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ABSTRACT
Early land survey records can be used to reconstruct the historical distribution and
abundance of tree species prior to the large-scale impact of industrialized societies.
Comparing these records to current vegetation patterns enables an examination of the shifts
that have occurred in plant communities since the arrival of European settlers in North
America. I used presettlement (1859-1874) land survey records from southeastern
Vancouver Island and Saltspring Island, British Columbia, Canada to reconstruct the relative
abundance and density of tree species in these areas. I then collected equivalent vegetation
data from the same points in the modern landscape, which enabled me to compare the two
points in time and identify the changes in large-scale vegetation patterns that have occurred
since European settlement. My results show a significant increase in the relative abundance
of maple (Acer macrophyllum) and cedar (Thuja plicata), and a corresponding decrease in
Douglas-fir (Pseudotsuga menzeisii). Furthermore, there has been a considerable increase in
tree density in undeveloped areas. The 1859 records indicate that at least one third of the
land surveyed was made up of prairies or open “plains,” while a combination of open woods
and forests made up the remaining two thirds. Based on comparable density measures from
2007, prairies and plains now represent less than 5% of the undeveloped landscape, while
forests comprise nearly 90%. These changes are likely due to a combination of factors that
have been influenced by European settlement, most notably logging and fire suppression.
The suppression of fire has led to an infilling of trees into previously open areas and has led
to the rapid decline of the open prairie and savanna habitat types once common in this area.
The results of this study can inform conservation efforts throughout the study area,
particularly those involving the restoration of prairie or savanna habitats.
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INTRODUCTION
Understanding the processes underlying present-day ecological patterns in North
America depends fundamentally on our ability to separate the past and present influences of
natural variation in environmental conditions and of native peoples from the profound
changes brought about by European settlers. Much of today’s ecological research is
concerned with understanding how environmental change (e.g. habitat fragmentation, climate
change) will affect ecosystem biodiversity and functioning in the future (McCarty 2001).
Before we can successfully predict the future, however, we must first understand the
processes that were important in creating and maintaining ecosystems both historically and in
the present (Foster & Motzkin 1998). Ecological research often involves studies of “natural”
landscapes and the role of “natural” processes in creating them. However, these studies often
overlook the ubiquitous role of humans – both pre- and post-European settlement – in
impacting the landscape (Foster & Motzkin 1998, Foster 2000a, Lunt & Spooner 2005).
These impacts can potentially last for hundreds of years, and studies that do not take them
into account often overlook an important influence on current ecological patterns (Denevan
1992, Gómez-Pompa & Kaus 1992, Foster & Motzkin 1998). Historical records provide
important insights into past landscape conditions, the processes that maintained them, and
reasons for the changes that have occurred into the present (Foster 2000a, Foster 2000b,
Whitney & Decant 2005).
Historical records come in many forms, ranging from ice and lake sediment cores to
historical journals, newspapers, and photographs. These records have been used in North
America and around the world to reconstruct the historical distribution of species,
ecosystems, or biomes (e.g., Williams et al. 2001, Brown & Hebda 2002, Cogbill et al.
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2002). The interpretation of these data can inform an understanding of the processes that led
to the creation and dissolution of these historical systems. For example, paleoecological
information about shifts in species ranges can be compared to historical disturbance regimes
or climatic conditions in order to gain insight into the effect of each of these factors on
species distributions (Davis 1988, Foster et al. 1990). Additionally, understanding landscape
conditions in more recent history can be used to set baselines for conservation and restoration
efforts that attempt to restore natural areas to a pre-industrial state (Hobbs & Cramer 2008).
In North and South America, especially, historical records can be indispensible for
understanding composition and abundance of plant and animal species, the frequency of
natural disturbances, and the effect of native peoples on the landscape prior to the arrival of
European settlers (Cronon 1983, Whitney & Decant 2005).
Qualitative accounts of the North American presettlement landscape abound in the
form of reports by early adventurers and the diaries of the first settlers to arrive in the New
World. For example, early accounts of the New England landscape include general
descriptions of the forest as well as information about the identity and location of particular
species:
“The timber of the country grows straight and tall, some trees being twenty, some
thirty foot high, before they spread forth their branches.” (Wood 1634)
“As for Trees the Country…Vines, Cedars, Okes, Ashes, Beeches, Birch trees,
Cherie trees bearing fruit whereof wee did eate, Hasels, Wichhasels… walnut-trees,
Maples…and a kinde of tree bearing a fruit like a small red Peare-plum” (Pring in
Cronon 1983).
Although these written records are valuable in providing a broad description of the
presettlement landscape, they do not allow quantification of temporal landscape changes.
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Quantitative records, such as lake sediment cores, early climate records or land survey data,
are often more challenging to obtain than qualitative records, but are invaluable in their
ability to provide a source of historical data that can be compared directly to the modern
landscape to identify the direction and extent of change that has occurred. Often, a
combination of quantitative and qualitative records from a variety of sources and time
periods can be used together to present a compelling history of a region across time (Schulte
& Mladenoff 2001, Egan & Howell 2005).
Land survey records
One valuable form of historical data in North America originates from early land
survey records. Studies of historic land surveys in eastern and midwestern North America
have provided invaluable information about vegetation patterns across the landscape prior to
European settlement (Manies & Mladenoff 2000, Cogbill et al. 2002, Whitney & Decant
2005). In most cases, these surveys were commissioned by the government to document the
quality and potential uses of the land, and to divide these areas into lots for future settlement
(Bourdo 1956, North et al. 1977, Almendinger 1996). The survey records include
information about the dominant vegetation and habitat types within each parcel of land. In
particular, the surveyor recorded the species, diameter, and distance from a survey point to
one or more “bearing” or “witness” trees at regular intervals along the survey lines (Moore
1871, Bourdo 1956). These trees were then marked and used as semi-permanent indicators
to delineate the boundary of that survey section (Bourdo 1956, Whitney 1994, Schulte &
Mladenoff 2001). Some surveyors also recorded information about disturbances, such as the
location and extent of burned areas or fallen trees, and the general appearance of certain
habitat types (Whitney & Decant 2005).
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The wealth of data in these early survey records can provide information about a wide
range of historical conditions and landscape patterns. Records of bearing tree species allow
for large-scale quantitative reconstructions of tree species’ relative abundances in
presettlement forests (e.g., Abrams & Ruffner 1995, Brown 1998, Radeloff et al. 1999,
Cogbill et al 2002). This, in turn, can be used to look at shifts over time in the location of
various forest types (Cogbill et al. 2002). The recorded distance from each survey corner to
the nearest bearing tree allows an estimation of tree density, though contemporary studies
rarely collect field data using methods that enable directly comparable density calculations
(Zhang et al. 2000). The inclusion of dominant understory species and general habitat
descriptors such as soil type provide a record of the location and extent of less common
habitat types, such as wetlands and prairies (Whitney & Decant 2005). For records that
contain two or more bearing trees at each point, an analysis of historic species associations is
possible (i.e. which species tend to occur together) and also historical species-environment
associations (Batek et al. 1999, Whitney & Decant 2005). Finally, some historic records
contain information about the location of indigenous villages and the impact of indigenous
peoples on the surrounding landscape, thereby providing a unique record of the role of
anthropogenic disturbance in maintaining historic ecosystems (Foster II et al. 2004). By
recording information about the appearance of the landscape before European influence,
these early land surveys and the information they contain provide a critical baseline for
understanding subsequent changes in vegetation and underlying factors affecting the modern
landscape. Although historical land surveys exist for the Pacific Northwest, these records
have rarely been exploited to aid in reconstructing the pre-settlement landscape in this area.
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My research uses land surveys conducted prior to or just after European settlement
(1859-1874) from the Cowichan Valley of southeastern Vancouver Island and from
Saltspring Island to reconstruct the vegetation patterns and landscape characteristics that
dominated in these areas prior to the arrival of Europeans. I then compare these historical
data to field data that I collected from the same locations in order to identify what changes
have occurred since European settlement. These comparisons, combined with published
historical and experimental studies, allow me to make inferences about what processes were
likely important in determining patterns in the presettlement landscape, and how these
processes may have changed over time.
The study area: Vancouver Island and Saltspring Island
Vancouver Island and the Gulf Islands lie off the southwestern coast of British
Columbia, Canada (Figure 1). Although the southwestern coast is largely dominated by the
Coastal Western Hemlock biogeoclimactic (BEC) zone (Egan 1999a), the southeastern coast
of Vancouver Island and the Gulf Islands (including Saltspring Island) are located in the
much smaller Coastal Douglas-fir (CDF) zone (Egan 1999b). The CDF zone is characterized
by warmer temperatures (9.2 to 10.5 ºC mean annual temperature) and a drier climate (647 to
1263 mm mean annual precipitation; Meidinger & Pojar 1991) than the rest of Vancouver
Island due to a rainshadow effect produced by the Olympic and Vancouver Island mountains
(Egan 1999b, Meidinger & Pojar 1991), with less than half the annual precipitation of
Coastal Western Hemlock sites just 100 km away (Meidinger & Pojar 1991).
Two major ecosystem types dominate the CDF zone. The first of these, the dry
Douglas-fir forests that give the CDF zone its name, is by far the largest. These forests are
dominated by Douglas-fir (Pseudotsuga menziesii), with minor components of western red-
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cedar (Thuja plicata), grand fir (Abies grandis), red alder (Alnus rubra) and big-leaf maple
(Acer macrophyllum). The understory of these forests is often dominated by salal
(Gaultheria shallon), Oregon-grape (Mahonia spp.) and sword fern (Polystichum munitum).
In the driest forests along the eastern coast, Pacific madrone (Arbutus menziesii) grows
interspersed with Douglas-fir and grasses are abundant in the understory (Egan 1999b, Flynn
1999). Due to its accessibility, the coastal Douglas-fir ecosystem has been heavily impacted
by logging over the past 150 years. The Ministry of Environment, Land, and Parks estimates
that only 0.5% of the original 220,000 hectares of coastal Douglas-fir forest remains as
relatively undisturbed old forest (Flynn 1999).

