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Abstract 

Five lake and one soil sediment  record from six mountainous sites on Vancouver 

Island, British Columbia, Canada, were examined for changes in pollen, 

macrofossils, charcoal, and mineral clasts to reconstruct late Quaternary history 

of vegetation, fire and climate.  The results provide insights into the history and 

dynamics of the Mountain Hemlock biogeoclimatic zone and highlight the role of 

several species and species groups not previously recognized.  During the early 

Holocene, Alnus crispa expanded throughout the region following deglaciation, 

playing a more important role in these ecosystems than today.  Abies lasiocarpa 

was the dominant Abies species at these sites during the late glacial and early 

Holocene until it was replaced by A. amabilis between about 10,500 and 7300 

calBP, perhaps due to changes in regional atmospheric circulation and greater 

seasonal variability in insolation than we experience today.  A. amabilis increased 

during the mid Holocene and was later replaced at the sites by increased 

abundance of  T. mertensiana while T. heterophylla  became much more abundant 

at nearby low elevations.  Ericaceous-heath communities were established soon 

after deglaciation at the moister sites but not until about 7000 calBP at drier sites.  

These drier sites show more variation in vegetation throughout their records 

than the wetter sites.  High charcoal and clast concentrations coincident with 
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rapid vegetation shifts during the early Holocene suggest that these changes 

were probably the result of large stand-clearing fires that exposed mineral soils.  

A peak in charcoal at several of the sites occurs at ca. 4000 calBP suggesting more 

frequent fire at that time.  During the late glacial and very early Holocene, P. 

contorta was an important seral species until A. crispa became well established.  In 

the mid to late Holocene when Ericaceous-heath became established, A. crispa 

was unable to predominate, possibly because of reduced fire activity or because 

the heath communities hindered the exposure of fresh mineral soil surfaces.  As a 

consequence, conifer-dominated stands were favoured.  Basal sediments from 

these sites are not as old as they are at lower elevations, suggesting that 

deglaciation may have happened later at higher elevations. 
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Chapter 1: Introduction 

The mountains of Vancouver Island, British Columbia, Canada, are characterized 

by a mosaic of mostly forests and high elevation meadows that exist due to the 

interaction of local temperature, precipitation, topography and recent 

disturbance (Meidinger and Pojar 1991).  The modern climate of Vancouver 

Island is generally oceanic but is spatially variable due to orographic effects on 

temperature and precipitation.  Westerly storm tracks are interrupted by high 

mountains, which create an eastern rain shadow.  East-west precipitation and 

south-north temperature gradients cause high variability in snowpack depth and 

duration.  This variability in snowpack is primarily driven by local elevation 

gradients, with valley bottoms often remaining snow free, while higher 

elevations are snow covered for the majority of the year.  At high elevations, the 

topography is characterized by flatter areas surrounded by steep slopes.  Snow 

and debris from these slopes avalanche down into the flat areas, minimizing 

snow accumulation on the slopes and increasing snow depth at the toe of these 

slopes.  The snow pack variability, combined with summer drought (Rochefort et 

al. 1994) and disturbance (Agee 1998), effectively controls the establishment and 

growth of trees in mountainous areas, which can be highly spatially variable at 

the site level (Woodward et al. 1995).   

The general pre-historic climate of western North America is well 

constrained, with over 55 radiocarbon-dated sediment or soil-based 

paleoecological or paleoenvironmental reconstructions in Washington State and 

southern British Columbia alone (Table 1.1).  Although the temporal resolution 

of many of these studies is coarse and gaps remain with respect to documenting 

short-lived climate oscillations, the basic understanding of how the regional 

climate has varied since the last glaciation is well understood and has been 

summarized by Whitlock (1992), Hebda (1995) and Walker and Pellatt (2008). 
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Table 1.1.  Pollen based paleoclimate studies in northwest Washington State and south 
west British Columbia.  Locations are provided in Chapter 3. 
 

Site Name(s) Publication(s) 
Kalaloch site  Heusser 1972 
Bogachiel River site Heusser 1973 
Soleduck Bog  Heusser 1973 
Wentworth Lake Heusser 1973 
Wessler Bog Heusser 1973 

Surprise, Mike and Marion Lakes 
Mathewes 1973; Mathewes and Heusser 1981; 
Wainman & Mathewes 1987; Walker and 
Mathewes 1989; Pellatt et al. 2002 

Mosquito Lake and Pangborn Bog Hansen and Easterbrook 1974 
Pinecrest and Squeah Lakes Mathewes and Rouse 1975 
Kelowna Bog Alley 1976 
Zenkner Valley section Heusser 1977 
Hoh River Valley site Heusser 1978 
Bonaparte Meadows and Mud Lake Mack et al. 1979 
Nisqually Lake Hibbert 1979 
Davis Lake Barnosky 1981 
Hall Lake Tsukada et al. 1981 
Mineral Lake Tsukada et al. 1981 
Lake Washington Leopold et al. 1982 
Bear Cove bog Hebda 1983 
Fargher Lake Heusser 1983 
Humptulips Heusser 1983 
Manis Mastodon site Petersen et al. 1983 
Battle Ground Lake Barnosky 1985a 
Carp Lake Barnosky 1985b 
Goose Lake Nickmann and Leopold 1985 
Jay Bath, Log Wallow and Reflection Pond Dunwiddie 1986 
Kirk Lake Cwynar 1987 
Fraser Lake Delta Williams and Hebda 1991 
Louise Pond Pellatt and Mathewes 1994 
Cedar swamp and Crocker Lake McLachlan and Brubaker 1995 
Pemberton Hill Lake Hebda 1995 
Brooks Peninsula Hebda 1997 
SC1 Pond Pellatt and Mathewes 1997 
Cabin Lake Pellatt et al. 1998 
Boomerang, Enos, Porphyry and Walker Lake Brown and Hebda 1998; 2002b  
East Sooke fen, Pixie Lake and Whyac Lake Brown and Hebda 1998; 2002a; 2002b  
Crater Lake and Lake of the Woods Heinrichs et al. 1999; 2001 
3M Pond Pellatt et al. 2000 
Buckbean bog Heinrichs et al. 2001 
Martins and Moose Lake Gavin et al. 2001 
Millstream bog Brown and Hebda 2002b 
Frozen Lake and Mt.. Barr Cirque Lake Lertzman et al. 2002; Hallet et al. 2003 
Harris Ridge bog and Turtle Lake Fitton 2000 
Green Mountain Hebda et al. 2004 
Joffre Lake Menounos et al. 2004 
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Similarly, much is known about the modern composition and spatial 

patterns of forests in the Pacific Northwest (e.g., Agee 1998; Peterson 1998; 

Woodward et al. 1995).  However, little attention has been given to the effects of 

past climate and disturbance on the vegetation patterns of high elevation areas 

within this region, and specifically, how or why some of these past landscapes 

are seemingly more sensitive to climatic change than others (e.g., Gavin et al. 

2001).  By examining high elevation pond sediments and soils for changes in 

physical characteristics, pollen, macrofossils, mineral clast abundance, and 

charcoal, this thesis seeks to examine the postglacial ecological history of 

Vancouver Island high mountain forest and parkland ecosystems and their 

relationship to climate, with particular focus on the role of the Summer Heat 

Moisture Index on past vegetation.  This study compares deposits from six 

mountain sites on Vancouver Island that were not previously studied, are 

pristine, differ in Summer Heat Moisture Indices, and are easily accessible.  The 

three main topics assessed individually, as well as collectively, are: 

- Whether the vegetation on high elevation sites on the relatively dry east 

side of Vancouver Island is more sensitive to past changes in climate 

than that on the wet west side of the island;  

- Variability in the origins and dynamics of ericaceous-dominated heath, 

and forb- and grass-dominated meadows; 

- Changes in past fire activity and what role this may have played in the 

relationship of forb ecosystems to heaths and forest. 

Many of these sites are within areas of known or suspected past 

populations of Vancouver Island marmots (Marmota vancouverensis) and may 

provide insight into the role of past changes in food and habitat availability in 

their recent decline.  This investigation takes on particular importance with the 

prospect of a 4-5°C warming in the next century resulting from increased levels 

of greenhouse gases (IPCC 2007).  Changes in species distribution and vegetation 

that could result from a warming of this magnitude would likely be equivalent to 
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or greater than changes that occurred approximately 7000 years ago when 

conditions were warmer and drier than today (Hebda 1995, Brown et al. 2006).  

By investigating the processes and drivers of mountain plant species and 

community dynamics, and their sensitivity to climate variability, a better general 

understanding of past, present, and potential future mountain ecosystems and 

their management will be gained.
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CHAPTER 2:  Setting 

 
2.1 Introduction 

Vancouver Island (Figure 2.1) is the largest island on the western coast of North 

America, with a land area of 31,788 km2 and a remarkable geologic, topographic, 

climatic, and ecological diversity for its size.  The island sits on the North 

America plate with the Juan de Fuca and Explorer plates subducting beneath it.  

The surface trace of the Cascadia subduction zone lies approximately 100 km 

from the west coast of the island; consequently, the region is seismically active 

with great earthquakes occurring about every 500 years (e.g., Goldfinger et al. 

2008).  The island’s bedrock is not an original part of continental North America 

but rather mostly accreted pieces of terranes that have drifted northward along 

the plate boundary that presently lies to the west of the island.  The island’s 

topography is generally mountainous, although fjords and floodplains occur 

along the coast (Yorath and Nasmith 1995).  These mountains result in a 

maritime climate on the west coast and a moderate-Mediterranean climate on the 

east side of the island supporting a wide range of vegetation types (Meindinger 

and Pojar 1991).  

 

2.2 Geology 

2.2.1 Hard Rock 

A detailed description of the geology of Vancouver Island is provided by Yorath 

and Nasmith (1995); a simplified version follows: Vancouver Island’s bedrock 

mostly originated near the equator in the Pacific Ocean as part of a large terrane, 

called Wrangellia, that presently extends to the Haida Gwaii Islands, parts of the 

Coast Mountains and southeast Alaska, comprising the bulk of the Insular Belt of 

the Canadian Cordillera.  About 380 million years ago (Ma), undersea lava 

deposits cooled to form basalts of the Sicker Group that were subsequently 

covered by marine deposits for about 20 Ma that ultimately became Mount Mark 
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Formation limestone.  Subsequent volcanic activity during the Triassic covered 

this limestone with thick Karmutsen Formation basalts, which are the most 

widespread rock type on Vancouver Island.  Quatsino Formation marine 

deposits overlie these basalts.  Renewed volcanism during the Jurassic formed 

the Bonanza Group andesite island arc and granitic batholiths that intruded the 

Sicker Group, metamorphosing the contact margins to form the Colquitz and 

Wark gneisses.   
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Wrangellia drifted northeast until about 100 Ma, when it collided with the 

North American continent causing Wrangellia to fold and buckle.  At about 85 

Ma, in the region of the modern Georgia Strait, a basin accumulated the 

sediments of the Nanaimo Formation, which were later thrust up to form most of 

the Gulf Islands and the Nanaimo Lowland.  In the Tertiary, two smaller pieces 

of crust called the Pacific Rim and Crescent Terranes collided with, and accreted 

to, Vancouver Island.  This event uplifted Wrangellia, exposed the underlying 

Colquitz and Wark gneisses, and thrust up the Nanaimo Group sediments.  The 

Pacific Rim Terrane is primarily sedimentary rock comprising the Pacific Rim 

and Leech River Complexes, whereas the Crescent Terrane is primarily volcanic 

rock of the Metchosin Igneous Complex.  At the end of the Tertiary, sediments 

accumulated in marine waters along the margins of Vancouver Island forming 

the Carmanah Group conglomerates, sandstones and shales (Yorath and 

Nasmith 1995).  Some of the Carmanah Group is exposed at the surface, due to a 

combination of post-glacial isostatic rebound (Clague and James 2002) and long-

term tectonic uplift (Leonard et al. 2004).  The mountainous areas and the highest 

peaks of Vancouver Island are underlain by basalt with some exceptions; 

southern Strathcona park peaks are generally granite and farther south, inland 

from Nanaimo, there are high areas comprised of limestone. 

 

2.2.2 Quaternary 

The mountainous areas of Vancouver Island are predominantly glacial-

erosional remnants of much higher mountains and/or plateaus.  Glacial erosion 

has severely modified the landscape by rounding and smoothing lowlands and 

carving steep U-shaped valleys and fiords in the mountainous and coastal 

regions.  The broad valley bottoms contain substantial glaciofluvial deposits, 

with till and glaciofluvial sediments mantling middle and lower slopes.  

Relatively immature streams and rivers cut through these deposits ultimately 

delivering their sediments to the Georgia Strait and the continental shelf. 
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There are two major Quaternary glacial periods recognised on Vancouver 

Island; the early Wisconsinan Semiahmoo, which corresponds to Marine Isotope 

Stage 4, ca. 80-65 ka, and the late Wisconsinan Fraser glaciation corresponding to 

Marine Isotope Stage 2, ca. 24-12 ka (Clague 1991).  There are few deposits 

remaining from the Semiahmoo with the bulk of glacial and glaciofluvial 

deposits having been deposited during the Fraser Glaciation.  During the height 

of the Fraser Glaciation (Vashon Stade) glaciers advanced from the mainland 

over the Juan de Fuca Strait and deposited the thick and widespread Quadra 

sands outwash, which is often capped by a till deposited as glaciers continued to 

advance over the area.  Glaciers generally thinned to the west coast of Vancouver 

Island where they likely terminated, with some coastal areas such as the Brooks 

Peninsula and the Haida Gwaii Islands possibly remaining ice-free during the 

entire Wisconsinan (Warner et al. 1982; Hebda 1997). 

Deglaciation likely uncovered mountain peaks first, while thick valley ice 

persisted for a longer period.  A brief re-advance or prolonged standstill 

occurred during the Sumas Stade at about 10 to 12.5 kBP, which may be related 

to the globally recognised Younger Dryas cooling interval (Kovanen and 

Easterbrook 2002).  Deglaciation was likely complete with most of Vancouver 

Island ice-free by 13 kBP (Alley and Chatwin 1979; Hicock et al. 1982; Clague 

1991). 

 

2.3 Physiography 

Vancouver Island ranges from sea level to 2200 m and consists of three general 

regions: lowlands, plateaus and mountains (Holland 1976).  Approximately 75% 

of the land mass is composed of the three mountainous regions: North 

Vancouver Island Ranges, South Vancouver Island Ranges and West Vancouver 

Island Fiordlands.  Lowlands frame the northern tip of the island, as well as the 

eastern coast from Victoria at the south end of the island, north to Campbell 

River.  The Nanaimo Lakes and Victoria Highlands are plateaus of rolling hills 
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and low mountains between 200 and 1000 m in elevation that are transitional 

between mountain ranges and lowlands.  Vancouver Island is divided into 11 

physiographic regions (Figure 2.2); see Yorath and Nasmith (1995) for a more 

detailed discussion.  My study sites are within the North and South Vancouver 

Island Ranges physiographic regions. 

 

 
 

2.4 Climate and Vegetation 
The climate of Vancouver Island is characterized by warm dry summers and cool 

wet winters.  Temperatures are moderated by the Pacific Ocean, thus winters are 

milder than in mainland areas of similar latitude and elevation.  Summer 

weather is strongly influenced by the North Pacific High, and winter weather by 

the Aleutian Low (Salmon 1997).  Precipitation is largely controlled by air masses 

that move east over the Pacific Ocean, are forced up and over the mountains that 
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run the length of the island, and create abundant precipitation on the west side 

of the island and a rain shadow on the eastern flanks.  Average annual 

precipitation totals range from less than 700 mm in the vicinity of Victoria to 

nearly 6000 mm on the northwest coast.  Precipitation falls primarily as rain 

during the winter months, except at elevations above about 500 m where snow is 

common.  Most locations on the west coast receive more than 3000 mm of 

precipitation per year at sea level; the central island receives 1600 to 2600 mm per 

year at lower levels; and the east coast receives from between 600 to 1600 mm per 

year near sea level (Environment Canada 1993). 

Climate and natural disturbance factors such as fire, disease, insects, 

windstorms, avalanches, tectonics, and volcanism may contribute to the shaping 

of an ecosystem.  The specific sets of conditions present in various areas 

throughout the island form the basis for the delineation of zones of distinct 

biological, geographical, and climatic similarity; these are collectively called 

biogeoclimatic zones. 

Four major biogeoclimatic zones are present on Vancouver Island, 

distributed along climatic gradients and physiographic variations in the 

landscape.  These are the Coastal Douglas Fir, Coastal Western Hemlock, 

Mountain Hemlock, and Alpine Tundra zones (Figure 2.3; Meindinger and Pojar 

1991). 

The Coastal Douglas Fir zone (CDF) is restricted to elevations below 150 m 

on the south-eastern Vancouver Island and is characterized by warm, dry 

summers and mild, wet winters.  The CDF forest association is dominated by 

Pseudotsuga menziesii, Thuja plicata, Abies grandis, Arbutus menziesii, and Alnus 

rubra.   

The Coastal Western Hemlock zone (CWH) lies to the west and north of the 

CDF occurring at elevations below 1000 m.  The CWH receives abundant 

precipitation in all seasons and is characterized by cool summers and mild, wet 

winters.  CWH forest associations most commonly include Tsuga heterophylla and 
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Thuja plicata, with P. menziesii occurring in drier parts and Abies amabilis and 

Chamaecyparis nootkatensis occupying wetter areas.  Pinus contorta, Alnus rubra 

and Picea sitchensis also occur in the CWH.  

 

 
The Mountain Hemlock (MH) zone is typically limited to elevations above 

900 m and has short, cool summers and long, cool, wet winters with 

approximately 70% of the annual precipitation falling as snow.  Tsuga 

mertensiana, A. amabilis, and C. nootkatensis typify the MH zone, with Tsuga 

heterophylla, Thuja plicata and Pinus monticola also common in transitional areas.  
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The MH zone is further divided into four sub-zones with most of Vancouver 

Island falling within the Moist Maritime Mountain Hemlock sub zone (MHmm) 

or the Moist Maritime Parkland Mountain Hemlock sub zone (MHmmp).  

Common species within the MH zone include A. amabilis and Vaccinium 

membranaceum.  In addition to discontinuous forest cover, the MHmmp features 

species such as Phyllodoce spp. and Cassiope spp. (Pojar et al. 1987). 

  The Alpine Tundra zone (AT) is the highest elevation zone, usually 

occupying mountain peaks, and is essentially treeless resulting from deep snow 

packs, strong winds, and a short growing season.  Dominant vegetation typically 

consists of dwarf woody shrubs of T. mertensiana and A. amabilis trees in 

krummholz form, Vaccinium spp. shrubs, Cassiope spp. and Phyllodoce spp. 

(heathers), as well as forbs and grasses such as Lupinus, Poaceae spp., mosses, 

and lichens.  The AT of British Columbia is further divided into three sub-zones 

with only the Coastal Mountain-Heather Alpine Tundra sub zone (ATcmh) 

occurring on Vancouver Island (Pojar et al. 1987).  The ATcmh is typically above 

a low elevation (relative to the mainland) tree line resulting from a heavy and 

prolonged snow cover.  Most of the ATcmh is extensive heath where krummholz 

patches occur on elevated rocky knobs that accumulate less snow.  Summers are 

relatively cool and moderate compared to other alpine zones because of cloud 

cover.  The ATcmh is distinguished from other AT zones by the pervasiveness of 

mountain-heathers, resulting in relatively low diversity in species and 

community types with Cassiope mertensiana and Phyllodoce empetriformis 

dominating the heath.  Brett et al. (1998) provide a thorough description of 

community types that occur in the southern portion of the ATcmh. 

All of the sites within this study lie within the MH zone and most sites are 

near the AT.  Mountainous regions are recognised as having steep environmental 

gradients that are sensitive to changes in climate (Hofgaard 1997; Reasoner and 

Jodry 2000); thus, sites at or near treeline are ideal for paleoecological analysis 

(Pellatt et al. 1998).  In this study, it is proposed that past shifts between MH zone 
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and AT, or changes in the character of open plant communities at a given 

location, should be reflected in changes in the composition of plant macro- and 

microfossils contained within the aquatic sediments and/or soils found at that 

location.  Through analysis of samples taken from these key areas and 

identification of the fossils in those samples, it should be possible to reconstruct 

the paleoecology of the sites, make inferences on what the past climates were, 

and through comparing the records to each other and previous paleoecological 

investigations, discover the nature and dynamics of high elevation ecosystems  

under different temperature and precipitation regimes.
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Chapter 3 – Paleoenvironmental Studies: Principles and Previous work. 

3.1 Introduction 

Paleoenvironmental and paleoecological research can be used to infer how 

landscapes and vegetation have changed through time (Birks and Birks 1980).  To 

set a framework for results and analysis, this chapter reviews the basic 

assumptions of the analysis, the techniques and applications and the previous 

studies within the region. 

 

3.1.1 Basic assumptions of pollen and macrofossil analysis 

Birks and Birks (1980) have outlined the general principles of pollen 

analysis as follows: First, that pollen grains are produced in high quantities 

during the plant reproductive cycle; second, that vegetation composition can be 

inferred from the pollen grains released into the environment; third, that the 

majority of pollen grains never fulfil their reproductive function and are 

deposited in sediment and preserved as fossils; fourth, these fossil pollen grains 

may be extracted from sediments and identified down to the family, genus, or 

even species level; and fifth, that the stratigraphic level at which a pollen grain is 

extracted corresponds to a particular period of time.  Like other proxy records 

though, palynology has limitations that must be taken into consideration in order 

to accurately interpret the results.  These limitations include differences in plant 

pollen and spore production quantities (Birks and Birks 2005), dispersal 

distances and preservation (Campbell 1999), reworking and resuspension of 

pollen and spores after deposition (Fægri and Iverson 1989), differential 

deposition and focussing in lakes (Beaudoin and Reasoner 1992), differential 

corrosion and decomposition in soils (Havinga 1985), and limited taxonomic 

resolution in some cases to only the family level (Moore and Webb 1978).   

In this study the interpretation of vegetation assumes the following; 

pollen production quantities are very high (over-representation) for Pinus and 

Tsuga heterophylla, moderate for Abies, Alnus, Picea and Tsuga mertensiana, 
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and low (under-representation) for shrubs (excluding Alnus), herbs and Poaceae 

(Allen at al. 1999 and references therein).  Pollen preservation is particularly an 

issue with Cupressaceae and perhaps with Poaceae.  Limited pollen taxonomic 

resolution is an issue with Abies, Cupressaceae and Picea. 

A basic assumption in pollen analysis and paleoecology is that the 

number of pollen grains deposited in a given location per unit of time is directly 

related to the abundance of the associated species in the surrounding vegetation 

(Davis 1963).  However, pollen data are often presented as proportions of a total 

pollen sum, rather than as absolute quantities, therefore difficulties arise with the 

relative representation between plants.  Pollen data, therefore, require 

interpretation that considers variations in representation in the pollen spectrum 

due to all of the limitations mentioned above.  In this study the minimum 

percentages of pollen that are presumed to represent the plants presence at the 

site, were determined by the guidelines provided by Allen et al. (1999) through 

their analysis of surface samples on southern Vancouver Island.  Allen et al. 

