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Abstract 

Grasses are widely used in revegetation to control erosion, build soil and maintain 

habitat.  In northeast British Columbia, non-native grass species are commonly seeded to 

reclaim industrially disturbed sites.  Widespread concern about degradation of 

biodiversity and key ecological processes has led to increasing value placed on native 

species and management practices leading to a more resilient landscape.  

I undertook this study to fill the restoration knowledge gap relating to native grasses in 

northeast BC.  I did an extensive inventory of grasses on 217 sites in 2007, 2008 and 

2009.  Functional traits were measured in the field and in a greenhouse growth 

experiment.  I found ninety-nine grass species occuring in the region, 70% of which are 

native.  The number, proportion and extent of non-native grasses are increasing and four 

of these – Poa pratensis, Festuca rubra, Bromus inermis, and Phleum pratense 

represented almost a quarter of all occurrences. Several native species were common 

throughout the region: Calamagrostis canadensis, Leymus innovatus, Elymus 

trachycaulus, Poa palustris and Agrostis scabra. Other native species, including Festuca 
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altaica, Koeleria macrantha, Pascopyrum smithii, and Schizachne purpurascens, strongly 

favoured intact habitats. 

Elevation, soil moisture regime, proportion of bare ground, and land use were 

significant factors related to local grass species composition and abundance.  Agrostis 

scabra, Alopecurus aequalis, Beckmannia syzigachne, Bromus ciliatus, Cinna latifolia, 

Deschampsia cespitosa, Elymus alaskanus, Elymus trachycaulus, Festuca saximontana 

and Hordeum jubatum grew commonly on severely damaged well sites.  

Field measurements for Specific Leaf Area (SLA) and Leaf Dry Matter Content 

(LDMC) of 11 species showed an inverse correlation. Bromus ciliatus, Bromus 

pumpellianus, and Elymus trachycaulus had high SLA/low LDMC linked to rapid 

growth, whereas Festuca altaica, Deschampsia cespitosa, and Calamagrostis stricta had 

low SLA/high LDMC linked to slow growth and persistence. 

In the greenhouse experiment, Poa palustris, Cinna latifolia and Bromus ciliatus 

produced the most overall biomass and Pascopyrum smithii and Poa palustris produced 

the greatest aboveground biomass.  Calamagrostis stricta, Poa palustris, Elymus glaucus, 

Leymus innovatus and Pascopyrum smithii exhibited clonal growth.  Beckmannia 

syzigachne, Bromus ciliatus Cinna latifolia produced viable seed during the 135-day 

experiment. 

Considering all attributes five native species, Calamagrostis canadensis, Elymus 

trachycaulus, Poa palustris, Leymus innovatus, and Agrostis scabra are recommended 

for general restoration use in northeast B.C.  Other native species show promise when 

matched to particular site conditions, including Alopecurus aequalis, Arctagrostis 
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latifolia, Beckmannia syzigachne, Bromus ciliatus, Calamagrostis stricta, Cinna latifolia, 

Deschampsia cespitosa, Elymus glaucus, Festuca saximontana, Glyceria striata, 

Hordeum jubatum, Koeleria macrantha, Pascopyrum smithii, Poa alpina, Schizachne 

purpurascens and Trisetum spicatum. 

This information will be valuable to land managers interested in moving beyond 

reclamation to ecological restoration of sites disturbed by oil and gas development.  

Developing practices that are environmentally sound and socially acceptable requires 

ongoing botanical inventory.  Plant traits may be useful in matching species to site 

conditions and restoration goals. Policy recommendations include phasing in of 

requirements to use native seed while restricting the use of agronomic species, promoting 

natural colonization, and supporting a native seed industry. 
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Chapter 1 Introduction 

Our dependence on nature to provide the materials for our 
consumption, and our concern for the health of our planet, sets us 
into an uneasy contradiction.                   (Edward Burtynsky n.d.) 

Human alterations to habitat and the landscape are significant concerns in northeast 

British Columbia (B.C.) where industrial development in the form of agriculture, 

forestry, mining and oil and gas development have a substantial impact on the boreal 

forest, sub-alpine and alpine ecosystems (Fort St. John LRMP Working Group 1997).  

Even in areas of sparse human population such as northeast B.C., habitat loss and 

fragmentation are occurring at a rapid pace.  Cumulative effects of all this development 

are not well understood, but certainly include changes to plant community structure, 

function and composition.  The long-term ecological consequences of such human 

disturbances include disruptions to ecosystem processes such as primary productivity, 

nutrient cycling, hydrology and climate regulation (Vitousek et al. 1997B), as well as 

changes in species composition through biodiversity loss and species invasions (Gordon 

1998).  Current human activities have transformed between one-half and two-thirds of 

earth’s land surface (Vitousek et al. 1997A), resulting in the reduction of the global 

ecosystem’s ability to respond to disturbances and other stressors (Kimmins 1991, 

Schulze and Mooney 1994, Hoope et al. 2005).  Climate change is predicted to interact 

synergistically with habitat transformation, species loss and biological invasions (Hebda 

1997, Parmesan and Yohe 2003, IPCC 2007, Gayton 2008b).  

It has long been an accepted practice to reseed areas impacted by forestry, mining, and 

oil and gas associated disturbances with 'agronomic' non-native grasses and legumes. 