Figure 1: Map of Vancouver Island, the Gulf Islands, and the British Columbia coastline.
6

The second distinct ecosystem type that occurs within the CDF zone is sometimes
known as the “Garry oak ecosystem” (Fuchs 2001). These areas are usually characterized by
an open grassland with scattered Garry oak (Quercus garryana) trees. Many native
wildflowers, especially camas (Camassia leichtlinii and C. quamash), shooting star
(Dodecatheon spp.), and satinflower (Olsynium douglasii) are abundant among the grasses
(Erickson 1996, Erickson & Meidinger 2007). Modern oak savanna habitats usually occur
on very shallow, rocky soils, which prevent Douglas-fir establishment due to soil moisture
limitation and shallow rooting depths (MacDougall et al. 2004, MacDougall & Turkington
2005). However, a few remaining patches of oak savanna habitat occur in areas with deeper,
richer soil, where several previous studies have suggested that frequent fires were historically
responsible for keeping these areas in their open state (Tveten 1997, Turner 1999,
MacDougall et al. 2004, Pellatt et al. 2007).
Garry oak savanna was previously much more abundant than today; by some
estimates, more than 90% of the historical habitat has been converted to agriculture or
destroyed (Lea 2006, Vellend et al. 2008). Due to environmentally biased fragmentation of
this habitat, current oak savanna is now more likely to be found in steeper areas and at higher
elevations with more rainfall than the historical average (Vellend et al. 2008). As a result of
this extensive fragmentation, the Garry oak ecosystem is one of the most endangered
ecosystems in Canada and is of high conservation concern (Egan 1999b, Fuchs 2001). There
are over 100 nationally and provincially listed species-at-risk associated with Garry oak
ecosystems, with at least 12 of these threatened at a global scale, while several others have
already been extirpated (Fuchs 2001). Many active restoration efforts are underway to
preserve and restore the few remaining patches of oak savanna habitat (GOERT 2008,
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GOMPS 2008, GORP 2008), but these efforts are hampered by several factors, including
some uncertainty about the former distribution, composition, and abundance of the GOE, and
the historical processes important in maintaining this ecosystem.
Historical accounts of Vancouver Island
Victoria, the first European settlement on Vancouver Island, was initially surveyed by
the Hudson’s Bay Company in 1839 and officially founded in 1849. Settlers quickly spread
up the coast, reaching the Cowichan Valley and many of the Gulf Islands by the early 1860’s
(Lillard 1986). However, European influence began long before settlement began, with the
discovery of the island in 1770 by Captain James Cook and the rapid spread of small-pox to
many First Nations communities (Arnett 1999). Prior to European contact, the population of
First Nations people on Vancouver Island and surrounding areas likely numbered in the tens
of thousands, but by the 1900’s this number had declined by nearly 90% (Harris 1994). With
a relatively large historical native population, it is likely that First Nations people had a
profound impact on the pre-settlement landscape (Boyd 1999). Likewise, the dramatic
decline in the native population and cessation of many cultural practices indicates that this
impact has been all but eliminated in the present day.
Qualitative evidence indicates that First Nations peoples influenced the Vancouver
Island landscape in various ways. Historic records in the form of letters and journals
describe vast forested areas interspersed with large patches of open oak savanna or prairie,
and suggest that fire, set by First Nations people, may have played an important role in
maintaining these open areas (MacDougall et al. 2004). In an 1849 article in the Times
newspaper entitled “Colonization of Vancouver Island,” the anonymous author wrote of the
land around Victoria:
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“Miles of the ground were burnt and smoky, and miles were still burning. The Indians
burn the country in order to [promote]…the roots which they eat. The fire runs along
at a great pace, and it is the custom here if you are caught to gallop right through it; the
grass being short, the flame is very little; and you are through in a second…”
Considerable evidence suggests that periodic burning of open areas attracted deer and
improved the growth of several important plant species, including a variety of fruit-bearing
bushes and edible bulbs such as camas (Camassia leichtlinii and C. quamash) and wild
onions (Allium spp.; Turner 1999, Beckwith 2004). This evidence is corroborated by the oral
tradition of many First Nations communities (Marshall 1999, Turner 1999). Several studies
have attempted to use historical data to determine the frequency of fires in these areas
(Gedalof et al. 2006, McCoy 2006, Pellatt et al. 2007). Estimates of fire frequency at Rocky
Point, on the southern tip of Vancouver Island, were attempted by analyzing tree-rings and
residual fire scars. Although the results did reveal significant evidence of encroachment of
Douglas-fir (Pseudotsuga menziesii) trees into the previously open prairie, no conclusive
evidence about the historical frequency of fire was found (Gedalof et al. 2006). Charcoal
analyses conducted from lake sediment cores at two locations on Vancouver Island and one
on North Pender Island revealed a mean fire return interval of 27 to 41 years (McCoy 2006,
Pellatt et al. 2007). However, these analyses are unlikely to pick up the frequency of smallscale and low-intensity fires such as would have been used by First Nations people to
maintain areas of open prairie (McCoy 2006), in part because small grass fires are often less
intense than forest fires, and therefore may be less likely to leave the lacustrine charcoal
deposits used for determining fire return intervals (Duffin et al. 2008). As a result, charcoal
analyses within the study area do not present a complete picture of the historical fire regime
(McCoy 2006, Duffin et al. 2008).
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Although these studies have been important in suggesting the importance of First
Nations activity in influencing historic vegetation patterns, their scope is limited by the
availability of historical data. Qualitative accounts, like those mentioned above, describe the
landscape of Vancouver Island prior to extensive European disturbance and are some of the
most widely available data, but these accounts are not amenable to quantification. Charcoal
and pollen analyses from lake sediment cores can provide information on fire and vegetation
over a long time scale (McCoy 2006), but are often limited by the location of lakes and the
size and intensity of fires (Duffin et al. 2008).
One form of historical datum that has been largely overlooked in this region is presettlement land survey records. As mentioned previously, the original purpose of these
surveys was to identify areas of valuable land – for agriculture, forestry, or mineral extraction
– and to delineate property boundaries for settlement. At the same time, these records
provide a valuable source of data about the pre-settlement landscape, including the
abundance of certain tree species, the location and extent of certain habitat types, and the tree
density and tree size structure of wooded areas. Furthermore, many of the property
boundaries delineated by surveyors in the 1800’s are still in place today and are easily
relocated, thus allowing equivalent contemporary data to be collected. The goal of my
research was to use historical survey records to gain insights into the appearance of the presettlement landscape and, through comparisons with current landscape conditions, to better
understand some of the important ecological processes at play in these areas. In particular,
these data allow me to test several predictions based on the commonly presented hypothesis
of a frequent anthropogenic historical fire regime by comparing historical vegetation patterns
of Vancouver Island to the present day landscape and to other historical, theoretical, and
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experimental studies of the effects of fire on forest structure and composition.
The objectives of my research were as follows:
(1) To quantitatively characterize the vegetation of this region prior to European settlement
in terms of: a) relative tree species abundances, b) tree size distributions, c) forest density,
and d) the relative abundance and location of habitat types (prairies, forests, etc).
(2) To identify the extent and direction of change since European settlement to the present
day in each of the variables mentioned above.
(3) To use the results of my research, combined with previous historical studies and
experimental data, to identify some potentially important ecological processes that
maintained vegetation structure in the presettlement landscape.
The central hypothesis is that low-intensity fires occurred at high frequency in the
presettlement landscape, with important consequences for the vegetation. This hypothesis
makes three specific predictions about historical vegetation patterns as they compare to the
current landscape. Firstly, forest composition should show a shift over time, from firesensitive species being relatively rare in the past and increasing in abundance to the present.
An increase in early-successional, disturbance-associated species in the present is also likely
due to the increase in logging and agriculture-related disturbances.
Secondly, frequent fires should result in lower tree density and a relatively high
proportion of open habitat types (prairie, plains, savanna) in the pre-settlement period
compared to the present. In the current landscape, fire suppression would therefore lead to
an increase in forest density and a decrease in the proportion open habitat types. This
increase in tree density should result from an increase in seedling recruitment and survival
due to fire suppression, with young, fire-sensitive saplings filling in the gaps between the
11

