;40. “(On) San Juan...there is more land
available for agriculture than of any other of the group...and the HBC established a

sheep farm on it some years ago...(The sheep farm) is situated on a beautiful prairie at
the. SE end of the island...I have never seen wildflowers elsewhere grow with the beauty.
and luxuriance they possess here...At one time I believe the company had 3000 sheep
here.

12
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“Resources of these Colonies” (Mayne) “There are several kinds of bulbous roots, the

commonest is the camass (Scilla esculenta), of which the Indians eat a great deal; it has a
slight onion flavour, but is sweet. Rosaceae: Species of this order are very numerous
also; in the spring every plain is covered with the Wild Rose and Sweet Brier ...Liliaceae:
The Camassia esculenta, the Camass of the Indians, is very common: the bulbs, being
placed in shallow pits, are covered with a thick layer of dried grass damped with water, a
thin layer of earth is placed above it, and a fire is made in the pit. A gradual process of
streaming goes on, perhaps for several days, the bulbs when removed are found
mellowed, their colour changed to a light brown, and they contain a large portion of
saccharine matter. They are then dried and stored for winter food. I pass over the Ferns,
Mosses, Lichens, the Fungi, and Seaweeds, with a brief remark that they abound
everywhere, the first in quantities somewhat troublesome to the agriculturist.”

Bracken Fern (MacFie 1865): "(In the Cowichan Valley) fern reaches an extraordmary
hezght of 6 to 8 feet"

'Ferns (MacFie 196 : "Fern-roots, which teem on the island, afford staple food for the
- hogs" o

Fern, Camas, and Wappatoo (Kane 148):"The only other vegetable besides camas and
wappatoos that the Indians use, are the roots of fern, which here grow to a very large
size"

Cowichan River Valley Rivér Trip (Brown p51):"(We crossed Drinkwater's Ranch, the
last tangible trace of civilization)...After losing the trail (following the river ),...we
emerged in an open prairie thickly covered with fern and dotted with clumps of trees...A
creek flows through the middle of'it..." i

Comox/Courtney Prairies - August 1864 (Brown pl11-5):"Comox...of course as
everybody knows is a great agricultural region...We. walked on, still over miles of
beautiful prairie land visiting several settlers...We traveled for about 2 miles in a
westerly direction through open prairies, some of which were preempted but as yet had
no houses...Most of the prairies were covered with deep fern (Pteris aquilina) and in
other places blackberrles

General Description (Bowsfield, HBC Letters 1979)“In the environs of Camosun the
vegetation was the most luxuriant that Douglas had seen anywhere on the continent. The
wild clover growing knee-deep and the native grasses and ferns rising to shoulder height
provided evidence of a rich productive soil”

Cowichan Valley 1862 (Bishop Hills with Captain Verney, in Williams 1977 p3) “Some
land I passed over today (in the Cowichan Valley)...rich black soil, grasses 3-4 feet high,
fern six feet (tall, and) much open land...”’

Cowichan in the 1860’s - Evans 1933 (in Pioneer Women of the. Cowichan Valley p23)

“With the advent of the white settlers in the Cowichan district was nearly all heavy
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timber. There were a few small fern patches which we called prairies but the early
settlers did not locate in any of them. Theirs was the tall timber, to hew out clearings to
build homes In 1862, the first settlers were guided) up the narrow Indzan trail, through
the forest and tall bracken”.

Ferns in Comox Prairie (Duncan 1930s, as reported in Mackie 2000) “There was no
natural grass in Comox Valley, and the unwooded part was covered with a dense growth
of fern, and a tangle of wild rose and berry bushes. The fern grew to a height of five feet,
and its roots were a mass of underground ropes, much heavier than those of hops or
nettles, making ploughing very difficult, though, as they kept the soil loose and porous,
enormous crops of splendid potatoes were raised in early days, and even now it is
claimed that Vancouver Island can beat the world in that time”

Fern in the Comox Valley (James Richardson 1872 Geological Survey of Canada,) “The
surface of this district, with the exception of single trees and clumps, chiefly of oaks and
strips of alder in the bottoms, may be some 12 square miles, the scenery being
picturesque and parklike. Its margin is very irregular in shape and it is surrounded by a
growth of heavy timber, among the trees of which are the Douglas Spruce, often
obtaining two feet (sic) in diameter and 200 hundred feet in height, and in one half of
which it is free from branches, and the cedar often equally large. The open country, in its
natural state, is mostly covered with a growth of ferns, which sometimes attain a height
of ten feet, with stems % of an inch in diameter and roots descending to a depth of 3 feet.
These roots the native Indians prepare in some peculiar way for winter food, and
excavate deep trenches to obtain them. The farmers are under the necessity of grubbing
up fern roots before the ground is ready for use, and are often voluntarily assisted by
their pigs in this operation, these animals, it is said, rehshmg the fern root as food.”

Vancouver Island Descriptions (Mayne 0393-396..) The Cowichan Vallev...(p395-396)
‘was surveyed in 1860, and in the surveyors report will be found the following remarks: “1
am firmly persuaded...that (farming returns are as good as any part of America)... The
ferns attain a height of six or eight feet, and the grasses all have a vigorous growth. ..

General Description - Victoria (MacFie 1865): “In May, ...the profusion and fragrance of
the wild roses, the wide-spread variegated hues of buttercups and daisies ...fill the mznd
with enchantment unequaled out of Paradise...

Flora of the Colonies (MacFie p304): "Oak is abundant in the southern part of VI, though '
very scarce in BC. Tl he astringent properties of the bark of this tree render it zmportant
for tanning purposes."

Oak -Victoria (Hazlitt p185)."Where ever there is prairie land, two kinds of oak, the

Quercus suber clavigata, and another similar species somewhat darker in.the bark and
harder in the quality of the wood, are found; the quality of the wood of both these kinds
of oak is hard and tough, and they are excellently adapted to form the knees and timber
for vessels; the trees however are small and scrubby, and hide their abashed heads
before the towering Coniferae by which they are surrounded .”
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Oak Trees — Nisqually vs. Victoria p121 (McLoughlin’s Letters from Fort Vancouver)
“The quality of oak at Nisqually is so bad, that I think it is impossible to get the quality of

sound timber required, but we may perhaps succeed better ...on the south end of VI where
I am told the oak is of better quality.”

“Resources of these Colonies” (Mayne) Corylaceae: The Oak is abundant in the southern
part of VI; there is none in BC, I am told by Mr. Anderson, of HBC, except a few small’
specimens on the eastern borders of the Rapids above Fort Yale.