(1999) demonstrate that plants located within the Vancouver Island MH zone are 

represented by surface sample average percentages of T. mertensiana ranging 

from 20 to 30%, Cupressaceae 5%, Abies 5%, Picea 10%, Alnus 20-40%, Pinus  1-

10%, and non-arboreal pollen 9% with some samples having Ericaceae, Poaceae, 

and Asteraceae attaining nearly 10%.  The authors also demonstrate that the 

pollen of T. heterophylla occurs at 10-30% and Pseudotsuga at 5% even though 

these species is not common in the MH zone, suggesting upslope transport of 

both pollen types from lower elevations.  Heusser (1977) also found similar 

upslope transport of T. heterophylla in Washington state and Gavin et al. 2005 

demonstrated T. heterophylla pollen averaging 24% with a maximum of 43% in 

the high mountains of the Olympic Peninsula where the species is absent. 

In contrast to pollen, macrofossils represent the forest composition near 

sample sites, although long distance transport of needles by extreme events 

(Spicer 1989), fire-generated convection (Pisaric 2002), or streams (Warner 1990) 
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is possible.  Macrofossils also often provide greater taxonomic resolution than 

pollen alone (Birks and Birks 2000).  For example, Cupressaceae pollen counts are 

assumed to include Thuja plicata, C. nootkatensis and possibly Juniperus spp., as it 

is impossible to differentiate between the species by pollen alone.  However, by 

using macrofossil leaves, all three species are easily distinguishable from each 

other.  Furthermore, macrofossil material may reveal the presence of species not 

found within the pollen signal such as the fruit of aquatic plants or algal oospore 

remains.  For example, the presence of Nuphar and Chara remains may indicate 

open or deeper nutrient poor water, whereas remains of Typha, Myriophyllum and 

Equisetum suggest shallower water.  None of these species are typically well 

represented in the pollen and spore record, though the information they provide 

adds a critical dimension to understanding past environments. 

 

3.1.2 Ecosystem disturbance 

Natural disturbances of ecosystems occur in many ways, and depending upon 

the region, may include mass-movements, windstorms, ice storms, floods, pest 

outbreaks, volcanism, and fire (Parminter 1998).  Forested landscapes in western 

British Columbia are most often disturbed by fire (Agee 1998), although wind is 

also a significant disturbance agent in coastal forests (Redmond and Taylor 

1997).   

 Change in climate, though not often thought of as such, is a long-term 

vegetation disturbance factor.  Species near the edge of their ecological range are 

very sensitive to variation in climate (Tranquillini 1979), and sites near sharply 

defined ecotones, such as the alpine treeline, have provided sensitive records of 

climate (e.g., Reasoner and Hickman 1989).  Correlations between measured 

weather data and tree-ring fire scar records indicate that there is a strong linkage 

between climatic factors and forest-fire disturbance; sediment records provide 

less direct but equally compelling evidence (Tolonen 1986).  Fire frequency is 

correlated with climatic factors such as decreased moisture and increased 
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temperature (Agee and Smith 1984; Clark 1988; Millspaugh and Whitlock 1995; 

Hallett et al. 2003) suggesting that the two are interdependent. 

 

3.2 Paleoecological studies 

For simplicity and ease of comparison the time frames of previous studies will be 

in radiocarbon years before 1950 (BP) as they were originally published.  In the 

Pacific northwest, very few paleoecological records exist that extend into the full 

glacial period (e.g., Alley 1977; Mathewes 1989).  Stratigraphic and geomorphic 

evidence such as tills and other glacial deposits, U-shaped valleys, and glacial 

grooves and striations show that Cordilleran glaciation occurred over much of 

the area (Clague 1991).  Some northern regions such as Queen Charlotte Sound, 

Hecate Strait and nearby land areas were deglaciated as early as 16,000 BP, with 

most sites becoming ice free shortly before 13,000 BP (Blaise et al. 1990; Lacourse 

et al. 2005; Warner et al. 1982).  Some areas such as Brooks Peninsula may have 

been ice free throughout the latest Cordilleran glaciation (Hebda 1997). 

Numerous post-glacial paleoecological and paleoenvironmental records 

have been developed for the Pacific Northwest region (Figure 3.1), and 

collectively produce a general pattern of vegetation history that starts with non-

arboreal assemblages occurring in unglaciated areas or regions that were 

deglaciated early, followed by a landscape dominated by Pinus contorta forests or 

woodlands from ca. 14,000-11,500 BP.  A shift to a mixed conifer forest containing 

Abies, Picea, Tsuga heterophylla, T. mertensiana, and P. contorta occurred at about 

11,500 and persisted until 10,000 BP.  Increased levels of T. mertensiana pollen are 

suggested to represent cooler conditions and increased moisture peaking 

between 10,700 – 10,200 BP, coeval with the Younger Dryas cooling of Europe 

and eastern North America (Mathewes 1993; Mathewes et al. 1993).  After 10,000 

BP, P. menziesii forests coupled with an Alnus component became established.  

Either T. heterophylla increased in abundance or its geographical range began to 

expand at about 7000 BP, except on southern Vancouver Island where warmer 
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conditions persisted until about 4000 BP (Hebda 1995).  At most sites, cooler and 

moister conditions prevailed until about 3000 BP when modern climate 

conditions were established.  Figure 3.2 depicts the generalized climate trends of 

Vancouver Island (Hebda 1995; Fitton 2000), Washington State (Whitlock 1992), 

as well as the Haida Gwaii Islands (Pellatt and Mathewes 1997), and southwest 

BC (Pellatt et al. 2000), which are of direct relevance to this study. 
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3.2.1 Vancouver Island  

East-west variations in paleoecological records on Vancouver Island were 

documented by Brown and Hebda (2002a), who demonstrated that during the 

early late-glacial both east-side and west-side low elevation landscapes were cool 

and dry, characterized by Pinus (likely contorta) woodlands that were replaced by 

mixed conifer forests during a late late-glacial cool and moist period.  An east-

west precipitation gradient was first reflected by the vegetation during the early 

Holocene, with P. menziesii dominating in the east, and T. heterophylla – Picea 

forests on the moist western side of the island.  During the early Holocene, fire 

also became frequent in the east but not the west, again likely due to the 

precipitation gradient.  The range of T. heterophylla and Thuja expanded and fire 

decreased during the middle to late Holocene as the climate moistened and 

cooled, but P. menziesii remained dominant in dry eastern sites.  During the late 

Holocene, fire was rare or absent in the west, but continued to play a significant 

role in the east.  Whether these shifts in climatic gradients occurred at high 

elevations on Vancouver Island is largely unknown as only one record, Harris 

Ridge Bog (Fitton 2000), exists within the upper part of the Mountain Hemlock 

zone.  Other studies have been conducted within the MH zone on Vancouver 

Island (Walker and Porphyry Lake (Brown and Hebda 2002a), however these 

sites are at lower elevations between the transition from MH to CWH zone, and 

therefore not as relevant to this thesis which is primarily concerned with higher 

elevation parklands closer to the alpine. 

Fitton’s (2000) work on Harris Ridge Bog (4; Figure 3.1) revealed that from 

10,270 to 6640 BP local forests consisted of Abies and T. mertensiana, and that the 

climate was cool and dry but warmer and dryer than today.  Increasing moisture 

and cooling from 6640-1970 BP allowed an increase in the abundance of T. 

mertensiana and the expansion of T. heterophylla into the area.  Nutrient 

availability is also interpreted to have decreased during this time, as meadows 

became more ericaceous than herb-rich.  During about the last 2000 years the 
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variability of the record increased as Abies and Pinus initially expanded, but were 

then replaced by Heather with little tree cover.  Fitton (2000) attributes this 

dramatic change primarily to an increase in fire activity. 

 

3.2.2 Haida Gwaii Islands 

Records from the Haida Gwaii Islands, which number over a dozen in total (e.g., 

Fedje 1993; Hebda et al. 2005; Mathewes 1989; Pellatt and Mathewes 1994, 1997; 

Lacourse 2005; Lacourse et al. 2005; Quickfall 1987; Warner 1984), are mostly 

from low elevation sites.  Although the Haida Gwaii Islands have mountainous 

regions, the ranges are discontinuous and allow western storm tracks to pass 

through, resulting in a less pronounced rain shadow effect compared to 

Vancouver Island and the existence of a maritime climate across the islands.  This 

geographical difference means that eastern sites on the Haida Gwaii Islands (e.g., 

Boulton Lake, Drizzle Pit, and Argonaut Hill (Mathewes 1989)) are not as dry as 

sites on eastern Vancouver Island (e.g., Saanich Inlet (Pellatt et al. 2001); Enos 

Lake (Brown and Hebda 2002b)). 

High elevation areas on the Haida Gwaii Islands appear to be quite 

sensitive to changes in climate, with the upward migration of trees such as T. 

mertensiana and Picea sitchensis above the modern-day treeline as early as about 

9000 BP, a return to cooler and moist conditions by about 7000 BP, and the 

establishment of a modern-day climate and treeline at ca. 3000 BP (Pellatt and 

Mathewes 1994, 1997). 

 

3.2.3 Southwest British Columbia mainland  

High-elevation paleoecological studies of the British Columbia mainland that are 

inland from the coast are also relevant to this study, including the of Pellatt et al. 

(1998), at Mt. Stoyoma near Merritt (45; Figure 3.1), and Heinrichs et al. (1999; 

2002a; 2002b), at  Mt. Kobau (48; Figure 3.1).  Both sites are located in the 

Engelmann Spruce-Subalpine Fir biogeoclimatic zone, which is comparable to 
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the MH zone of Vancouver Island in that it is a treeline ecosystem, albeit one that 

is more continental in climate.  The climate record interpreted in these studies 

shows that dry and cold conditions prevailed during the late glacial, followed by 

rapid warming in the early Holocene.  Warm and dry conditions persisted until 

ca. 7000 BP, with the climate becoming moister and/or cooler and remaining so 

until 4800 BP.  Cooling continued until 2400 BP when modern conditions 

developed. 

 

3.2.4 Olympic Peninsula 

The work of Gavin et al. (2001) on the Olympic Peninsula suggests that there 

were early Holocene paleoecological differences between two forest parkland 

sites with each having distinct modern precipitation regimes.  Gavin et al. (2001) 

presents pollen, charcoal, and macrofossil records from Moose Lake (17; Figure 

3.1) and Martin Lake (18; Figure 3.1), and estimates that Martin Lake receives 

over five times the precipitation of Moose Lake due to rain shadow effects from 

the Olympic Mountains (Henderson et al. 1989, opt. cit., Gavin et al. 2001). 

Both sites have similar late-glacial records, consistent with sites recently 

exposed by deglaciation.  Unlike Brown and Hebda’s (2002a) low-elevation sites, 

these two mountain sites have very different vegetation during the early 

Holocene, with establishment of an Abies forest at Moose Lake at ca. 11,000 BP 

and trees rare or absent at Martin Lake until 7000 BP.  Increases in Abies and T. 

mertensiana pollen at Martin Lake occur before and after the deposition of 

Mazama tephra (6730 BP; Hallett et al. 1997), and C. nootkatensis and Abies 

lasiocarpa macrofossils are also evident immediately following deposition of the 

tephra. 

Gavin et al. (2001) speculated that the step-like establishment of trees 

following the deposition of the tephra might be related to ash increasing the 

moisture-holding capacity of soils within the basin.  At Moose Lake, forests 

shifted gradually from Abies-dominant to mixed conifer between 7800 – 5100 BP 
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then to modern parkland dominated by Cyperaceae and Poaceae after about 

5100 BP. 

 

3.3 Paleofire studies 

Information on prehistoric fire is provided through three types of proxy data: 

tree-ring records, charcoal records and plant remains found in soil and sediment.  

No single method can successfully estimate the spatial patterns of fire, its 

frequency, and its intensity.  Methods must, therefore, be used in parallel to 

increase the level of detail in paleofire studies.  Most studies typically use one 

proxy, although some more recent studies utilize both sediment and tree records 

to reconstruct relatively long-term records of fire with an increased level of detail 

in information (i.e., Pitkanen et al. 1999).  Numerous paleofire studies have been 

conducted in the Pacific Northwest (Figure 3.3).  There is a discernible increase in 

fire activity at most sites during the early Holocene (ca. 10,000 – 7,000 BP) that is 

likely related to the warm dry climate and potentially to increases in fuel.  A 

general decrease in fire incidence is evident throughout the mid and late 

Holocene until historical times, likely due to a regional moistening trend. 

Fire frequency may also be related to topography (Agee and Smith 1984), 

vegetation type (Gavin et al. 2003a), aspect (Agee and Smith 1984; Gavin et al. 

2003b), and human activities (Turner 1991).  Fire frequency also varies 

substantially between ecosystems; Pinus ponderosa forest may burn as often as 

every 3.7 years (Fule et al. 1997), whereas a coastal temperate rainforest may burn 

only once every few centuries (Brown and Hebda 1998) and in some cases not 

within the last 6000 years (Lertzman et al. 2002). 
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3.3.1 Tree-rings and paleofire 

Tree-ring data can provide temporally and spatially precise, short-term 

reconstructions of recent fire events. Fires that injure but do not kill a tree often 

leave distinctive scars that can be used to determine the year, and even the 

season, in which the fire occurred.  Severe fires may kill all the trees in an area, 

particularly if the dominant species has a low fire resistance. The establishment 

dates of such post-fire stands can be used to identify the minimum age of the last 

stand-replacement fire (e.g., Laroque et al. 2000; Little et al. 1994). 

Although regional or local tree-ring chronologies may extend back to, or 

even beyond, the age of the oldest living tree, long dendrochronological records 

of fire become increasingly scarce through time, as older trees, and therefore 

evidence of previous fires, are eliminated by more recent fires (Johnson and 

Gutsell 1994).  Despite high temporal and spatial precision, dendrochronological 

records of fire are limited to recording only the most recent fires to impact an 

area.  Although it is possible to extend tree-ring records further back through 

cross dating dead or downed wood to marker or pointer years within living trees 

(Stokes and Smiley 1968), such wood is rare in forests that have experienced 

stand destroying fires. 

Despite the previously mentioned limitations, modern tree-ring records 

have been used to reconstruct the disturbance history of forest stands (e.g., 

Laroque et al. 2000) and fire history (e.g., Agee and Smith 1984).  The spatially 

precise nature of these studies demonstrates that fires are irregularly distributed 

in areas with high relief and reduced fuels, conditions that are typical of 

mountainous areas (Potash and Agee 1998), and that larger, stand destroying 

fires may be more frequent on south facing slopes (Agee and Smith 1984; Gavin  

et al. 2003b). 
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3.3.2 Pollen and macrofossil records of paleofire 

Pollen and macrofossil records from sediments and soils can be used to 

reconstruct much longer fire history records, as they are less prone to destruction 

by fire due to their depositional environment.  This fact also provides the 

opportunity to discern between sequential fires, albeit at lower spatial and 

temporal resolution relative to tree rings. 

Rapid changes in pollen ratios or macrofossils, especially from climax 

species such as Picea to seral species such as P. contorta or disturbance colonizing 

species such as Alnus, have been inferred to represent large-scale regional fires 

(e.g., Cywnar 1987) rather than the product of climate variability because 

vegetation response to changing climate typically occurs more gradually.  The 

presence of pollen from herbs such as Epilobium can also be used to infer the local 

occurrence of fire, as its pollen is unlikely to be transported long distances (e.g., 

Parish et al. 1999).  Due to the potential for long distance transport of many tree 

pollen types, spatial certainty in stand replacement can be gained through 

combining pollen studies with macrofossil analysis, as macrofossils are typically 

not transported long distances (e.g., Dunwiddie 1986). 

 

3.3.3 Charcoal paleofire 

Charcoal records from lake sediments or soil sequences can be used to 

reconstruct long fire histories with more confidence of fire than pollen or 

macrofossil techniques, but again with less precision in timing and spatial extent 

than tree-ring records.  Charcoal is produced when a fire incompletely combusts 

plant matter (MacDonald et al. 1991).  Charcoal is preserved in soils and sediment 

as distinctively black, opaque, reflective, brittle, with cellular structure (Sander 

and Gee 1990) and because it is organic carbon, is datable using standard 

radiocarbon dating techniques.  The typical charcoal analysis methodology used 

quantifies the size and number of charcoal particles in sediments during and 

following a fire event, and in dated sequences is used to constrain periods of fire.  
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Stratigraphic levels with abundant charcoal (charcoal peaks) are inferred to be 

evidence of past fire or fires from potentially more than one year (Clark 1990; 

Whitlock and Millspaugh 1996).   

Charcoal within sediments as a proxy for fire is not without it’s limitations 

though.  Factors such as duration, intensity, and spatial extent of the fire, as well 

as fuel type and quantity, and the prevailing winds at the time of the fire, affect 

charcoal production and deposition (Patterson et al. 1987).  Additionally, neither 

macro-nor microscopic charcoals are consistently deposited within sediments 

(MacDonald et al. 1991), and one recent study demonstrates that only 

microscopic charcoal was produced by a nearby low-intensity fire (Pitkanen et al. 

1999).  Background charcoal in the stratigraphic record may be from low 

intensity or distant fires, or reworked by secondary processes such as erosion 

and slopewash (Clark 1988; Millspaugh and Whitlock 1995).  These uncertainties 

combined with the possibility that the charcoal is charred wood from a mature 

tree’s inner rings, may create uncertainty in dating pieces of charcoal up to the 

maximum age of the trees that burned (perhaps several hundred years; Gavin 

2001).   

The size of the charcoal particles within sediment may provide clues to the 

proximity of the fire to the sampling location, since smaller particles are apt to 

travel further (Clark 1988; MacDonald et al. 1991).  Clark and Royall (1995) 

indicate that abundant microscopic charcoal within pollen slides corresponds to 

regional fire activity, whereas macroscopic charcoal visible within thin sections 

represents local fire events.  Charcoal particles from soil (Blackford 2000) and 

lake sediment (Whitlock and Millspaugh 1996) that are >125 μm are suggested to 

accurately represent local fire or, more specifically, fires that burned at the lake’s 

edge (Laird and Campbell 2000). 

Lake sediments are more likely to provide continuous, undisturbed 

records of accumulated material than soil sequences, and can be dated using a 

variety of techniques.  However, charcoal data from stream-fed lakes must be 
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treated with caution as charcoal may be reworked and redeposited from 

upstream sediments (Waiman and Mathewes 1987) or through overland flow 

directly into the lake (Long et al. 1998).  The size of the lake, its bathymetry and 

the surrounding topography may influence what peaks in charcoal represent.  

Small lakes tend to record local fire activity whereas larger lakes incorporate 

charcoal from typically large drainage basins and distant fires due to their 

greater surface area (Patterson et al. 1987). 

 

3.3.4 Paleofire and the Pacific Northwest 

Several studies in the Pacific Northwest have reconstructed fire histories using 

charcoal analysis (Figure 3.4; Brown and Hebda 1998; 2002a,b, Cwynar 1987; 

Dunwiddie 1986; Fitton 2000; Hallett et al. 2003; Heinrichs et al. 1999; 2001; 

Lertzman et al. 2002; Long et al. 1998; McLachlin and Brubaker 1995; Sugita and 

Tsukada 1982; Wainman and Mathewes 1987), tree-rings (Agee and Smith 1984; 

Laroque et al. 2000; Little et al. 1994), or both (Gavin et al. 2003a,b).  These studies 

show that fire was not common on the late glacial landscape with a few 

exceptions (e.g., Turtle Lake (Fitton 2000) and Cedar swamp (McLachlan and 

Brubaker 1995)).  There is a discernible increase in fire activity at most sites 

during the early Holocene that is likely related to a warm dry climate, and 

potentially to increases in fuel availability.  A general decrease in fire incidence is 

evident throughout the mid and late Holocene, up to historical times, likely due 

to a regional moistening trend.  A few sites on Vancouver Island exhibit 

increased charcoal abundance from about 2000 BP to present even though other 

proxies indicate that the climate remained moist and cool, a pattern that is 

attributed to First Nation peoples using fire as a land management tool (Brown 

and Hebda 2002b).  Long et al. (1998) and Hallett et al. (2003) also recorded an 

increase in fire in southwest British Columbia and the northwest US around ca. 

2000 BP, but rule out humans as a causal agent because the fires were too 

infrequent.  Instead, Hallett et al. (2003) suggested that enhanced high-pressure 
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circulation lead to drier fuel and more lightning.   

 

 
 

3.4 Summary 

Brown and Hebda's (2002a, b) lower-elevation work, Fitton’s (2000) Harris Ridge 

Bog and Gavin et al.'s (2001) work in the Olympic Mountains sets the stage for 

this thesis.  The marked differences between Gavin et al.’s (2001) Moose and 

Martin Lake records during the early Holocene warrant further investigation.  

Gavin et al. (2001) assume the precipitation difference between the two sites 

remained constant through time and speculate that the two records are the 

product of local expressions of snow pack and/or soil development and 

stabilization.  Further comparison of other mountain sites in moist and dry areas 

of western and eastern Vancouver Island should help determine whether the late 

establishment of trees at Martin Lake was a site-specific phenomenon or a 

regional manifestation of climate conditions during the early Holocene.   
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Little information exists on the dynamics of high elevation mountain 

ecosystems on Vancouver Island and Fitton (2000) revealed unanticipated 

changes in high elevation forests within the last 2 millennia.  The influence of 

precipitation on the structure of these ecosystems is unclear, and the related 

effects of fire frequency also likely affect the density of forbs at the expense of 

heathers (Hebda et al. 2004).  This study seeks to fill this gap in knowledge, 

allowing for a more complete understanding of these mountain ecosystems in 

both the past and the present.
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Chapter 4:  Methods 

4.1 Field Site Selection 

All sites were selected based on their high elevation-mountainous setting, 

accessibility and geomorphic quiescence.  Map and satellite image reviews of 

mountainous regions of Vancouver Island revealed several bodies of water 

within the Mountain Hemlock Zone but ultimately, convenience of vehicle and 

close helicopter access dictated which of the many potential sites were selected.   

 Large lakes were not chosen due to the technical and safety limitations of 

the sampling equipment used.  Lakes with high sediment input were also not 

selected to avoid uncertainty in distinguishing between changes in 

sedimentation rates with changes in pollen productivity.  Jacobson and 

Bradshaw (1981) also demonstrated that smaller bodies of water concentrate 

pollen from local sources, whereas larger lakes accumulate pollen from more 

regional sources.  Relatively deep, small area ponds perched on a high elevation 

plateau or ridge with subdued surrounding topography were  sought to 

minimize sediment inputs associated with mass wasting and slope wash.  At Mt. 

Washington there were no readily accessible ponds to sample high in the MH 

zone, so a soil profile was sampled in an area that met the same criteria as above.  

Table 4.1 outlines the geographic and sample information at each site. 

    

Table 4.1.  Field site information. 

Site Elevation 
(m) 

Latitude 
(North) 

Longitude 
(west) 

Kilometres 
east of Pacific 

coast 

Sample type and 
length (cm) 

Merry Widow Pd. 1055 50.3367 127.3039 30 pond sediment - 61 

Leptarrhena Pd. 1102 48.9505 124.4617 43 pond sediment - 188 

Mt. Cain Pond 1192 50.2180 126.3546 65 pond sediment - 130 

Cederstedt Pond 1338 50.4342 126.3468 85 pond sediment - 179 

Burman Pond 1311 49.6419 125.7374 50 pond sediment - 47 

Mt. Washington 1426 49.7454 125.2821 85 soil profile - 50 
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4.2 Field Sampling 

Pond sediments were recovered using a raft that was positioned and held in 

place by lines fixed to the shore and/or anchors.  Sediment from Leptarrhena 

and Cederstedt ponds was recovered using a Livingstone corer (Wright 1967; 

Wright et al. 1984).  The cores were logged visually and sub-sampled into 

labelled bags at 1 to 5 cm intervals.  The remaining ponds were sampled using a 

percussion coring system (Gilbert and Glew 1985; Reasoner 1993; Mazzucchi 

2005; Figure 4.1), which was sealed with caps, cleaned and labelled in the field.  