mature trees more resistant to burning (Agee 1998).
Finally, frequent fires should lead to a unimodal tree size (diameter) distribution in the
presettlement landscape, with few small trees and many medium to large trees. This
prediction is based on experimental data depicting the expected tree size frequency
distributions in a forest prone to frequent, low-intensity fires (Peterson & Reich 2001), which
produces a unimodal distribution of tree sizes. Alternately, a monotonically decreasing size
distribution, often referred to as a negative exponential or “inverse J-shaped” curve, is the
expected tree size distribution in mature forests not prone to a low-intensity fire regime (Leak
1965, Lorimer 1980, Rouvinen & Kuuluvainen 2005, Westphal et al. 2006). I therefore
expect the 2007 data to reveal a loss of the unimodal distribution formerly maintained by
frequent burning and instead exhibit the typical inverse J-shaped curve.
By comparing presettlement and current vegetation patterns, I can test these predictions
about the important processes at play in the historic landscape. Although historical land
survey data have been used in several studies of presettlement vegetation in North America,
this study represents the first time, to my knowledge, that the original survey points have
been resurveyed to allow a direct comparison of changes in species composition, tree density,
and forest structure.
METHODS
Historical records
I used historical land survey records completed between 1859 and 1874 to reconstruct
the presettlement landscape of southeastern Vancouver Island and Saltspring Island. These
original records are available in the BC Land Title & Survey archives in Victoria, British
Columbia. The survey maps (e.g., Figure 2) and corresponding field notes (e.g., Figure 3)
12

contain information about vegetation and landscape features in these areas as they appeared
before European settlement. The maps were lithographed in 1860 at the Topographical
Depot of the War Office under the direction of Major A.C. Cooke, R.E., and Col. H. James,
Director. Copies are available in the BC Land Title & Survey office in Victoria, the
University of British Columbia Rare Books and Special Collections library in Vancouver,
and at the National Archives in Surrey, England. The total area of historically surveyed land
included in this study was over 266 square kilometers, or 26,600 hectares.

Figure 2: Portion of map of Cowichan District, created from the 1859 survey notes by Oliver
Wells; horizontal and vertical lines represent range and section survey lines. Maps are
available in the archives of the BC Land Title & Survey office, Victoria, BC, Canada. The
scale bar and north arrow have been added to the original map.
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Figure 3: Portion of notes from Cowichan District (left) and translation of the shorthand with
the original text bold and underlined (right). Notes are available in the archives of the BC
Land Title & Survey office, Victoria, BC, Canada.
Historical surveys were divided into three separate datasets, based on the surveyor,
location, and the year in which the survey was conducted. The first dataset, which includes
the districts of Shawnigan, Cowichan, Quamichan, Somenos, and Seymour (176 km2 in
total), is located on the southeastern coast of Vancouver Island, near Duncan, British
Columbia (Figure 4). This area will henceforth be referred to as the “Cowichan Valley”
dataset. These districts were surveyed in 1859 by Oliver Wells. One additional district on
Vancouver Island, the Chemainus district (26 km2), was surveyed in 1864 by William Ralph,
and will be referred to as the “Chemainus” dataset. The final set of data includes parts of
Saltspring Island (64 km2), which is just off the southeastern coast of Vancouver Island and
practically due east of the Cowichan Valley. These areas on Saltspring were surveyed in
1874 by Ashdown Green. This survey took place after some limited European settlement
had already occurred (settlement began in 1859). Therefore, these data were reviewed and
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any areas indicating European influence at the time of the survey (roads, fields, houses) were
removed from the dataset.

Figure 4: Three datasets in the Cowichan Valley, Chemainus district, and Saltspring Island,
within the study area.
Presettlement surveys were conducted along a series of east-west and north-south
lines, referred to as “section” and “range” lines, respectively. Each of the resulting
rectangles (the area between two “range” and two “section” lines) was approximately 1 km
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by 400 meters in size (see Fig. 2). At the intersection of every section and range line, the
surveyor planted a post as an indication of the exact location of the property corner. At every
post, the nearest tree was marked as a “witness” or “bearing” tree, so that the property corner
could be found should the original post be lost. The species of tree and the distance from the
post to the tree was recorded in the notes. In the Chemainus and Saltspring Island surveys
(but not in the Cowichan Valley) the diameter of the bearing tree was also recorded. We
used the survey data to estimate species composition (bearing tree species frequencies),
forest density (based on the distance from a post to the nearest tree), and forest size structure
(bearing tree diameter distribution) in the presettlement landscape.

In addition to these specific bearing tree data, surveyors also recorded descriptions of
habitat types along the survey lines and at each point, such as “prairie,” “open pine and oak
plains” or “thickly wooded forests”. Although general habitat characteristics were described
in the historical survey notes of every dataset, only the Cowichan Valley surveyor described
the habitat surrounding each point using consistent terminology. Most of these descriptions
were repeated frequently throughout the surveys, and analyzing these habitat descriptions can
allow estimation of the proportion of different habitat types across the landscape. I identified
six reoccurring terms for this analysis of the Cowichan Valley data: “forest” (n=20 points),
“open woods” (n=32), “pine and oak plains” (n=53), “bottom land” (n=13), “swamp” (n=10),
and “prairie” (n=27). These descriptions were used by the surveyor to describe 155 out of
the 225 total points in the dataset (about 70%). The remaining 30% of points either had no
description or were described using terms such as “rocky, worthless land” (9 locations),
“tolerably good land” (8 locations), or “large pine timber” (15 locations), that do not allow
straightforward, consistent classification.
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The Saltspring Island surveys include one additional type of historical datum that the
other datasets do not: line trees. Every time a section or range survey line directly intersected
a tree, that tree was marked as a “line” tree, and the species and diameter of that tree recorded
in the notes. There are a total of 645 line trees in the Saltspring Island data along 126 km of
survey lines. Line tree data have been used in other studies of historic survey data as a check
for bias with respect to tree species and size in the bearing tree records, as it presumably
represents an unbiased record of forest composition along those lines (Janke et al. 1978,
Zhang et al. 2000, Whitney & Decant 2005). I will address the specific uses of line tree data
in checking for bearing tree bias following the description of my analyses.
Addressing uncertainties in the historical data
As with many historical studies, some uncertainty comes with the translation of
historic species nomenclature to that of the present (Table 1). Although this process was
made somewhat easier by the relatively low diversity of major tree species in this area, some
grouping of species was necessary. In particular, the 1859 Cowichan Valley surveys did not
distinguish between hemlock and Douglas-fir, and refer to both species as “pine.” This was
determined because hemlock was never recorded in the historical survey data, despite being
present in other regions historically and in this region currently. Furthermore, a later 1864
survey at some of the same points re-identified one of the original “pine” bearing trees as a
hemlock. Therefore, hemlock and Douglas-fir were grouped in the 1859 and 2007 Cowichan
Valley datasets. As Douglas-fir dominates both past and present forests, it is probable that
most trees identified as “pine” were in fact Douglas-fir. Only two other pine species, western
white pine (Pinus monticola) and shore pine (Pinus contorta), are present on Vancouver
Island. These are unlikely to have occurred in the 1859 survey as western white pine is rare

17

along the coast and neither species occurred in any of the 2007 surveys at the same survey
locations. The Chemainus and Saltspring Island surveyors did distinguish between hemlock
and Douglas-fir species, so no grouping was necessary in these datasets.
Another concern is the absence in the historic data of certain species that do occur in
the modern landscape. For example, cherry (Prunus spp.) occurs occasionally in wet or
disturbed areas in the present, but was not recorded in the past. It is unclear whether this was
due to a low abundance of cherry in the past, or whether it represents surveyor bias against
choosing cherry as a bearing tree, possibly because it is small and short-lived relative to other
species. As a result of this, all analyses were done both with and without cherry, and in all
cases the inclusion or exclusion of cherry made no difference in the statistical outcome of the
analysis. As a result, only the analyses without cherry are reported here. Cottonwood
(Populus balsamifera) also did not occur in the historic dataset but was included in the
analysis because it is unlikely that its absence represents surveyor bias, as it is as large as
other species in the historical data and typically lives 100-200 years (Steinberg 2001).
Cottonwood is relatively uncommon in the current landscape and strictly limited to riparian
areas – a small proportion of the total study area – and was therefore likely to have been
missed due to its rarity. Further details of species nomenclature are provided in Appendix A.
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Table 1: Species names in historic surveys with the current common and Latin names. Years
refer to the survey dataset (1859 = Cowichan Valley, 1864 = Chemainus, 1874 = Saltspring
Island). See Appendix A for explanation of naming. Historical names without an
accompanying year apply to all three datasets. Species names follow The Illustrated Flora of
BC (Douglas et al. 1998-2000).