Soils -Victoria (MacFie 1865 p182-83): "The character of the soil differs in different
districts...On the higher levels is of a poor gravelly description, with a thin layer of
" vegetable mould, and- covered by gigantic timber...these places being saved from
absolute sterility by decayed foliage and grasses that have for ages been shed to cover
their nakedness. Rich sandy loams are extensively found in the farming sections,...in
valleys, ancient lake or river bottoms, and slopes of various dimensions...(It has a ) black
or dark brown colour (and ) is excellently adapted for produczng vegetables and every
species of cereal. )

Prairie - Victoria (MacFie 1865 p183): "In a district about 12 miles from Victoria I have
seen a single Prairie containing no less than 400 acres of clear land where the alluvzal
soil, consisting mainly of black loam, was at least a couple of feet thick."

Oak -Victoria (Hazlitt p185):" the (oak) tre"es however are small and scrubbjz, and hide
their abashed heads before the towering Coniferae by which they are surrounded .”
[pocket prairie]

Soil Description 1Douglaé July 12.1842) “I observed generally speaking but two marked
varieties of soil on these prairies, that of the best land is a dark vegetable mould varying

from 9 to 14 inches in depth overlaying a substrate of grayish clayey loam which
produces the [greatest?] growth of native plants that I have seen in America. The other

variety is of inferior value, and to judge from the less vigorous appearance of the
vegetation upon it, naturally more unproductive. Both kinds, however, produce
abundance of grass and several varieties of red clover grow on the rich moist bottoms. In
two places particularly we saw several acres of clover growing with a luxuriance and
compactness more resembling the close sward of a well-managed lea than the produce of
an uncultivated waste. Being pretty well assured of the capabilities of the soil...we ought
to be able to grow any type of grain raised in England. On this point however we cannot
speak confidently until we have tried the experiment and tested the climate...” [i.e. no
introductions yet].

“As the site of a British colony, VI dzd not.appear to have all the splendid
qualities Douglas had first discovered while searching seven years earlier for a seaport
depot. As the first colonist was later to remark, VI was “little better than a mass of rock,
with a few little garden patches as it were, interspersed at intervals along the sea coast”.
The soil in the immediate vicinity of Fort Victoria was a deep loam, capable of producing
excellent wheat, but the surrounding plain was traversed in all directions with beds of
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trap and granite (letter from Eden Colville to Pelly, Octl5 1849). Close to Fort Victoria
there was insufficient prairie land for the location of the Puget’s Sound Agricultural
.Company’s farms. These farms would have to be established near Esquimalt. In the areas
outside the reserves of the HBC and AgCo. Douglas now estimated that there was room
for only eighty or 100 families since the ridges and high hills rendered unproductive fully
one-third of the land between Fort Victoria and Sooke, 25 miles distant Douglas to
Barclay Septi3, 1849).” .

Distribution and range

Victoria, Saanich, Esquimalt and surrounding areas

Prairie - Victoria (MacFie 1865 p183): "In a district about 12 miles from Victoria I have :

seen a single Prairie containing no less than 400 acres of clear land where the alluvial
soil, consisting mainly of black loam, was at least a couple of feet thick.”

Prairie - Victoria and Cowichan (MacFie 1865 pl184-85): "The late Surveyor-General -
states that in the immediate vicinity of Victoria 100,000 acres of valuable farming land
exists. In Sooke...there is a moderate proportion of open land within a 5 square mile
area...In the Saanich peninsula, which contains an area of 37 square miles, ...there is a
* high proportion of clear land, combining calcareous and arenacious properties, together
with humus, these soils resting on a clayey but sometimes a gravelly substratum...In
Cowichan 45,000 of 57,658 acres are deemed superior in quality” :

Pocket Grasslands (Verney May 25, 1862 p63)"The forest is in most places pretty thick,
but here and there it opens into park like enclosures, and large masses of rock-outcrop
bare of all biut moss, a little soft turf in the hollows, and the most exquisite wildflowers
among which one recognizes the great abundance calcilaria, the violet, the sweet-briar,
and the strawberry..."

General Description of Victoria (Kane April 1847): "The soil of this locality is good, and

wheat is grown in considerable abundance. The interior of the island has not been
explored to any extent except by the Indians, who represent it as badly supplied with
water in the summer...The appearance of the interior, when seen from the coast, is rocky
and mountainous, evidently volcanic; the trees are large and principally pine and oak.

Description_of Open Prairies - Comox to Metchosin and beyond to the west (Hazlitt
pl63-172):" ...In the neighborhood of Victoria there are altogether seven square miles of
open land...There may be about 350 acres of prairie or open land in the neighborhood of
Esquimalt harbour...In Metchosin...we have some 620 acres of fine open land; generally
- . speaking however the soil is poor and sandy, and neither produces grasses nor crops
with much luxuriance...On the west side of Pedder Bay [Sooke???] is a fine open prairie
extending nearly across to Becher Bay. It contains some 700 acres and is interspersed
with oak trees; the soil is rich and well-watered .the land is level and consists of a rzch
black mould, some three feet in depth...
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Description of Esquimalt (Hazlitt p206):"The whole scenery is of a highland character.

The rocky shores, the pine trees running down to the edge of the 'lake’, their dark foliage
trembling over the glzttermg surface whzch reﬂected them, the surroundzng hills, the
death-like silence...

General Description of soil/vegetation- July 1858 Victoria (Hazlitt p214-7):"So far as [
‘wondered, about 10 miles around Victoria, the landscape is dotted with extensive
croppings of rock which interfere with the labours of the husbandman...The scenery of
the inland country around Victoria is a mixture of English and Scotch. Where the pine
prevails you have the good soil broken into patches by the croppings of rocks, producing
ferns, rye grass, and some thistles but very few. This is the Scottish side of the picture.
Then you come to the oak region; and here you have clumps, open glades, rows, single
trees of umbrageous form, presenting an exact copy of the English park scenery. There is
no running water...but the meadows and little prairies that lie ensconced within the
woods show no signs of suffering from lack of water...the known locations which are well
adapted to farming are, first, the district of Saanich, some 17 miles from
Victoria, ...second Cowichan district..., and third Sooke district in the sw part of the
country. The land in all these districts is said to be pretty free from trees, or rather not to
be overrun with forest, and to be of good quality and the scenery beautiful."”

Initial account of Victoria: James Douglas (July 12, 1842). In Colonization of Vancouver
Island [1849]. “At Camosack there is a pleasant and convenient site for the establishment,

within fifty yards of the anchorage, on the border of a large tract of clear land which

extends eastward to Point Gonzalo at the south end extremity of the island, and about six
miles interiorly, being the most picturesque and decidedly the most valuable part of the
island that we had the good fortune to discover. The accompanying ground plan_shows
pretty correctly the distribution of wood, water, and prairie upon the surface...More than
2/3 of this section consists of prairie land, and may be converted either to purposes of
tillage or pasture, for which I have seen no part of the Indian country better adapted; the
rest of it, with the exception of the ponds of water, is covered with valuable oak and pine
timber.”