Seeds in commercially-available non-native mixes have the desirable qualities of 
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predictable germination and aggressive growth for effective erosion control (Burton 

2003).  Agronomic seed also has the advantage of being readily available in northeast 

B.C. where there is a major forage industry which produces about 5,000 tonnes of 

domesticated grass and legume seed per year, including 40% of all creeping red fescue 

(Festuca rubra L.) seed produced in Canada (BC Ministry of Agriculture 2009).  In the 

past, the goal of the seeding was primarily either to rehabilitate the land – returning the 

land to productivity, but with a different and much diminished structure and function than 

the original land – or to reclaim it to a higher level of function than rehabilitated land 

with 'equivalent land capability' (Sinton Gerling et al. 1996).  Little consideration was 

give to ecological function. More recently, there has been growing interest in moving 

toward using seeds of native species in revegetation and in alternative management 

practices that foster ecological integrity (Polster 1991, Burton 2003, Hammermeister et 

al. 2003, Robson et al. 2004). In other words, there has been a trend in moving from land 

reclamation towards ecosystem restoration following large-scale disturbance. 

1.1. Purpose and objectives 

This thesis aims to provide new information pertinent to the suitability of native grass 

(Poaceae) species for revegetating lands profoundly disturbed from human activity, 

particularly oil and gas exploration and exploitation, in northeast British Columbia.  It 

combines an extensive inventory of grasses in the region to examine the relationship 

between disturbance and distribution, field studies measuring general traits of various 

grasses, and a greenhouse experiment to better understand growth and biomass allocation 

of native grass species.  The study was also undertaken to gain insights into the potential 

of trait-based screening, using easily measured traits, as a tool for selecting grass species 
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for revegetation of degraded sites, and to provide recommendations for the role of grass 

species in restoration practice. 

1.1.1. Objectives 

The main objectives of this study are as follows: 

Objective 1:  Undertake an inventory native and introduced grasses in northeast B.C.; 

Objective 2:  Relate disturbance to the distribution and abundance of different species 

of grasses; 

Objective 3:  Identify and measure key traits of native grasses relevant to their use and 

potential in restoration;  

Objective 4:  Recommend grass species and restoration strategies for heavily disturbed 

sites in northeast B.C. 

Throughout, I focus on disturbances associated with the oil and gas industry as an 

example of the variety of human impacts in northeast B.C. that extend throughout the 

region. 

1.1.2. Thesis Organization 

Chapter 2 provides a description of the study area, a review of literature pertaining to 

restoration ecology, disturbance, succession, species selection for restoration and plant 

functional traits.  The review provides the framework for the research strategy and 

methods.  In Chapter 3, I consider the types and intensities of disturbances and how they 

influence the distribution of grass taxa in northeast B.C.  I compare Nonmetric 

multidimensional scaling to the current regulatory standard approach to characterize 

recovery of well sites.  I focus on two leaf traits (Specific Leaf Area and Leaf Dry Matter 
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Content) considered to be linked to successful restoration in Chapter 4.  In Chapter 5, I 

examine growth and aboveground to belowground biomass allocation in a greenhouse 

experiment.  Chapter 6 synthesizes observations and gives recommendations for grass 

species to use in restoration in northeast B.C. It also includes discussions about the 

implications of climate change for restoration in the region and makes policy 

recommendations for the future. 
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Chapter 2 Background 

2.1. Study Area 

2.1.1. Biophysical Description 

Northeast British Columbia (B.C.), with the Rocky Mountains and foothills to the west, 

the Alberta border to the east and the Northwest and Yukon territories to the north, 

comprises about ten per cent of the land area in B.C. (Figure 2.1).  Its main physiographic 

features include the Rocky Mountains, the Peace and Liard River drainages, and the 

Alberta Plateau.  It is in the Polar Ecodomain and includes the Boreal and Taiga Plains 

Ecoprovinces (Wiken 1986).  Elevation ranges from around 450 m above sea level in the 

Fort Nelson Lowlands (Meidinger and Pojar 1991), to an average of about 610 to 760 m 

through the Peace River plains (Spurling 1978); to the west, elevation increases in the 

rolling landscapes of the foothills and then reaches about 3000 m in the Muskwa Range 

of the Rocky Mountains.   

The Alberta Plateau includes mixed deciduous and coniferous forest, foothills, 

parkland and prairies of generally low relief, with deeply incised rivers, numerous 

smaller rivers and streams and extensive areas of poorly drained wetlands and muskeg.  

The predominant bedrock of the Alberta Plateau is Fort St. John Shale (Spurling 1978) of 

Cretaceous origin; the Rocky Mountains and foothills are primarily of Paleozoic age, 

mainly folded sedimentary rocks, chiefly limestone, quartzite, shale and slate (Valentine 

et al. 1978).   
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Figure 2.1  Northeast British Columbia Study area showing major settlements and waterbodies, 
and roads. 

 

During the late Wisconsin period, the area was covered by the Keewatin ice sheet from 

the east, and the Cordilleran ice sheet from the west, with the zone of contact somewhere 
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near Fort St. John (Burley et al. 1996).  Postglacial vegetation in the early deglaciation 

period was characterized by poplar, willow, sage, grasses and sedges from about 12,000 

to 11,500 years before present (BP); this was followed by a change from open to forested 

conditions with the influx of paper birch and poplar, followed by pines and spruce by 

about 10,800 years BP (White and Mathewes 1986).  By 10,000 years BP, spruce was 

dominant in the primarily coniferous forest (MacDonald 1987).  Boreal white and black 

spruce forests, similar to today's forests, were established by about 5,000 years BP 

(White and Mathewes 1982). 