Field methods
In order to characterize changes in vegetation patterns across time, I compared the
historical patterns revealed in the land survey data with current field data. During the
summer of 2007, I collected vegetation data at historical survey points using methods similar
to those employed in the historical surveys. A nearly perfect past-to-present point match
with respect to spatial position was possible because the historical survey corners still
represent property boundary lines to the present day. I verified the location of these points
19

by georeferencing the historical maps in ArcGIS 9.2 (ESRI, Redlands, California, USA), and
found that the corner locations matched a 2006 map of property parcels provided by the local
district governments (Cowichan Valley Regional District, North Cowichan District, and
Capital Regional District). We could then easily obtain the geographic coordinates of these
corners, and used a GPS unit to identify the location of the points in the field (+/- 15m). In
many cases, the exact location was immediately obvious due to the presence of property
markers, flagging tape, and occasionally by recently marked bearing trees.
At each survey point, the species of, distance to, and diameter at breast height (1.3m
from ground, DBH) of each of the ten trees closest to the stake was recorded. The farthest
recorded distance from a post to a bearing tree in the historical data was 26 meters (sites with
no tree close by were marked as “no bearing tree near”). As a result, I used 26 meters as the
maximum distance in the 2007 data as well. I recorded the distance to the 10 closest trees, or
all trees within a 26 meter radius if there were fewer than 10 trees. Only trees with DBH >
10 cm were recorded, as this corresponds to the smallest bearing trees recorded in the historic
data and is slightly larger than the minimum size of 6.35 cm designated in the manual of
instructions to surveyors (Moore 1871). Distance was measured with a Leica DISTO A5
laser distance meter (St. Gallen, Switzerland) to an accuracy of +/- 5 cm, except in areas of
high shrub density, where I used a meter tape. All trees were identified to species except for
willow (Salix spp.), which was identified to genus.
In some cases, the survey point was on developed land, including recent clear-cuts,
agricultural or recreational fields, houses, or parking lots; one survey line now runs directly
through the city of Duncan. None of these points had any natural habitat left to survey, and
were excluded from the study. Included in my surveys were any points with a contiguous
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area of forest or natural prairie (i.e. not an agricultural field or artificial lawn) large enough to
survey at least ten trees (or 26 meters) in any direction before encountering a developed area.
Areas that had been selectively logged but had some trees remaining (uncommon) were
surveyed, but clear-cut sites (more common) were excluded. If the area immediately around
the survey point was heavily disturbed, I traveled a maximum of 50 meters to the closest
patch of contiguous forest or prairie. If there were no such areas within 50 meters, a general
description of the landscape was recorded but no formal survey was completed. In some
cases, the point occurred exactly at the edge of a natural habitat (e.g. the point was located at
the boundary between an agricultural field and a forest). In this case, only the ten closest
trees within the forested area were measured, and the proportion of the area around each
point (from 0-360o) that was natural habitat was recorded. In total, approximately 40% of
historically surveyed points were not surveyable due to development or logging of the natural
habitat. Of the surveyed sites, approximately 70% were resurveyed in their original location,
while the other 30% of surveys were conducted a maximum of 50 meters away from the
original point.
Data analysis
The data were analyzed to test for changes from the historic period to the present day
in species composition, forest size structure, and forest density. In addition, in the Cowichan
Valley only, habitat descriptions were used to look at changes in the representation of
particular habitat types.
Species Abundance. Changes in species frequencies were determined using a chisquared analysis (SAS 9.1, Cary, North Carolina) of past and present frequencies of each
species across all points in each dataset. Rare deciduous trees (maple, apple, willow, oak,

21

and cottonwood) are reported individually but were grouped for the chi-square analysis, as
the chi-squared test is more likely to produce a type I error if categories contain fewer than 5
observations (Sokal & Rohlf 1995). An exact test can sometimes be used in situations of
very small sample sizes, but this was not an option for my data because of the large number
of observations in some categories (notably Douglas-fir). In addition, in the Cowichan
Valley data, grand fir (N=1) was grouped with Douglas fir and hemlock for the chi-squared
analysis due to the rarity of grand fir in the historical dataset. For all of these analyses I used
only those points where data were collected in both time periods.
Forest density. Forest density was calculated in both the Cowichan Valley and
Saltspring Island datasets. A density estimate for Chemainus was not calculated due to the
small number of surveyed points in this district and the large margin of error that results.
Density was calculated using density estimators based on the distance from each point to the
centre of the n-th closest tree (Morisita 1957, Eberhardt 1967). Many density estimators
have been proposed for this type of datum (e.g., Cottam & Curtis 1956, Persson 1964,
Pollard 1971, Byth & Ripley 1980). However, most of these estimators make unrealistic
assumptions about the spatial distribution of organisms in the landscape, potentially
producing highly biased density estimates (Engeman et al. 1994, Bouldin 2008). The Byth
and Ripley (1980) procedure, for example, assumes that all organisms are randomly
distributed in space (i.e. density is constant across space). This assumption is clearly violated
in my study area due to the presence of habitat types ranging from densely wooded forests to
open prairies. Other equations, such as those developed by Persson (1964), assume an
evenly spaced distribution of organisms – again not likely unless the site is a plantation
(Lynch & Rusydi 1999). For this study, I used two density estimators that allow for variable
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tree density across the landscape. The first of these, known as the GamPoi method
(Magnussen et al. 2008), allows for variation in density among points across the study area
according to a (very flexible) gamma distribution, and assumes a random (Poisson)
distribution of trees within areas of different density. In other words, this method explicitly
accounts for variable densities, and it performs well on simulated datasets (Magnussen et al.
2008). GamPoi was the primary density estimation method used for both presettlement and
present-day data, in part because, unlike many other estimators, it can calculate densities with
n=1 (only one tree at each point, as in the historic data). However, the GamPoi estimator
cannot account for datasets with varying values of n across sample points, such as the 2007
data where n is sometimes <10, or where the surveyed area is <360o around each point (i.e.
those sites that occurred at habitat edges). As a result, the GamPoi estimator was used only
for a subset of present-day sites that met both of these criteria, as well as for the matching set
of historical points.
I used a second method of estimating forest density that allowed use of the complete
set of present-day sites. This method could not be used to calculate presettlement density
estimates because it requires n > 1, and was therefore only useful in estimating 2007 density
measures. Because the same density estimation methods could not be used on the entire set
of both presettlement and present-day sites, a present-day subset of suitable sites was also
analyzed using both methods to assess potential differences between methods. Density ( )
was estimated using a variation of an equation first introduced by Morisita in 1957 and later
adapted by Keuls in 1963,
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with a variance adapted from Cochran (1977),