Both coring systems were driven into the sediment until penetration stopped to 

ensure that the entire sequence was captured.  The soil samples from Mount 

Washington were obtained from a cleaned face of a soil pit using a spade, knife 

and trowel.  Care was taken to remove the outer surface of the sample to 

minimize contamination from modern material that may have stuck to the shovel 

blade.  All samples were stored in sealed plastic bags upon return to the Royal 

British Columbia Museum Paleoecology Laboratory. 

 

4.3 Splitting, Logging and Sampling of Samples  

To split the cores to facilitate logging and sampling, the core tubes were held in 

place by a wooden jig.  A circular saw with a fine-toothed blade was used to 

make cuts along opposite sides of the length of the core tube.  A serrated knife 

was then drawn down the cuts to split  the core.  The two halves were then 

turned outwards from the top down, using a knife to separate cohesive sections.  

One half was double wrapped in plastic stretch wrap, and the other half was 

scraped across the width of the core with a flat knife to remove any sediment 

smearing that may have occurred during splitting.  Following this, a detailed log 

of any sedimentary structures, texture, colour, and macrofossil locations was 

prepared.  Samples needed for analysis were extracted from the middle of the 

core using a modified syringe. 
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4.4 Radiocarbon Dating and Age Modeling 

To provide age estimates of sediments and soils, radiocarbon dating using 

accelerator mass spectrometry was conducted on plant material at various 

depths within the profiles.  Selected samples were sent to Beta Analytic Inc., 

University Branch, Miami, Florida and to the National Science Federation 

Accelerator Facility for Radioisotope Analysis, University of Arizona, Tucson, 

Arizona.  All radiocarbon dates were based on the Libby half-life of 5568 years 

with standard reference to the year 1950.  

Sedimentation rate curves were constructed for each site by linear 

interpolation between either the top (age presumed to be 0 yrs) and the youngest 

radiocarbon date or between radiocarbon dates, using the FORECAST function 

in Excel™.  Calendar ages and calendar age scales on figures were converted 

from radiocarbon ages using OxCal (version 4.0.5; Bronk Ramsey 2001) with the 

INTCAL04 terrestrial calibration curve (Reimer et al. 2004).  Calendar ages within 

the text were rounded to the nearest decade to avoid the perception of artificial 

accuracy.  For 14C ages with calendar age corrections that had skewed kurtosis 

and/or a single peak that dominated the distribution, the dominant peak was 

selected for the calendar age (e.g., Burman 25; Figure 4.2); for dates with a 

plateau or multiple equivalent peaks, the midpoint of the highest probability 

range (denoted by * in Tables 5.1 and 5.2) was used (e.g., Burman 36; Figure 4.2).  

For figures that have both calendar age and 14C ages, the comparative scale bar 

was created using the method outlined in Appendix A1. 

 

4.5 Pollen Analysis 

Pollen analysis was conducted on one cm3 aliquots of sediment taken from the 

middle of the core at two cm intervals throughout the sediment cores using a 

modified syringe.  The chemical extraction procedure followed the methods 

outlined by the Royal BC Museum Paleoecology Laboratory pollen preparation 

procedure, which is modified from Fægri and Iverson (1975).  Sediment 
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containing substantial organic material, such as roots and twigs, and/or 

flocculated organic matter, was boiled for 5 minutes in 5% KOH and then 

screened to remove the coarse material.  Folling this tablets containing known 

amounts of exotic Lycopodium spores were dissolved into each sample in order to 

calculate pollen concentrations (Stockmarr 1971).  Acetolysis was then performed 

in a boiling water bath for 10 minutes, using a 9:1 mixture of acetic anhydride 

and sulfuric acid.  This was followed by a glacial acetic acid wash, centrifugation, 

and repeated distilled water washes and centrifugations until the sample was  

essentially free of the odour of acetic acid.  The use of hydrofluoric acid was 

deemed unnecessary as the sediments were largely organic and residual lithic 

materials did not obscure the pollen counting.   

The processed material was mixed with glycerine jelly and mounted on 

labelled glass slides with covers.  These slides were scanned using a Nikon 

Biophot microscope at 400x-1000x magnifications.  A minimum of 300 pollen 

grains per slide were identified and counted.  Additional counts of non-arboreal 

pollen were made near the bottom of the cores to gain a better understanding of 

the nature of the non-arboreal component.  Pollen identification was aided 

through the use of reference collections at the RBCM, along with published and 

unpublished RBCM keys (Bassett et al. 1978; Moore and Webb 1978; Kapp et al. 

2000). 

Alnus crispa-type and Alnus rubra-type pollen were separated by pore 

morphology (Mayle et al. 1993), and Pinus pollen was grouped into P. monticola  

(haploxylon-type) and P. contorta (diploxylon-type) when the distal membrane of 

the pollen grain was visible and/or preserved.  Pinus that could not be readily 

distinguished was considered to represent P. contorta, the vastly dominant 

species in the region. 

Raw pollen and spore counts were tabulated and converted to 

percentages.  Percent spores are the number of spores per total pollen not 

including spores.  Pollen concentration was determined by dividing the total 
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number of exotic Lycopodium spores added to the sample by the product of the 

number of exotic spores counted and the number of pollen grains counted.  

Pollen influx (grains cm-2 year-1) was calculated by multiplying pollen 

concentration by the applicable sedimentation rate, which was calculated based 

on calendar years before present (before 1950).  Arboreal pollen is the sum of all 

tree pollen including A. rubra.  Non-arboreal pollen is the sum of all forbs, grass, 

sedge, unknown pollen, and shrubs excluding A. crispa.  Although A. crispa is 

non-arboreal, it is not considered as such within this these. 

PSIMPOLL 4.10 software (Bennett 2002) was used to create the relative 

pollen and spore concentration and influx curves using default settings except 

specifying a lower minimum value of 1% for constrained cluster analysis 

(CONISS) of terrestrial pollen as well as excluding spores to determine pollen 

assemblage zones.  CONISS analysis on pollen influx data and pollen percent 

data yielded the same boundaries as would be expected (Appendix A2).  Various 

zonation methods were attempted with most yielding very similar zone 

boundaries (Appendix A3).  Although zonation was completed based on pollen 

assemblage >1%, zone descriptions used in the text include other attributes such 

as spores, charcoal, macrofossils, clasts, and lithology.  PSIMPOLL was also used 

to generate Principal Component Analyses (PCA) to assess plant correlations and 

plant assemblage trajectories.  All pollen taxa occurring at >1% were included; a 

standard PCA linear correlation matrix was used without transformation of the 

dataset to increase the apparent strength of the first two components (e.g.,  ter 

Braak 1983). 

Following Allen et al. (1999), Fitton (2000) and Brown and Hebda (2003) 

specific pollen types were used as indices of temperature and precipitation.  

These pollen types were Pseudotsuga, because it favours low elevations and is 

drought tolerant, T. heterophylla because it favours low elevation and requires 

moisture and T. mertensiana because it is common at cool high elevations.  A ratio 

of Pseudotsuga and T. heterophylla was used as a precipitation index and is 
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referred to as DWHI (Douglas fir-Western hemlock Index).  A ratio of T. 

mertensiana and T. heterophylla was used as a temperature index and is referred to 

as THMI (T. heterophylla-T. mertensiana Index) (Allen 1995).  The equations for 

DWHI and THMI are as follows: 

 

DWHI= 1- (Pseudotsuga / (Pseudotsuga + T. heterophylla+ 0.0001)) 

THMI= 1-(T. heterophylla / (T. heterophylla + T. mertensiana+ 0.0001)) 

 

These formulas vary from those used by previous authors due to the addition of 

0.0001 in the denominator.  This constant was added to avoid a division by zero 

error in cases where pollen was absent.  Each ratio varies between 0 and 1 with 

low DWHI values indicating dry conditions and higher values signifying 

relatively moister conditions.  Similarly, low THMI ratios may indicate warmer 

conditions while higher values signify relatively cooler conditions. 

 Pollen and charcoal data included in figures that are from other studies 

were provided by Dan Gavin (University of Oregon) for Moose and Martins 

Lake.  The data for Harris Ridge Bog was downloaded from the Royal British 

Columbia Museum Natural History data archive.  The SC1 Pond, Louise Pond, 

Walker Lake, and Porphyry Lake data were obtained through the North 

American Pollen Data Base.  Charcoal data for Walker Lake and Porphyry Lake 

was provided by Kendrick Brown (Canadian Forest Service). 

 

4.6 Macrofossil, Charcoal and Clast Analysis 

Macroscopic charcoal and plant macrofossils were identified from the one to 

three cm3 of core material that remained after pollen sampling, avoiding any 

potential drag down along the sides of the core barrel.  The actual volume of 

sediment was measured using a modified syringe and recorded for each depth 

for charcoal concentration calculations.  The samples were disaggregated in a 

warm bath of 10-g/l sodium pyrophosphate solution and sieved on a 150 μm 
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mesh.  The material retained on the sieve was washed into a gridded (0.5 mm2 ) 

petri dish and viewed under a dissecting microscope at 20x-40x magnifications. 

 

4.6.1 Macrofossil analysis 

Tree leaves and stems were identified using keys in Hitchcock and Cronquist 

(1973), Dunwiddie (1985), and Pojar and MacKinnon (1994), Douglas et al. (1989-

2002) as well as Royal British Columbia Museum reference material.  

Angiosperm fruit and seeds were also identified using Royal British Columbia 

Museum reference material combined with keys by Martin and Barkley (1961) 

and Montgomery (1977).  Needle fragments were included in the overall count as 

single needles, using the criteria of Dunwiddie (1987). 

Macrofossil data are presented as number of specimens found in each 

sample with no conversion to concentration or percentages.  The number of 

macrofossils suggests likely occurrence near the sample site, not relative plant 

abundance.  Several macrofossils of the same species and very large macrofossils 

such as cones imply stronger likelihood of presence at the site but do not indicate 

relative abundance of the plant.   

 

4.6.2 Charcoal analysis  

Charcoal particles were identified using charcoal from a fire pit as a reference.  

Charcoal is black, opaque and highly reflective much like the mineral amphibole 

but is brittle and often shows cellular structure.  Charcoal fragments were tallied 

within size classes of 0.125-0.25 mm2, 0.25-0.5 mm2, 0.5-1 mm2, 1-2 mm2, 2-3 mm2, 

and >3 mm2 based on visible surface area.  Total area of charcoal per sampling 

interval (cm2 charcoal per cm3 sediment) was determined by summing the 

products of the number of particles and the midpoint in each size class 

(Waddington 1969). 

Charcoal data from other studies used herein were either provided by the 

authors or scanned and traced from the original publications using CorelDraw™ 
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and plotted by age by stretching or compressing the curves, anchored on the 

radiocarbon ages provided within the publications. 

 

4.6.3 Clast analysis  

While counting charcoal, the number of individual mineral sediment clasts 

encountered was also counted.  Sieving removed grains less than 0.125 mm2.  

Values over 100 clasts were not tallied but rather estimated by multiplying the 

number of grains covering one cm2 on the petri dish by the area of the petri dish 

(64cm2). 

 

4.7 Site Climate Data 

Due to the lack of climate station data at or near the study sites, site-specific 

climate values were approximated using the program ClimateBC ver.3.21 (Wang 

et al. 2008) and the 1961 to 1990 data set.  ClimateBC extracts monthly data and 

calculates seasonal and annual climate variables for specific locations based on 

latitude, longitude and elevation.  ClimateBC software was also used to derive 

the summer heat moisture index (SHM) determined by 

 

SHM=MWMT/(MSP/1000) 

 

with MWMT being the mean warmest month temperature and MSP the sum of 

monthly precipitation from May through September (Tunkanen 1980).  This 

variable provides an indicator of a site’s potential for summer drought wherein 

sites having the highest values are likely to be the driest.  To be concise within 

the main text of this thesis, high Summer Heat Moisture Index values will be 

referred to as "dry" and low Summer Heat Moisture Index values will be referred 

to as "wet". 
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4.8 Figures 

Location maps were generated using GMT freeware (Wessel and Smith 1995).  

Site maps were made using ArcMap software within the ArcGIS package.  

Elevation contours were generated using the Centre for Topographic 

Information, Natural Resources Canada, Canadian Digital Elevation Data, Level 

1 (Edition 1.0; 2003).  Ecosystem zones were defined using data from the BC 

Ministry of Forests and Range, Research Branch, Provincial Biogeoclimatic 

Subzone/Varient Mapping (Version 7.0; 2008).  Climate graphs were generated 

in ExcelTM from the ClimateBC data discussed previously.  Pollen, spore, clast, 

and charcoal curves were plotted using PSIMPOLL.
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CHAPTER 5: Results and Interpretations. 

5.1 Radiocarbon dating 

Plant material type and dating results are presented in Table 5.1 with age/depth 

comparisons in Appendix B, Figure B1.  Materials from soil profiles not used in 

this study were also dated and are presented in Appendix B, Table B1. 

A sample of lake sediment was dated at the base of the Leptarrhena core 

(Table 5.1; Beta 184761), as there was no datable plant material available.  It has 

been demonstrated that sediment dates may overestimate the actual age 

(Hutchinson et al. 2004), due to the hard water effect of inorganic 14C-depleted 

CO2 dissolved in lake water (e.g., Lowe et al. 1988) and/or the inwash of old 

organic carbon from soils, peat or carbonate bedrock (e.g., Nambudiri et al. 1980) 

even if the detrital material is removed (Snyder et al. 1994).  Although the 

Leptarrhena basin contains no carbonate or coal bedrock (see Chapter 5.6.1), to 

assess the accuracy of the Leptarrhena Pond basal date, another sediment age 

was acquired near the middle of the core (Table 5.1; Beta 233304) with a duplicate 

sample of a T. mertensiana cone (Table 5.1; Beta 233305) from the same depth.  

The sediment age is 310 +/- 40 radiocarbon years older than the cone, suggesting 

that within Leptarrhena pond, sediment ages are likely fairly accurate.  

Hutchinson et al. (2004) found similar age differences between mid-Holocene 

macrofossils and limnic deposits from low elevation lakes on southern 

Vancouver Island.  If the basal sediment age from Leptarrhena Pond is ignored 

and one linearly interpolates to the base of the core using only the ages from the 

plant material above, a basal age of 14,804 14C BP is derived, which is likely far 

too old.  Because of the relative closeness in sediment and macrofossil ages in 

Leptarrhena Pond and the erroneously old age that results from extrapolating 

from only dated plant material, the basal sediment-based age is included within 

the age model with no correction applied (see Appendix B, Figure B1). 

Radiocarbon ages for this study were converted to calendar ages (calBP) 

(Table 5.1).  Calendar ages were also generated for previous studies that are 
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directly compared with this study (Table 5.2).  See Appendix B for radiocarbon 

determination and calibration probability graphs. 

 

Table 5.1. Accelerator mass spectrometer 14Cdata and calendar date conversions for 
study sites. 
 

Site Lab 
reference 

Sample 
depth 
(cm) 

Material 
dated 

 

14C 
age 

 

calBP 
age 

 
calBP 
range 

 

±2 δ 

*1055-
1264 93.9 Beta 

233301 16 wood 1210 ± 
40 1159.5 1014-

1025 1.5 

*3909-
4101 86.7 Beta 

233303 44 needle 3690 ± 
40 4005 4111-

4148 8.7 

9086-
9435 93.8 Beta 

233302 99 cone spur 8270 ± 
60 9280 9034-

9050 1.6 

11,962-
12,400 88.4 

12,470-
12,585 5.2 

Mt. Cain 
Pond 

AA68842 
X4241 132 wood 10,334 

± 68 12,100 

11,833-
11,871 1.8 
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Table 5.1. (continued) 

Site Lab 
reference 

Sample 
depth 
(cm) 

Material 
dated 

 

14C 
age 

 

Cal 
BP 
age 

 
Cal BP 
range 

 

±2 δ 

Beta 
233299 25 needle 

fragments 
8520 ± 

40 9526 9472-
9545 95.4 Burman 

Pond Beta 
233300 36 wood 9570 ± 

50 10,942 *10,722-
11,126 95.4 

641-730 84.0 Beta 
184758 35-40 wood 720 ± 

40 672 564-590 11.4 
Beta 

184759 80-85 wood 1690 ± 
40 1582 1524-

1701 95.0 

2345-
2543 74.9 

2636-
2700 15.7 Beta 

233304 110-115 sediment 2410 ± 
40 2424 

2589-
2616 4.8 

*1986-
2156 90.1 

2269-
3396 3.3 

1951-
1961 1.1 

Beta 
233305 113 cone 2100 ± 

40 2065 

1969-
1979 0.9 

*3965-
4158 90.7 

4203-
4225 2.5 

3929-
3945 1.8 

Beta 
184760 120-125 wood 3720 ± 

40 4061.5 

4173-
4177 0.3 

10,152-
10,250 93.8 

Leptarrhena 
Pond 

Beta 
184761 185-190 sediment 9020 ± 

40 10,210 9965-
9985 1.6 
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Table 5.1. (continued) 

Site Lab 
reference 

Sample 
depth 
(cm) 

Material 
dated 

 

14C 
age 

 

Cal 
BP 
age 

 
Cal BP 
range 

 

±2 δ 

5049-
5196 56.8 

5212-
5320 37.1 Beta 

233298 51 wood 4550 ± 
40 5297 

5423-
5435 1.5 

*9765-
10,200 95.1 AA68841 

X4240 166-167 wood 8894 ± 
63 9982.5 9745-

9750 0.3 

11,206-
11,355 94.4 

Cederstedt 
Pond 

Beta 
233297 171 wood 9870 ± 

40 11,248 11,380-
11,387 1.0 

*953-
1173 94.0 Beta 

189629 16-19 wood 1130 ± 
50 1063 

938-946 1.4 
*2488-
2644 58.6 Beta 

233306 33 wood 2540 ± 
40 2566 2655-

2751 36.8 

*9197-
9435 87.5 

Mount 
Washington 

Soil 
 

Beta 
189630 49 charred 

material 
8300 ± 

40 9316 9138-
9181 7.9 

5465-
5602 92.1 

5333-
5348 2.3 

5354-
5360 0.6 

Beta 
233295 21 wood 4790 ± 

40 5520 

5368-
5371 0.3 

AA68840 
X4239 50-55 wood 7956 ± 

64 8814 *8628-
9000 95.4 

*10,491-
10,770 94.5 

Merry 
Widow 
Pond 

Beta 
233296 56 wood 9400 ± 

56 10,631 10,438-
10,455 0.9 
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Table 5.2.  Radiocarbon dates from previous studies converted to calendar age. 
 

Site 14C age Cal BP age Cal BP 
range ±2 δ 

*4145-4416 92.2 3845 ± 50 4281 4096-4119 3.2 
7990 ± 330 8919 *8171-9666 95.4 

Cassiope 
Pond 

(Hebda 1997) 
10,460 ± 550 12,066 *10,688-

13,443 95.4 

*929-1093 91.8 
1105-1138 3 1085 ± 50 1007 
1105-1138 0.6 
*2287-2497 65.9 
2152-2279 24 
2638-2686 4.4 2325 ± 60 2340 

2597-2612 1 
*4813-5332 90.5 
5374-5461 3.5 4428 ± 125 5073 
4709-4755 1.3 
*11,686-
11,680 89.8 

12,469-12,585 3.6 

Harris Ridge 
Bog 

(Fitton 2000) 

10,273 ± 100 11683 

11,619-11,680 2 
*4286-4629 89.7 
4762-4800 3.6 
4257-4272 0.8 
4677-4692 0.7 

4000 ± 60 4458 

4634-4644 0.5 
*6497-7028 92.3 
7111-7156 2.4 
7055-7068 0.5 5950 ± 110 6763 

7079-7084 0.2 
8420 ± 70 9410 *9282-9537 95.4 

Porphyry 
Lake 

(Brown 2000) 

12,540 ± 200 14,640 *14,022-
15,258 95.4 
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Table 5.2. (continued) 

Site 14C age Cal BP age Cal BP 
range ±2 δ 

*4510-4825 87.8 4100 ± 60 4668 4441-4485 7.6 
6190 ± 70 7085 *6910-7260 95.4 
8980 ± 160 10,052 *9604-10,500 95.4 

Walker Lake 
(Brown 2000) 

12,240 ± 120 14,270 *13,816-
14,724 95.4 

*3320-4298 94.1 
3265-3295 0.6 
4329-4352 0.5 3460 ± 200 3736 

4371-4382 0.2 
6554-7333 93.6 
7385-7415 1.1 6090 ± 180 6944 
7354-7375 0.7 
7759-8209 94.1 

SC1-Pond 
(Pellatt and 
Mathewes 

1997) 

7180 ± 110 7984 8262-8294 1.3 
*1686-2544 90.2 
2635-2701 2.2 
1617-1675 1.8 
2585-2617 1.0 

2100 ± 200 2115 

2563-2572 0.2 
*3958-5047 94.8 
3929-3951 0.5 4030 ± 200 4502.5 
5203-5211 0.1 
*6173-7255 92.8 
6018-6080 1.4 5790 ± 260 6714 
6108-6156 1.2 

*9024-10,520 95.2 8700 ± 300 9772 10,535-10,548 0.2 
*10,643-
12,174 94.1 

10,588-10,634 0.7 
12,204-12,235 0.4 

Louise Pond 
(Pellatt and 
Mathewes 

1997) 

9870 ± 240 11,409 

12,324-12,341 0.2 
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5.2 Site descriptions, pollen zones, lithology, macrofossils, clasts, charcoal, and 

zone interpretations. 

Burman Pond 

5.2.1 Burman Pond site description 

Burman Pond (informal name) is situated on the north ridge of Mount Burman in 

Strathcona Provincial Park at 49°38’31”N and 125°44’14”W at 1313 m elevation 

within the MH zone (Figures 5.1; 5.2).  The pond occupies a shallow, 

hydrologically-closed bedrock depression measuring about 20 m by 7 m with a 

maximum measured depth of 1.3 m.  The pond has no inflow or outflow streams.  

The bedrock within the area consists of Jurassic age granodioritic intrusive rocks 

of the Island Plutonic Suite (Yorath and Nasmith 1995). 
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      The rugged wind-exposed topography is covered with parkland 

communities predominantly comprised of T. mertensiana trees with occasional C. 

nootkatensis.  The understory shrub assemblage includes A. crispa, Sorbus 

sitchensis, Vaccinium membranaceum, Vaccinium ovalifolium and Cladothamnus 

pyroliflorus, interspersed with herbs and low shrubs including Aquilegia formosa, 

Arnica latifolia, Erigeron peregrinus, Heracleum lanatum, Leptarrhena pyrolifolia, 

Pedicularis bracteosa, Sanguisorba canadensis ssp. latifolia, Veratrum viride, Phyllodoce 

empetriformis, Anemone occidentalis, Poaceae spp., Catlha biflora, Valeriana sitchensis, 

Petasites frigidus var. nivalis, Mimulus lewisii, and Luetkea pectinata.  The aquatic or 

emergent plant Sparganium angustifolium is also present. 
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5.2.2 Burman Pond pollen zones, lithology, macrofossils, clasts, and charcoal 

Four pollen zones (B1-B4) were identified in the Burman Pond sediment core 

(Figures 5.3; 5.4; 5.5; 5.6).  See Appendix C1 for pollen zone dispersion and 

Appendix C2 for PCA biplot.  Mineral clasts were mostly sand-sized but some 

were gravel-sized, with the largest up to about 5 mm in diameter.   