Grass / General Description of Vancouver Island (1848): Fitzgerald, J.E. “The general
character of VI is mountainous but is extremely varied...In the south there are extensive
plains of rich alluvial soil. A gentlemen who had been in the HBC service, once informed
the author that he had walked over a plain of some miles in extent, on the south side of

_ the island, which had not a blade of grass growing, owing to it having lately been burnt
by the Indians, and that a few months afterwards, on going over the same spot, he found
the grass up to his middle in height. Another gentleman informed me that in the NE of the
island, after penetrating through an almost impassable forest, he arrived at a beautiful
plain, of several miles in extent, covered with high grass, and interspersed with oaks and
other trees, having much the appearance of a nobleman’s park in this country...”

General Description (Bowsfiéld= HBC Letters 1979) “The southern end if the island had
a quite different aspect (letter from Charles Ross to George Simpson 1844); this portion

~was pictured as ‘a very Elysium in point of climate and scenery... The place itself
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appears a perfect Eden in the midst of the dreary wilderness of the North west coast and
so different in its géneral aspect from the wooded, rugged regions around, that one might
be pardoned for supposing it had dropped from the clouds into its present position
(Douglas to James Hargrave).”

Vancouver Island Patchy Good Settlement Areas. (Fort Victoria letters)“As the site of a
British colony, VI did not appear to have all the splendid qualities Douglas had first
discovered while searching seven years earlier for a seaport depot. As the first colonist
was later to remark, VI was “little better than a mass of rock, with a few little garden

patches as it were, interspersed at intervals along the sea coast”. The soil in the
‘immediate vicinity of Fort Victoria was a deep loam, capable of producing excellent
wheat, but the surrounding plain was traversed in all directions with beds of trap and -
granite (letter from Eden Colville to Pelly, Octl5 1849). Close to Fort Victoria there was
insufficient prairie land for the location of the Puget’s Sound Agricultural Company’s
farms. These farms would have to be established near Esquimalt. In the areas outside the
reserves of the HBC and AgCo. Douglas now estimated that there was room for only
eighty or 100 families since the ridges and high hills rendered unproductive fully one-
third of the land between Fort Victoria and Sooke, 25 miles distant Douglas to Barclay
Sept13 1849).”

General Descrmtlon J Douglas 1848 “VI is the only part of British Oregon which is, at
present, susceptible of colonization — it contains some good cultivatable land, in
scattered positions, in the Straits of Juan De Fuca, and a much greater extent nght soon.
be reclaimed from the forest by an industrious population”

Difficulty of Sustenance 1848 (James Douglas) (Fort Victoria Letters) “4 newly opened
farm in this country makes no return the first year, the second year it supplies the
labourer with food, and the third year it will yield enough for food and clothing, provided
there is a market for grain...I am extremely sorry that I cannot make a very favourable
report as to the capabilities of this part of the island for the immediate support of an
agricultural population (1849)...The land where level and free of stony ridges is
generally good, and when properly tilled will produce heavy crops of grain-and
vegetables; a fact fully established through the experiments made on the company’s farm
at this post; and the productiveness of the fields cultivated by the natives who grow large
quantities of potatoes, in short the -soil is of unexceptionable quality, the climate
pleasant, and the country healthy...The great want, which will be felt hereafter is the
absence of cultivable lands of sufficient extent, for a large agricultural population.”

Description of Victoria/Esquimalt Area (1850) p116 (FVLetters) “The rough sketch of the

Fur Trade and Puget Sound Lands (is enclosed). I still have no correct survey to send.
Captain Grant has been employed since the month of May, in making a survey...From the
hilly irregular character of the country it is difficult without actual measurements to form
a correct idea of the distance from point to point or the extent in acres...”

Farming Efforts/Description of Land (1850) “We are using every exertion to raise grain

and other farm produce for the supply of this establishment and the posts dependent upon
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it — but it will take some years and large means to accomplish this object. From the
character of the country and the quality of the soil, the labour and expense of bringing
land into cultivation on Vancouver Island is very much greater than in the Columbia (i.e.,
Fort Vancouver, Cowlitz River) where the excessive prairies without a bush or stone to
check the progress of the plough present a striking contrast to the rocky ridges stony land
and bushy glades of this part of the coast” ...(p141) ... plough and brush plough from the
United States, which have had repeated trials, being found equally fragile and incapable
of breaking up the tough stony land of Vancouver Island...”

The Shelbourne Valley — Victoria Jupp 1975)“Up until 1915 the wide fields of
Shelbourne Valley stretched, unbroken, from Gordon Head Road on the east, to Cedar
Hill Road in the west. Some few small-holders f had indeed established themselves in that
part of the valley south of the Cedar Hill Cross Road but, north of this, things were little
changed from the Cedar Plains viewed by John Irvine in the 1860’s. Oak trees spotted
grassy fields and in summer the spikes of a myriad of wild lupines added mauve and '
yellow to the peaceful scene. All else was grass. To the northeast the story was very
different. Many of the acres once covered with forest had yielded to the axes of the
pioneers...It was the need to provide smooth passage to market for (strawberries from
the northeast i.e., area presently hosting UVIC) that...brought reality to the long-
dreamed “road through the valley...(The survey was done in 1913; the road (Shelbourne
Street) went through in 1916). The unrolling of this fully paved road across unmarked
country then seemed “one of the wonders of the world”.

General Description of Victoria/Saanich (Mayne 1859) “The northern portion, for about
ten miles, contains some of the best agricultural land in Vancouver Island. The coast
here, as everywhere else, is fringed with pine; but in the centre it is clear prairie or oak-
land, most of it now under cultivation.” :

Vancouver Island Descriptions (Mayne p393-396..) “On Vancouver Island, although the

quantity of agricultural land is very small in comparison with that in BC, there are many
lovely spots for farms...To name all the clear spots on the island would take too much
space...I will therefore merely speak of the larger tracts which have been examined and
of the system by these, or any portions of them, may be occupied.

The districts of Soke and Metchosin, at the southeast extreme of the island,

contain a large quantity of good land, much of which is still unsettled. Of the capabilities

of this tract, I cannot do better than quote the evidence of Colonel Grant...He says that
the soils produces abundantly...Near Soke River, there are a few patches of open
meadowland near the mouth of the river, on which the Indians grow considerable
quantities of potatoes...Near the entrance of the harbour, and running from it across a
peninsula to the Straits, is a small prairie of 315 acres. The soil in the prairie is a rich,
black vegetable mould from three to four deep, with a stiff clay subsoil, resting on
sandstone, and the surrounding woodland also consists of very rich soil...”