where t is the number of points, n is for the n-th closest tree to the point, A is the area within
which trees were recorded around that point (for 360° sites, this is equivalent to !r2), and the
summation is across points. The (n-1)/n correction factor was shown to be unbiased for
clumped spatial distributions by Eberhardt in 1967 (the n in the denominator is implicit in the
equation shown above). This method allows density to vary from point to point, assuming a
negative binomial (clumped) distribution of trees. Bouldin (2008) found that this equation
was more accurate in estimating forest density than the point-centered quarter method
(Cottam & Curtis 1956) formerly used to estimate density from land survey data.
It should also be noted that A is calculated based on the distance from the point to the
n-th tree, which is assumed to be the distance to the center of the tree rather than the edge.
Historical distances were measured to the edge of the tree. Because the presettlement
Cowichan Valley dataset did not include tree diameters to allow calculation of distance to
tree center, I used a sampling method to assign a random diameter value to each tree in the
Cowichan Valley dataset based on the presettlement distribution of tree sizes on Saltspring
Island, where diameter measurements were recorded. This random assignment of DBH
values was repeated ten times, and the final density and standard error estimates for the
Cowichan Valley were based on the average of these ten measures. Using distances to the
tree edge in all datasets produced slightly higher density estimates for all datasets, as
expected, but the qualitative differences among datasets were identical.
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Tree density in different habitat types. Tree density was also calculated for the
historical Cowichan Valley data within each described habitat type using the GamPoi
estimator. Only four habitat types (“prairie”, “plains”, “open woods” and “forest”) had a
large enough sample size to estimate densities (n=20 or greater). This was done both to verify
the surveyor’s descriptions (e.g. prairies should be less dense than forests) and to estimate the
degree of openness in each habitat type. Because we do not have equivalent habitat
descriptions for the 2007 data, we cannot conduct an exactly comparable analysis for the
2007 data. To provide an approximate assessment of the proportional representation of
comparable habitat types in the present day, we calculated the number of 2007 sites within
each 1874 density category. Density was calculated at each point by dividing the number of
trees (generally, n=10) by the area within which trees were recorded (!r2 at a 360o point,
where r is the distance to the n-th tree). Density categories were based on the approximate
midpoint between the density estimates of two consecutive presettlement habitat types.
Size structure. Pre-European forest size structure was estimated from the diameter
measurements of bearing trees on Saltspring Island. Because historical diameters were only
recorded in two-inch intervals, I rounded all measurements to the midpoint of the nearest 10
cm category (10-19 cm becomes 15 cm, 20-29 cm becomes 25 cm, etc.). Differences in the
size distributions in 1874 and 2007 were then tested using a Kolmogorov-Smirnov test. Two
comparisons were made between past and present sites: 1) 1874 bearing trees vs. 2007
bearing trees (the first tree only at each site), and 2) 1874 line trees vs. all 2007 trees (the ten
closest trees at each site). In the second analysis comparing 1874 line trees and all ten 2007
trees at each site, I corrected for the varying plot sizes within which trees were observed in
the 2007 surveys by weighting the diameter measurements by plot area. This was done to
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ensure that the line tree data (collected along a line rather than in a plot) were directly
comparable to the bearing tree data by removing the effect of plot size. Because the distance
to the 10th tree is likely to be much longer in a plot with ten large trees than ten small trees,
large trees may be overrepresented in the 2007 dataset if no corrections are made. The same
bias may apply to the single bearing tree datasets, but weighting by the distance to a single
tree introduces large amounts of variance, and the datasets are exactly comparable across
time periods, so no corrections were made. In addition, I compared the 1874 bearing tree
data with the 1874 line tree data, to check for any size-bias in the bearing tree data. Finally, I
compared the 2007 bearing tree dataset (using only the first tree at each site) to all 2007 trees
(the closest ten trees at each site) to ensure that these two datasets were comparable.
Assessment of potential biases. One of the strongest criticisms of using historic
bearing tree data is the potential for bias, including a surveyor’s preference for larger, longerlived, or smooth-barked trees, which could affect estimates of species composition, size
structure, and density in the past (Almendinger 1996, He et al. 2000, Whitney & Decant
2005). Many previous studies using bearing tree data have found very little, if any, evidence
of bias in terms of species composition, but the degree of bias can vary from survey to survey
(Maines & Mladenoff 2000, Manies et al. 2001, Schulte & Mladenoff 2001, Whitney &
Decant 2005). Manies et al. (2001) found some evidence for bias in tree species composition
and size based on the preferences of individual surveyors, but the biases were not consistent
across surveyors. Therefore, I conducted several analyses to test for and correct any
evidence of bias in the historical survey data.
The line tree data included in the 1874 Saltspring Island records provide a source of
data that are highly unlikely to contain any biases with respect to tree species or size, and
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which can therefore be used to check for bias in the bearing tree data. Line trees were
marked and recorded whenever the survey line directly intersected a tree, and were not
chosen by the surveyor with any specific qualification in mind (Moore 1871, Almendinger
1996, Zhang 2000). I compared species frequencies in the line tree data and the bearing tree
data in order to detect any potential bias in species composition in the latter. I should note
here that due to the different methods of collecting these two sources of data, a perfect match
is not expected. For example, tree species that tend to occur in very open landscapes, such as
Garry oak trees, would be overrepresented in the bearing tree dataset because a surveyor
would have to travel farther away from the post to mark that tree, but in a line transect those
trees would not likely be hit. Nonetheless we expect this comparison to point to any major
biases in favor of, or against, particular tree species in the historical data.
Line tree data can also allow an assessment of bias in bearing tree diameter
measurements, for example if surveyors preferentially chose large trees. Because line tree
data also contain diameter measures, a simple process of weighting the line trees by their
inverse diameter (the probability of a line hitting a tree is proportional to its diameter)
provides an unbiased estimate of the distribution of line tree diameters. Line tree data thus
allow a direct analysis of the degree of bias in bearing tree species composition and size in
the historical survey data.
RESULTS
During the summer of 2007, I resurveyed a total of 259 out of 428 historic survey
points (Table 2). Nearly all sites that occurred in areas of natural habitat were surveyed (only
three sites were excluded due to lack of permission, and 15 sites were excluded due to time
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constraints). The rest of the sites that were not resurveyed represent developed or cleared
sites that had no natural habitat remaining.
Table 2: Number of historically surveyed and resurveyed points in each part of the study
area.

Species abundance. Significant changes in species frequencies were observed in all
three datasets (Table 3; Fig. 5). There was no significant difference in species frequencies
between line trees and bearing trees on Salt Spring Island (Table 3; Fig. 6), which suggests
little to no bias in bearing tree species selection by surveyors in the past. The main trends
visible across all datasets are a large increase in the proportion of maple and cedar and a
decrease in Douglas-fir. There were some further minor changes in species composition
within each dataset, such as an increase in grand fir in the Cowichan Valley dataset and an
increase in alder in the Chemainus dataset, but these were not uniform across all datasets. A
more detailed picture of compositional changes across time can be depicted in a transition
matrix, showing the number of points where the closest tree has remained the same or
changed to particular other species (Appendix B), although the preponderance of very low
frequencies in this table precludes statistical analysis.
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Table 3: Chi-squared analysis of the change in tree species composition, past-to-present

a)

b)
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c)

Figure 5: Proportions of tree species in each dataset, past and present: a) Cowichan Valley b)
Chemainus district c) Saltspring Island. “Pine” in the Cowichan Valley dataset refers to
Douglas-fir and hemlock combined; the category “other” includes apple, cottonwood,
arbutus, yew, and willow trees, which occurred at very low frequencies.

Figure 6: Comparison of overall line tree and bearing tree data from the 1874 Saltspring
Island surveys. Approximately equal proportions of each species in each data type indicate
little to no surveyor bias in bearing tree selection.
Forest Density. All tree density estimates showed an increase in forest density from
the presettlement time period to the present (Figure 7). In the Cowichan Valley, average
density increased from 335.6 stems/ha (+/- 125.3) in 1859 to 829.8 stems/ha (+/- 171.4) in
2007. On Saltspring Island, average density increased from 258.6 stems/ha (+/- 196.2) in
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1874 to 729.5 stems/ha (+/- 169.0) in 2007. Although the 95% confidence intervals are fairly
large they do not overlap in any case, and I therefore conclude that there are significant
differences in mean density between past and present in both datasets. The data subsets that
were analyzed using both the GamPoi and the Morisita/Keuls density estimation methods
show almost identical means and confidence intervals, which suggests that the density results
are not affected by the use of two different estimation methods. The data subsets show
average densities similar to those from the entire dataset from which they were taken.

Figure 7: Changes in density past to present, Cowichan Valley and Saltspring Island.
Density estimators used are the GamPoi method (Magnussen 2008) and Keuls’ density
equation (1963). Error bars represent 95% confidence intervals.
The 2007 data subset for Saltspring showed a slightly lower density than the overall dataset,
which could be due to the fact that the <360º sites (i.e. near disturbed edges), which were
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excluded from the data subset, likely have higher density. However, the mean density of
these subsets is still within the confidence interval of the overall dataset.
Habitat type. A review of the habitat types described in the 1859 survey notes reveals
a landscape composed of a mosaic of prairie, plains, open woods, and forest habitats (Figure
8). Of the 70% of points described by Oliver Wells, “forest” sites comprised 12.9% of
described points, “open woods” comprised 20.6%, “plains” (described either as “open pine
plains” or “pine and oak plains”) encompassed 34.2%, and “prairie” made up 17.4% of
points in the Cowichan Valley. Habitat described as “swamp” and “bottom land” made up
7% and 8%, respectively. The density estimates for each of these habitat types correspond as
expected with the surveyors description, albeit with large confidence intervals (Figure 9).
Sites labeled as “forest” had an average density of 404.3 stems/ha (+/- 296.6), “open woods”
227.2 stems/ha (+/- 187.9), “plains” 61.3 stems/ha (+/- 41.0), and sites described as “prairie”
8.8 stems/ha (+/- 3.5). The density estimate for the “prairie” habitat is a maximum estimate,
as nearly half of the sites in this habitat type had no bearing tree recorded at all (the 1859
notes state “no bearing tree near”). In this case, I used the maximum distance measured from
a point to a bearing tree in 1859 (26 meters) as a substitute for the distance measurement
when no bearing tree was marked. Undescribed sites or sites described as “bottom land” or
“swamp” had an average density of 416 stems/ha, suggesting that these sites were largely
(though not entirely) forests of some kind.
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Figure 8: Relative proportion of each habitat type described by Oliver Wells in the
Cowichan Valley, 1859. In total, 70% of all survey points were described by Wells.