 

Zone B1: 47 to 45 cm; Tsuga mertensiana-Pinus contorta-Abies 

10,480 - 10,380 BP (12,170 - 12,040 calBP): 

The delineation of this zone was based on a single sample dominated by T. 

mertensiana, P. contorta and Abies, at ca. 34%, 20% and 18%, respectively.  A. crispa 

averages ca. 24%, T. heterophylla ca. 2% and Ericaceae 1%.  Arboreal pollen is 73% 

and non-arboreal 3%.  Pollen concentration is relatively low, at ca 36,000 grains 

cm-3.  Spores are abundant at 15% with a remarkable amount of Cryptogramma at 

ca. 9%.  P. contorta and T. mertensiana macrofossils are present.  There is also a 

high concentration of clasts at 25 grains cm-3. 

 This zone likely represents an open P. contorta, Abies and T. mertensiana 

mixed forest typical throughout the region in the late Pleistocene.  Fitton (2000) 

found a similar pollen spectrum at about the same time at Harris Lake Ridge 

Bog, and speculated that the Abies pollen found in this interval was A. lasiocarpa, 

representing a drier more continental climate than today.  A climatic 

interpretation was shared by Heinrichs et al. (2002a).  The presence of P. contorta 

could be as a seral species or may indicate drier more continental conditions than 

today.  High percentages of Cryptogramma and low pollen concentrations suggest 

an open rocky landscape with discontinuous vegetation and low productivity 

(Klinka et al. 1989).  High concentrations of clasts in the core at this level suggest 

a discontinuous cover of vegetation with exposed mineral soil. 
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Zone B2: 45 to 41.5 cm; Alnus crispa 

10,380 - 10,190 BP (12,040 - 11,780 calBP):   

The pollen assemblage in this zone is dominated by A. crispa at about 47% 

relative abundance.  Arboreal pollen averages 45%, with T. mertensiana, P. 

contorta and Abies  averaging ca. 19%, 17% and 8%, respectively.  Non-arboreal 

pollen averages 8% and generally increases upwards through the zone, 

especially Rosaceae and Asteraceae that increase from ca. 1% to 2%, and 0 to 1%, 

respectively, whereas Ericaceae decreases from about 3% to 1%.  The zone has 

low yet increasing pollen concentrations from ca. 61,000 to 200,000 grains cm-3.  

Spores generally decline in abundance from the previous zone averaging ca. 10% 

with Pteridium peaking at ca. 3%.  P. contorta, A. lasiocarpa and T. mertensiana 

needles are present.  This zone lacks charcoal, and has fluctuating clast 

abundance, ranging from 5 to 10 grains cm-3.  

The high percentage of A. crispa pollen, which in coastal mountain areas 

frequently occupies moist or disturbed settings with deep snow accumulation 

(Pojar and MacKinnon 1994), suggests an open forest parkland mosaic with A. 

crispa thickets.  A moderate percentage of P. contorta pollen and the presence of 

macrofossils suggest the species was growing near the site.  The presence of 

Pteridium also suggests an open forest (Crane 1990).  The modest increase in 

shrub pollen types such as Ericaceae, forbs including Rosaceae and Asteraceae, 

low pollen concentrations throughout the zone, and decreases in Cryptogramma 

and clasts relative to the previous zone, suggest less exposure of sediment and 

rock and more continuous vegetation cover than in the previous zone.  T. 

mertensiana pollen increases very rapidly at the beginning of this zone, in contrast 

to other locations.  Several needles of T. mertensiana and A. lasiocarpa in this zone 

suggest that these trees were present near or at the site. 
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Zone B3: 41.5 to 21.5 cm; Alnus crispa-Abies 

10,190 - 7670 BP (11,780 - 8570 calBP) 

A. crispa and Abies pollen dominate this zone with averages of 61% and 10%, 

respectively, Abies notably peaks in the middle of the zone at almost 19%.  T. 

mertensiana pollen values average ca. 15%.  P. contorta  pollen averages ca. 5%.  

Arboreal pollen averages 33%, whereas non-arboreal pollen averages 7%; forbs 

generally decrease upwards throughout the zone, dominated by Rosaceae with 

an average of ca. 1%.  Ericaceae pollen averages ca. 1%.  Poaceae and Cyperaceae 

make their first substantial appearances ranging from 0 to 2% and 0 to 3%, 

respectively.  Pollen concentrations fluctuate greatly from 29,200 to 558,000 

(average 178,400) grains cm-3.  Spore values generally decrease upwards through 

the zone from about 15% to 5%, averaging 9% with two Isoetes peaks of about 5%.  

A. amabilis and T. mertensiana needles occur throughout, whereas A. lasiocarpa 

needles only occur in the bottom 6 cm.  P. contorta needles and Vaccinium seeds 

occur intermittently.  C. nootkatensis scales occur at 26 cm with correspondingly 

low and variable pollen ranging from 0 to 7%.  This zone has two minor 

occurrences of charcoal centred at about 29 and 23 cm with maximum 

concentrations of ca. 2 and 4 cm2 cm-3, respectively.  Mineral clast abundance 

fluctuates greatly from ca. 2 to 28 (average 10.8) grains cm-3. 

Relative A. crispa pollen remains high as in the previous zones, suggesting 

that it persisted near the pond, but likely varied substantially throughout the 

zone as suggested by the pollen influx (Figure 5.6).  A high percentage of Abies 

pollen throughout the zone, coupled with macrofossils that change from A. 

lasiocarpa at the base of the zone to A. amabilis at the top, reveals a change in 

forest composition and suggests a shift from the previous zone's continental 

climate to conditions more like today.  Pollen influx suggests that Abies was at its 

greatest numbers at the site during this time.  Relatively high non-arboreal pollen 

values of Rosaceae and Ericaceae together with macrofossils of Vaccinium reflect 

an open forest community much like the previous zone.  Occurrences of Poaceae 
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and variable percentages of Pteridium and Cryptogramma also suggest open non-

forested areas.  Cyperaceae and Isoetes likely grew in and around the pond’s 

edge.  Charcoal first appears in this zone suggesting conditions suitable for fire.  

Typically, pollen concentrations decrease as clast values increase, suggesting that 

sediment accumulation rates varied, with greater accretion during episodic 

periods of slopewash and/or wind transport of mineral grains to the pond. 

 

Zone B4: 21.5 cm to the top; Tsuga mertensiana-Tsuga heterophylla;  

7670 - 0 BP (8750 calBP to present): 

This zone is dominated by T. mertensiana with T. heterophylla averaging 52% and 

15%, respectively.  Other trees include P. contorta at ca. 3% to 11% (average 6%), 

Abies 1% to 11% (average 7%), Picea 0 to 4% (average 2%), Cupressaceae 0 to 3%, 

Pseudotsuga 0 to 1%, with total arboreal pollen averaging 82%.  A. crispa occurs at 

its lowest relative abundance in the record, averaging 12%.  Ericaceae pollen is at 

its greatest relative abundance, averaging 3%, with the only other notable non-

arboreal types being Rosaceae and Artemisia with total non-arboreal pollen 

averaging 7%.  Poaceae and Cyperaceae values remain low (ca. 0 to 2% and 0 to 

1%, respectively).  Pollen concentration varies moderately from ca. 66,000 to 

242,000 grains cm-3, averaging 131,000.  Spores decline in abundance upwards 

through the zone from ca. 6% to 1%.  Needles of T. mertensiana occur at most 

depths except the top few centimetres.  A. amabilis and P. contorta needles occur 

in the bottom half, and C. nootkatensis scales and Vaccinium seeds occur 

sporadically throughout.  The sediment within this zone consists predominantly 

of brown gyttja, but the colour changes to tan in the top few cm.  This zone has 

one small incidence of charcoal centred at about 18 cm and one major charcoal 

spike centred around 10 cm with maximum concentrations of 2 and 33 cm2 cm-3, 

respectively.  Clasts are uncommon throughout the zone with a small increase 

towards the middle, ranging from ca. 2 to 10 (average 6) grains cm-3.   

High percentages of T. mertensiana suggest forest infilling near the site 
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although pollen influx suggests that the same number of trees at the site as in 

previous zones (Figure 5.6).  Needles of T. mertensiana, A. amabilis and scales of C. 

nootkatensis indicate that these trees were near the site.  T. heterophylla and 

Pseudotsuga do not exhibit high enough percentages to have been growing at the 

site, based on modern samples from other sites (Allen et al. 1999; Minckley and 

Whitlock 2000), and it is interpreted that their pollen likely originated at lower 

elevations.  Minckley and Whitlock (2000) found that T. heterophylla pollen 

reaches relative abundance values as high as 19% at sites where the tree was 

locally absent in southern Washington, and Allen et al. (1999) found up to 5% 

Pseudotsuga pollen in MH zone surface samples without the tree’s presence.  The 

increase of Cupressaceae likely C. nootkatensis (C. nootkatensis scales) and its 

occurrence at higher elevations (Klinka et al. 1989) suggest moistening forest 

conditions.  The site was likely not completely forested though, as Cryptogramma 

spores imply that rocky areas continue to occur and Rosaceae and Poaceae 

percentages suggest that herbaceous species occupy open spaces.  Ericaceae 

pollen also occurs in high percentages in association with seeds of Vaccinium 

spp., suggesting heath may be at or near the pond.  Charcoal suggests that 

periods of fire likely occurred though most of the zone with one prominent peak 

generated by a large fire or fires at about 3500 BP.  Charcoal is absent from the 

top of the zone, suggesting that there has not been a major burn at the site for 

about 2000 years.    

 

5.2.3 Burman Pond Interpretation Summary 

Analysis of sediment from Burman Pond reveals the ecological transition of a 

landscape initially dominated by A. crispa and P. contorta to a relatively stable 

heath and parkland in which Ericaceae has played an important role since about 

8000 BP.  Disturbance by fire likely did not play an important role in this change, 

as charcoal was essentially absent from the early to mid Holocene.  During the 

early Holocene, A. lasiocarpa was replaced by A. amabilis, suggesting that the 



 
 

 

59

climate was once drier and more continental than it is today (cf. Heinrichs et al. 

2002a).  The presence of Pinus needles during the early Holocene supports this 

idea, although the associated low abundance of Pinus pollen is enigmatic, as 

Pinus trees in near proximity typically dominate the pollen rain in lower 

elevation studies (Allen et al. 1999). 

 

5.3 Cain Pond 

5.3.1 Cain Pond site description 

Cain Pond (informal name) is situated directly behind the day-use lodge at the 

Mount Cain Ski area at 50°13’04.8”N and 126°21’16.7” at 1192 m within the MH 

zone (Figures 5.7; 5.8).  The bedrock at the lake is Jurassic Island Plutonic Suite, 

granodioritic intrusive rocks.  Near the summit areas of the drainage basin the 

rock is Triassic Vancouver Group, Karmutsen Formation, which includes basalt 

pillowed flows, pillow breccia, hyaloclastite tuff and breccia, massive 

amygdaloidal flows, minor tuffs, interflow sediment, and limestone lenses 

(Yorath and Nasmith 1995).  

The pond is about 60 m long by 40 m wide with a maximum measured 

depth of 1.75 m, where the sediment core was obtained.  No inflow or outflow 

streams are present.  Aquatic plants such as Menyanthes, Nuphar polysepalum, and 

Carex spp.  occur an estimated maximum distance of 10 m from the shore with 

abundant Fauria at the shoreline.  The pond is immediately surrounded by 

wetland with one Pinus monticola tree, occasional Vaccinium ovalifolium, 

Vaccinium uliginosum, Vaccinium caespitosum, and Kalmia polifolia shrubs, and 

herbs consisting of mostly (50%) Trichophorum cespitosum with some (2-5%) 

Erigeron peregrinus, Tofieldia glutinosa, Gentiana douglasiana, Poaceae spp., 

Dodecatheon, and the occasional (about 1%) Drosera rotundifolia, Cyperaceae, 

Eriophorum, and Fauria crista-gali.  The open forest that immediately surrounds 

the lake and wetland consists of ca. 15% tree cover dominated by T. mertensiana 

with some C. nootkatensis and the occasional A. amabilis.  Large burnt snags are  
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found on the slopes above and below the pond.  Shrubs constitute the most 

extensive stratum (about 70%) with tall Vaccinium spp. being most abundant and 

some (2-5%) Menziesia and Cassiope and occasional A. amabilis.  Herbs are 

infrequent (3-5%), comprised of Carex nigricans and Veratrum viride. 

 

5.3.2 Cain Pond pollen zones, lithology, macrofossils, clasts, and charcoal 

Four pollen zones (Cp1-Cp4) were identified in Cain Pond (Figures 5.9; 5.10; 5.11; 

5.12).  See Appendix C3 for zone dispersion and C4 for the PCA biplot.  Mineral 

clasts were mostly sand-sized but some were gravel-sized, with the largest up to 

about 5 mm in diameter. 
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Zone Cp1: 130 to 115 cm; Alnus crispa - Pinus contorta - Abies 

10,210 - 9270 BP (11,930 - 10,650 calBP): 

A. crispa pollen dominates the zone, increasing upwards from 22% to 46%, 

averaging 38%.  P. contorta pollen values average ca. 30% and a single Pinus 

needle tip was observed.  Abies pollen values vary from ca. 4% to 33%, averaging 

9% with A. lasiocarpa needles in the bottom half of the zone and A. amabilis at the 

top.  T. mertensiana needles are present only in the top third with generally 

decreasing pollen abundance upwards through the zone from ca. 20% to 9%, 

averaging 12%.  Other arboreal pollen types present in this zone include variable 

amounts of Picea, Cupressaceae, Alnus rubra, and increasing amounts of T.  
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heterophylla with averages of ca. 2%, 0.3%, 0.1%, and 3%, respectively.  Arboreal 

pollen averages 57% and non-arboreal pollen 5%.  Forb and shrub pollen 

generally decreases upwards through the zone, which includes Ericaceae, 

Rosaceae and Asteraceae averaging ca. 2%, 1% and 1%, respectively.  Poaceae 

pollen occurs at ca. 1%.  Spore abundance increases from ca. 4% to 810% with 

most spores being a verrucate variety of unknown origin.  Pollen concentration 

generally increases from ca. 57,400 to 189,000, averaging 127,000 grains cm-3.  

Nuphar seeds are present throughout.  Sediment within this zone is silty clay 

with generally decreasing coarse clast abundance ranging from ca. 3000 to 0 

grains cm-3, averaging 617 grains cm-3.  Charcoal is present throughout with two 

modest peaks with maximum concentrations of ca. 0.5 cm2 cm-3.  

This zone likely represents an open parkland with A. crispa thickets 

colonizing barren sites and tree stands dominated by Abies and Pinus with 

needles of A. lasiocarpa, A. amabilis, P. contorta and T. mertensiana suggesting that 

these trees grew near the pond.  A. lasiocarpa dominated at the beginning of the 

zone but was replaced by A. amabilis midway through the zone.  Low but notable 

percentages of Picea pollen imply that Picea was likely near the site.  The presence 

of Cryptogramma and Selaginella spores, and openings in the forest vegetation 

suggested by pollen of Ericaceae, Rosaceae, Asteraceae and Poaceae, suggest that 

there were exposed rocks in the vicinity of the site.  Low values of T. heterophylla 

indicate that it was distant from the site.  Peaks in charcoal concentrations 

suggest periods of fire, which is supported by co-varying clast abundance.  

Nuphar macrofossils reveal that the pond persisted throughout the year. 

  

Zone Cp2: Alnus crispa; 115 to 96 cm;  

9270 – 8020 BP (10,650 - 8990 calBP): 

A. crispa pollen dominates this zone with an average relative abundance of 57%.  

T. mertensiana and Abies and pollen average ca. 12 and 8% respectively.  P. 

contorta pollen generally decreases towards the top of the zone, with values from 
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16% to 2%, averaging 11%.  T. heterophylla, A. rubra and Picea pollen have low 

relative abundance, averaging 6%, 0.7% and 0.5%, respectively.  Pseudotsuga 

appears for the first time at about 1%.  Arboreal pollen averages 39% and non-

arboreal 5%.  Forb and shrub pollen increases through the zone with Ericaceae, 

Rosaceae, Asteraceae, and Lysichitum pollen peaking at 2%, 2%, 3%, and 3%, 

respectively, and indeterminate verrucate spores at about 11% to 3000%.  A. 

amabilis and T. mertensiana needles are present throughout the zone.  P. contorta 

needles are present in the bottom third of the zone.  Two separate occurrences of 

Nuphar seeds occur near the middle of the zone.  Charcoal varies throughout 

with a moderate peak of ca. 0.3 cm2 cm-3 and one notable peak of 0.8 cm2 cm-3, 

which is the highest value found in the core.  Sediment in this zone gradually 

changes upwards from silty clay to brown gyttja at 102 cm with a general 

reduction in clast abundance from a high of 210 to a low of 0, averaging ca. 28 

grains cm-3. 

High A. crispa pollen percentages throughout this zone suggest a parkland 

community with A. crispa shrubs likely recolonizing exposed soils after 

disturbances such as fire.  This is concurrent with high amounts of charcoal and 

clasts and the inverse correlation between arboreal and A. crispa pollen.  The 

presence of T. mertensiana and P. contorta needles suggest these species were at or 

near the site throughout the zone.  A. amabilis was also at the site, given the large 

number of needles preserved at all depths throughout the zone.  Increases in forb 

(Rosaceae, Asteraceae, and Lysichitum), Poaceae and heath (Ericaceae) pollen 

through the zone suggest a continued open forest community much like the 

previous zone, but with fewer exposed rocky sites inferred by the lower 

percentages of Cryptogramma and Selaginella spores compared to the previous 

zone.  Nuphar macrofossils suggest that the pond persisted throughout the year. 

  

Zone Cp3:  Alnus crispa-Abies-Tsuga mertensiana; 96 to 48 cm;  

8020 – 4020 BP (8990 – 4390 calBP).   
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This zone is dominated by A. crispa, although its values decrease from ca. 38% to 

23% towards the top of the zone.  Abies and T. mertensiana pollen are also 

prevalent and average 13% and 21%, respectively.  T. heterophylla pollen increases 

from 12% to 28% toward the top of the zone, averaging 20%.  Cupressaceae 

pollen varies from ca. 0 to 7%, averaging 3%, and Pseudotsuga and Alnus rubra 

pollen abundances vary around an average of ca. 1%.  Arboreal and non-arboreal 

pollen values average 65% and 8%, respectively.  Poaceae and Cyperaceae pollen 

values peak at 74 cm at 12% and 3%, respectively.  Rosaceae, Asteraceae and 

Lysichitum pollen occur at about 1%.  Pollen concentration remains moderate at 

about 96,500 grains cm-3.  Spore abundance is relatively low compared to the 

previous zones, averaging ca. 24% with a notable 2% peak of Cryptogramma at 78 

cm.  Macrofossils of A. amabilis and T. mertensiana are present mostly throughout.  

C. nootkatensis macrofossils occur intermittently.  Aquatic macrofossils of Nuphar 

and a first appearance of Characeae oogonia occur in this zone.  Charcoal values 

are low compared to the previous zone with 4 small peaks of ca. 0.8 cm2 cm-3.  

The zone is comprised of brown gyttja with a relatively low mineral clast 

abundance (average 6 grains cm-3).   

High percentages of Abies, varying amounts of Cupressaceae pollen, and 

the presence of macrofossils, suggest that A. amabilis and C. nootkatensis grew at 

or near the site.  T. mertensiana most likely grew adjacent to the site as evidenced 

by three cones removed from the sediment comprising this zone.  The gradual 

increase in the relative abundance of T. heterophylla pollen within this zone 

suggests that either T. heterophylla trees migrated closer to the site or increased in 

abundance at lower elevations.  Open rocky areas near the site are suggested by 

the presence of Cryptogramma and Selaginella spores.  Poaceae, Rosaceae, 

Asteraceae, and Artemisia pollen, and some heath indicated by Ericaceae pollen, 

suggest forest openings covered by a mosaic of species with grassy patches 

locally.  Nuphar and Characeae macrofossils suggest that the pond persisted year 

round with Cyperaceae and Lysichitum pollen suggesting it was surrounded by a 
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sedge-dominated wetland.  Reduced charcoal concentration and clast abundance 

relative to the previous zones suggests less frequent periods of fire and a more 

stable landscape favouring Ericaceae. 

 

Zone Cp4: Tsuga heterophylla-Tsuga mertensiana; 48 cm to the top;  

4020 – 0 BP (4390 calBP to present): 

This zone is dominated by arboreal pollen (average 84%), specifically T. 

heterophylla and T. mertensiana that average ca. 40% and 25%, respectively.  

Abundances of Abies and P. contorta pollen are stable throughout the zone at an 

average of 7%.  Cyperaceae values increase upwards to a peak of 5% near the 

top.  Pseudotsuga and Cupressaceae pollen ranges from 0 to 3% (average 2%) and 

0 to 5% (averaging 1%), respectively.  A. crispa and non-arboreal pollen relative 

abundances decline towards the top of the zone, averaging 10% and 6%, 

respectively.  Ericaceae, Liliaceae and Rosaceae pollen reach their greatest 

abundance around 34 cm at 4%, 3% and 1%, respectively.  Caryophyllaceae 

pollen identical to Moehringia macrophylla first appears in this zone and increases 

at the top, reaching 2%.  Pollen concentration ranges from ca. 87,000 to 199,000 

grains cm-3, averaging 112,000.  Needles of T. mertensiana and A. amabilis and 

scales of C. nootkatensis occur at most depths.  The presence of C. nootkatensis 

scales and a dearth of Cupressaceae pollen are enigmatic and may be the result 

of poor preservation of Cupressaceae pollen exine, resulting in its common 

misclassification as clear spheres.  T. heterophylla macrofossils are notably absent 

despite high percentages of T. heterophylla pollen.  One Vaccinium macrofossil 

occurs at 6 cm.  This zone has several small incidences of charcoal and one major 

charcoal spike centred around 36 cm with a maximum concentration of 0.6 cm2 

cm-3.  Sediment within this zone consists predominantly of brown gyttja that 

changes to a light tan colour at about 15 cm.  Clasts vary from ca. 0 to 38, 

averaging 6 grains cm-3.   

Increases in arboreal percentages relative to the previous zone and 
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upwards through this zone implies infilling of forest openings, which is very 

clearly represented in the arboreal pollen influx that peaks at about 10 cm.  

Needles of A. amabilis and T. mertensiana, and scales of C. nootkatensis, suggest 

that these species grew on the slopes adjacent to the lake, while an increase in T. 

heterophylla and Pseudotsuga pollen percentages suggest that these species began 

to grow near the site.  Decreases in forb and shrub pollen such as Rosaceae and 

Asteraceae and Poaceae relative to the previous zone and generally through the 

interval suggest fewer open spaces in the surrounding forests.  There were also 

likely fewer open rocky sites towards the time frame represented by the top of 

the zone, as indicated by low percentages of Cryptogramma and Selaginella.  