There are a variety of soil types in the study area.  The Fort Nelson lowlands are 

dominated by organic soils, composed of poorly decomposed sphagnum peat, with an 

absence of mineral soil particles developed under saturated conditions (Valentine et al. 

1978).  There are pockets of permafrost in the peat bogs in the far northeast corner of the 

region.  Another wet soil type, the Gleysols, develop under fluctuating water tables that 

exclude oxygen causing reducing conditions.  Gleysols occur primarily northeast of Fort 

St. John, but also develop where drainage is restricted and water is held in the soil profile 

for part of the year.  Luvisols are the predominant soil type of the agricultural areas 

around Dawson Creek, extending in a band parallel to the Rocky Mountains up to the 

border with the Yukon and Northwest Territories.  Locally referred to as 'gray-wooded' 

soils, Luvisols develop under deciduous or mixed-wood forests on fine or medium 

textured sediments of neutral to slightly alkaline conditions (Valentine et al. 1978).  The 

solonetzic (saline) soils, found in pockets around the Peace River and some of its 

tributaries, have residual salinity from weathered shale, siltstone and mudstone that 

formed under the sea (Valentine et al. 1978).  At higher elevations, under coniferous 
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forests, are the characteristically brown Brunisols – brownish soils that have undergone 

little development by translocation or weathering.  In the alpine and sub-alpine, are areas 

of weakly developed Regosols, even less developed Lithic soils, and permanently frozen 

Cryosols (Valentine et al. 1978). 

The origin of grasslands in the Peace River region is still controversial.  They have 

been explained as relicts of either the initial post-glacial succession period or the 

'Hypsithermal interval' (=Xerothermic of Hebda 1995) of drier and warmer conditions 

from 9000 to 6000 years BP when prairie grasslands extended further north than they do 

today (Raup 1934, and Hanson 1952 as cited in White and Mathewes 1986, Beaudoin et 

al. 1997).  Paleoenvironmental records suggest that grasslands are best explained by the 

presence of saline soils, and likely developed in the early post-glacial period (White and 

Mathewes 1986). 

The subarctic continental climate has short cool summers and very cold winters with 

annual precipitation between 400 to 500 mm per year (Valentine et al. 1978).  At Fort St. 

John, for the period of 1961-1990, the mean annual temperature was 1.7°C, with a mean 

January temperature of -14.8°C (and extreme min temp -46.5°C) and mean July 

temperature of 16.1°C (Wang et al. 2006).  There were 162 frost free days, with a frost 

free period of 98 days, and 1345 growing degree days above 5°C (Wang et al. 2006).  

Annual precipitation was 471 mm; the wettest month being July (74 mm) and the driest 

month being April (22 mm) (Wang et al. 2006).  Although much of the precipitation falls 

during the peak mid-summer growing season, there are still moisture deficits that limit 

plant growth (Meidinger and Pojar 1991). 
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2.1.2. Biogeoclimatic Zones 

The Biogeoclimatic Ecosystem Classification (BEC) system incorporates climate, soils 

and vegetation data to provide an ecological framework for resource management in 

British Columbia (Meidinger and Pojar 1991).  BEC zones are geographical areas of 

similar macroclimatic conditions named for the characteristic climatic climax vegetation.  

Smaller, more uniform subzones reflect differences in local climate, soil moisture and 

soil nutrients and exhibit distinct plant associations.  These are further broken down into 

‘variants’, based on site specific parameters of microclimate, soil type, aspect etc. 

(Meidinger and Pojar 1991).   

The study area is primarily within the Boreal White and Black Spruce (BWBS) 

biogeoclimatic zone at elevations from 230 to 1300 m (Meidinger and Pojar 1991).  

Mesic sites are dominated by Picea glauca (Moench) Voss1 (white spruce) and Populus 

tremuloides Michx. (aspen), with lowland poorly drained sites being dominated by Picea 

mariana (P. Mill.) B.S.P. (black spruce).  Other common trees include Pinus contorta 

Dougl. ex Loud. (lodgepole pine) and Populus balsamifera L. (balsam poplar).  Common 

understory shrubs include Viburnum edule (Michx.) Raf. (highbush cranberry), Rosa 

acicularis Lindl. (prickly rose) and Vaccinium vitis-idaea L. (lingonberry); Mertensia 

paniculata (W. Ait.) G. Don (tall bluebells), Galium boreale L.(northern bedstraw), 

Calamagrostis canadensis (Michx.) Beauv. (bluejoint), and Petasites frigidus (L.) Fries 

var. palmatus (Sieb. & Zucc.) Maxim. (palmate coltsfoot) are common in the herb layer 

(Meidinger and Pojar 1991).  Grassland and scrub communities occupy the steep south-

facing slopes above the major rivers in the region (Meidinger and Pojar 1991).  Extensive 

                                                 
1 Names follow the Illustrated Flora of British Columbia, Volumes 1-8 (Douglas et al. [1998A, 1998B, 

1999A, 1999B, 2000A, 2001A, 2001B, 2002A]) except where otherwise noted. 
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wetland communities occupy poorly drained sites throughout the region, and particularly 

in the northeast corner (MacKenzie and Moran 2004).  