Figure 9: Tree density by habitat type in the Cowichan Valley, 1859. All estimates use the
GamPoi method (Magnussen 2008), error bars represent 95% confidence intervals. “Other”
includes those sites described as “bottom land” and “swamp,” and all undescribed points.
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In 2007, 1.2% of sites had a density of less than 35 stems/ha (roughly corresponding
to the “prairie” habitat type), 2.0% of sites had a density between 35 and 150 stems/ha
(roughly corresponding to “plains”), 17.6% of sites had a density between 150 and 315
stems/ha (corresponding to “open woods”), and 79.2% of sites had a density of 315 stems/ha
or greater (“forest”). Furthermore, a site-by-site comparison of past and present density
based on the these categories shows that nearly all sites increased in density from past to
present. There were no previously forested sites that became prairie or plains, but 60% of the
prairie sites and 97% of plains sites became open woods or forest (Table 4). Although these
clearly represent approximate categories of tree density, these analyses make it clear that
open, sparsely treed habitat types decreased greatly between 1850 and 2007 and were
replaced by forest.
Table 4: Transition matrix showing the proportion of sites that changed from a low tree
density to a higher density (bold numbers) and vice versa; 2007 habitat categories are based
on equivalent density estimates from each presettlement habitat type. “Forest” also includes
sites designated as “bottom land” and “swamp.” All rows sum to 1. The “total” column
indicates the number of sites in each historical category.
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Size structure. The Kolmogorov-Smirnov tests revealed a significant difference in
the size distribution of trees between 1859 and 2007 (Table 5). Tree sizes (Figure 10) show a
unimodal distribution in 1874, with few of the smallest trees and many medium-sized trees,
while the 2007 trees show a monotonically decreasing pattern, with many small trees and
fewer medium and large trees. This pattern is clear in both the bearing tree data and in the
line tree data, which suggests that the bearing tree data are not highly size-biased. There was
no significant difference between the size distribution of 1874 bearing trees and line trees,
nor was there a difference when ten bearing trees were used instead of one in the 2007
dataset (Kolmogorov-Smirnov test results; Table 5).

Table 5: Kolmogorov-Smirnov tests for differences in tree size distributions between 1874
and 2007 on Salt Spring Island; "BT" is the one bearing tree closest to each point, "2007 All"
incorporates the ten closest trees at each site, and "1874 Line" is the set of line trees weighted
by inverse DBH.
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Figure 10: Tree size frequency histograms for Saltspring Island; the black, dashed line
represents the bearing tree data from 1874, the grey dashed line represents the bearing tree
data from 2007 (the one closest tree at each site), the black solid line represents the line tree
diameters (weighted by inverse diameter) in 1874, and the solid grey line is all 2007 trees (up
to 10 at each site).
DISCUSSION