Immediately round Victoria, and in the Saanitch district, on the peninsula spoken
of before, is much good land; but this is now all or nearly all settled and under
cultivation.
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Cowichan Valley

Prairie - Quamichan and Somenos Lake (MacFie 1865 p186): "...the oak plains araund
the Somenos and Quamichan Lakes with a sandy clay sub sozl are exceedingly well
adapted for fruit or garden purposes"

Oak Savanna - St. Peter’s Anglican Church at Quamichan as reported by Pastor Reece in
1866 (Williams 1977 p7) “(to the immediate west of St. Peter’s. church, Mr. Reece
described) oak trees standing in all directions -in park-like glades with “exuberant
herbage” covering the ground”

Cowichan Valley Prairie (Verney May 10 1864, p211):"I have taken advantage of my
visit here to visit the interior part of this settlement further from the coast than I have
been before; it has been very gratifying to see the abundance of rich open prairie.”

Quamichan Village along the Cowichan River (Brown June 9 1864, p46): There is good

quantity of good open land here capital soil... About a mile from the village is a small
prairie of 20 acres of open land surrounded by woods, soil good dark loam."

Open Park-like Areas along the Cowichan River (Brown p52-4ish): "After making the last
portage (of the day) we came to Qualis [below Marie Canyon/ a fine open space of
ground, backed by pines through the vista of which you could see a beautiful natural
park. Passed through fine parklike piece of country. Soil in general stony but suited well
for pasturage..."

Quamichan Lake (Cowichan Valley) - Mrs. Philip Jaynes (in Pioneer Women of the |
Cowichan Valley) “It was so pretty on the lake and around the Stamps Road area. All the

Quamzchan hillside, where W.P. Jaynes had his farm was beautiful, covered with oak
trees..

Pocket Prairie on the Nanaimo Trail ngown August 1864, p99):"Through a wooded

country to Drinkwater's farm - a good prairie formed into fields with some under
cultivation...A pleasant situation at the base of Mt. Prevost - glen slope with prairies
dotted or encircled with clumps of trees...Up at 6 am. Started off traveling through a
succession of prairies for 3 miles, then thinly wooded country, then thickly wooded with
occasional swamps in hollows until we entered the Chemainus Valley. Passed through
fine prairie...(On the Chemainus River (p101)), the timber is pine, red cedar, arbutus,
and a few oaks." '

‘Description of Open Prairies - Comox to Metchosin and beyond to the west (Hazlitt
p163-172): “ ...The Cowichan River...flows through a narrow valley containing a good
deal of open land, and a considerable portion of available woodland. About three miles
up the river there is an extent of some 10 -12 miles, by perhaps half a mile broad on
either side of rich open alluvial land; this tract is one of the most extensive unmterrupted

tract of available land yet seen on the Island...
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Cowichan Valley — Douglas 1849 p42. “The Cowetchen Valley is reported by the Indians
1o be much superior to this part of VI, in respect to extent of cultivatable land, and to the

" absence of hills and rocky ridges. It is traversed by a considerable river of the same
name which discharges into the “Canal de Ario” about 30 miles north of this
place...That may hereafter become a desirable place of settlement when the colony
gathers strength and a means to push out parties powerful enough to make head against
the natives who have never been brought under our influence, have lost nothing of their
naturally savage character.”

Cowichan Valley Description — Quamichan and Somenos Lakes (May 1851) “] received
a note yesterday...from Mr. MacKay...He had just entered the Cowitchan Valley, which
he describes as a stream of some magnitude, discharging as large a body of water as the
Cowlitz River. The valley of the river varies from two to three miles in breadth, beyond
which the country, on both sides, rises by a succession of acclivities and intervening table
lands to a range of hills about ten miles distant. He had discovered two fresh water lakes,

surrounded by ‘beautiful prairies’. One of these lakes is four mzles long by about two
miles broad. :

Vancouver Island Descriptions (Mayne p393-396..) The Cowitchen Valley was surveyed
in 1860, and in the surveyors report will be found the following remarks: “I am firmly

persuaded...that (farming returns are as good as any part of America)...The climate
(lacks the dry of California and the colds of other British North America provinces or
eastern US). The loamy soils everywhere possessing a depth of two or three feet, and
containing a large proportion of calcareous principle, are especially eligible for fruit-
culture; and the oak plains around the Somenos and Quamichan Lakes, with a sandy-clay
subsoil are exceedingly well adapted for fruit and garden purposes. Among the native
fruits are blackberry, mulberry, raspberry, strawberry, gooseberry, currant, and high-
bush cranberry, would require little pains or culture to produce luxuriantly. The varieties
of plants are very numerous; a few only were noted growing on the plains or meadow
lands, among which are the following: wild pea, wild beans, ground-nut, clover, field-
strawberry, wild oat, cut grass, wild timothy, reed meadow-grass, long spear-grass,
sweet grass, high ostrich-fern, cowslip, crowfoot, winter cress, partridge berry, wild
sunflower, marigold, wild lettuce, nettles, wild Angelica, wild lily, broad-leafed rush, and
reed-bush. The ferns attain a height of six or eight feet, and the grasses all have a
vigorous growth. ...The following are some of the trees or shrubs. - oak, red or swamp
maple..(many others; none interesting or unusual). The whole area surveyed is 57,658
acres, of which 45,000 acres of plain and prairie land may be set down as superior
agricultural lands, the remaining portion being woodland, either.open or thick.”

“Though I have not perfect confidence in all the details of the gentlemen who was
charged with this survey, and who was not one of the regular staff, the general outline
may be trusted...The luxuriance of the growth of wild fruits and flowers exceeds that of
any country I have ever been in. 1 do not, of course, mean to compare it with the rank
vegetation of the tropics but I assert it is more naturally fertile than any region I have
ever visited.
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Comox and Courteney

Prairie - Comox (MacFie 1865 p 187): "This district called Comox is said to contain not
less than 30 square miles of good farming land...Just above the junction of the Puntluch
and Courteney Rivers, on the left bank of the latter, the traveler finds himself in the heart
of an immense prairie, - extending in a NW direction parallel with the coast for 8-10
miles... This important tract is abundantly watered by the Courtney and some small
tributaries...A dense wood surrounds the Prairie.....'It took us a day and a half to walk
over this land, though which a plow may be driven from end to end' "

Comox (Verney p 99 - Nov 1862):"I was surprised to se so much clear land...the open
land runs in belts stretching for miles...." ‘

. Comox/Courtney Prairies - August 1864 (Brown p111-5):"Como of course as everybody

knows is a great agricultural region. The prairies are up the river. After paddling up the .
river...(we saw) a pretty prairie of 100 acres sloping down to the water's edge and

bordered with belts and clumps of trees...(visited some setters, walked over) beautiful

rolling prairie through which a stream slowly crawled along...We walked on, still over

miles of beautiful prairie land visiting several settlers ... We traveled for about 2 miles in a

westerly direction through open prairies, some of which were preempted but as yet had

no houses...Most of the prairies were covered with deep fern (Pteris aquilina) and in

other places blackberries ... ‘

General Description - Comox/Courtney Prairies (Brown p120-21):"Comoucs country was
commenced to be settled about (1862) with the aid of Gov. Douglas. The area comprises
the prairies...The soil is rich and the surrounding country beautiful. There is none of the
extremes of bad soil found in the Cowichan District. (Many vegetable species have been -
introduced). During our visit hay was being cut in the meadows at the river's mouth for
the Victoria market...Sheep none of the settlers have attempted 9due to the wolves)...The
land is of the richest character with scattered prairies from 500 to 1000 acres, well-
watered, and abounding with game...(much hay being cut)..."” '

Description of Open Prairies - Comox to Metchosin and beyond to the west (Hazlitt
p163-172):"...Point Holmes [Comox???], where there are some 10 to 12 miles of open
prairie land close to the coast, offering probably a more favorable field for agricultural
settlement than any other section of land which has yet to be discovered on the island...