Forests in the BWBS experience fire on a regular basis; as such they are classified by 

the BC Ministry of Forests as Natural Disturbance Type 3 (NDT3): ecosystems with 

frequent stand initiating events.  Wildfires can be extremely large from an average of 300 

ha, but fires of up to 100,000 ha or more are not unusual (Parminter 1995).  Patches of 

forest are missed by fire, resulting in a landscape mosaic of unburned stands of large 

even-aged trees among the predominantly mixed age forest. 

Above the BWBS zone are the subalpine zones Spruce-Willow-Birch (SWB) in the 

most northern latitudes and Engelmann Spruce – Subalpine Fir (ESSF) in more southern 

latitudes.  Subalpine trees include Picea glauca, Abies lasiocarpa (Hook.) Nutt. 

(subalpine fir), Pinus contorta Dougl. ex Loud. and Picea engelmannii Parry ex Engelm. 

(Engelmann spruce).  Salix glauca L. (grey-leafed willow) and other willows are 

common in shrub-dominated and wetland ecosystems in the SWB zone.  Subalpine 

grasslands occur as openings with Festuca altaica (Altai fescue), Poa glauca (glaucous 

bluegrass), Calamagrostis purpurascens (purple reedgrass), Leymus innovatus (fuzzy-

spiked wildrye) and Elymus trachycaulus ssp. trachycaulus (slender wheatgrass) as 

typical grasses (Wikeem and Wikeem 2004).  (Authorities for grass species in this paper 

are shown in Table 3.4.)  Both zones have very cold winters and deep snow.   

Above the SWB and ESSF is the Boreal Altai Fescue Alpine (BAFA) zone, the most 

extensive of three alpine BEC zones in B.C (MacKenzie 2005).  The BAFA zone has 

very cold winters with a thin wind-blown snowpack and well-vegetated meadows 

dominated by Festuca altaica in zonal sites (MacKenzie 2005).  Cryoturbation, 
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topographic exposure, aspect, solar radiation, wind, and the distribution of the snowpack 

are major environmental factors controlling vegetation in the alpine (Meidinger and Pojar 

1991).   

2.1.3. Human History 

Humans have been a part of northeast B.C. ecosystems for most of the post-glacial 

period, as evidenced by Clovis points and bison fossils dating back to 10,500 years BP 

found in Charlie Lake Cave (Driver 1996).  Dunne-zaa (Beaver), Sikanni and Slavey 

peoples are the aboriginal inhabitants of the region with a culture and economy based on 

hunting and gathering (Burley et al. 1996).  An intimate knowledge of the plants, animals 

and geography of the boreal forest allowed them to prosper in this difficult environment.  

Traditional land use likely included the use of fire to influence plant and animal 

distribution by creating successional communities, maintaining grasslands, and to open 

travel corridors (Lewis and Ferguson 1988).   

In 1793, Alexander Mackenzie travelled up the Peace River and commented on the 

large mammal populations he witnessed:  "This country is so crowded with animals as to 

have the appearance in some places, of a stall yard2 from the state of the ground, and the 

quantity of dung which is scattered over it (Mackenzie in Burley et al. 1996: p. 7)."  

Rocky Mountain Fort, the oldest Euro-Canadian settlement in British Columbia, was 

established the following year as a fur-trading post near what is now Fort St. John 

(Spurling 1978).  The fur trade (1794 – 1900) brought major changes to traditional 

lifestyles, territories, and socio-economic systems for northern indigenous cultures 

(Spurling 1978). In the nineteenth century, the Klondike gold rush brought more Euro-
                                                 
2 a barnyard. 



 

 

12

Canadians to the region, as miners, trappers and traders established a presence.  In 1899, 

Treaty 8 was signed by most of the indigenous groups in the region, and the reserve 

system was established (Brody 1981). First Nations settlements today are generally small, 

scattered throughout the region, although aboriginal people continue to trap and hunt in 

their extensive traditional territories.  

Massive ecological changes accompanied the fur trade and subsequent settlement by 

Euro-Canadians.  The fur trade was essentially an extractive industry, pushing 

westerward as fur-bearing animals were locally extirpated.  By 1823, beaver (Castor 

canadensis Kuhl) and other fur-bearing animals were essentially trapped out around Fort 

St. John (Burley et al. 1996).  Large mammals, such as bison (Bison bison L.), moose 

(Alces alces L.) and elk (Cervus elaphus L.), were hunted to near extinction for 

provisions for the traders.  The last bison was hunted from ‘the stall-yards’ in 1903.  Both 

the bison and the beaver are considered keystone species, those species which are 

responsible for the main vegetation pattern of an ecosystem disproportionate to their 

abundance (Khanina 1998).  Large ungulates such as bison are critical to grassland 

diversity and integrity through grazing, seed dispersal, and dust-bathing (Knapp et al. 

1999).  Beaver have been described as 'ecosystem engineers' that significantly change 

hydrological characteristics of landscapes (Rosell et al. 2005). The loss of populations of 

these two species must have dramatically altered the ecology of northeast B.C.  