Nuphar and Characeae macrofossil occurrences reveal that the pond persisted 

throughout the year with increases in Cyperaceae pollen signifying slow 

sediment infilling at the edge of the basin, and fen encroachment on the water’s 

edge.  Higher charcoal values suggest more frequent periods of fire relative to 

the previous zone.  The gradual change in sediment facies midway through this 

zone may be the product of the compaction of sediment-water interface 

sediments to the more dense and dewatered darker colour sediment below. 

 

5.3.3 Cain Pond Interpretation summary 

Cain Pond sediments record the transition from a mixed Abies and P. contorta 

open parkland community with grassy forb meadows and open rocky areas, to a 

more closed forest with few open or grassy areas.  On several occasions A. crispa 

shrubs likely re-colonized exposed soils after disturbances such as fire, especially 

during the early Holocene.  High relative pollen values of T. heterophylla (cf. Allen 

et al. 1999) during the late Holocene imply that it should be growing near the site 

but the lack of macrofossils and its modern absence within the survey plot at the 

site indicate that it may not have quite reached the pond although it is common 

nearby (pers. comm. Antos J.A. 2010) .  Gavin et al. (2005) found similarly high T. 

heterophylla pollen values at high elevations on the Olympic Peninsula despite the 
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species being absent from the area.  Ericaceous heath was present throughout 

most of the record, becoming well established at about 8000 BP, and may have 

inhibited tree establishment maintaining the surrounding parkland community.  

Cupressaceae pollen and needles of C. nootkatensis imply that the species has 

been at or near the site since about 8000 BP.  The pond itself has been slowly 

infilling towards the centre with sedge-dominated wetlands. 

The presence of both A. lasiocarpa and P. contorta during the early 

Holocene suggests that the climate was drier and more continental than today (cf. 

Heinrichs et al. 2002a).  A. lasiocarpa was completely replaced by A. amabilis at 

about 9800 BP when conditions likely became wetter.  The establishment of the 

modern vegetation spectra occurred at about 8000 BP and likely signifies the 

arrival of the modern climate regime. 

 

5.4 Cederstedt Pond 

5.4.1 Cederstedt Pond site description 

Cederstedt Pond (informal name) lies within a broad saddle between two false 

summits on Mount Cederstedt on the eastern edge of Vancouver Island at 

50°26’0.3”N, 126°20’48.3”W and 1338 m elevation (Figures 5.13; 5.14).  It is the 

middle pond in a chain of three ponds, connected by ephemeral streams.  The 

pond is roughly oval with a diameter ranging from about 25 m to 40 m with a 

nearly flat bottom measured to a maximum depth of 1.37 m.  There are 5 m high, 

near-vertical cliffs on the eastern shore and gentle stepped slopes on all other 

sides.  The bedrock is Triassic Vancouver Group, Karmutsen Formation, which 

includes basalt pillow flows, pillow breccia, hyaloclastite tuff and breccia, 

massive amygdaloidal flows, minor tuffs, interflow sediment, and limestone 

lenses (Yorath and Nasmith 1995). 
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The terrain surrounding the pond is typical of the MH zone with rolling 

rocky slopes covered in heath, scattered T. mertensiana trees, and shrubs of C. 

nootkatensis, A. amabilis, and Vaccinium spp. with Empetrum nigrum growing at the 

edge of the water.  Open areas have moss- and lichen-covered rocks, but are 

covered 95% by shrubs such as Phyllodoce empetriformis, C. mertensiana, Luetkea 

pectinata, Vaccinium spp., and T. mertensiana, and 5% by herbs including 

Pedicularis sp., Vahlodea atropurpurea, Erigeron peregrinus, Agrostis sp., Carex 

nigricans, Juncus mertensianus, Leptarrhena pyrolifolia, Hippuris montana, Lycopodium 

sp., Caltha leptosepala, and Veratrum viride.  Forested areas have a few T. 

mertensiana and A. amabilis trees and a dense coverage of shrubs of C. nootkatensis, 

C. mertensiana, Vaccinium spp., Phyllodoce empetriformis, and Empetrum nigrum, 

with the occasional (1%) herbaceous species including Rubus pedatus and 

Pedicularis. 
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5.4.2 Cederstedt Pond Pollen zones, lithology, macrofossils, clasts, and 

charcoal 

Four pollen zones (Cs1-Cs4) were identified in Cederstedt Pond (Figures 5.15; 

5.16; 5.17; 5.18).  See Appendix C5 for zone dispersion and Appendix C6 for PCA 

biplot.  Mineral clasts were mostly sand-sized but some were gravel-sized, with 

the largest up to about 10 mm in diameter. 

 

Zone Cs1: Pinus contorta; 179 to 172 cm; 

11,500 – 10,200 (13,360-11670 calBP): 

P. contorta pollen dominates this zone, averaging ca. 42%.  Other arboreal pollen 

includes variable amounts of Abies, Picea, T. mertensiana, Cupressaceae, and 
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increasing amounts of T. heterophylla with averages of ca. 24%, 7%, 1%, and 2%, 

respectively.  Arboreal pollen averages 85% and non-arboreal 4%.  A. crispa, 

Ericaceae and Rosaceae increase upwards through the zone averaging ca. 12%, 

1% and 1%, respectively.  Pollen concentration varies considerably from ca. 

233,000 to 1,039,000, averaging 506,000 grains cm-3.  Spores generally decrease 

upwards from ca. 26% to 8%, averaging 14% with notable amounts of 

Cryptogramma and Pteridium peaking at 3% and 2%, respectively.  Charcoal is 

present throughout the zone, but only averaging 0.5 cm2 cm-3.  The zone 

coincides with silty clay facies with clasts averaging 2750 grains cm-3, which is an 

order of magnitude greater than anywhere else in the core. 

The dominance of P. contorta along with other arboreal pollen, 

predominantly Abies and Picea, suggest that the surrounding area was covered 

with a Pinus woodland, with Abies and Picea (likely sitchensis) occupying moister 

settings.  Pinus-dominated woodlands were common during the late glacial 

times and were recognised lower elevations on southern Vancouver Island at 

lower elevation sites (i.e., Hebda 1995; Brown and Hebda 2002b, 2003) and on 

north Vancouver Island (i.e., Hebda 1983; Lacourse 2005).   

P. contorta is a shade-intolerant pioneer tree that is capable of rapid 

expansion due to efficient seed dispersal, and relatively rapid growth in a wide 

variety of substrates (Klinka et al. 1989).  Dominance of P. contorta during the late 

glacial may suggest rapid colonization of recently deglaciated soils either from 

the south (Peteet 1991) or from a glacial refugium on nearby Brooks Peninsula 

(Hebda 1997).  A. crispa, Ericaceae and Rosaceae pollen along with Cryptogramma 

and Pteridium spores represent open patches and exposed rocky sites near the 

pond.  A. crispa is expected because it is efficient at fixing nitrogen and colonizing 

barren or disturbed terrain (Hosie 1990).  Low charcoal suggests that there were 

periods of fire but there was likely a lack of fuel to facilitate large fires.
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Zone Cs2: Alnus crispa - Tsuga mertensiana; 172 to 133 cm;  

10,200 –7630 BP (11,670 - 8610 calBP): 

A. crispa pollen dominates this zone, averaging ca. 45%.  T. mertensiana and Abies 

pollen averages ca. 25% and 7%, respectively.  P. contorta generally decreases 

upwards from a high of 14% to a low of 0%, averaging ca. 6%.  T. heterophylla, 

Picea, Pseudotsuga, and Cupressaceae pollen average 9%, 4%, 1%, and 1%, 

respectively.  Arboreal pollen averages 53% and non-arboreal 3%.  Forb and 

shrub pollen varies greatly, with Ericaceae averaging 1%.  Pollen concentration is 

stable at about 312,000 grains cm-3.  Total spores (mostly monolete) average 37% 

with consistently occurring Cryptogramma averaging 1%.  Nuphar macrofossils 

occur though most of the zone.  A. amabilis, A. lasiocarpa and T. mertensiana 

needles occur intermittently.  There are two broad charcoal peaks at 67 and 40 

cm reaching ca. 4 and 3 cm2 cm-3, respectively.  Sediment gradually changes from 

the silty clay to tan-coloured gyttja at the base of the zone, with another gradual 

change to brown gyttja at about 160 cm.  Mineral clasts vary from 50 to 500, 

averaging 184 grains cm-3. 

High A. crispa pollen values that characterize this zone indicate 

widespread Alnus thickets.  A high percentage of A. crispa pollen, which in 

mountainous areas frequently occupies moist or disturbed settings with deep 

snow accumulation, suggests parkland with shrubby openings.  High amounts of 

charcoal and the presence of Pteridium spores suggest that fire was a common 

disturbance factor at the time.  A. lasiocarpa, A. amabilis and T. mertensiana formed 

the tree stands adjacent to the basin.  Ericaceae, Rosaceae, Asteraceae, and 

Valeriana pollen occurrences suggest non-forested areas of a variety grasses and 

herbs near the pond, and Cryptogramma spores suggest exposed rocky sites.  

Although T. heterophylla percent pollen is high, it was likely not growing at the 

site but rather at lower elevations.  Pseudotsuga pollen peaks at the middle of the 

zone but also was not likely growing at the site; although it likely reached its 

highest elevation of the Holocene.  Nuphar macrofossils reveal that the pond 
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persisted throughout the year. 

 

Zone Cs3: T. mertensiana -Abies; 133 to 93 cm;  

7630 – 6170 BP (8620 - 7050 calBP): 

T. mertensiana, Abies and P. contorta pollen averages 44%, 11% and 5%, 

respectively.  T. heterophylla pollen increases upwards from ca. 9% to 28% 

(average 16%); whereas Pseudotsuga decreases from 2% to 0, averaging 0.4%.  

Cupressaceae values vary from ca. 0.1% to 4%, averaging 2%.  Arboreal pollen 

averages 80% and non-arboreal 3%.  A. crispa, Ericaceae, Rosaceae, and Valeriana 

peak in the middle of the zone at ca. 51%, 1%, 1%, and 1%, respectively, and 

average 18% 0.7%, 0.6%, and 0.5%, respectively.  Pollen concentration averages 

near 360,000 grains cm-3.  Spore abundance fluctuates throughout from ca. 1% to 

7%, averaging 3%.  Pinus, A. amabilis, A. lasiocarpa, and T. mertensiana needles are 

present mostly throughout but typically increase towards the top.  Nuphar seeds 

are present only in the middle of the zone.  There is one minor and one major 

peak in charcoal of ca. 1 and 3 cm2 cm-3.  The zone is comprised of brown gyttja 

with mineral clasts that vary from 20 to 230, averaging 111 grains cm-3. 

P. contorta, A. lasiocarpa, A. amabilis, and T. mertensiana needles reveal the 

composition of the tree canopy.  The presence of P. contorta near the site suggests 

either dry conditions or its colonization after fire, but P. contorta can also be 

present in bogs so some uncertainty exists.  Charcoal occurs at similar levels from 

the previous zone, suggesting that periods of fire were likely common.  The 

rapid decline in A. crispa pollen at the beginning of the zone is not the result of an 

increase in relative abundance of another prolific pollen type, but is a real decline 

in A. crispa pollen abundance as indicated by the pollen influx, which may 

indicate a decline in disturbance.  This is supported with subsequent increases in 

A. crispa pollen, coinciding with an increase in charcoal midway through the 

zone possibly in response to disturbance by fire.  Non-forested areas still likely 

persisted from zone Cs2 as indicated by pollen of Ericaceae and forbs including 
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Rosaceae, Asteraceae, Artemisia, and Valeriana.  Nuphar seeds reveal that the pond 

persisted throughout the year. 

 

Zone Cs4: Tsuga heterophylla-Tsuga mertensiana; 93 cm to the top; 

6170 – 0 BP (7050 calBP to present): 

This zone is dominated by T. heterophylla and T. mertensiana, averaging ca. 44% 

and 29%, respectively.  Abies, P. contorta, and Cupressaceae average ca. 9%, 5% 

and 2%, respectively.  Arboreal pollen averages 89% and non-arboreal 3%.  

Ericaceae increases upwards from 0 to 5%, averaging 2%.  Pollen concentration is 

moderate, averaging 188,000 grains cm-3, and charcoal is not as abundant at ca. 1 

cm2 cm-3.  Needles of T. mertensiana occur at most depths, whereas A. amabilis 

occurs mainly at the bottom and single needles of Picea and Cupressaceae also 

occur.  Nuphar seeds occur only near the bottom of the zone.  Sediment within 

this zone is brown gyttja with clasts that vary from 52 to 380, averaging 168 

grains cm-3. 

Needles of A. amabilis, T. mertensiana and scales of Cupressaceae suggest 

that these trees grew near the pond.  High (up to 55%)  T. heterophylla pollen 

influx suggests that it had migrated to grow closer to the site at the beginning of 

the zone, but the lack of macrofossils suggests that it may not have occurred at 

the site.  Moderate pollen concentrations throughout indicate low local pollen 

productivity, which in effect may also be overestimating long-distance 

transported pollen such as T. heterophylla.  The increase in Ericaceae through the 

zone suggests the development of heath around the pond.  Saxifragaceae and 

Rosaceae pollen occur in much of the zone, suggesting that open forest 

conditions persisted from previous zones.  The decrease in A. crispa relative to 

previous zones suggests a combination of less disturbance and more stable soils 

as evidenced by the increase in Ericaceae pollen.  Charcoal is much less frequent 

in this zone than in the previous ones suggesting that fire activity had declined.  

Less frequent fire, changes in forest composition, and increases in heath 
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groundcover, may relate to wetter conditions. 

 

5.4.3 Cederstedt Pond Summary Interpretation 

Cederstedt sediments reveal the vegetation prehistory of a landscape where 

disturbance by fire played an important role during the early to mid Holocene 

but not during the late Holocene.  A. crispa and P. contorta both grew more 

commonly when fire was more frequent; as fire became less frequent Ericaceae 

gradually expanded, creating a highly stable heath-covered land surface.  High 

amounts of T. heterophylla pollen accumulated in the pond, yet the lack of 

macrofossils and the present day absence suggests that it did not ever grow at 

the site.  A. lasiocarpa likely persisted at the site until about 7000 years ago. 

The prevalence of P. contorta pollen in zone Cs1 suggests a dry and cooler 

climate during the early Holocene.  P. contorta has broad climatic and soil 

tolerances (Klinka et al. 1989), yet its dominance during the late glacial is 

commonly interpreted to represent cold and relatively dry climate.  Late glacial 

chironomids from northern Vancouver Island (Misty Lake; Walker and 

Mathewes 1989) suggest cold water conditions; reconstructed climate records 

from the region also corroborate the interpretation of cold conditions at the time 

(Heusser et al. 1985; Palmer et al. 2002).  High values of Pseudotsuga and Alnus 

rubra through most of zone Cs2 imply that they may have grown at higher 

elevations than today, possibly due to relatively warmer conditions from 10,000 

to 7600 BP.  P. contorta and A. lasiocarpa needles in zone Cs3 suggest a return to a 

dry and cooler climate during the mid Holocene.  At about 7000 BP the present 

day pollen spectra became established, likely due to the development of modern 

climate conditions. 
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5.5 Leptarrhena Pond 

5.5.1 Leptarrhena Pond site description 

Leptarrhena Pond (informal name) is situated within the MH zone on a concave 

bench near the base of a steep forested slope on the south side of Heather 

Mountain at 48°57’1.8”N, 124°27’ 42”W and 1102 m in elevation (Figures 5.19; 

5.20).  The irregularly-shaped pond ranges in diameter from 45 m to 16 m with a 

maximum measured depth of 0.40 m.  The bedrock at the site is Devonian Sicker 

Group, Nitinat Formation, which comprises pyroxene-feldspar phyric 

agglomerate, breccia, lapilli tuff, massive and pillowed flows, massive tuffite, 

laminated tuff, jasper and chert (Yorath and Nasmith 1995). 

 

 
 

The vegetation surrounding the pond is dominated by Leptarrhena 

pyrolifolia (hence the name of the pond).  In the immediate area, Phyllodoce 

empetriformis predominates with some Senecio triangularis and Caltha sp..  The 

wetted area surrounding the lake grades into thickets of Vaccinium spp., with 

Erigeron peregrinus and Rhododendron albiflorum as the soil becomes more 
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minerogenic.  The trees on the slopes above and below the lake are 

predominantly T. mertensiana with A. amabilis. 

 

 
 

5.5.2 Pollen zones, lithology, macrofossils, clasts, and charcoal 

Two pollen zones (L1-L2) were identified in Leptarrhena Pond (Figure 5.21; 5.22; 

5.23).  See Appendix C7 for zone dispersion and Appendix C8 for PCA results.  

Mineral clasts were mostly sand-sized but some were gravel-sized, with the 

largest up to about 5 mm in diameter. 

 

Zone L1: Alnus; 188 to 135 cm;  

9020 – 4740 BP (10,210 - 5240 calBP): 

A. crispa pollen dominates this zone, averaging ca. 39%.  Other non-arboreal 
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types include Ericaceae, Rosaceae and Asteraceae averaging ca. 1%, 1% and 2%, 

respectively with total non-arboreal pollen averaging 7%.  Arboreal pollen 

averages 54% and includes varying amounts of T. heterophylla, Abies, T. 

mertensiana, P. contorta, Cupressaceae, and Pseudotsuga with averages of ca. 23%, 

13%, 13%, 3%, 1%, and 1%, respectively.  Poaceae and Cyperaceae both average 

1%.  Spores average 27% and are dominated by monolete verrucate and 

undifferentiated types with notable amounts of Cryptogramma and Selaginella 

peaking at ca. 1% at the base.  Needles of P. sitchensis, A. amabilis and T. 

mertensiana occur intermittently.  Cyperaceae and Nuphar macrofossils also occur 

intermittently, whereas Characeae oogonia occur consistently throughout.  

Charcoal values are variable, with 5 peaks ranging from 0.3 to 0.2, averaging 0.17 

cm2 cm-3.  Sediment in this zone gradually changes from silty clay to dy at about 

175 cm.  Mineral clasts generally decrease from a high of ca. 100 grains cm-3 in the 

silt clay zone to 0 at the top of the zone.   

The abundance of A. crispa pollen reveals that thickets of this shrub were 

prevalent around the pond and surrounding area.  Arboreal pollen, 

predominantly Abies, T. heterophylla and T. mertensiana, suggests that regions near 

the pond were forested, with A. amabilis and T. mertensiana occurring at the site.  

Although T. heterophylla percent pollen is fairly high and Pseudotsuga pollen 

peaks at the middle of the zone at 2%, these trees were likely not growing at the 

site but rather at lower elevations in the immediate area.  A. crispa, Ericaceae, 

Rosaceae and Asteraceae pollen, along with Cryptogramma and Pteridium spores, 

indicate thickets and open forb meadows with exposed rocky sites near the 

pond.  Macrofossils suggest that Vaccinium, C. mertensiana heath grew near the 

pond with nearby stands of P. sitchensis, A. amabilis and T. mertensiana.  Mineral 

clasts decrease upwards through the zone suggesting soil stabilization in the 

interval.  The persistence of charcoal through the zone indicates repeated fires.  

Nuphar pollen and Nuphar and Characeae macrofossils signify that the pond 

persisted year round.
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Zone L2: Tsuga heterophylla-Tsuga mertensiana-Abies; 135 cm to the top; 

4740 – 0 BP (5240 calBP to present): 

This zone is dominated by arboreal pollen, averaging 82% and comprised of T. 

heterophylla, T. mertensiana, Abies, and Cupressaceae, which average ca. 38%, 19%, 

15%, and 8%, respectively.  Picea and P. contorta pollen occur intermittently with 

peaks as high as 1%.  A. crispa pollen occurs at low values compared to the 

previous zone, averaging ca. 12%.  Cyperaceae generally increases to a maximum 

of almost 7% at the top of the zone.  Other non-arboreal pollen includes variable 

Ericaceae, Rosaceae, Asteraceae, and Liliaceae, peaking at ca. 2%, 2%, 3%, and 

2%, respectively.  Spores (mainly monolete undifferentiated) occur in low 

abundance relative to the previous zone, averaging ca. 11%.  Needles of T. 

mertensiana occur throughout, Picea and Cupressaceae occur intermittently, T. 

heterophylla in the top half only, Vaccinium and Caltha seeds at the bottom only, 

Nuphar and A. crispa singly at the bottom, and Characeae at most levels except 

the top 15 cm.  Charcoal remains high throughout the zone, with 6 peaks ranging 

from 3 to nearly 5, averaging ca. 1.2 cm2 cm-3.  Sediment within this zone consists 

of dy that changes upwards to brown gyttja at ca. 100 cm.  Clasts are not 

abundant, averaging ca. 5 grains cm-3.  

The high percentages of arboreal pollen including Abies, T. heterophylla, T. 

mertensiana, and Cupressaceae suggest that a forest surrounded the pond.   

Needles of A. amabilis, T. heterophylla, T. mertensiana, and scales of Cupressaceae 

suggest a mixed local forest in which T. heterophylla became a major component 

after about 2000 years ago.  A. crispa declines from the previous zone likely due 

to forest closure and decreased fire, as evidenced by a general decline in charcoal 

from the previous zone.  Moist forest openings with forb meadows persist from 

the previous zone, indicated by the presence of Rosaceae, Asteraceae, Liliaceae, 

Valeriana, and Caltha.  Nuphar pollen and Nuphar and Characeae macrofossils 

indicate that the pond persisted year round. Increasing percent Cyperaceae 

pollen towards the top of the zone suggests gradual infilling of the basin and fen 
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development around the pond edges.  The abrupt cessation in Characeae 

oogonia near the top of the zone may be due to water alkalinity changes 

resulting from this fen encroachment (Simons and Nat 1996).   

 

5.5.3 Leptarrhena Pond Interpretation summary 

Leptarrhena pond sediments records a Holocene record of vegetation change 

from a landscape covered in A. crispa thickets and open forb Asteraceae-

dominated meadows with exposed rocky areas, to one characterized by a mixed 

local conifer forest.  Fire became less frequent after about 5000 calBP, which 

coincides with a general decline in A. crispa.  Ericaceae persists throughout the 

record and does not seem to play a pivotal role in the extent of grass and forb 

meadows.  The shallow pond has persisted throughout the Holocene but has 

reduced in size due to fen encroachment on its shores.  High occurrences of 

oogonia macrofossils have not been documented in previous studies on 

Vancouver Island, pollen concentration is an order of magnitude less than at the 

other sites, and the reduction in A. crispa and establishment of the modern 

vegetation structure occurs much later at about 4000 BP (rather than about 7000 

BP). 

 

5.6 Merry Widow Pond  

5.6.1 Merry Widow Pond site description: 

Merry Widow Pond (informal name) is located on a bench on the south side of 

Merry Widow Mountain at 50°20’12”N, 127°18’14”W and 1055 m elevation 

(Figures 5.24; 5.25).  The pond has a long, narrow, crescent shape 40 m in length 

with a maximum width of about 5 m, and a maximum measured depth of 1.07 

m.  No streams enter or exit the pond.  The area immediately surrounding the 

pond is relatively flat, but there are long steep slopes both above to the east and 

below to the southwest of the lake.  Two hundred metres to the east of the pond, 

woody debris is scattered over the ground and was likely transported there by 
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snow avalanching.  The pond itself is likely protected from snow avalanches by a 

bedrock knoll upslope of the site. 