Courtney-Comox (Mayne 1859)“Landing from the canoe just above the Forks of the
Puntluch and Courtney Rivers, and on the left bank of the latter, we found ourselves in
the middle of a large prairie, which we discovered continued in a northwesterly direction
or parallel with the coast, for eight or ten miles. The Courtney flows nearly through the
centre of this, and there are one or two smaller streams, which water the whole
abundantly. The ground slopes upwards from the river on both sides, so as to prevent the
possibility of overflow to any extent. The whole of this prairie is bounded by dense wood,
forming a sheltering coast-fringe on the east, and affording plenty of timber on all sides
(except towards the entrance from Baynes Sound) for building, burning, etc. It took us a
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day and a half to walk over this land, through which a plough might be driven from end
to end...We estimated the clear land here altogether at 7000 or 8000 acres. The Indians
told us that a great many blankets would be wanted for the purchase of this tract, as all
the neighboring tribes resorted there in the summertime to collect berries, shoot deer,
catch fish, etc. all of which were found in large quantities. Indeed they showed some
reluctance at taking us over it, feeling sure, no doubt, that we should desire to possess it
when its qualities became known.” .

Nanaimo and Coastal “Oak Openings”

Coastal Grasslands just north of Nanoose Bay - August 18 (Brown p 107):"Hitherto 9in
the vicinity of Nanoose Bay) the forest had come to the water's edge. Now all has
‘changed. Beautiful grassy meadows or what in the north of Scotland are called "links”
[pockets!!] skirted the coast for a quarter of a mile in breadth. In some cases intersected
with "slues” or inlets of the sea, and in some cases overflows at high water but in some
cases intersected by creeks wending their way to the sea. And in some cases scattered
with rural lovely looking clumps of pines and quite dry.

Vancouver Island Descriptions (Mayne p393-396..) “(Nanaimo, surveyed by Mr. Pearce,

estimated them to contain together 43,450 acres...He said the soil is sandy but covered
with the most luxuriant vegetation, fern, wild fruit-bushes, and tress among which may be
noted the crab-apple and cherry everywhere found...The principal timber is cedar, pine,
maple, and poplar, all of which grow to gigantic size [NOTE: no mention of oak or
prairie]. Of the Cedar District, which contains 11,000 acres,..[No oak or prairie
mentioned]. Of the Delta plains, which contain about 1000 acres, he says:- the southern
portion consists of rich vegetable soil, of a great depth, with a subsoil of muddy clay or
loam; the northern portion is apparently subject at long intervals to floods, but is,
nevertheless, admirably suited for a long stock or grazing farm...bearing a rich long
grass, which the Indians annually cut and sell to the settlers at Nanaimo.”

Fire

Fire - Victoria (Verney May 25 1862): "I am much charmed by the great beauty of the
country: the pines would be very ornamental if it were not for the fires which have at
various times passed through these forests. These have killed the trees but left them
standing in some places entire, in others but short stumps, and these dead trees and
- blackened stumps are a great eye-sore..."

Fire- Victoria (Hazlitt p160):"The natives all along the coast have a custom of setting fire
to the woods in the summer, which doubtless adds to the density of the fogs and increases
the temperature in the atmosphere. I have never seen a drop of rain fall from March till
October; the seasons however are uncertain.”

Fire (July 24 1848) — Anonymous: Report in the Times (1849). We made Cape Flattery

on the 23...Ran up the straits the next day...Nothing but forests of tall pine. At one part
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ten miles of them were on fire...We rounded the SE part of the island...and came to
anchor close to shore of Esquimalt Bay..” '

“No such thing as rain seen or heard during three months; the thermometer at 61
degrees. The sun seems as though you were looking at it through a dark red glass for the
forest is on fire but whereabouts we do not know; the air is full of smoke and lots of wood
ashes falling on the deck.” ”

Fire (September 1848) — Report in the Times (1849)

“Miles of the ground were burnt and smoking and miles were still burning. The
Indians burn the country in order to find more easily the roots that they eat. The fire runs
along the grass at a great pace and it is the custom here if you are caught to gallop right
through it; the grass being short, the flames being little and you are through in a second.
All the horses and cattle feeding know it well and make straight for the fire immediately.”

Grass / General Description of Vancouver Island (1848): Fitzgerald, J.E.

“The general character of VI is mountainous but is extremely varied...In the
south there are extensive plains of rich alluvial soil. A gentlemen who had been in the
HBC service, once informed the author that he had walked over a plain of some miles in
extent, on the south side of the island, which had not a blade of grass growing, owing to
it having lately been burnt by the Indians, and that a few months afterwards, on going
over the same spot, he found the grass up to his middle in height.”

First Nations land management

First Nations Plant Use (MacFie p443): "...Their ordinary food, in addition to fish and
wild animals, includes potatoes, ground-nuts, acorns, lily-roots, etc.”

Fern, Camas. and Wappatoo (Kane 148)."The only other vegetable besides camas and
. wappatoos that the Indians use, are the roots of fern, which here grow to a very large

size"”

Camas gathering (Brown, June 9 1864, p46): "Poling [up the Cowichan River] is very

hard and dangerous work frequently resulting in the swamping of the canoe. The Indians
are few now and busily engaged in obtaining clams, camas, and sea salmon”

Camas - Use and Preparation by the Chinook - Lower Columbia River Gorge (Kane

1858, p127-128): "The only vegetables in use among them are the camas and the '
wappatoo. The camas is a bulbous rot, much resembling the onion in outward
appearance , but is more like the potato when cooked and is very good eating. The
wappatoo is somewhat similar, but larger.and not so dry or delicate in flavor. They [the
camas] are found in immense quantities in the plains in the vicinity of Fort Vancouver,
and in the spring of the year present a most curious and beautiful appearance, the whole
surface [like St. Peter's church???] presenting an uninterrupted sheet of bright ultra-
marine blue, from the innumerable blossoms of these plants. They are cooked by digging

a hole in the ground then putting down a layer of hot stones, covering-them with grass,
on which the roots are placed, they are then covered with a layer of grass, and on the top




275

of this they place earth with a small hole perforated through the earth and grass down to

" the vegetables. Into this water is poured, which, reaching the hot stones, forms sufficient
steam to completely cook the roots in a short time , the hole being immediately stopped
up on the introduction of the water."”