Agricultural settlement began in the early twentieth century, the Alaska Highway 

opened in 1942 and oil was discovered in 1951.  Population is now concentrated in Fort 

St. John, Dawson Creek and Fort Nelson, as well as in the smaller towns of Tumbler 

Ridge, Hudsons Hope, Chetwynd  and Taylor.  The backbone of the region's economy is 
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resource-based industries.  Agriculture and ranching are concentrated around Dawson 

Creek and Fort St. John.  Forestry occurs throughout the region.  Hydro-electric 

generation from the Bennett dam, near Hudson's Hope provides a significant portion of 

B.C.'s electricity.  Mineral, oil and gas exploration and development are extensive 

throughout.   

Each of these activities has associated environmental impacts, resulting from the 

disturbance of the land surface.  Sustainable management of resource industries is a high 

priority, as expressed in the land use plans of the region (Minister of Sustainable 

Resource Management 1999, Fort St. John LRMP Working Group 1997, Minister of 

Sustainable Resource Management 1997).  This type of management requires careful 

planning to minimize damage to the region's boreal ecosystems as well as for the 

reclamation and revegetation of impacted lands to protect biodiversity and ecosystem 

services.  Sustainable management is contingent upon understanding the nature of a 

particular disturbance in a particular environment, as well as the cumulative effects of the 

different, interacting elements.  In the next section, I discuss one major type of industrial 

development in the northeast – oil and gas exploration and development – and examine 

the nature of associated disturbances.   

2.1.4. Oil and gas exploration and development 

Oil and gas exploration and development has a significant and increasing impact on the 

landscape in northeast British Columbia.  In 2007, the oil and gas sector was British 

Columbia's single largest revenue source (BC Oil and Gas Commission n.d.).  In 2006, 

1416 new wells were drilled, bringing the total of oil and gas wells in the province to 

19,500 (British Columbia Ministry of Energy, Mines and Petroleum Resources 2007) 
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with all the associated infrastructure of roads, seismic lines, pipelines, and processing 

facilities all disturbing the landscape at various scales and with varying intensity (Figure 

2.2).  

 
Figure 2.2  Oil and gas tenures in northern British Columbia.  Dots represent single tenures for 
exploration that have been granted since 1964 Copyright © Province of British Columbia.  All 
rights reserved.  Reprinted with the permission of the Province of British Columbia.  
www.ipp.gov.bc.ca (Appendix 1). 

Initial exploration involves cutting long narrow (6-8 m wide) seismic lines through the 

forests (Schneider 2002).  The West Coast Environmental Law Society (2004) estimated 

that there was more than 120,000 km of seismic lines in B.C. by 2002.  With more than 

20,000 km of new seismic lines every year, there are now likely more than 200,000 km of 

these linear disturbances crisscrossing northeast B.C. (Figure 2.3).  Some of the 

ecological degradation associated with seismic lines include loss of forest cover and 
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woody plants as well as permanent conversion to low forbs (Revel et al. 1984, Lee and 

Boutin 2004), the introduction of weedy species (Sinton Gerling 1996), loss of habitat for 

forest-interior species (Bender et al. 1998), changes to predator-prey relationships (James 

1999), and damage to soil, water table and drainage patterns (Lee and Boutin 2004, 

Schneider 2002).  Edge effects, which proportionally impact more land in small areas 

than large ones (Harrison et al. 2001), can manifest at a landscape scale.  Fragmented 

landscapes can become species population sinks, where habitat specialists, species with 

low dispersal ability, or small populations are at increased risk of local extirpation (With 

2002).  The study by Lee and Boutin (2004) suggests that seismic lines become more or 

less permanent landscape features because of extremely slow recovery, requiring up to 

112 years to return to forest.  Many seismic lines also become converted to permanent 

tracked access for ATVs and snowmobiles (Lee and Boutin 2004). 

 

Figure 2.3  Satellite photo showing well sites (small square areas), seismic lines (very narrow 
linear features), pipelines (wider lines), and roads just south of Fort Nelson.  River in lower left 
hand corner is Fort Nelson River (Google Maps n.d.). 
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When seismic exploration finds potential for oil and gas extraction, the next step is to 

drill a well.  Well pads are a minimum of 75m by 75m, with clearings of about one 

hectare being typical to accommodate the assembly of the drilling rig, traffic and 

movement of supplies and workers (Schneider 2002).  The well site pad surface is 

levelled, compacted and maintained free of vegetation while the well is in production.  

Typically, the topsoil is scalped from the site and stored in a berm along the edge of the 

pad for subsequent redistribution over the pad after abandonment.  During the storage 

period, a variety of changes occur in the soil, including reduction in soil mycorrhizae and 

organic matter, structural deterioration and changes to soil chemistry (Abdul-kareem and 

McRae 1984).  After decommissioning, the pad is re-contoured to match the surrounding 

landscape, and the soil is replaced over the pad surface.  Soil disturbance during oil and 

gas activity may change the drainage patterns, increase erosion and alter the soil texture 

(Alberta Environment 1995).  Temporary increases in some resources (light, available 

nitrogen, water) caused by the clearing may create “windows of opportunity” for invasive 

species (Davis et al. 2000).  While each individual pad is not terribly large, a growing 

body of evidence suggests that some animals avoid the area around well pads.  Rangifer 

tarandus caribou (Gmelin) (woodland caribou), for example, avoid wells for a distance 

of up to 1000 m, as compared with 500 m for seismic lines (Dyer et al. 2001b).  Bison, 

however, seem attracted to well pads, as I witnessed frequently during the study. 