 

 
 

Bedrock at the site consists of Jurassic age Bonanza Group, which includes 

basalt to andesite flows, dacite to rhyolite lava, green and maroon tuff, feldspar 

crystal tuff, breccia, tuffaceous sandstone, argillite, pebble conglomerate and 

limestone.  The summit peaks above the site consist of Jurassic Island Plutonic 

Suite granodioritic intrusive rocks (Yorath and Nasmith 1995). 
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Merry Widow pond is located in the MH zone, with the surrounding vegetation 

consisting of about 10% tree cover mostly being T. mertensiana with some C. 

nootkatensis and A. amabilis, 90% shrubs such as C. mertensiana, P. empetriformis, 

Menziesia ferruginea, Cladothamnus pyroliflorus, A. amabilis, T. mertensiana, C. 

nootkatensis, and Vaccinium spp., and <1% herbs such as Cornus canadensis and 

Rubus pedatus. 
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5.6.2 Merry Widow Pond pollen zones, lithology, macrofossils, clasts, and 

charcoal 

Three pollen zones (M1-M3) were identified in Merry Widow Pond (Figures 5.26; 

5.27; 5.28; 5.29).  See Appendix C9 for zone dispersion and Appendix C10 for 

PCA results.  Mineral clasts were mostly sand-sized but some were gravel-sized, 

with the largest up to about 5 mm in diameter.   

 

Zone M1: Alnus crispa; 61 to 38.5 cm;  

11,260 – 6550 BP (12350 - 7350 calBP): 

A. crispa dominates this zone, averaging ca. 53%.  P. contorta generally decreases 

upwards from a high of 11% to a low of 1%, averaging ca. 5%.  T. mertensiana and 

Abies pollen average ca. 17% and 11%, respectively.  T. heterophylla remains 

mostly low, averaging 6%, whereas Picea varies considerably, averaging 4%.  

Arboreal pollen averages 44% and non-arboreal 9%.  Forb and low shrub pollen 

is relatively abundant with Asteraceae averaging ca. 3%, and Ericaceae, Rosaceae 

and Valeriana 1%.  Poaceae averages ca. 1%, although it is more abundant near 

the bottom whereas Cyperaceae is more prevalent at the top where it reaches 

nearly ca. 3%.  Pollen concentration generally increases upwards ranging from ca. 

60,000 to 550,000 grains cm-3.  Spores generally decrease in abundance; averaging 

ca. 6% with Cryptogramma, Athyrium type and Pteridium reaching ca. 4%, 3%, and 

3% near the base.  Macrofossils of A. amabilis occur within most of the top third 

and A. lasiocarpa within the bottom two-thirds.  T. mertensiana macrofossils occur 

intermittently.  Nuphar macrofossils are sporadic throughout the zone.  Charcoal 

is present as a broad peak centred around 52 cm reaching a maximum of 3 cm2 

cm-3.  Sediment in this zone gradually changes upwards from silty clay to brown 

gyttja at about 58 cm.  Clasts generally decrease from 1500 to a low of 20, 

averaging ca. 540 grains cm-3.  
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The high A. crispa percent pollen that characterizes this zone is indicative 

of high-elevation alder thickets.  Pollen values and macrofossil remains of A. 

lasiocarpa and T. mertensiana suggest that these trees grew adjacent to the site.  A. 

rubra pollen at the base of the zone and T. heterophylla throughout the zone likely 

originated from lower elevations.  Percentages of Rosaceae, Asteraceae and 

Valeriana reflect open forb meadows near the pond with minimal grasses.  High 

amounts of Cryptogramma spores strongly suggest widespread occurrences of 

bare rocky outcrops surrounding the site.  Athyrium type spores in the lower part 

of this zone are inconclusive due to the cosmopolitan nature of the plant and 

uncertainty in the species determination using only spores.  Nuphar macrofossils 

reveal that the pond persisted year round.  A broad peak in charcoal 

accumulation around 8000 BP suggests that there was at least one extended 

period of frequent fire activity.  The general decrease in clasts upwards through 

the zone may be the result of long term stabilization of vegetation. 

 

Zone M2: Tsuga heterophylla–Tsuga mertensiana–Abies; 38.5 to 18.5 cm;  

6550 – 4220 BP (7350 - 4860 calBP): 

Arboreal pollen dominates this zone, averaging 90%, with T. heterophylla pollen 

generally increasing upwards from ca. 43% to 55% (average 46%).  T. mertensiana 

averages ca. 21% and Abies 18%.  A. crispa generally decreases upwards from ca. 

13% to 2%.  Cupressaceae values are highest in this zone, but average only about 

2%.  Non-arboreal pollen averages 6% with Ericaceae and Rosaceae peaking in 

the middle of the zone at ca. 2%.  Pollen concentration averages near 304,000 

grains cm-3.  Spore percentages fluctuate throughout the zone from ca. 2% to 9%, 

averaging 7%.  A. amabilis, T. mertensiana, P. empetriformis, and Nuphar 

macrofossils are present sporadically.  There are one major and two minor 

charcoal peaks of ca. 1, 0.4 and 0.5 cm2 cm-3.  Sediments consist of brown gyttja, 

and mineral clast abundance varies from 100 to 1000, averaging 823 grains cm-3, 

which is high compared to most other sites.   
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A. amabilis and T. mertensiana formed local forests or stands.  T. heterophylla 

may or may have not been present since macrofossils are absent.  A major decline 

in Picea compared to the previous zone may reflect its disappearance from 

nearby stands, which is consistent with lower elevation studies (Pixie and Whyac 

Lakes; Brown and Hebda 2002a).  Locally the relatively high Cyperaceae pollen 

values suggest the beginning of fen along the shore of the pond.  Cryptogramma 

spore occurrences suggest that open rocky sites persisted on the landscape.  

However, the reduction of Rosaceae, Asteraceae and Valeriana pollen values may 

reflect the reduced extent of meadows at the site, perhaps as ericaceous (P. 

empetriformis) heath expanded.  Increases in charcoal abundance loosely correlate 

with peaks in mineral clast abundance, which may suggest that fires exposed 

soil, making sediment available for transport.  Increased charcoal does not 

coincide with high A. crispa values as it did in the previous zone.  

 

Zone M3: Tsuga heterophylla-Tsuga mertensiana; 18.5 cm to 0  cm;  

4220 – 0 BP (4860 calBP to present): 

T. heterophylla and T. mertensiana dominate this zone, averaging ca. 61% and 20%, 

respectively.  Picea and Cupressaceae are nearly absent compared to the previous 

zones.  Arboreal pollen averages ca 93% and non-arboreal 6%.  Rosaceae, 

Ericaceae, Cyperaceae, and Artemisia generally increase upwards, peaking at ca. 

4%, 2%, 2%, and 1%, respectively.  Spores vary from ca. 1 to 8%, averaging 4%.  

Generally decreasing pollen concentration averages 268,000 grains cm-3, yet 

peaks at 876,000 at the base of the zone.  Macrofossils of T. mertensiana occur at 

two levels and A. amabilis, Ericaceae and Nuphar occur singly.  There is one very 

prominent charcoal peak and two minor peaks of 11, 2.5 and 6 cm2 cm-3.  

Sediment within this zone is brown gyttja, with mineral clasts occurring at about 

175 grains cm-3.   

High percent pollen and macrofossils of A. amabilis and T. mertensiana 

suggest that these two species formed the tree cover on the slopes adjacent to the 
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pond although Abies influx is reduced from the previous zone.  High T. 

heterophylla percent pollen suggest it may have been near the site, but due to the 

site’s high elevation and the absence of macrofossils the pollen was likely 

transported from stands down valley to the west in the CWH zone (Allen et al. 

1999).  Also, the decline in T. heterophylla pollen influx suggests a recent decline 

in occurrence near the site.  Ericaceae pollen values and a single P. empetriformis 

macrofossil suggest the likely persistence of heath at the site from the previous 

zone.  Cyperaceae pollen persists through the zone suggesting continued fen 

encroachment at the pond's edge.  Charcoal abundance varies greatly, suggesting 

that there might have been periods of fire or discrete fires separated by times of 

quiescence.  Mineral clasts remain low, suggesting that these fires may not have 

been intense enough to burn the soil humus.  Like the previous zone, increases in 

charcoal do not coincide with high A. crispa values.  The very high pollen 

concentration at the base of the zone is enigmatic, but may have been the product 

of reduced allochthonous sediment input, as substantiated by low mineral clast 

concentrations at the same depth. 

 

5.6.3 Merry Widow Pond Interpretation Summary. 

Merry Widow Pond sediments describe an early-Holocene landscape that was 

very different than today.  Vast open rocky areas, open forb meadows, A. crispa 

thickets characterized the site, with A. lasiocarpa as one of the dominant tree 

species on the adjacent slopes.  The presence of A. lasiocarpa at this location is 

significant in that the area is far beyond its present-day range, suggesting that 

much of the island’s climate was likely more continental than today.  At about 

7000 BP, A. lasiocarpa was replaced by A. amabilis, which may suggest a shift in 

climate to a wetter environment.  In the mid-Holocene, A. crispa declined and T. 

mertensiana became the dominant tree cover at the site for the remainder of the 

Holocene.  Very high values (reaching 70%) of T. heterophylla in the upper 

sediments suggests that the species grew near the site, but the lack of 
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macrofossils and the modern absence of the tree at the site implies that it never 

reached the elevation of the pond.  The abrupt increase in T. heterophylla at 7000 

BP represents a major shift in the forest composition at lower elevations.  

Ericaceous ground cover likely became well established also at about 7000 BP 

and persists until present.  The substantial decline in A. crispa at this same time 

cannot be explained by a lack of disturbance, as periods of fires continued 

throughout the Holocene. 

 

5.7 Mount Washington 

5.7.1 Mount Washington site description 

A soil profile was taken from a moist flat area about 100 m northeast of the 

northeast false summit of Mount Washington at 49°44’43.6”N, 125°16’55.5”W 

and 1426 m elevation (Figures 5.30; 5.31).  The bedrock at the site is Cretaceous 

Nanaimo Group, which includes boulder, cobble and pebble conglomerate, 

coarse to fine sandstone, siltstone, shale, and coal.  The summit peaks above the 

sample site are comprised of Mount Washington Plutonic Suite, quartz dioritic 

intrusive rocks that are Eocene to Oligocene in age (Yorath and Nasmith 1995).  

The site is described as being in the Alpine Tundra zone, but typical 

parkland vegetation surrounds the site, suggesting that it should be remapped 

within the Mountain Hemlock zone.  Trees are predominantly T. mertensiana, 

with occasional C. nootkatensis, P. contorta, and one group of A. lasiocarpa in 

krummholz form.  Shrubs are predominantly A. crispa, Sorbus sitchensis, 

Vaccinium membranaceum, Vaccinium ovalifolium, and Phyllodoce empetriformis, with 

some Cladothamnus pyroliflorus, C. mertensiana and Luetkea pectinata.  A wide 

range of herbs grow near the sampling locality, including Arnica latifolia, Erigeron 

peregrinus, Castilleja miniata, Heracleum lanatum, Leptarrhena pyrolifolia, Pedicularis 

bracteosa, Sanguisorba canadensis, Veratrum viride, Pyrola sp., Poaceae spp., Catlha 

sp., Valeriana sitchensis, Phlox diffusa, Moehringia macrophylla, Luetkea pectinata, 

Rosaceae species and Dicentra formosa. 
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5.7.2 Pollen zones, lithology, macrofossils, clasts, and charcoal 

Four pollen zones (W1-W4) were identified in the Mount Washington soil profile 

(Figures 5.32; 5.33; 5.34; and 5.35).  See Appendix C11 for zone dispersion and 

Appendix C12 for PCA results.  Mineral clasts were mostly sand-sized but some 

were gravel-sized, with the largest up to about 5 mm in diameter. 

 

Zone W1: Tsuga mertensiana–Abies-Tsuga heterophylla; 50 to 40.75 cm;  

8500 – 5330 BP (9530 - 5840 calBP) 

Arboreal pollen predominates, averaging 80%, with averages of T. mertensiana 

40%, Abies 18%, T. heterophylla 17%, P. contorta 3%, and Picea 1%.  A. crispa 

increases upwards from ca. 1% to 26%, averaging 7%.  Non-arboreal pollen 

averages 12% with relatively high values of Asteraceae and Valeriana averaging  
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4% and 2%, respectively, and Ericaceae, Rosaceae, Onagraceae, and Poaceae 

averaging 1%.  Pollen concentration varies greatly from ca. 210,000 to 24,000, 

averaging ca. 101,000 grains cm-3.  Spore abundance generally decreases up zone, 

averaging 101%, with exceptionally high Cryptogramma (ca. 8%) at the base of the 

zone.  Charcoal is present throughout with two broad peaks centred on 48.5 and 

41.5 cm reaching maxima of ca. 3 and 2 cm2 cm-3, respectively.  This zone lies 

within soil horizon “BC”, consisting of some altered fragments of the underlying 

bedrock, but primarily of accumulated organic material that changes at ca. 47 cm 

to soil horizon “B”, which is purely accumulated organics and leached minerals.  

Clast concentrations generally decrease upwards through the zone from 60 to a 

low of 0 grains cm-3.  No macrofossils were recovered from the soil; decomposers 

likely broke them down during the soil formation process. 
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T. mertensiana and Abies pollen dominate this zone suggesting that they were the 

dominant trees within a mixed conifer forest covering the region.  Pollen of 

Poaceae, Saxifragaceae, Rosaceae, Asteraceae, Artemisia, and Valeriana likely 

reflect forest openings of grass and forb meadows near the site with a lot of bare 

rocks, as suggested by the presence of abundant Cryptogramma spores especially 

early in the interval.  Relative pollen values of Onagraceae also reflect forest 

openings but specifically those likely cleared by fire.  Two substantial peaks of 

charcoal reveal at least two incidences of marked fire activity in the zone.  Clast 

abundance values at the base of the zone suggest that the site was sparsely 

vegetated, became covered in vegetation, and then fire(s) may have exposed 

sediments near the site. 

 

Zone W2: Asteraceae; 40.75 to 38.75 cm;  

5330-4600 (5840 - 4990 calBP): 

Non-arboreal pollen is prevalent, averaging 74% throughout this zone, with 

Asteraceae, Valeriana, Rosaceae, and Dicentra formosa averaging ca. 59%, 10%, 2%, 

and 1%, respectively.  A. crispa averages 20%, whereas arboreal pollen averages 

6% with Pinus, Picea, Abies, T. heterophylla, T. mertensiana, and Poaceae all 

averaging <3%.  Pollen concentration averages 50,900 grains cm-3.  This zone lies 

within the soil zone “B” where leached mineral and organic material 

accumulates.  Mineral clasts and charcoal are at lower values than in the 

previous zone, averaging ca. 5 grains cm-3 and ca. 1 cm2 cm-3, respectively. 

The conifer forest present at the site in the previous zone was likely 

replaced by a diverse grass and forb meadow, with scattered A. crispa shrubs 

suggested by the presence of Poaceae, Rosaceae, Asteraceae, Valeriana, Dicentra 

formosa and A. crispa pollen.  The pronounced decrease in arboreal species and 

relative increase in forbs and herbs can only be explained by a widespread 

regional disturbance, which was most likely a stand-clearing fire.  The reduction 

in T. heterophylla percentages suggests the fire also burned low-elevation sites, 
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perhaps clearing several mountains and valleys.  Although charcoal decreases 

upwards through the zone, it could be that the peak in charcoal immediately 

preceding the zone was the period of fire that cleared the trees and the relative 

rise in forb pollen is not reflected in the soil until after the event.  Post-fire 

mineral clast increases also support the notion of an intense hot fire capable of 

burning off the soil litter and burning into the humus.  The decrease in pollen 

concentration is consistent with the relative lack of arboreal pollen input. 

 

Zone W3: Tsuga mertensiana-Alnus crispa; 38.75 to 25.25 cm;  

4600 – 1830 BP (4990 - 1820 calBP): 

T. mertensiana and A. crispa dominate the zone, averaging 35% and 17%, 

respectively.  Arboreal pollen averages 64%, with T. heterophylla, Abies, P. 

contorta, Cupressaceae and Picea averaging ca. 14%, 10%, 3%, 2% and 2%, 

respectively.  Non-arboreal pollen averages 19%, with variable Asteraceae, 

Rosaceae and Caltha values reaching respectively 28%, 13% and 6% near the top 

of the zone.  Ericaceae values generally increase upwards, averaging 7%.  

Poaceae values generally increase from 0 to 3%, averaging ca. 1%.  Pollen 

concentration is highest mid-zone (ca. 298,000), but averages 76,000 grains cm-3.  

Spores are variable, averaging ca. 17%.  Charcoal occurs throughout with two 

broad peaks reaching maxima of ca. 1 and 2 cm2 cm-3 at around 33 and 25 cm, 

respectively.  Two small occurrences of clasts (ca. 7 grains cm-3) occur at the base 

and middle of the zone. 

This zone describes the reestablishment of A. crispa shrub patches and 

stands of T. mertensiana and Abies trees throughout the parkland following the 

major disturbance in the previous zone.  The presence of Poaceae, Rosaceae, 

Asteraceae, Valeriana, and Onagraceae pollen suggest open meadows at and near 

the site, but of a much smaller extent than in the previous zone.  Relatively high 

values of Caltha pollen imply that the site was wet.  The rise in Ericaceae pollen 

values and occurrence of P. empetriformis macrofossils suggest the development 
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of heath, perhaps partly in place of herbaceous vegetation.  Charcoal persists 

throughout the zone, suggesting continued frequent fires.  Two large fires 

capable of clearing soil litter are inferred by clast increases at 2500 and 1800 

calBP. 

  

Zone W4: T. mertensiana –Ericaceae- P. contorta; 25.25 to 0 cm;  

1830 – 0 BP (1820 cal BP to present): 

Arboreal pollen averages 65% and non-arboreal 20%.  T. mertensiana, Ericaceae 

and P. contorta pollen are prevalent, averaging 28%, 15% and 10%, respectively.  

Picea, Abies, T. heterophylla, and A. crispa pollen occur in varying amounts, 

averaging ca. 2%, 11%, 14%, and 14%, respectively.  Poaceae and Cyperaceae 

occur throughout most of the zone with maximum values of 6% and 1%, 

respectively.  Pollen concentration is consistent at ca. 46,000 grains cm-3.  Spores 

occur infrequently with a notable increase in Pteridium to ca. 2% near the top of 

the zone.  Macrofossils of P. empetriformis occur intermittently throughout and 

are concentrated at the top of the zone.  Three charcoal peaks of about 2 cm2 cm-3 

occur at 19, 12 and 6 cm.  This zone encompasses the soil zones “B”, “Age” and 

“Ah” with very few mineral clasts. 

T. mertensiana, Picea, P. contorta and Abies percentages suggest conifer 

stands within the region, with the arboreal pollen influx suggesting higher tree 

densities than in previous zones.  Ericaceae pollen percentages and P. 

empetriformis macrofossils suggest that the site surface had become covered in 

heath.  Poaceae pollen values are highest in this zone, also suggesting less forest 

at the site.  Percent Cyperaceae pollen is also highest in this zone, suggesting 

sedge development perhaps resulting from cooler conditions.  The general 

reduction in forbs is likely the result of the expansion of heath.  Charcoal 

suggests that periods of fire were less common than in previous zones, and the 

lack of clasts suggests fires were either less intense or the ericaceous ground 

cover was more resistant to sediment-exposing fires.   
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5.7.3 Mount Washington interpretation summary 

Non-arboreal pollen values are far greater in this sequence than at the other sites, 

most likely because this sample is from soil rather than pond sediment.  Most 

forb pollen is not easily transported by wind and is more likely to be dropped 

directly onto the surface in which it grew than to be carried aloft and deposited 

into a pond. 

 The soil profile reveals that an early Holocene parkland of T. mertensiana 

and Abies stands surrounded the site. During the mid-Holocene, this parkland 

was rapidly switched to a diverse grass and forb meadow with A. crispa shrubs, 

likely because of an intense fire that probably covered the region.  Fitton (2000) 

saw similar rapid changes in vegetation around the same time at Harris Ridge 

Bog, suggesting that fire(s) burnt at least hundreds of square kilometres.  

Following this disturbance, Ericaceous ground cover was established and trees 

returned in lower density as a parkland community.  Heath seems to have been 

maintained by infrequent fires that limited arboreal growth and favoured A. 

crispa shrubs.  The lack of mineral clasts associated with more recent instances of 

fire(s) implies that ericaceous ground cover stabilized soils and prevented fire 

from exposing sediments or that the fires were not as intense.  

 

5.8 Climate model results 

Climate modeling results for the study sites and previous studies compared 

within the text are presented in Table 5.3.  See Appendix D1 for locations of 

climate stations from which the climate variables were developed and for 

detailed plots of study sites monthly temperature and precipitation.  See 

Appendix D2 for precipitation and temperature graphs for each site. 
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Table 5.3.  Climate and elevation data for study sites (bold) as well as 1Pellatt and 
Mathewes (1997), 2Hebda (1997), 3Gavin et al. (2001). 4Pellatt and Mathewes 
(1994), 5Brown and Hebda (2003), and 6Fitton (2000).  Arranged from lowest to 
highest Summer Heat Moisture Index. 
 

Site Elevation 
(m) 

Mean 
annual 
temp. 

(C) 

Mean annual 
precipitation 

(mm) 

Precipitation 
as snow 

(mm water 
equivalent) 

Summer 
Heat: 

Moisture 
Index 

SC1 Pond1 534 6.0 5152 589 10.5 

Merry Widow Pd. 1055 5.6 6138 1208 12.1 

Cassiope Pond2 550 7.0 4190 352 14.1 

Martins Lake3 1415 6.0 4995 787 16.4 

Louise Pond4 650 5.4 3423 549 17.4 

Leptarrhena Pd. 1102 6.3 5516 952 18.0 

Mt. Cain Pond 1192 4.8 3847 1005 18.8 

Cederstedt Pond 1338 4.3 2916 884 20.3 

Walker Lake5 947 6.8 3630 484 27.9 

Burman Pond 1311 4.5 2688 870 31.0 

Harris Ridge Bog6 1315 4.1 2427 853 32.1 

Mt. Washington 1426 4.3 2480 857 33.4 

Moose Lake3 1508 4.1 2359 882 42.2 

Porphyry Lake5 1094 6.0 2041 422 49.8 
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Chapter 6: Discussion 

6.1 Discussion Outline 

Chapter 6 compares the past vegetation, charcoal and clast records from the 

study sites in section 6.2.  Section 6.3 compares the sites studied in relation to 

other sites within the Mountain Hemlock (MH) biogeoclimatic zone of the Pacific 

Northwest (Figure 6.1).  Section 6.3.1 evaluates the relationship of effective 

precipitation to vegetation development as well as on pollen influx, charcoal and 

the climate indices Tsuga heterophylla-Tsuga mertensiana (THMI) and Douglas Fir-

Western Hemlock (DWHI).  Section 6.3.2 compares, discusses and summarizes 

the dominant species of the MH zone and the ecosystems they lie within. 