- Use of Acorns for Food - Fort Vancouver, Washington (Kane p 128):"There is another
article of food made use of amongst them, which, from its disgusting nature, I should
have been tempted to omit, where it not a peculiarly characteristic trait of the
Chinook...The whites call it Chinook olives ... Prepared as follows. A bushel of acorns are
placed in a hole dug...covered over with a thin layer of grass, on top of which is placed
about half a foot of earth...Urine is deposited (on this spot and it is left for four or five
months before being considered fit for use)".

Camas Gathering in Victoria (Brown 1864 p 47): "The whole population (of the village of
Somenos) with the exception of about a dozen old women and children were absent
gathering clams to dry for winter use and camas in the district around Victoria,
particularly a place near Mr. Yale's on the Saanich Road called "Tummas”. [same Yale
that was at Fort Langley/. :

Camas at Point Roberts Prairie (Traditional Indian tale in Brown p188):"...not far from
Point Roberts...The men were off fishing and the women gathering clams on the shore at
low tide, seeking gamass or berries,..."

Cultivation (Douglas 1842). “We are certain that potatoes thrive and grow to a large size
as the Indians have many small fields in cultivation which appear to repay the labour
bestowed upon them, ...” :

Native hemp p68-69 “We forward a parcel of hemp manufactured by the natives from a
plant which grows abundantly on the rich moist vallies of this island. All the native
fishing tackle is made from this material, which possess a remarkable degree of strength
and durability...The plant producing it grows to heights of 5 ft. with leaf and stalk very
- like the common nettle for which it may be readily mistaken...”

Cultivation Practices (1851) “The Indians generally are turning their attention fo the
cultivation of the potato, and to other useful arts...”

Introduction of plzints ,

HBC Policy — Self-Supporting Forts p xlvi (Fort Victoria letters) :
“By the will of the HBC, the fur trade would have to be reconciled with settlement and
industry; by the determination of the British government, the colony of Vancouver Island
would have to be self-supporting.”

Planting of non-native species - Vancouver Island (MacFie p194): "The following are the

usual quantities of seed sown per acre...Of vetch 2 and a half bushels per acre”. (In an
accompanying table, clover is shown to yield 4 tons per acre on Vancouver Island)".
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Sowing Grass (MacFie p198): "To those prepared to embark in farming, having capital
sufficient to engage in this pursuit extensively, my advice would be that they should make

their green crops subservient mainly to the feed of stock, and lay out as large a portion of
their land in timothy grass as much as posszble as returns from hay and cattle are
always certain and remunerative".

Planting Clover (MacFie p 203):_"Autumn cultivation is not yet common in the colony.
Besides wheat, which should be sown in October...there are certain fodder plants that
should be put in at the same time. There are clovers - red, Dutch [white], and Alsike . The
last-named is the best of the perennial clovers and produces a thick crop of forage. The
crimson clover (T. incarnatum) forms a rich fodder for cattle in the spring, if cut when in
flower. Lucerne (Medicago sativa) comes up in spring, a fort-night before clovers or rye-
grass. Common bird's-foot trefoil (Lotus corniculatus) is highly nutritious, grows on dry

~ elevated pastures, and is consumed avidity by cattle. From the great depth to which its

roots penetrate, it is protected against injury from drought, and succeeds in retaining its
verdure after the grasses and other plants are burnt up. Common saintfoin (Onobrychis
sativus) also continues in perfection and ought to form part of all permanent pastures.
Common tares or vetch (Vicia sativa), hard fescue grass (Festuca duriscula), sheep's
fescue (Festuca ovina) Italian rye (Lolium italicum), and common rye grass (Lolium
perenne)- all of these plants, sown in autumn will produce in spring an early and bulky .
crop, and should without delay engage the notice of island farmers.” ~

Non-native Grass Introduction (Verney Feb 7 1864, p189): "...I shall sow some grass
seed and endeavor to cultivate a lawn on some ground...that has been prepared (though)
the earth is too wet to rake or roll at present " :

Importation of crop seed - Victoria (Hazlitt p159): "The soil under cultivation is
sometimes rich vegetable mould, in other places a clayey loam, and in others somewhat
sandy...It produces (wheat, peas, barley, oats, beans, turnips, and potatoes)...I zmported
all the seeds except for wheat, peas, and potatoes, from Van Diemen Land, through the
‘Sandwich Islands."

Soil Description (Douglas July 12.1842) “I observed generally speaking but two marked
varieties of soil on these prairies...Both kinds, however, produce abundance of grass and

several varieties of red clover grow on the rich moist bottoms. In two places particularly- -
we saw several acres of clover growing with a luxuriance and compactness more
resembling the close sward of a well-managed lea than the produce of an uncultivated
waste. Being pretty well assured of the capabilities of the soil...we ought to be able to
grow any type of grain raised in England. On this point however we cannot speak
confidently until we have tried the experiment and tested the climate...”

Planting of Timothy and White Clover p xxvi (Fort Victoria letters). “The planting of

timothy and white clover was needed at the encampments along the way and at Fort
'Hope, a post built in 1848 (to improve forage availability for the horses)...”
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Grass Seeds (1851) p 171 “I forward...a small requisition for various kinds of grass seeds
which I beg be forwarded by the first ship bound for the Island — we entreat that the seeds
be fresh and of the best kind — I am informed that seeds put up for abroad are ofien mixed
with inferior and damaged sorts — which would be a serious disappointment in our case.

These seeds should be put up in bags of convenient size, packed in tight casks and
frequently aired in fine weather only, by a careful person during the voyage to the
country. That plan was followed by Mr. Harvey, with the seeds under his care, and
succeeded better than any other that has been tried.”

Weed Introduction in the Comox Valley (Duncan 1903, in MacKie 2000) “Sown grasses
of all kinds, but especially clovers, thrive wonderfully; in fact, white clover is spreading
everywhere, covering the roadsides and making itself a kind of nuisance in gardens and
hay-fields. I am sorry to say that the weeds of civilization are getting here at last”.

Comox Valley Poem (Duncan, 1881, in Mackié 2000) “Now the farmer yokes his oxen
and commences to his ploughing, thiows the precious seeds in_handfuls; Harrows it

beneath the surface, In the joyful expectation of a fair and bounteous harvest”

Grass Introductidn in the Comox Valley (Duncan '1930 reported in MacKie 2000

“(Forests in the Comox Valley had to be arduously cleared and burnt before crops could
be planted). A clearing burnt off in September and sown immediately with timothy
[Phleum pratense] and cock’s-foot grass (??7) among the stumps, will yield so heavily the
Jfollowing summer that the scythe can hardly cut it. If burnt off and not sown it becomes a

Sfearful mass of weeds.”