In addition to the ecological impacts of the clearings themselves, there is a potential for 

contamination of soil, water and air.  A lubricant, called drilling mud, is used to facilitate 

drilling, cooling, lubricating and cleaning the drill bit that cuts and removes rock from the 

drill hole, while stabilizing and controlling pressure in the bore hole.  The mud is an 
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aqueous suspension of various chemicals and minerals (there are over 1000 different 

formulations) that have varying toxic effects when released in the environment (Holdway 

2002).  Contamination of the soil, water and air can occur from drilling mud, from drill 

waste, from the release of hydrocarbons from spills, leaks and flaring, and from other 

chemicals used in the extraction process (Schneider 2002).  

2.1.5. Revegetation in the Oil and Gas Sector 

The total environmental impact of oil and gas exploration and extraction in B.C. is 

expanding but not well understood.  The BC Energy Plan committed B.C. to lead in 

"environmentally and socially responsible oil and gas development," to establish 

measures and policy actions, implementing policies and measures to improve 

management, and to "progressive reclamation" (British Columbia Ministry of Energy 

Mines and Petroleum Resources 2007).  The oil and gas sector is regulated by numerous 

acts including the Oil and Gas Commission Act, Petroleum and Natural Gas Act, the 

Pipeline Act and the Land Act (BC Oil and Gas Commission 2007). Remediation and 

"progressive reclamation" are a requirement of all development plans (BC Oil and Gas 

Commission 2007). 

B.C.'s regulations remain firmly in the 'reclamation' paradigm.  Revegetation of surface 

leases (well sites) is guided by the British Columbia Oil and Gas Handbook, Schedule B 

Site Reclamation Requirements (BC Oil and Gas Commission 2007).  Priority is given to 

preventing soil erosion and weed distribution.  Within 24 months of reseeding, vegetation 

is to be visually compared with the "adjacent undisturbed ground" while meeting criteria 

of at least 80% cover, and with healthy vigorous plants that are at least 80 % of the height 

and density of the adjacent plant community.  Presumably, in forested ecosystems, the 
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comparison is to be made between only herbaceous vegetation, as trees and shrubs, if any 

were actually planted, could not possibly reach the 80% height criterion in two years. 

Species can be either native species that naturally occur in the adjacent undisturbed 

community, or a "suitable seed mixture that is adapted to the climate and soil conditions" 

of the region (BC Oil and Gas Commission 2007).  The selection of native species is 

actually more restrictive than the selection of agronomic species, and could exclude early 

seral species when the adjacent area has only late seral species.  In practice, a mixture of 

non-native agronomic grasses and legumes are almost always used (T. Sedun pers. 

comm. March 22, 2006).  If these and other conditions are met within the timeframe, a 

certificate of reclamation can be awarded and liability for the site returns to the province.   

Documented research studies on the effectiveness of B.C.’s revegetation regulations 

are few, and no long-term research programs are in place. Significant research has been 

done on mine reclamation in B.C., but the results are not necessarily applicable to oil and 

gas disturbances. A number of studies from jurisdictions outside B.C. have evaluated 

revegetation success for well sites and pipelines.  Kershaw and Kershaw (1987) found 

that reseeding and ongoing fertilization were necessary to meet the cover, height and 

health requirements required by similar regulations.  Without fertilization, plants did not 

persist for long or they were much less productive (Larney et al. 2003).  Naeth et al. 

(1997) found that after five years, pipelines seeded with non-native species seeded 

pipelines had more bare ground, less litter cover and lower total vegetation than ones 

seeded with native species.  Dormaar et al. (1994) found that non-native species altered 

the soil chemical composition and that grassland sites seeded with non-native species 

were less likely to resemble the surrounding landscape than sites that were simply 
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abandoned.  Seeded introduced agronomic grasses were found to invade the native plant 

communities adjacent to reclaimed gas well sites, with little reciprocal colonization of 

native grass species onto the well sites (Smreciu 1994).  

In general, the B.C. oil and gas regulatory framework follows that of Alberta, which 

has a much larger and more established industry.  However, Alberta's revegetation 

guidelines have changed dramatically in recent years, moving from having no regulations 

prior to 1963, to regulations that had no vegetation requirements (Land Surface 

Conservation and Reclamation Act -Alberta Environment 1985), to the mandatory use of 

native seed for reclamation (Native Plant Revegetation Guidelines for Alberta  - Native 

Plant Working Group 2000).  The recent Public Lands Operational Handbook (Alberta 

Sustainable Resource Development 2003) guidelines are even more ecologically based; 

in addition to requiring native seed, the guidelines promote natural recolonization and 

take into consideration that the resultant vegetation "blends into the surrounding 

landscape; maintains genetic diversity; and results in reduced soil erosion due to the 

superior soil-holding capability" (p. 55) of many native species.  Alberta is moving 

toward an ecological restoration paradigm that values the aesthetic and ecological values 

of its native biodiversity.  With a commitment to "leading in environmentally responsible 

oil and gas development" (British Columbia Ministry of Energy Mines and Petroleum 

Resources 2007), British Columbia needs to take a hard look at its existing practices and 

to make modifications orienting them from the paradigm of reclamation to that of 

ecological restoration. 
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2.2. Ecological restoration 

"Here is the means to end the great extinction spasm. The next 
century will, I believe, be the era of restoration in ecology."                                                                                          
(E.O. Wilson 1992) 

Ecological restoration is defined as the "process of assisting the recovery of an 

ecosystem that has been degraded, damaged or destroyed." (Society for Ecological 

Restoration International Science & Policy Working Group 2004).  It is a management 

activity to accelerate recovery at sites that have been degraded by human activity.  