My results show significant changes over the past 150 years in the composition,
density, and size distributions of trees on southeastern Vancouver Island and Saltspring
Island. I found a decrease in the abundance of Douglas-fir and an increase in maple and
cedar across all three datasets. Forest density increased nearly two-fold between time
periods, and forest size structure has shifted from primarily medium-large trees (35-45 cm in
diameter) to dominance by trees of 15 cm in diameter or less. Finally, the proportion of the
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landscape composed of open habitat (150 stems/ha or less) has decreased dramatically since
pre-settlement times, from more than a third of the landscape to <5%.
Patterns of habitat distribution
The results of my study support several conclusions of previous research on the
historical landscape of southeastern Vancouver Island. These studies have primarily focused
on the rapid decline of oak savanna habitat in these areas (MacDougall et al. 2004, Gedalof
et al. 2006, Lea 2006). This decline has been attributed in large part to development and
conversion of oak prairie to agriculture, but even those areas of natural habitat that remain
are threatened by encroachment of Douglas-fir and consequent conversion to forest (Gedalof
et al. 2006). These findings are supported by the results of my study that show an increase in
tree density across the landscape as well as a dramatic decline in the proportion of open
habitat types.
While this decline and degradation of oak savanna habitat had been well documented
by previous studies, my research contributes novel information in several ways. The unique
historical dataset has allowed quantitative characterization of tree density and composition,
not only in particular habitats or localities but across a broad landscape. A particularly
interesting result was the discovery of what might be considered a previously unrecognized
historical habitat “type,” namely what Oliver Wells referred to as “pine plains”. Most of the
“plains” in Fig. 6 were “pine plains,” although there were some references to “pine and oak
plains”. The density estimate for this habitat type indicates a very open landscape with few
trees, but where trees did occur, they were most often “pine” (Douglas-fir), in marked
contrast to present day savannas where oaks predominate. At the front of the survey
notebook for the Shawnigan district, Oliver Wells (1859) writes:
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“In the Field Notes and Plan of Survey, the term 'Pine Plain' is only applied to land of
the best quality, - open, - and little wood upon it, which usually grows in clumps with
an occasional isolated tree. The picturesque effect being very similar to that of an
extensive cultivated Park.”
This description is consistent with the density estimate (61 stems/ha) and indicates a
relatively open landscape. In the current landscape, however, habitat of this description is
almost nonexistent, and there is no explicit mention of a habitat type fitting this description in
other historical studies of this area, despite the fact that it occupied a substantial portion of
the landscape.
My results also indicate that the concern surrounding the decline of Garry oak trees
per se may be somewhat misdirected. Although Garry oak trees are commonly assumed to
be the cornerstone species of the threatened prairie and savanna habitats in B.C. (Hosten et
al. 2006, Cavers 2008) – thus, “Garry oak ecosystems” – the trees themselves do not show
any obvious decline in relative abundance despite the fact that the amount of savanna habitat
has decreased by 90% or more. In fact, in the Chemainus district oak trees may have actually
increased in relative abundance. In addition, the presettlement survey notes rarely indicate
oak bearing trees; even in open areas of prairie and plains, where oaks now dominate, the
bearing tree was usually either Douglas-fir or nonexistent (i.e., there is no tree within 26
meters of the post). This indicates that the “Garry oak” prairies and savannas of the
presettlement landscape may have been characterized more by their open nature and likely by
the understory plant community than by the presence of the Garry oak trees themselves. In
other words, the large number of threatened herbaceous species within oak savanna habitats
today probably have little relationship to or dependence on oak trees per se, but rather on
areas of open, treeless habitat. This conclusion is supported by the work of Gedalof et al.
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(2006), who found that oak recruitment at Rocky Point on Vancouver Island spiked during
the late 1800’s, coincident with European settlement, and proposed that oaks may have been
less abundant prior to this period. These results indicate that the areas of dense oak
woodland that often characterize GOE site remnants today may actually be artifacts of
European influence rather than a true reflection of the presettlement landscape.
Inferring process from pattern
The considerable changes in landscape and vegetation patterns that have occurred
from the 1800’s to the present-day can be attributed at least in part to the large-scale
disturbances initiated by European settlement. Although the most obvious landscape changes
are due to the complete conversion of natural habitat to houses, parking lots, and agriculture,
my study makes it clear that even the areas of “natural” habitat still remaining have changed
dramatically since presettlement times. By comparing the results of my study to those of
historical and experimental studies elsewhere in North America, I am able to identify some
of the likely processes that have led to these changes.
Possibly the largest influence of European settlement has been the ubiquitous logging
of old-growth forests. In the low coastal area where this study occurs, less that one-half of
one percent of the forest remains in a relatively undisturbed old-growth state (Flynn 1999).
Clear-cut logging often leads to an increase in early successional species (Halpern 1989,
Abrams & Nowacki 1992, Foster et al. 1998, Fuller et al. 1998), as it removes the
commercially valuable, late successional species like Douglas-fir and cedar and provides an
abundant light source for fast-growing early successional species such as alder and maple
(Kimmins 1997). This is the most likely explanation for the large proportional increase in
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maple. Maple is commonly found in disturbed areas due to its rapid growth and ability to
sprout from the stump after logging (Uchytil 1989).
The prevalence of logging likely also plays a role in the observed increases in forest
density. After logging occurs, forest density will increase as forests of low density and large
trees are replaced by denser forests with many smaller trees (Kaufmann et al. 2000). As the
forest matures, density dependent mortality will cause thinning of the forest and an
consequent decrease in forest density (He & Duncan 2000). Estimates of forest density in
current old-growth Douglas-fir forests generally range from 250-500 stems per hectare,
depending on habitat type, elevation, and aspect (Spies & Franklin 1991). The average
historical density observed in my study is approximately 300 stems/hectare, which falls
within the lower range of old-growth forest and is consistent with other studies of
presettlement forest density (Zhang 2000). However, it should be noted that this density
value actually represents the average of a wide range of habitat types and does not indicate
that the entire landscape consists of forests of uniform density.
Widespread logging also likely accounts for some of the observed decrease in average
tree diameter, as logging removes the largest trees and allows small trees to grow up in their
place. However, it does not explain the unimodal distribution of tree sizes, as even oldgrowth forests generally exhibit the common inverse J-shaped distribution (McCarthy and
Weetman 2006, Westphal et al. 2006). Furthermore, logging does not explain the
disappearance of open habitat types (i.e., “prairie” and “plains”) which once accounted for a
combined 35% of the presettlement landscape. The tree density of these habitat types is
much lower than a typical old growth forest, which indicates that other factors must have
played a role in keeping these areas open.
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Finally, an increase in logging fails to account for the observed increase in red cedar
from past to present. Cedar is a shade-tolerant and highly valued species, and it is therefore
unlikely that logging in the present day would cause an increase in its abundance. However,
some form of preferential harvesting may explain the low relative abundance of cedar in the
past. Red cedar was an important species in many western First Nations cultures, and was
used extensively for building houses, canoes, totem poles, and more (Turner 1979, Deur &
Turner 2005). Wide-spread harvesting of red cedar by First Nations could have affected the
abundance of this species in the pre-settlement landscape, especially in areas of high
population density. A study of lake sediment pollen on Anthony Island, north of Vancouver
Island, revealed a significant decline in the abundance of cedar coincident with human
occupation of the island approximately 1000 years BP. This trend could not be explained by
any changes in climate, and was therefore taken as evidence of First Nations harvesting
(Lacourse et al. 2007). It seems likely that a similar effect of harvesting could be evident on
Vancouver Island, where First Nations populations were some of the largest in North
America (Harris 1994, Boyd 1996). The relative increase of cedar in the present-day could
then be attributed to a decline in First Nations activity following European settlement.
Although industrial logging now removes far more trees overall than were harvested by First
Nations peoples, it may not select as strongly for cedar.
Frequent low intensity fires historically and subsequent widespread fire suppression
appear to be critical in explaining some of the observed changes from presettlement times to
the present. The suppression of fire can have a profound affect on community composition,
and has been linked with shifts in species composition in many areas (Barrett & Arno 1982,
Radeloff et al. 1999, Nowacki & Abrams 2008). The increase in cedar trees from past to
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present could also be explained as a consequence of fire suppression. Cedar trees have very
thin bark and shallow roots, and are highly susceptible to fire (Minore 1983, Tesky 1992,
Agee 1993). In addition, cedar foliage is highly flammable, so even low-intensity fires can
kill small cedar trees (Agee 1993). As a result, frequent fires in some areas of the past
landscape could have restricted the range of red cedar to wet areas less prone to fire and
reduced its abundance overall. This hypothesis is supported by the changes in species
composition at each site (Appendix B). In all datasets combined, 42% of sites changed from
a bearing tree species of high fire tolerance to a species of low fire tolerance. In contrast,
only 10% of sites changed from a species of low fire tolerance to high fire tolerance, while
48% of sites remained the same. This indicates an overall shift in forest composition toward
species of low fire resistance coincident with the suppression of fire.
The increase in cedar could also be an indirect result of the suppression of fire. As
cedar trees are highly shade tolerant (Tesky 1992), the observed expansion of forest into
formerly open areas may have facilitated a corresponding increase in cedar. However, as the
expansion of forest is itself a likely result of fire suppression, the increase in cedar would
therefore be an indirect result of fire suppression. In either of these scenarios, cedar trees
may have been able to increase in abundance and possibly spread to areas where they were
formerly excluded by fire.
The shift in forest size structure from a unimodal diameter distribution in the past to a
monotonically decreasing distribution in the present is also likely due in large part to the
suppression of fire. The unimodal pattern visible in the historical Saltspring Island data has
been observed in forests with a regime of frequent fires (Peterson & Reich 2001), and was
described in at least one other study of presettlement tree size distributions (Zhang et al.
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2000). The experimental study by Peterson & Reich (2001) of the effects of prescribed
burning in oak savannas of the Midwestern United States showed that fires of high frequency
(three or more per decade) produced the same unimodal distribution of sizes seen in the
presettlement Vancouver Island data. In the same study, a regime of infrequent fires (less
than two per decade) or no fires produced a monotonically decreasing distribution of tree
sizes more similar to that seen in the 2007 Saltspring data. A regime of frequent but lowintensity fire will kill most young seedlings and limit successful establishment. Older trees,
particularly fire-resistant species such as Douglas-fir and Garry oak, will not be killed by a
low-intensity fire and will continue to grow unharmed (Agee 1993). Occasionally, the fire
interval will be longer than normal or a seedling will survive by chance until it reaches an
age where it is no longer susceptible to fire (Agee 1993). This process creates a unimodal
distribution of tree sizes, with very few small trees surviving each year but occasional pulses
of recruitment (Peterson & Reich 2001).
Fire suppression is also likely implicated in the increase of forest density from past to
present. The suppression of fire has been linked to increases in forest density throughout
North America, even in unlogged forests (Covington & Moore 1994). In the southwestern
United States, frequent fires played an important role in the presettlement ecology of
ponderosa pine (Pinus ponderosa) forests (Covington & Moore 1994, Mast et al. 1999).
Historical records of these ponderosa pine forests indicate an “open, park-like” habitat, with
a maximum canopy cover of 25-30% and an understory dominated by grasses (Covington &
Moore 1994, Mast et al. 1999). Density estimates in these forests reveal an average tree
density of approximately 60 stems per hectare – a number very similar to that for the “pine
plains” of Vancouver Island (61 stems/ha). Frequent, low intensity fires were responsible for
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keeping these forests in their open state, and since fire suppression began in the early 1900’s,
forest density has increased to 800 stems/ha or more. Another study in the Wisconsin pine
barrens found a high proportion of relatively open barrens (less than 375 stems/ha) in the
presettlement landscape and concluded that these areas had been kept open by a frequent fire
regime in the past (Radeloff 1999). Many studies of fire regimes throughout North America
have found similar increases in forest density (e.g. Taylor 2000, Shumway et al. 2001). In all
of these studies, fire suppression has led to a dramatic increase in forest density and near
disappearance of open habitat types in the modern landscape.
Depending on environmental conditions, the frequency of fire can determine whether
a particular area is prairie, savanna or forest (Nowacki & Abrams 2008). Encroachment of
forest into areas of prairie following fire suppression has been documented in several
locations (Agee 1993) and has been observed in the oak savannas of Vancouver Island as
well (Gedalof et al. 2006, Pellatt et al. 2007). In these sites, the soil is often deep and moist
enough to support a forest, but frequent fires had previously prevented seedlings from
establishing. With the suppression of fire, seedlings are able to establish and gradually grow
to form a closed canopy over the formerly open prairie. In sum, fire suppression not only
leads to an increase in density within the forests themselves, it also contributes to the
conversion of prairie to forest. This process is especially apparent in the rapid decline of
open habitat types of Vancouver Island from presettlement times to the present day. Density
estimates for each habitat type indicate that more than a third of the landscape (“prairie” and
“plains”) averaged <150 stems per hectare, far less than the observed density of
contemporary old-growth forests. In contrast, less than 4% of the current landscape has a
density of <150 stems per hectare. Furthermore, this trend holds true regardless of whether
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all historical sites or only resurveyed historical sites are included in the analysis, which
means the observed reduction in open habitat is not just a byproduct of preferential
agriculture or development in more open habitat types. This result again is consistent with a
regime of frequent fire in the presettlement landscape, which acted to keep these habitats in
their open state.
Although my research did not look specifically at the role of anthropogenic vs.
natural burning, my results provide indirect evidence for a fire regime strongly influenced by
First Nations communities. A study of the natural fire return interval in the Douglas-fir
forests of Vancouver Island estimates a fire every 96-392 years, based on the frequency of
lightning strikes in this region (Pew & Larsen 2001). The more localized study of lake
charcoal sediment in the Cowichan Valley revealed a fire return interval of 27-41 years
(McCoy 2006, Pellatt et al. 2007). However, experimental studies indicate that the unimodal
tree size distribution requires more frequent fires, often of three year intervals or less
(Peterson & Reich 2001). This supports the idea that more fires occurred than would be
expected given the “natural” fire return interval, and were therefore likely related to
anthropogenic activity.
Logging and fire suppression are by no means the only two factors which have
influenced the profound changes from presettlement to present. Exotic species, climate
change, and herbivory have also been found to have large impacts on plant communities in
this region (Hamann & Wang 2006, Best 2007, Gonzales 2007, MacDougall 2008). Invasive
plant species have had a particularly dramatic impact on the composition of the oak savanna
understory plant community (Fuchs 2001, Alverson 2005, Lilley 2007). However, there are
very few invasive tree species in natural habitats in this region, and so any substantial
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influence of exotics on tree species composition is unlikely. An abundance of herbivores can
have an effect similar to that of fire – reducing the cover of shrubs and trees through
herbivory and contributing to the maintenance of open grassland habitat (van Langevelde et
al. 2003, Côté et al. 2004). While this may indeed have played a role in the presettlement
landscape, it is unlikely that the past abundance of herbivores is larger than today. Due to the
extirpation of natural predators on Vancouver Island and the reduced role of hunting, it is
probable that current levels of herbivores, especially deer, are higher now than at any time in
recent history (MacDougall 2008). However, it is possible that the large population of
Roosevelt Elk, now extirpated from the southern part of the island, played a role in limiting
tree recruitment through herbivory and thus helped to maintain an open landscape (Johnston
& Cushman 2007, MacDougall 2008).
Finally, several studies have addressed the impact of climate change on ecosystems in
southwestern British Columbia (e.g.,Walker & Pellatt 2001, Mote 2003, Hamann & Wang
2006). Within the CDF zone, there have been modest increases in mean annual temperature
(~0.7 ºC) and precipitation (13%), especially winter precipitation, over the past century
(Mote 2003, Hamann & Wang 2006). While these changes in climate undeniably will have
an impact on landscapes throughout the Pacific Northwest (Taylor & Taylor 1997, Hamann
& Wang 2006), it seems unlikely that they have led to the specific patterns observed in my
study. For example, climate change models predict an expansion of the CDF zone in general
(Hamann & Wang 2006) and an increase in open woodlands and prairies (Hebda 1997)
coincident with warming temperatures, rather than the dramatic decline in open habitat types
that have been observed. Furthermore, although some climate models do predict an increase
in cedar (+14% by 2025), the same models predict an even greater increase in Douglas-fir
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(+32% by 2025; Hamann & Wang 2006). Therefore, it is unlikely that the reduction in open
habitat types and the relative decrease in Douglas-fir that I observed are the result of recent
changes in climate.
IMPLICATIONS FOR CONSERVATION
Historical data can provide valuable information about the processes underlying
present landscape patterns. My study provides strong evidence of dramatic changes in
species composition, forest size structure, and forest density in natural areas across the
landscape since presettlement times. The direction of these changes and the vegetation
patterns evident in the presettlement landscape likely derive from a frequent fire regime that
was influenced by anthropogenic burning. Current vegetation patterns likely reflect the
results of extensive logging and fire suppression.
Restoration efforts are often prone to some uncertainty about the target conditions
they seek to create, especially in terms of species composition, abundance, and management
regimes (Higgs 1997, Lindenmeyer et al. 2007, Hobbs & Cramer 2008). This is particularly
true in those areas where historical landscape conditions are not known because no reference
sites remain or those that do have been greatly altered from their presettlement state. Often,
land managers will follow a “do nothing” approach, and allow the land to return to its
“natural” state (Hobbs & Cramer 2008). However, my study and previous studies in this area
indicate that the open nature of much of the endangered oak savannas on Vancouver Island is
largely anthropogenic in origin, maintained by frequent fires purposefully set by First
Nations peoples. As a result, any attempt to restore these habitats to their pre-European state
can not be accomplished by following the “do-nothing” approach. A restoration scheme with
the goal of maintaining an open savanna habitat would almost certainly have to involve the
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active removal of encroaching trees and shrubs, either through frequent burning or alternative
strategies with similar outcomes such as mowing or manual tree removal (MacDougall et al.
2004, Gedalof et al. 2006).
The challenges that restoration efforts often face illustrate a common debate in the
realm of restoration ecology. Many ecologists note the futility of attempting to restore an
ecosystem to a particular presettlement condition, because ecosystems are constantly shifting
(Foster 2000b, Sinclair & Byrom 2006). Furthermore, there is no guarantee that the
prevalent vegetation patterns of 1859 would still be visible today, even in the absence of
European influence (Foster and Motzkin 1998, Foster 2000b). However, the extensive loss
of oak savanna habitat over a short time period is undeniably due, at least in part, to the
dramatic impact of European settlement, and cannot be attributed solely to changes in natural
environmental cycles. Furthermore, the large number of species-at-risk in this habitat means
that allowing this ecosystem to disappear will also lead to the loss of most of these species.
Garry oak habitat has therefore been listed as a conservation priority by several national,
regional, and local institutions (Erickson 1993, Fuchs 2001, GOERT 2008), and restoration
attempts are already underway. My research provides evidence of the presettlement
processes that maintained these ecosystems, which can be used in whatever restoration
attempts are deemed appropriate by these institutions. The results of my study reinforce the
importance of understanding historical patterns and processes when making decisions about
the conservation and restoration of threatened ecosystems.
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APPENDIX A
Table 1 is reproduced here for reference.
Table A.1. Species names in historic surveys with the current common and Latin names.
Years refer to the survey dataset (1859 = Cowichan Valley, 1864 = Chemainus, 1874 =
Saltspring Island). See Appendix A for explanation of naming. Historical names without an
accompanying year apply to all three datasets. Species names follow The Illustrated Flora of
BC (1998-2001).