Origins of Clover Accidentally Introduced from England (Kane p144):
"Clover gross plentifully and is supposed to have sprung from accidental seeds which

had fallen from the packages of goods brought from England, many of which are made
up in hay"

European land management practices

Methods for clearing prairie - Victoria (MacFie 9201-02).' (A): Prairie: "There are open
lands in the colony already fit for the plough, and from which a crop may be obtained

without any exertion from clearing. But even the richest prairie soil cannot entirely
dispense with preparation for ploughing. Where loose surface stones or small boulders
happen to be embedded, they should be first carefully removed. If there be no dense weed
or stumps, the land should be broken up, in the first instance, by one or more yokes of
oxen, as the farmer may deem necessary. These animals are preferred for strength and
steadiness of draught to ordinary horses of the country. If fern prevail on the land
[Bracken Fernl, it should be ploughed up in the heat of the summer, in order, by exposure
of the roots of the rays of the sun, to destroy them. These with all bulbous weeds, such as
crocuses [Sisrynchium], kamass, etc. should be collected and burned. Fern-land, not
required for immediate use, may with advantage be left for hogs to burrow in, as they
form valuable pioneers.(B) Douglas-fir: "Land covered with pine is not difficult to clear.
That tree, being of resinous description, burns freely, and its roots creep close to the
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surface. (C) Qak: "The roots of oak descending more vertically into the ground are not so
easily eradicated. After clearing, draining and ditching should receive early
. attention...(in areas where the land is level)".

Cultivation (August 1848) — Report in the Times (1849) In Coughman “(4¢ Fort Victoria)

they have cleared a quantity of ground and have some acres of wheat besides
vegetables...The people are now kept up late as it is harvest time, and they dare not carry
the wheat away in the day, it being so dry that all the grains fall out, so they wait till a
little dew has fallen and than go on working until past 12 at night.” '

Cultivation — Victoria (Douglas 1849) p42 “It will be advisable for both Companies to
make improvements soon as possible on their respective sections of land, as the
appearance of large unoccupied tracts of land in the country where the extent of prairie
is not great may cause discontent among colonists...(Note: explains complaints by early
settlers that the bests lands where locked up by HBC / Puget Sound Co.) '

General Farming Description — winter 1849 p62 “The severe winter of 1848/49 retarded
the farm work so much that it was late spring before the seed could be put in the
ground...thus short crop of winter wheat this year...The oats on the contrary were the
finest ever grown on this farm but owing to the late sowing, 20" of May they ripened only
in part. The pease have reproduced remarkably well but the potato crop has in measures
Jailed...” ' :

Sowing (1851) p170“We are now in them midst of seed time, having sown all the land
formerly under cultivation, except for the reserve of grass and hoe crop. The weather
continuing favourable for field work we have 100 Indians clearing the brush and trees
and bringing new land into cultivation, a process-involving much labour, though well
" repaid by the land reclaimed, which is generally speaking better of better quality than the
Prairie soil. The labour is done by contract of 30/ acre. The quantity of grain sown, up to
this date, is 301 bushels of wheat, oats, pease, and barley — and we have land prepared
Jor 400 bushels of potatoes.” ‘

Weed Introduction in the Comox Valley (Duncan 1903, in MacKie 2000) “Sown grasses
~of all kinds, but especially clovers, thrive wonderfully; in fact, white clover is spreading

everywhere, covering the roadsides and making itself a kind of nuisance in gardens and

hay-fields._ I am sorry to say that the weeds of civilisation are getting here at last”.

Comox Valley (James Richardson 1872 Geological Survey of Canada” The surface of
‘this district, with the exception of single trees and clumps, chiefly of oaks and strips of
alder in the bottoms, may be some 12 square miles, the scenery being picturesque and
parklike. Its margin is very irregular in shape and it is surrounded by a growth of heavy
timber, among the trees of which are the Douglas Spruce, often obtaining two feet in
diameter and 200 hundred feet in height, and in one half of which it is free from
branches, and the cedar often equally large. The open country, in its natural state, is
mostly covered with a growth of ferns, which sometimes attain a height of ten feet, with
- stems % of an inch in diameter and roots descending to a depth of 3 feet. These rools the
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native Indians prepare in some peculiar way for winter food, and excavate deep trenches
to obtain them. The farmers are under the necessity of grubbing up fern roots before the
ground is ready for use, and are often voluntarily assisted by their pigs in this operation,
these animals, it is said, relishing the fern root as food.”

Farming Efforts/Description of Land (1850) p132 “We are using every exertion to raise

grain and other farm produce for the supply of this establishment and the posts
dependent upon it — but it will take some years and large means to accomplish this
object. From the character of the country and the quality of the soil, the labour and
expense of bringing land into cultivation on Vancouver Island is very much greater than
in the Columbia (i.e., Fort Vancouver, Cowlitz River) where the excessive prairies
without a bush or stone to check the progress of the plough present a striking contrast to
the rocky ridges stony land and bushy glades of this part of the coast”...(p141) ... plough
and brush plough from the United States, which have had repeated trials, being found
. equally fragzle and incapable of breaking up the tough stony land of Vancouver -
Island...

Introduction of livestock

Grazing - Vancouver Island (MacFie p 195-96): "Spanish cattle abound on the
coast...sheep...horses in almost every variety...oxen...hogs...The small area of VI does
not admit of grazing being carried on to so immense a scale as that branch of agriculture
in the colonies of the southern hemisphere..." ' ~

Grazing at Fort Nisqually (Kane 1847, p142-143):"When I visited it [the fort], it had
about 6000 sheep and 2000 horned cattle. Its.site is beautiful on the banks of the eastern
end of Puget Sound. The land is inferior to that in some other parts of the same district,
the soil being gravelly; the grass however grows luxuriantly, and the mildness of the
climate adapts it well for grazing purposes, as it is never necessary to house the
animals.” -

Coastal Grasslands just north of Nanoose Bay - August 18 (Brown p 107)."Wild
pasturage of various species grow thickly all over these flats, and when hay is at $29 a
ton...I have no sympathy for men who have not the enterprise to occupy these flats with
the thousands of cattle they are capable of supporting. ..Through the middle of one of
these flats flowed a river..."” [probably Englishman River/

Time of Cattle Introduction. Fort Victoria. Dispatch from Peter Skene and James Douglas
(1846) to George Simpson of HBC, Red River Settlement.” The farm in Fort Victoria

has been considerably enlarged, and upwards of 100 head of cattle and horses carried
thither from Puget’s Sound (NOTE = Nisqually)...That autumn wild Spanish cattle and
workhorses were transported from Fort Nisqually, and in December 5 acres were seeded
with wheat. The following year, Finlayson...fashioned crude ploughs and harrows out of
oak and broke more land...To avert starvation, Finlayson cleared that land near the
harbour to bring to 300 acres the total land under production. The 1847 crop was
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estimated at 1000 bushels of wheat, 400 of peasé; 700 oats, and 3000‘ of potatoes...Two
diaries commenced to produce butter in 1847 and a 6-acre orchard was planted.