Ecological restoration has been described as both an art and a science (Mills 1995).  As a 

human activity, restoration takes place in a cultural, historical, social and political arena 

(Higgs 1997) and cannot be isolated from societal and political will.  Hebda (1999) 

suggests that ecological restoration is nothing less than a fundamental shift in human 

relationships with the natural world.  Robertson and Hull (2001) use the term 'public 

ecology' for the interface between environmental science and policy most likely to attain 

sustainable human and natural ecosystems.  

Restoration ecology is a multidisciplinary field, drawing on social sciences, ecology, 

systematics, conservation biology, geology, paleobiology, climatology, and agronomy as 

components of its toolkit.  It provides the scientific background and theory that underpins 

the practice of ecological restoration.  In turn, restoration projects can generate new 

information that challenges current ecological and social theory and stimulate new 

concepts and models.  

Core principals of restoration ecology include mimicking natural succession wherever 

possible, using pioneer species from the regional species pool after a major disturbance, 

paying attention to all aspects of biodiversity including rare species, controlling invasive 
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species, re-establishing ecological linkages and lost ecological niches and mitigating the 

limiting factors which prevent natural recovery (Society for Ecological Restoration 

International Science and Policy Working Group 2004).  Goals for restoration may 

include compositional aspects, such as a restoring species; structural aspects such as re-

establishment of a target physiognomy (forest, parkland, patchiness) and functional 

aspects such as the return of key ecosystem processes including soil formation and 

nutrient cycling.  A strict, absolutist definition of restoration has a goal of full recovery of 

pre-disturbance historical ecosystem structure and function (Society for Ecological 

Restoration International Science and Policy Working Group 2004).  A difficulty with 

this type of goal is that it is associated with past environmental and cultural conditions 

that likely no longer exist (Hebda 1999).  Replication of an idealized historical ecosystem 

becomes more dubious in times of rapid global climate change.  In practice, restoration 

aims to set a degraded area to a trajectory toward a healthier, self-sustaining state.  This 

may be in terms of a modern reference ecosystem, ecosystem function or ecosystem 

services. 

This study examines the use of native grass species to restore degraded ecosystems in 

northeast B.C. while conserving biodiversity and constraining the invasion of non-native 

species.  In the face of climate change, restoring native grasses to native landscapes can 

build resilience in the ecosystem.  Ecological theories of disturbance, succession and 

plant traits are used to guide selection of species most likely to succeed under the 

conditions present in highly disturbed sites.   



 

 

22

2.3. Disturbance and succession 

Disturbance is the destruction of plant biomass, further defined by White and Picket 

(1985) as "a relatively discrete event in time that disrupts the ecosystem, community or 

population structure and changes the resources, substrate availability or physical 

environment."  Disturbances vary temporally in duration, frequency and return interval; 

they also vary in magnitude, including the intensity or physical force of the disturbance 

agent as well as the severity of impacts; and they vary in specificity and predictability in 

terms of the species, size class or successional stage affected, and spatially in terms of the 

size, shape and spatial distribution.  

Disturbance strongly affects ecological communities, is a primary cause of spatial 

heterogeneity on landscapes at a variety of scales (Gutschick and BassiriRad 2003), and 

can contribute to dynamic stability and maintenance of biodiversity (Jentsch 2004).  

Disturbance is also an evolutionary force, as species, biotic communities and ecosystems 

adapt to local microconditions (Darwin 1859).  A natural disturbance regime is the 

complex synergistic interaction between all disturbances affecting an ecosystem and the 

recovery of disturbed ecosystems.  

Restoration can be seen as the opposite of disturbance, as an attempt to build up 

biomass that has been destroyed, attempting to follow and perhaps advance natural 

patterns of recovery.  Restorationists plant native species not just to return biomass to a 

system, but also to return the services of the biomass.  Restoration practices that mimic 

natural recovery involve using native species that are most suited for the climatic, 

physical and other biotic aspects of the region and so are likely to be most consistent with 

regional biodiversity, its values and services (Polster 1989). 
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Traditional cultural practices of many aboriginal societies have included manipulating 

or augmenting a disturbance regime at a variety of scales to encourage or enhance 

culturally important plants (Turner 2005).  For example, fires were deliberately set to 

keep travel corridors clear in the boreal forest of northern Alberta (Lewis and Ferguson 

1988) and northern British Columbia (Johnson 1999).  Restoration can also involve 

learning from these practices to enhance recovery.  Effective management practices must 

include an understanding how novel human disturbances differ from or resemble natural 

disturbances, as well as how natural and anthropogenic disturbances interact (Larson et 

al. 2001).  This question becomes even more critical in the face of global climate change 

as new stresses such as increases in pests, influx of novel pests and shifts in competitive 

advantage occur (Hobbs and Cramer 2008, Austin et al. 2008). 