While performing the analysis outlined above, other interesting stories 

arose.  First the interrelationship of A. crispa, Ericaceae and non-arboreal 

vegetation, which is explored in section 6.4; and second the history of Abies and 

the climatic implications of the change in the predominant Abies species, which is 

discussed in section 6.5. 

 

6.2 Comparison of study site pollen zones, vegetation, charcoal, and clasts 

6.2.1 Pollen zones 

Four sediment sequences in this study extend to the late-glacial period are 

Merry Widow, Mt. Cain, Cederstedt, and Burman ponds, with the oldest being 

Cederstedt Pond at about 13,500 calBP (Figure 6.2).  In the earliest interval at 

these sites (from about 13,500 until 12,000 calBP), P. contorta was the major pollen 

type and presumably reflects the dominant species in the forest vegetation.  This 

dominance is supported by the presence of P. contorta macrofossils at Burman 

and Mt. Cain ponds, indicating the growth of P. contorta at these sites.  The 

abundance of Pinus pollen at the other sites is in contrast to Merry Widow Pond, 

where the time just before the beginning of the Holocene is characterized by 

abundant A. crispa.  When compared to previous studies, the onset of increased 

abundance in both Pinus and Alnus began later than elsewhere on Vancouver  
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Island, suggesting that higher elevation areas were the last to become ice free at 

the end of the last major glaciation.  It is also possible that all of the ponds dried 

up during the late glacial and the sediment that had accumulated within the 

basin was eroded away by eolian processes.  Unfortunately the lack of 

macrofossils at the bottom of the Burman, Leptarrhena and Merry Widow pond  
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records makes basal age estimates at these sites less decisive due to uncertainties 

in sediment accumulation rates during the late glacial, when organic 

accumulation was likely less than during the Holocene and inorganic 

accumulation was probably greater due to high sediment availability in the 

recently deglaciated landscape. 

During the early Holocene A. crispa was the dominant pollen type at all 

sites, except at Mt. Washington (a soil profile site) where arboreal pollen 

dominates the bottom part of the record.  T. mertensiana also occurs abundantly 

early in the Holocene at Cederstedt Pond and Mt. Washington but not until the 
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mid Holocene at Merry Widow, Mt. Cain and Burman ponds.  Leptarrhena Pond 

was the last site to record abundant T. mertensiana late in the mid Holocene. 

Abies pollen was an important component in the early Holocene at 

Burman Pond and Mt. Washington and to a lesser extent at Mt. Cain Pond and 

Cederstedt Pond.  Macrofossil remains reveal that the Abies pollen present in the 

early Holocene record was from A. lasiocarpa, which was later replaced by A. 

amabilis in the mid Holocene.  Abies did not become a major component at Merry 

Widow and Leptarrhena ponds until the mid Holocene when relative Abies 

abundance rose in almost all of the records.  At Mt. Washington, between about 

5,500 and 6,500 calBP, Asteraceae pollen predominated, a feature not seen at any 

other thesis site.  Throughout the late Holocene, T. mertensiana pollen was 

abundant at all of the sites with Tsuga heterophylla also a major contributor, 

except at Mt. Washington.  Abies was not a persistent substantial component of 

the pollen spectrum throughout the late Holocene, except at Leptarrhena Pond, 

while Ericaceae and P. contorta were major elements only at Mt. Washington. 

With the exception of one zone at Mt. Washington (W2; Figure 5.33), NAP 

did not occur in high enough concentrations to influence pollen zonation as its 

relative percentage was diluted by copious-pollen-producing A. crispa and other 

arboreal species.  However, the presence of any NAP in sediments is very telling 

in terms of how open the landscape was.  Relative NAP remained stable 

throughout the record, but NAP influx values (Figure 6.3) suggest that NAP was 

more common during the early Holocene at Merry Widow, Cederstedt and 

Burman ponds, although the timing of these peaks in abundance was not the 

same among sites.  At Mt. Washington, NAP has never been more abundant than 

today, although this location is likely not directly comparable to the other sites 

because it is a soil that likely shows inherently high NAP due to the pollen, 

which is not easily wind transported, being directly deposited onto the soil from 

the shrubs and herbs that grow on its surface. 
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A. amabilis is the dominant Abies species at high elevations on Vancouver 

Island today, but it is A. lasiocarpa that was first present during the early 

Holocene.  Figure 6.4 shows the Abies pollen influx at these sites, which suggests 

that during the early to mid Holocene Abies was a more important arboreal 

component in high elevation areas on Vancouver Island than it is today, except at 

Mt. Washington and to some extent Mt. Cain Pond. 

The rise in T. heterophylla during the late Holocene is shown in the pollen 

influx diagram (Chapter 5), and suggests that it either grew closer to the sites at 

that time (except at Leptarrhena Pond where macrofossils reveal that T.  
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heterophylla reached the area surrounding the pond), or that more pollen was 

delivered from more expansive lower elevation T. heterophylla stands.  T. 

heterophylla pollen influx (Figure 6.5) suggests that at Merry Widow and 

Cederstedt ponds T. heterophylla was less abundant during the late Holocene 

than the mid Holocene, whereas at Mt. Cain and Burman ponds and in some 

respects Mt. Washington, T. heterophylla pollen became more common during the 

late Holocene.  Figure 6.6 shows similar variability with T. mertensiana pollen 

influx.  Why the T. heterophylla and T. mertensiana components are so variable 
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from site to site is uncertain but may have to do with amount of surrounding 

higher versus lower topography or the relative elevation of pollen sources. 

 

 
 

The general pollen history of high elevation areas of Vancouver Island is 

as follows:   

1.  The oldest record at Cederstedt Pond extends into the late glacial, during 

which time Pinus contorta was the dominant species, consistent with 

lowland sequences (Heusser 1983; Brown and Hebda 2002a). 
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2.  A. crispa dominated in the early to mid Holocene, followed by a transition 

to lower A. crispa levels and more arboreal pollen, notably Abies. 

3.  T. mertensiana and T. heterophylla pollen zones began in the mid to mid-late 

Holocene and persisted to the present. 

4.  NAP was most common during the early Holocene at most of the sites 

although the timing of the highest values at these sites is not the same.  The 

forb component of NAP was greater during the early Holocene, whereas 

NAP during the mid to late Holocene had a larger proportion of Ericaceae, 

especially at climatically drier sites on east Vancouver Island. 
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6.2.2 Vegetation 

The generalized vegetation cover for the late Quaternary in high elevation areas 

of Vancouver Island is as follows: 

1.  Late glacial: Pinus contorta woodland. 

2.  Early Holocene: A. crispa thickets with patches of Abies and T. mertensiana 

stands with forb-dominated openings and limited ericaceous-heath except 

in the most maritime sites. 

 3.  Mid Holocene: mostly closed forest of A. amabilis, T. mertensiana and some 

heath openings. 

4.  Late Holocene: T. mertensiana and A. amabilis parkland with abundant 

openings dominated by heaths. 

 

6.2.3 Charcoal 

Charcoal at the various Vancouver Island sites studied in this thesis is compared 

in Figure 6.7.  Records that extend into the late glacial show that fire was 

infrequent during that time, except at Mt. Cain Pond.  Fire was common during 

the early Holocene at Leptarrhena Pond, Mt. Cain Pond, and Mt. Washington.  

An increase in charcoal around 4000 calBP was found at Merry Widow, 

Leptarrhena and Burman ponds.  The Leptarrhena Pond and Mt. Washington 

records also have multiple, short lived peaks in charcoal between 2000 calBP and 

the present. 
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6.2.4 Clasts 

Mineral clast concentrations from all study sites are compared in Figure 6.8.  The 

highest concentration of clasts occurred during the early Holocene, with all sites 

except Merry Widow Pond showing high clast abundance in that interval.  In 

contrast, Merry Widow Pond had two broad peaks of clast abundance, both 

occurring during the mid Holocene.  At all sites the lowest concentration of clasts 

occurs during the late Holocene. 

 The sources of clasts at the beginning of the records are likely exposed 

mineral soils and bedrock near the ponds.  As organic soils develop and 
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vegetation covers the mineral soils, the likely source of the grains becomes only 

nearby exposed bedrock, which is likely eroded by frost shattering and 

transported to the ponds either within slopewash and or wind transport.  

 

 
 

6.2.5 Study sites summary 

Key discoveries from the study sites include:   

1.  Early Holocene Alnus pollen is A. crispa, not A. rubra transported from 

lower elevations as suggested in earlier studies (Hebda 1983).  There is no 

modern equivalent vegetation at this large scale on Vancouver Island today. 
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2.  A. lasiocarpa was present in high elevation stands during the early 

Holocene, initially accompanied and later replaced by A. amabilis.  During 

the early to mid Holocene A. amabilis and A. lasiocarpa together were more 

common in arboreal parkland stands and forests than today. 

3.  During the late Holocene, T. heterophylla either grew in areas at or near the 

study sites, or there was an increase in pollen delivered from lower 

elevation forests where T. heterophylla was more expansive.   

4.  Whether T. heterophylla and T. mertensiana were more abundant during the 

mid Holocene than the late Holocene is uncertain and may vary 

considerably from site to site. 

5.  Fire was prevalent at a few sites during the late glacial and was common 

during the early Holocene at several sites.  A period of increased fire 

activity likely occurred around 4000BP. 

6.  Clast concentration was generally highest during the late glacial and early 

Holocene, then decreased at all sites through the late Holocene. 

 

6.3 Comparison of high elevation paleoecological studies of the Pacific 

Northwest 

Pollen studies typically compare results by aligning pollen zones as in Figure 6.9.  

The major limitations of this method are that zone boundaries may be defined 

based on different statistical zonation methods or tolerances, or the authors may 

have defined the zones subjectively.  The labelling of zones is also not 

standardized, which leads to further confusion as to what each zone actually 

represents.  Figure 6.9 clearly demonstrates the lack of consistency in zone 

definitions throughout the Holocene, even though all sites are from the same 

modern biogeoclimatic zone. 

For the remainder of this thesis, in an attempt to minimize potential 

sources of uncertainty in correlating across zones from different authors, the data 

from each study, rather than the interpreted zones, are compared. 
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6.3.1 Effective precipitation 

A key question in this study was whether or not high elevation sites on the wet 

western half of the island had a different vegetation history than those on the 

drier eastern side.  To assess the role of effective precipitation on MH zone 

ecosystems, sites were analyzed by arranging them according to their respective 

Summer Heat Moisture Index (SHM), with low SMH sites being wet and high 

SMH sites dry (wet and dry as defined in Chapter 4).  SMH should represent the 

effective moisture available to plants during their optimal growing season.  The 

dominant vegetation within and near the Mountain Hemlock zone is compared 

from each site, as well as pollen influx, charcoal and the associated vegetation-

climate indices THMI and DWHI. 

 

6.3.1.1 Dominant vegetation of the Mountain Hemlock Zone 

The simplest way to evaluate vegetation changes along the SMH gradient is to 

evaluate the dominant species common to all sites according to their relative 

abundance.  Abies (Figure 6.10), A. crispa (Figure 6.11), Pinus (Figure 6.12), T. 

heterophylla (Figure 6.13), and T. mertensiana (Figure 6.14) all show no clear trend 

in terms of differences in percent abundance between sites with high and low 

SMH values.  The only species group that shows a clear trend is Ericaceae, which 

becomes established earlier at low SMH sites than at high SMH sites (see section 

6.3.2.5). 

 

6.3.1.2 Pollen influx  

As the dominant individual species showed no trends across the SMH gradient 

in terms of relative abundance, it was logical to evaluate the sensitivity of total 

pollen influx.  Comparison of total pollen influx values from mountainous sites 

of the Pacific Northwest (Figure 6.15) shows that some sites, specifically 

Porphyry and Walker lakes (Brown and Hebda 1998, 2002b), have pollen  
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concentrations that are one to two orders of magnitude higher than the average.  

Both of these sites are in the lower portion of the MH zone and may receive 

substantial contributions of pollen from the surrounding and lower elevation 

forests.  Sites with high SHM typically have generally low pollen influx but show 

short-lived periods of influx at least twice as high, with Mt. Washington and 

Harris Ridge Bog being the extreme examples of this, likely because both of these 

data sets are from soil profiles whereas the other sites are all lake or pond 

sediments.  Sites with low SHM typically have less variability in pollen influx, 

whereas drier sites have more variability. 

 

6.3.1.3 Charcoal 

All MH zone studies that have measured charcoal abundance within the Pacific 

Northwest are compared in Figure 6.16.  Fire was infrequent during the late 

glacial, except at Mt. Cain Pond, Harris Ridge Bog and Moose Lake, where fire 

activity remained frequent through to the early Holocene.  Frequent fire also 

occurred at Leptarrhena Pond, Mt. Washington and Porphyry Lake during the 

early Holocene.  Merry Widow Pond, Leptarrhena Pond, Burman Pond, and 

Moose Lake all show an increase in charcoal around 4000 calBP.  Martins Lake, 

Leptarrhena Pond, Harris Ridge Bog, and Mt. Washington all show multiple, 

short lived peaks in charcoal from 2000 calBP to present. 

There are no consistencies in charcoal peaks across the SHM gradient, 

which is a bit surprising as one would think that drier climates should have more 

frequent fires.  It may be that the variations in moisture associated with changes 

in SMH are not great enough to affect fire activity in a measurable way.   
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6.3.1.4 THMI 

THMI compares the ratio of T. heterophylla to T. mertensiana as a proxy for 

temperature, with low values correlating to warmer, and high values to cooler 

conditions (Figure 6.17).  There is no discernible correlation between SHM and 

THMI at any of the sites studied for this thesis, or any other sites in the literature, 

except for the Porphyry Lake and Walker Lake pollen records where the index 

was originally demonstrated (Brown and Hebda 2003).  It is therefore possible 

that the variation in THMI was a site-specific phenomenon unique to Porphyry 

and Walker lakes and the index is not likely suitable for other Mountain 

Hemlock zone locations.  The efficacy of this index may also be limited at higher 

elevation sites within the MH zone where the distance to T. heterophylla has a 

more significant impact than temperature on the relative abundance of T. 

heterophylla pollen. 

 

6.3.1.5 DWHI  

DWHI compares the relative abundance of Pseudotsuga to T. heterophylla pollen as 

a ratio, and provides a proxy for precipitation with low index values 

corresponding to relatively dry conditions, and high values implying moist 

conditions (Figure 6.18).  SC1 and Louise ponds could not be included in this 

analysis, as Pseudotsuga does not grow on the Haida Gwaii Islands. 

  Sites with low SHM tend to be moister and cooler than high SHM sites, 

suggesting that in the broadest sense this index is valid.  On the basis of DWHI, 

the driest period was typically between 11,000 to 7000 calBP, and all sites 

analyzed in this study and published sites began to become wetter at 8000 calBP.  

On Vancouver Island, sites closer to the Coastal Western Hemlock zone than the 

Alpine Tundra zone, such as Porphyry Lake, Walker Lake and Harris Ridge Bog, 

show greater variation in DWHI, suggesting that this index is better suited to 

sites at lower elevations within the Mountain Hemlock zone.  Sites near the 

upper elevation limits of the Mountain Hemlock zone have minimal variability 
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in DWHI as they likely receive too little Pseudotsuga pollen for DWHI to be 

useful; the same can be said for the highly maritime Cassiope Pond on Brooks 

Peninsula because Pseudotsuga is sparse in the region (Hebda 1997).  Both Martin 

and Moose lakes are located high within the Mountain Hemlock zone on the 

Olympic Peninsula yet receive substantial amounts of Pseudotsuga pollen from 

lower elevations, especially before 8000 calBP, suggesting that conditions there 

were drier and possibly warmer than present from the late glacial through to the 

early Holocene. 

 

6.3.1.6 Effective precipitation summary 

Comparison of pollen records from sites across the Summer Heat Moisture index 

(SHM) gradient yielded very little in terms of trends.  Generally, drier sites (high 

SHM) have more variability in pollen influx and lower Douglas Fir Western 

Hemlock Index values, and establish ericaceous ground cover several thousand 

years later than at wetter sites.  Similarly, no discernable correlation was found 

between Summer Heat Moisture index and any of Abies, Alnus, T. heterophylla, T. 

mertensiana, or charcoal abundances curves.  This finding suggests that SHM is 

not a very valuable tool in comparing ecosystems with different present-day 

levels of precipitation.  Part of this shortcoming may be related to the fact that 

there is also a significant north-south weather gradient on Vancouver Island 

extending to the Haida Gwaii Islands in terms of summer temperatures and 

cloudiness, with the north typically being cooler and cloudier than the south 

(MacKenzie and Moran 2004).  This means that a site in the south can have a 

warmer temperature and more precipitation than a cooler drier site in the north, 

yet still have the same heat moisture index.  The effect of warm sunny days 

versus cool cloudy days on soil moisture is not accounted for by SHM alone.  As 

an extreme analogy, a tropical region with double the temperature and twice the 

precipitation of a temperate region can have the same SHM although the 

resulting plant ecologies are very different. 
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6.3.2 Regional vegetation comparisons  

Dominant plant species within high elevation study sites of the Pacific 

Northwest are compared below.  Detailed discussions of relationships between 

Ericaceae and other species and the history of Abies are included in sections 6.4 

and 6.5, respectively. 

  

6.3.2.1 Pinus contorta 

Pinus contorta pollen was generally more prevalent during the late glacial and 

early Holocene than it is today, and P. contorta was one of the dominant trees in 

the region until about 12,000 calBP (Hebda 1995).  P. contorta is usually a seral 

species that is often the only tree that will grow on infertile soil (Lotan and 

Critchfield 1990).  Most sites with pre-Holocene records show a major reduction 

in P. contorta by about 9500 calBP; while sites at which records do not start until 

after 9500 calBP do not record the high Pinus abundance at all (e.g., SC1 Pond 

and Mt. Washington).  Neither MH zone sites on the Haida Gwaii Islands (SC1 

and Louise Pond) has high P. contorta values at the base of their record.  These 

records may not be long enough to contain them, so it is unclear whether P. 

contorta was the prevalent seral species within the MH zone on those islands, 

although they likely should as lower elevation records on nearby Anthony 

Islands do record high Pinus values during the late glacial (Hebda et al. 2005). 

Although P. contorta grows under a wide variety of climate conditions on 

soils that are usually moist (Lotan and Critchfield 1990), the presence of P. 

contorta during the late glacial is commonly interpreted as representing a cold 

and relatively dry climate (e.g., Whitlock 1992; Allen 1995; Hebda 1995; Hebda 

and Whitlock 1997; Brown and Hebda 2002a; Brown and Hebda 2003).   P. 

contorta likely appears as a late glacial seral species for a few reasons: its seeds 

can withstand harsh winter temperatures; P. contorta has efficient and prolific 

seed dispersion, producing viable seeds at as early as 5 years of age (Lotan and 

Critchfield 1990); and if winter conditions were indeed cold and dry, other 
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species that would out-compete P. contorta for sunlight in warmer conditions 

could not have survived.  Under such late glacial conditions, a few viable P. 

contorta seeds within a recently deglaciated terrain could very quickly initiate 

into stands and open forest without being out-competed for sunlight by other 

shade tolerant species.   

 P. contorta parkland disappeared from early Holocene landscapes on 

Vancouver Island and Olympic Peninsula possibly due to frequent disturbance 

by a combination of wind, avalanche and fire and moister climates that 

ultimately favoured A. crispa (see section 6.3.2.2).  A few sites show rapid 

fluctuations in pine pollen from about 2000 calBP to present (Figure 6.12; 

Leptarrhena Pond, Harris Ridge Bog and Mount Washington).  These may be 

related to pine proliferation after a local disturbance such as fire.  Why P. contorta 

only occurs at these sites may have to do with frequent First Nations use of fire 

as a tool to modify the vegetation (Brown and Hebda 2002b). 

 

6.3.2.2 Alnus crispa  

Previous high elevation studies typically have not distinguished the various 

species of Alnus, whereas this study does.  Within this thesis, unless specified, 

the term Alnus is used when referring to Alnus spp. from other studies.  Alnus 

was generally more prevalent at the beginning of the records (i.e., late glacial and 

early Holocene) than through the mid and late Holocene, with notable exceptions 

of Mt. Washington and Walker Lake.  During the late glacial and early Holocene, 

Alnus played an important role in early plant community development.  An 

example of this is A. crispa, which regenerates rapidly on exposed mineral soil 

and disturbed sites (Klinka et al. 1989), due to rapid growth rates and by 

increasing soil nitrogen content and organic matter (Chapin et al. 1994).  

However, records that extend back into the late glacial show that Alnus typically 

replaced Pinus as the dominant pollen type, meaning that its role is not merely as 

a seral species.  This can be explained by the fact that A. crispa often dominates 
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the understory in open conifer forests (Agee and Kertis 1987).  Once established, 

Alnus can immediately regenerate following disturbance through sprouting at 

the root crown, or in the case of deep-burning, root-damaging fires, Alnus 

regenerates by seed dispersal from adjacent, undisturbed areas (Rowe and 

Scotter 1973).  It is, therefore, successful with frequent disturbance, and with 

repeated frequent disturbance often resulting in thickets of A. crispa at high 

elevation wet sites (Hanson 1953).  Because Alnus regenerates so quickly after a 

disturbance, it may have out-competed other seral species such as P. contorta for 

sunlight. 

Apart from A. crispa being well suited to frequent disturbance, other 

factors such as shallow snow or thin soils may explain why A. crispa was so 

prevalent during the early Holocene.  Bartlien et al.'s (1998) paleoclimate model 

suggests that because of the effect Milankovitch cycles have on insolation during 

the early Holocene, winters were cooler, and summers were warmer and drier 

than today until as recently as about 6000 calBP in coastal southern Washington 

and Oregon.  Whether these conditions also applied to the Vancouver Island area 

is beyond the resolution of their model, but assuming they do, colder winters 

may have meant strong fall frosts where thin mineral soils would have frozen 

before snow was able to cover the ground.  The roots of cold intolerant arboreal 

species such as A. amabilis and T. mertensiana would have likely suffered from 

frost damage resulting in less competition for A. crispa. 

This difference in A. crispa versus T. mertensiana and T. heterophylla is 

demonstrated in the PCA analysis (Appendix C), where A. crispa is consistently 

the most distant species on the positive side of the component one axis compared 

to T. heterophylla and T. mertensiana, which are respectively always and usually 

on the far negative side.  This suggests that whatever environmental 

characteristic(s) component one represents, A. crispa is at the opposite extreme 

from T. heterophylla and T. mertensiana. 
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6.3.2.3 Tsuga heterophylla  

T. heterophylla is not presently, nor has it likely ever been, growing at most high 

elevation sites within the study area, except at Leptarrhena Pond (1102 m) where 

T. heterophylla macrofossils indicate that it has been growing near the site for the 

past 1500 years, and perhaps also near Porphyry and Walker lakes since about 

5200 calBP (Brown and Hebda 2003).  At most sites T. heterophylla pollen occurs 

in relatively high percentages starting at about 7500 calBP (Figure 6.13), although 

Cassiope Pond on Brooks Peninsula has high percentages of T. heterophylla from 

the base of the record (13,000 calBP) and Louise Pond in the Haida Gwaii Islands 

sees increases beginning at about 11,000 calBP.  T. heterophylla was likely well 

established at lower elevations near the sites at these times, and in the case of 

Cassiope Pond, small pockets of T. heterophylla might have existed in nearby 

refugia during the Wisconsinan glaciation.  High percentages of T. heterophylla 

pollen in the late Holocene may not actually reflect its regional abundance or 

proximity to Merry Widow and Cederstedt ponds as suggested by influx values 

(Figure 6.5), but may relate to decreased pollen production at the study sites due 

to opening of the understory and expansion of heath that produces low amounts 

of pollen.   