Early Cultivation practices pLi (Fort Victoria letters)*The fur traders turned out to be
‘miserable farmers’. According to Capt Grant “they ruin the land by paying no attention
to the succession of crops and never applying manure and they ruin their stock by no
attention to breeding and allowing the majority to run wild in the woods”.

Cattle/Sheep to Victoria p Lxix (Fort Victoria letters) “On March 18 1850, the Driver
(ship) on Blanshard’s requisition, started across the Strait to Fort Nisqually to obtain a
cargo of 85 cattle and 800 sheep for the 80 labourers arriving in a few days...”

Cattle Imports from Nisqually (1851) (Fort Victoria Letters) “(we sought to import) as
many live sheep and cattle for the use of the colony of VI as they could bring.”

San Juan Island (Mayne traveling in 1858) p39-40.“(On) San Juan...there is more land
available for agriculture than of any other of the group...and the HBC established a
sheep farm on it some years ago...(The sheep farm) is situated on a beautiful prairie at
the SE end of the island...I have never seen wildflowers elsewhere grow with the beauty
and luxuriance they possess here...At one time I belzeve the company had 3000 sheep
here ”

Disappearance of Wildflowers in Victoria (Fawcett 1912):"...0ur school and grounds
were surrounded by spreading oaks, which covered that part of the city, or country as it
was called back then, and it was under these tress that...we ate our lunch...Wildflowers,
that are now only found miles away, were found there in profusion

The pace of cultivation - Victoria (Hazlitt p157):"(By 1849), there were some eighty
acres in cultivation round Victoria.”

Cultivation (August 1848) — Report in the Times (1849) (At Fort Victoria) they have
cleared a quantity of ground and have some acres of wheat besides vegetables...The
people are now kept up late as it is harvest time, and they dare not carry the wheat away
in the day, it being so dry that all the grains fall out, so they wait till a little dew has
fallen and than go on working until past 12 at night.”

Fort Victoria (October 1845) Lts. Warre and Vavasoar “We visited the HBC post, Fort
Victoria, ...on the south shore of the island, near the head of the narrow inlet where they
have established a fort similar to those already described, a farm of several hundred
acres, on which they raise wheat and potatoes...

Spéed of Cultivation (1851) Richard Blanshard, Governor of V1. “With the exceptionA of a

Canadian who_has squatted near Rocky Point, there is not another cultivator on the
Island”.
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Early Cultivation practices pLi (Fort Victoria letters)“The fur traders turned out to be
‘miserable farmers’. According to Capt Grant “they ruin the land by paying no attention
to the succession of crops and never applying manure and they ruin their stock by no
attention to breeding and allowing the majority to run-wild in the woods™.

Cultivation — Victoria (Douglas 1849) p42 “It will be advisable for both Companies to
make improvements soon as possible on their respective sections of land, as the
appearance of large unoccupied tracts of land in the country where the extent of prairie
is not great may cause discontent among colonists...(Note: explains complaints by early
settlers that the bests lands where locked up by HBC / Puget Sound Co.)

General Farming Description — winter 1849 p62 “The severe winter of 1848/49 retarded
the farm work so much that it was late spring before the seed could be put in the
ground...thus short crop of winter wheat this year...The oats on the contrary were the
finest ever grown on this farm but owing to the late sowing, 20" of May they ripened only
in part. The pease have reproduced remarkably well but the potato crop has in measures
failed...”

Sowing (1851) p170 (Fort Victoria Letters) “We are now in them midst of seed time,
having sown all the land formerly under cultivation, except for the reserve of grass and
hoe crop. The weather continuing favourable for field work we have 100 Indians clearing
the brush and trees and bringing new land into cultivation, a process involving much
labour, though well repaid by the land reclaimed, which is generally speaking better of
better quality than the Prairie soil. The labour is done by contract of 30/ acre. The
quantity of grain sown, up to this date, is 301 bushels of wheat, oats, pease, and barley —
and we have land prepared for 400 bushels of potatoes.”

Farming August 18 (1851)“The wheat is still in the field, nearly ready for taking
in...Though the summer has been remarkably dry, no rain having fallen since the 9" of

2

May, the crops are fully heavier in grain than last year ... :

General Description of Victoria/Saanich (Mayne 1859) “The northern portion, for about
ten miles, contains some of the best agricultural land in Vancouver Island. The coast
here, as everywhere else, is fringed with pine; but in the centre it is clear prairie or oak-
land, most of it now under cultivation.” :

Random material

Mid-summer dry weather- Cowichan Valley (Verney p 88):"...from the middle of May

. the days become warmer and warmer...up to the end of July; then the days become
considerably hotter and the sun was quite scorching, burning up the grass".

Summer Drought - (Hazlitt p159-60):"...crops which are not taken in early are apt to be
parched up, and run to straw for want of moisture."”- ”
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_ Game (September 1848) — Report in the Times” The sportsman as yét have met with little
to shoot at — a few ducks and partridges early in the morning. They say that as this dry

season all the game move inland...we saw a few cranes, humming birds, and squirrels.”

Birds (Hazlitt p183): Of small birds there is the Mexican woodpecker [Flicker]...(the
woods are generally quiet compared to the lands of the east)...”

Prairie of the Lower Fraser Valley [Note: disjunct oak ecosystem remnants at
Yale and Sumas Mountain, and the description of wide-ranging “prairie” on the
Fraser Valley bottomlands in the early 1800s, suggest the possibility that the oak
savanna ecosystem occurred more commonly in this region at one time. These
quotes below, however, suggest that these prairies were very different than the oak
ecosystem of Vancouver Island].

t

Fraser Valley Prairies (MacFie p 223): "The broad and fertile plains at Sumas and

Chilukweyuk next come into view, which are overflowed by Jfreshets once a year

Fraser Valley - general description (MacFie p285) "Five miles above Westminster, on the

banks of Pitt River, are meadows clear and of great extent, the only hindrance to their
successful cultivation being that they are liable to overflow...'The banks of the Pitt River
(writes Gov. Douglas in 1860) are exceedingly beautiful; extensive meadows sweep
gracefully from the very edge of the river toward the distant line of forest and mountain.
The rich alluvial soil produces a thick growth of grass, interspersed with the Michaelmas
daisy, the wild rose, and scattered groups of willows. This fine district contains 20,000
acres of good arable land, requiring no clearing from timber, and ready for the
immediate operations of the plow. Many parts of it, however, are exposed to overflow
through periodic inundation of the Fraser..."”

Flooding of Pitt Meadows and Fields Near Langley (Mayne p86). “In May the waters rise

rapidly and continue.to do so until the end of June. ..They remain so until the middle of
August...During these 6 weeks, the banks being overflowed, the meadows at the entrance,
and the extensive plains on the banks of the Pitt River above Langley, are covered for
several miles...
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