Historical species nomenclature was determined based on the most likely identity of each
species within each dataset.
The present-day equivalents of “alder,” “apple,” “arbutus,” “cedar,” “maple,” “oak,”
“willow,” and “yew” bearing tree species were easily determined due to the similarity of
nomenclature across all historical surveys and in the present. In addition, there is only one
native tree species of alder, apple, arbutus, cedar, maple, and oak that grows in the study
area. There are several species of willow (Salix spp.) and as a result all willows were
identified only to genus.
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The identity of species in the Pinaceae family (Douglas-fir, Hemlock, and Grand fir) was
more difficult, as the nomenclature for these species was different for each survey.
“Balsam” (1864 and 1874) was presumed to refer to grand fir (Abies grandis) due to its
similarity to “balsam fir” (Abies balsamea) on the eastern coast of North America. This is
supported by the occurrence of a few locations in the notes where “balsam fir” is written out
in full. In addition, balsam was commonly noted to be growing in the same stands as
Douglas-fir, a pattern often observed in the present as well.
“Pine” in the 1859 Cowichan Valley surveys was determined to refer both to Douglas-fir and
hemlock based on subsequent surveys (in 1864) that re-identified several of these same trees
as “Douglas pine” or “hemlock”. “Douglas pine” (Chemainus district, 1864) was determined
to be the equivalent of Douglas-fir based on the similarity of the names and the dominance of
Douglas-pine in the landscape. In addition, hemlock and “balsam” (grand fir) were recorded
separately, and species of true pine are rare in this area. On Saltspring Island (1874), “fir”
was determined to be the historical name for Douglas-fir, again based on the abundance of
this species in the landscape, the presence of hemlock and balsam described separately in the
notes, and the absence of any other pine species in the landscape.
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APPENDIX B
Table B.1. Transition matrix showing proportions of sites where the species of the closest tree remained the same or changed from
past to present across all datasets. “Pine” includes both Douglas-fir and hemlock. “None” indicates that there were no trees within 26
meters of the point. The highlighted row shows the proportion of bearing trees designated as “pine” in the presettlement surveys that
were still “pine” in the 2007 surveys (50%) or changed to cedar (18%), maple (13%) or other species (18%). The total number of
trees within each category is shown in the last column. This indicates that, as expected, presettlement Douglas-fir trees have shifted
toward cedar and maple in the present. All rows sum to one; total numbers at the end of each row are provided for reference. Figures
B.1 and B.2 are a visual representation of this table.
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Table B.2. Transition matrix showing changes in bearing tree composition at each site, categorized by fire resistance. Species of low
fire tolerance include apple, arbutus, cedar, and willow; species of medium tolerance include alder, maple and grand fir; species of
high fire tolerance include Douglas-fir and oak. Bold numbers indicate sites which have changed from a species of high fire tolerance
to a species of lower fire tolerance. All rows sum to 1.
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Figures B.1 and B.2 are a visual representation of Table B.1.
Figure B.1. Map showing the species of bearing tree at each survey point, 1859-1874.
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Figure B.2. Map showing the species of bearing tree (the single closest tree) at each survey point, 2007.
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