 

6.3.2.4 Tsuga mertensiana 

T. mertensiana is shown as its relative percentage of the total pollen and 

arboreal pollen (Figure 6.14).  T. mertensiana is a substantial component of the 

arboreal pollen component at most of the sites throughout most of the Holocene.  

It generally increases at most sites at about 8000 calBP and remains relatively 

stable until present. 

 

6.3.2.5 Non-arboreal pollen 

The origin and variability of meadows and heaths within parkland ecosystems is 

crucial for marmot habitat studies (Fitton 2000).  By analysing non-arboreal 



 
 

 

143

pollen (NAP) at high elevations on Vancouver Island, it is hoped that the 

understanding the history of these meadow habitats can be improved.  

The history of NAP within the MH zone, and the relative contribution of 

A. crispa and arboreal pollen, clearly show the relatively low importance of trees 

in comparison to A. crispa during the early Holocene (Figure 6.19).  In the early 

Holocene, the NAP percentage is higher than the late Holocene at Martins, 

Walker, Moose, and Porphyry lakes, and is higher relative to the arboreal 

component at all sites except Mt. Washington and Harris Ridge Bog (soil profile 

records).  This suggests that there were likely more open areas than tree stands 

during the early Holocene, especially when compared to modern conditions or 

that forest infilling resulted in higher A. crispa  as an understory species (i.e., 

Pellatt et al 1997). 

Although the relative abundance of NAP species is generally less than two 

percent (six grains per sample), the composition of the NAP component is well 

known because of the extra (enhanced) NAP counts made in this study in the 

earlier portion of the records (refer to Methods chapter).  Early Holocene NAP is 

mostly made up of forbs of Rosaceae and Asteraceae, with some Artemisia, 

Lysichitum, and Ericaceae (more Ericaceae at wet sites), occasional Onagraceae, 

Valeriana, Moehringia (type), Apiaceae, Heracleum (type), and Cornus, as well as 

some Poaceae and the occasional Cyperaceae. 

The relationship between ericaceous-dominated heath and forb- and 

grass-dominated meadows is shown in Figure 6.20.  The Poaceae curve shows no 

clear pattern from one site to another except at SC1 Pond, Louise Pond, and 

Moose Lake, which generally show more Poaceae in the late Holocene than at the 

beginning of the records.  Typically, wetter sites (as defined by SHM) have 

Ericaceae pollen appearing near the beginning of their records, generally 

persisting throughout the record with the ratio of Ericaceae to total forbs 

remaining about the same.  Drier sites tend not to show Ericaceae until about 

7000 calBP, but once present this pollen type becomes the major portion of the
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NAP.  Macrofossils indicate that the Ericaceae pollen signal is likely comprised of 

Vaccinium spp. and Phyllodoce empetriformis, and is primarily a mid to late 

Holocene phenomenon at drier sites.   This expansion is presumably related to 

increased relative moisture during that time as suggested by Brown and Hebda 

(2003) who used a DWHI proxy. 

 

6.3.2.6 Regional vegetation summary 

1.  P. contorta forests were common during the late glacial and early Holocene, 

likely due to their ability to thrive and propagate more effectively than 

other trees during the cold dry climate at the end of the last glaciation.   

2.  During the early Holocene, P. contorta forests were either mostly replaced 

by thickets of A. crispa, which persisted at most sites until the mid Holocene 

or forest thickening resulted in a relative increase in A. crispa pollen (i.e., 

Pellatt et al. 1997).  A. crispa thrived during this time perhaps due to the 

cooler winter temperatures and/or the shallow snowpack and soils.  A. 

lasiocarpa stands were also present during the early Holocene.    

3.  T. heterophylla did not likely grow at any of the higher elevation sites but 

did reach some of the lower sites by the end of the middle Holocene.  High 

percentages of T. heterophylla at some of the sites during the late Holocene 

are not reflected in its pollen influx, which does not increase suggesting that 

T. heterophylla's abundance within lower elevation forests or its position 

relative to the site did not change.  Rather the relative pollen productivity of 

plants at the site diminished due to the development of heath and opening 

of the understory.   

4.  T. mertensiana is a major component of the forest and subsequent parkland 

communities from the beginning of the mid Holocene onward.   

5.  Ericaceae and heath ground cover is present at wet sites from the 

beginning of the records onwards, but is only prevalent from the mid to the 

late Holocene at drier sites. 
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 6.4 Alnus crispa, Ericaceae and non-arboreal vegetation dynamics 

Figure 6.21 shows the relationship of A. crispa, Ericaceae, charcoal, and clasts.  In 

the early Holocene, A. crispa was typically more abundant during or immediately 

after periods of fire.  Examples of this are shown at Leptarrhena Pond, 

Cederstedt Pond and Moose Lake.  Typically, clast values also increase with 

charcoal suggesting that these fires exposed mineral soil, which A. crispa would 

likely colonize quickly.  However, once heath (ericaceous ground cover) 

established, A. crispa no longer increased following peaks in charcoal, except at 

Mt. Washington where increases of A. crispa following fire occur throughout the 

record, and at Merry Widow pond, where Ericaceae abundance is high from the 

beginning of the record onwards.  High peaks in charcoal with no subsequent 

substantial increases in A. crispa pollen or clasts occur at around 4000 calBP at 

Burman Pond, Merry Widow Pond and Moose Lake; multiple peaks occur 

between 1000 and 2000 calBP at Martins Lake, and at 1000 calBP at Walker Lake.  

An explanation for these patterns may involve the role of fire as a disturbance 

agent and the resistance of ericaceous communities to it (Potash and Agee 1998). 

Perhaps in the early Holocene fires were able to burn through the soil 

litter and expose mineral soil, which A. crispa would then colonize, whereas later 

in the Holocene when ericaceous-heath ground cover was established, the heath 

prevented fires from burning through the duff and exposing mineral soil.  Potash 

and Agee (1998) demonstrate that Ericaceae (P. empetriformis) sprouts vigorously 

after fire and is not displaced, so perhaps once heath vegetation was well 

established, A. crispa was unable to become re-established after fire. 

Plant communities in the MH zone are thought to be controlled by 

physical characteristics such as the substrate and climate and also by the 

frequency and degree of disturbance.  I suggest that the type of plant cover itself, 

specifically heath, can also strongly affect the plant community through its 

regulation of A. crispa abundance within the MH zone (Figure 6.22).
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6.5 Abies and its history 

Abies abundance increased at about 8000 calBP and decreased around 4000 calBP, 

most notably at Martins Lake, Cederstedt Pond, Walker Lake, and Harris Ridge 

Bog (Figure 6.10).  Although macrofossil data distinguishing between A. 

lasiocarpa and A. amabilis is limited to only three sites, A. lasiocarpa was likely the 

most abundant Abies on the Vancouver Island landscape following deglaciation 

(Heinrichs et al. 2002a).  A. lasiocarpa was then likely joined and later replaced by 

A. amabilis as early as 10,500 calBP at Burman Pond and as late as 7300 calBP at 

Merry Widow Pond.  A. lasiocarpa is very susceptible to death or severe injury 

after bark beetle outbreak (Parish et al. 1999) or from fire (even low intensity fire) 

due to its thin bark, especially on young trees (Alexander et al. 2000; Parish et al. 
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1999).  A. lasiocarpa macrofossils disappeared from the record at Merry Widow 

Pond at about 7500 calBP, at the same time as the first peak in charcoal.  

Macrofossils disappeared at 7300 calBP at Cederstedt Pond after a series of three 

peaks in charcoal, and at about 10,500 calBP at Burman Pond prior to any 

charcoal deposition.  Whether A. lasiocarpa was removed from these landscapes 

by pest or fire is an interesting question, but not nearly as intriguing as why it 

did not grow back and A. amabilis did. 

A. lasiocarpa prefers a continental climate due to its preference for 

relatively cold and dry sites (Woodward et al. 1995), whereas A. amabilis prefers a 

distinctly maritime climate (Crawford and Chadwick 1990).  Average annual 

precipitation for modern sites of A. lasiocarpa stands ranges from 610 - 2540 mm, 

compared to 965 to 6650 mm for A. amabilis (Alexander et al. 2000; Crawford and 

Chadwick 1990).  A change in macrofossil remains from A. lasiocarpa to A. 

amabilis suggests that the climate must also have changed from more continental 

to more maritime.  High elevation areas on Vancouver Island today are largely 

maritime due to predominantly westerly flow delivering moist Pacific air; how 

could this have changed from the late glacial to the early Holocene? 

Late glacial climate on Vancouver Island was likely characterized by cold 

dry katabatic easterly winds, reduced winter moisture and increased seasonality, 

resulting from the southern shift of the jet stream due to the presence of a 

dominant high pressure system centred over the continental ice sheet (Bartlein et 

al. 1998).  Prevailing easterly winds derived from the continental interior would 

have been dry, especially for the northern half of the island and the Olympic 

Peninsula, which would have fallen in the rain shadow of the Coast Range 

(Figure 2.1).  Bartlien et al. (1998) suggest that this ice sheet effect impacted the 

Pacific Northwest until at least 11,000 calBP when present day warm westerly 

flows started to predominate due to the reduction of the ice sheet.  It is possible 

that the change in Abies species represents the change from ice-sheet dominated 

flows to the modern Pacific flow.  This is supported by recent ice sheet surface 
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models suggesting that the Laurentide ice sheet persisted to a height of 2000 m 

until 9000 calBP (Peltier 2004) or 8000 calBP (Licciardi et al. 1998).  If an ice-dome-

centred high pressure system persisted over the early Holocene Laurentide ice 

sheet, it could have generated easterly winds and very dry rain shadow 

conditions on north and central Vancouver Island and the Olympic Peninsula.  

The marked change in moisture (DWHI) from dry to wet at around 8000 cal BP at 

sites on the Olympic Peninsula, particularly Moose Lake, supports this notion of 

continued drier conditions from the late glacial.  Milankovitch driven insolation 

variability during the early Holocene would have also resulted in cooler winters 

and warmer and drier summers than today until as recently as about 6000 calBP 

(Bartlien et al. 1998).  Both Milankovitch effects and Laurentide ice sheet related 

easterly winds would have been favourable to A. lasiocarpa on Vancouver Island 

during the early Holocene. 

 

6.6 Discussion summary 

Comparison of mountainous sites in the Pacific Northwest on a proxy-by-

proxy basis, rather than the more traditional comparison of pollen zones, has 

revealed interesting and unanticipated trends.  At most sites T. heterophylla pollen 

occurs in relatively high percentages starting at about 7500 calBP, with Cassiope 

and Louise ponds having high percentages since the late glacial.  High T. 

heterophylla pollen percentages during the late Holocene may reflect low pollen 

productivity of plants at the heath covered sites rather than an expansion of T. 

heterophylla.  T. mertensiana generally increases at most sites at about 8000 calBP.  

The relative scarcity of trees during the early Holocene is largely reflected by the 

dominance of A. crispa.  Fires in the early Holocene typically have associated 

increases in A. crispa, whereas those in the mid to late Holocene are represented 

by peaks in charcoal with no subsequent substantial increases in A. crispa pollen.  

It is suggested that this lack of A. crispa response to fire during the mid and late 

Holocene is due to the establishment of ericaceous ground cover preventing fires 
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from exposing mineral soils for subsequent colonization by A. crispa.  This 

combined with thick mid to late Holocene soils that would allow tree 

establishment following fire, further limiting the establishment of A. crispa.   

The presence of macrofossils suggests that A. lasiocarpa was likely the first 

Abies species present on the landscape of Vancouver Island following 

deglaciation, and that it was replaced by A. amabilis during the early Holocene.  

A. amabilis has a preference for maritime conditions, while A. lasiocarpa prefers a 

continental climate, which implies that there may have been a change in large-

scale circulation from continental to Pacific.  This change may have been caused 

by Milankovitch driven changes in seasonal insolation in combination with a 

switch from a more easterly flow of cooler air caused by a persistent early 

Holocene Laurentide ice sheet to the westerly flow of marine air over the island 

that we experience today. 

The interpretation of a cool continental climate at high elevations of 

Vancouver Island in the early to mid Holocene is consistent with previous 

studies (Fitton 2000), although many lower elevation studies interpret the climate 

then to have been warmer than at present, terming the period the xerothermic 

interval (Hebda 1995; Brown and Hebda 2002a).  It may be that greater 

seasonality during this time resulted in generally cooler winters with less 

snowfall at higher elevations, which would have had a greater impact on high 

elevation ecosystems than those at lower elevations.  Cold winters with a shallow 

snow pack would not have been easy on relatively cold intolerant arboreal 

species such as A. amabilis and T. mertensiana; thus, the late Holocene increase in 

these species at some sites may be indicative of the onset of milder winters 

and/or a thick soil and snow cover protecting A. amabilis and T. heterophylla roots 

from freezing. 
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Chapter 7. 

7.1 Conclusions 

This thesis is the first comprehensive, multi-proxy study of high elevation plant 

ecosystems of central and northern Vancouver Island.  It is also the first high 

elevation study to use macrofossils to constrain the basal age of the records, and 

the first to differentiate the pollen of A. crispa and A. rubra.  The results provide 

major new insights into ecosystem history and dynamics, and highlight the role 

of several species and species groups not previously recognized at high 

elevations in coastal northwest North America.  The following new knowledge 

and understanding has been gained: 

 

1.  In high elevation areas, the early late Holocene Alnus pollen signal is not 

Alnus rubra derived from lower elevations, but is rather made up of pollen from 

extensive stands of Alnus crispa growing near the sites.  The species expanded 

very quickly following deglaciation and played a much more important role in 

Vancouver Island high elevation ecosystems during the early Holocene than it 

does today.  

 

2.  Abies lasiocarpa was the dominant Abies at high elevations (today’s Mountain 

Hemlock zone) during the late glacial and early Holocene until it was replaced 

by A. amabilis between about 10,500 and 7300 calBP.  This species change may be 

due to a switch in regional atmospheric circulation from a primarily easterly 

(continental) flow characterized by dry cold air and more seasonally variable 

insolation, to the westerly (maritime) flow and less seasonally variable insolation 

that we experience today. 

 

3.  During the mid Holocene the study sites show an increase in Abies (most 

likely A. amabilis) that was later accompanied by T. mertensiana with nearby T. 

heterophylla that persists to the present day. 
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4.  Ericaceous heath communities were established soon after deglaciation within 

the wet (low SHM) records but not until about 7000 calBP at drier (high SHM) 

inland sites.  These drier inland sites show more variation in vegetation 

throughout their records, whereas wetter more maritime sites tend to reflect a 

more stable landscape with less variable vegetation. 

 

5.  Coincident high charcoal and clast concentrations during the early Holocene 

suggest that rapid vegetation shifts were probably the result of large stand-

clearing fires that exposed mineral soils.  A peak in charcoal at several of the sites 

occurs at ca. 4000 calBP, suggesting fires occurred at this time over a large 

portion of the Pacific Northwest. 

 

6.  During the late glacial and very early Holocene, P. contorta was an important 

seral species until A. crispa became well established.  Once A. crispa was 

established, P. contorta became a less common seral species.  At sites with not 

much early Holocene A. crispa component, T. mertensiana and Abies formed 

stands with clearings. 

 

7.  In the mid to late Holocene when Ericaceous-heath became established, A. 

crispa was unable to predominate, possibly because of reduced fire activity or 

because heath communities and soils hindered the exposure of fresh mineral soil 

surfaces.  As a consequence, conifer-dominated stands were favoured. 

 

8.  Basal sediments from high elevation sites on Vancouver Island are not as old 

as they are at lower elevations.  This finding suggests that either erosion occurred 

at the base of the records, or that deglaciation happened later at higher 

elevations.  The sediment records from this study are also much shorter in length 

than at lower elevations; this is likely the result of reduced organic production 
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and accumulation during the winter months when the ponds are covered in 

snow and ice. 

 

9.  This study demonstrates the importance of identifying pollen types to the 

species level and the utility of macrofossils to better show how past ecosystems 

compare with the present.   

 

10.  High elevation ecosystems are sensitive to climate, particularly in relation to 

disturbance factors such as fire.  It is notable that the more inland, less maritime 

sites developed dominant heather communities later than the maritime ones 

suggesting a greater climatic sensitivity and lower tolerance to changes in 

climate. 

 

7.2 Applications 

Knowledge of paleoecology contributes to a much-improved understanding of 

long-term vegetation dynamics and may better prepare us for predicting the 

impacts of future changes in climate, especially in terms of forest resource and 

biodiversity management. 

Specific knowledge of the dynamics of high elevation ecosystems on 

Vancouver Island is also important as these ecosystems encompass a large 

portion of the protected lands of the island and are the habitat of the Vancouver 

Island marmot, one of the rarest mammals in the world (Bryant 2004).  It has 

been suggested that the composition and structure of these ecosystems, and 

fragmentation thereof, may have played a significant role in the near extinction 

of the Vancouver Island marmot (Bryant 1998). 

Past changes in fire activity or intensity might be partially responsible for 

the presently low Vancouver Island marmot populations through the recent 

impact of fire suppression resulting in increases in forested versus unforested 

landscape and changes in the composition of the unforested plant cover.  The 
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character of non-arboreal plant cover determines the presence and abundance of 

marmot food sources.  Preliminary research has been done on the Vancouver 

Island marmot diet through the analysis of marmot feces (Appendix E2).  The 

results indicate that Marmots likely rely on a large variety of herbaceous flowers 

and surprisingly, very high amounts of Ericaceae flowers as a food source 

(Hebda et al. 2004).  The role of fire in maintaining this open habitat with food 

sources for marmots appears to be a crucial one. 

Predicted future climate warming is expected to cause more fires as a 

result of drought, wind, and lightning (Overpeck et al. 1990), resulting in a 

positive feedback on global warming through greenhouse effects and ozone 

depletion (IPCC 2007).  However, the particulate and aerosol emissions from 

fires may have cooling effects by reducing solar radiation at the surface and 

serving as condensation nuclei for cloud formation (Overpeck et al. 1990).  This, 

combined with the cooling effects of young vegetation's lower albedo and 

accelerated carbon uptake, may ultimately result in fire having a negative 

feedback effect on warming conditions (Randerson et al. 2006).  Whether 

increases in fire activity reinforce or mute warming conditions remains to be 

resolved, but increased fire in high elevation areas of Vancouver Island should 

result in more open areas with more non-arboreal components on the landscape 

much like the early to mid Holocene at most of the study sites.  This potential 

increase in openings should bode well for future Vancouver Island marmot 

populations.  Alternatively, human management could induce fire or mimic fire 

disturbance through clearing at just high elevations.  Sure clearing may be 

necessary to maintain alpine areas if treeline moves upslope because of warmer 

temperature. 

This study also has implications for high elevation forest management 

practices in highlighting the importance of heath in stabilizing the landscape and 

potentially preventing A. crispa from establishing after disturbance.  Harvesting 

of trees from higher elevation areas should be done in such a manner that heath 
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and associated soils are not disturbed, to ensure that replanted trees will quickly 

re-establish rather than potentially have to compete with A. crispa.  Maintenance 

of a stable heath ground cover also minimizes the exposure of soils to air and 

prevents soil decomposition that would have a positive effect on climate 

warming through increased methane and carbon dioxide emissions.  The heath 

cover and its underlying soil may be key elements within the MH zone, 

especially the upper parkland portion.  Perhaps monitoring for increased A. 

crispa cover would be a good measure of changes in the MH zone ecosystem. 

 

7.3 Future Research 

This thesis brings to light several gaps in knowledge, suggesting the following 

areas for future research: 

1.  There is a lack in understanding of the past expansion of T. heterophylla and 

whether the increase in its pollen in higher elevation sediments is a product of 

the tree's upslope expansion from lower elevations or the result of changes in air 

flow patterns delivering more pollen to the site.  Future studies need to address 

this issue. 

 

2.  Better chronological control is needed to constrain the extent of refugia and 

the timing of deglaciation in the Pacific Northwest, as much of what is known is 

based on basal bulk sediment dates or is linearly extrapolated from dates far 

above in the stratigraphy.  The apparent later deglaciation at high elevation sites 

relative to lower elevation studies noted in this thesis might simply be the 

product of these different basal dating techniques.  This question could be 

answered via a comprehensive sediment accumulation rate versus vegetation 

versus elevation study that incorporates a high density of macrofossil 

radiocarbon dates and/or AMS dating of separated microfossil fractions. 

 

3.  An expansion of this study to incorporate sites within the mainland MH zone 
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would be useful in assessing the degree of maritime influence on the 

development of MH zone ecosystems in western North America and to further 

test the notion that ericaceous communities can stabilize the landscape in terms 

of both geomorphology and plant species.  Radiocarbon dating of multiple soil 

profiles under heath assemblages would determine when organic matter and 

heath began to accumulate on the landscape. 

 

4.  More work needs to be done to ascertain why the paleoecology records from 

Harris Ridge Bog (Fitton 2000) and Mt Washington are so different from the rest 

of the records on Vancouver Island.  Is this because they are both from soil 

whereas the others are of lake or pond sediment, or have other factors such as 

First Nations use of fire played a major role in modifying the vegetation?  This 

question could be answered by comparing the pollen of neighbouring soil and 

lake sediments at a number of sites. 

 

5.  The peak in charcoal that is found at many sites occurring around 4000 calBP 

should be investigated further, to better constrain the timing and spatial extent of 

this possible large disturbance.  The charcoal may have resulted from a period of 

time when large and possibly frequent fires burned over much of the Pacific 

Northwest. 
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Appendix A: General Methods. 
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Table B1.  Radiocarbon dates not used in this study. 
 

Location 

Sample 
type -
profile 
length 

Sample ID and 
Lab/Type of 

date 

Depth 
of 

sample 

Material 
dated 14C age BP Comments 

Grieg Ridge 
Soil block 

– 
17 cm 

Ptarn1– 06 
Arizona AMS 

lab 
6 cm Charcoal 2468+/-37 No reason to suspect a problem with 

this date. 

Grieg Ridge 
Soil block 

– 
17 cm 

Ptarn1– 17 
Arizona AMS 

lab 
17 cm Abies 

needle Post- bomb 

Reversed from date above.  Because 
it’s a needle at the bottom of the 
profile, the entire sample is likely 
turbated and should not be used. 

Grieg Ridge 
Soil block 

– 
24 cm 

Uptarn3- 21 
Arizona AMS 

lab 
21 cm Seed 2700+/-110 

Seems too young given that the entire 
profile is only 24 cm long.  If one 
believes the date then the profile is too 
young for this study. 

Mt. 
Washington 

Soil block 
– 

41 cm 

ERSB2- 06 
Arizona AMS 

lab 
6 cm Wood 23+/-34 

Not likely an accurate date given that 
the error is larger than the age and that 
6 cm depth should likely be at least 1000 
years old. 

Mt. 
Washington  

Soil block 
– 

41 cm 

ERSB2- 38 
Arizona AMS 

lab 
38 cm Wood Post-bomb 

Reversed from date above, possibly a 
root but given the poor nature of both 
dates, the sample should not be used. 
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