Succession is the directional change of community structure and composition over 

time, and is categorized as either primary, which follows the formation of a new 

unoccupied habitat (such as a volcano or glacial retreat) or secondary, which follows a 

disturbance.  Clements’ (1916) classical theory on succession predicts steady, more-or-

less predictable and orderly changes toward a single climax equilibrium of "maximum 

possible development" (Meidinger and Pojar 1991).  Egler (1954) emphasized the role of 

the initial floristic composition in determining future shifts in dominance, predicting that 

the species or suite of species that initially occupies a site may restrict new species from 

establishing there.  Newer theories of succession (generally called "multiple equilibrium 

succession") are more dynamic, non-deterministic and contingent on stochastic factors 

such as the arrival of viable propagules, gap dynamics and moisture conditions at the 

time of disturbance.  In the multiple equilibrium view, initial conditions, positive 
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feedbacks and landscape position influence community assembly toward different 

alternate potential stable states.  A non-equilibrium view suggests that there is no 

permanent stable state, with limited predictability and directionality (Suding and Gross 

2006). 

In general, all theories of succession recognize that ecological assemblages build and 

change through time (Temperton et al. 2004).  Fast-growing ruderal species colonize 

disturbed ground from plants and plant propagules that survived the disturbance, from 

seeds in the soil seed bank, or from seeds and plant propagules that colonize from a 

distance.  Over time, some early colonizers decrease in abundance and may even 

disappear from a locality, while other species become established and increase in 

abundance.  Connell and Slatyer (1977) suggest three mechanisms to explain 

successional sequences: early occupiers may facilitate the entry of new species, they may 

inhibit the establishment of new species, or new species may be able to tolerate a wide 

range of site conditions and are neither dependent on nor prevented from establishing by 

the initial occupiers of a site.  

Restorationists attempt to manipulate successional processes after an anthropogenic 

disturbance toward a desired ecosystem trajectory.  Frequently, this involves planting 

early successional species, usually including grasses, which, it is theorized, will kick-start 

the recovery process by creating the conditions, both above and below ground, necessary 

for the growth and establishment of later successional species (Polster 1989).  Species are 

selected that will hopefully facilitate establishment and growth of new native species and 

inhibit invasive species (Davis et al. 2005).  Recovery goes through a number of stages, 

including colonization, establishment, inter-individual and interspecies competition, 
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reproduction, and persistence and senescence; the species that are important to each stage 

may change, and this may require more than a single restoration treatment (Polster 1989). 

Oil and gas well sites and associated disturbances offer interesting opportunities to 

study disturbance and succession in order to design more effective restoration strategies.  

The time of disturbance and abandonment is known, management treatments are 

generally well-known and understood, and the sites are connected by a network of roads, 

pipelines and seismic lines that offer different types and intensities of disturbances for 

comparison.  Well sites are often located within relatively undisturbed habitats with a 

variety of locally adapted, available native plant colonizers. 

Some well sites represent conditions similar to primary succession – the soil has been 

scraped off, the exposed subsoil kept free of vegetation for the duration of the drilling and 

production.  Historically, there has been no requirement to replace topsoil after drilling 

(Larney et al. 2003). Now, although soil salvage is required, topsoil stored in berms loses 

organic matter and soil biota and the number of viable plant propagules is reduced 

through this storage (Abdul-kareem and McRae 1984).  Additionally, there may be 

chemical contamination (including heavy metals, elevated sodium, salinity, and 

petroleum hydrocarbons) and physical compaction that inhibit plant growth.  Observation 

of grass species that colonize these sites may allow for the identification of species able 

to tolerate the specific types of soil conditions associated with the oil and gas industry. 

Long linear corridors such as roads, pipelines and seismic lines generally offer less 

severely disturbed circumstances (decreasing in roughly that order), and increased 

colonization opportunities with a large edge-to-interior ratio.  The corridors can also be 

points of introduction of invasive plants, often reaching into extremely remote areas. 
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This study aims to document native grass colonizers of these different disturbance 

types as potential native substitutes for agronomic grasses.  I look for shared 

characteristics (life-history, morphology, regeneration traits) of the more successful grass 

colonizers.   It also documents the native grass species that fail to colonize disturbances 

and so are most vulnerable to local decline or extirpation following disturbance.  I also 

assess the effectiveness of the current regulations to measure reclamation. 

2.4. Plant functional traits  

In plant ecology, increasing emphasis is being placed on a functional understanding of 

vegetation (Lavorel et al. 1998, Weiher et al. 1999, Cornelisson et al. 2003), integrating 

aspects of plant life history strategies, morphology, reproduction, phenology and 

physiology to explain vegetation dynamics at local, community, and global scales 

(Jentsch 2004, Garnier et al. 1997, Diaz et al. 2004). Plant functional traits are attributes 

that influence a plant's performance (establishment, growth, survival) related to resource 

acquisition and conservation (Reich et al. 2003, Kahmen 2004).   

Functional trait research aims to understand and predict vegetation dynamics based on 

a limited number of easily measured 'soft' traits believed to be correlated with 

ecologically important processes (Weiher et al. 1999, Grime et al. 1997, Díaz and Cabido 

1997), what Lavorel and Garnier (2002) call the "Holy Grail" of functional ecology.  Soft 

traits can be quantified for a large number of species in different regions of the world for 

global comparisons more easily than underlying 'hard' traits that may be highly desirable 

and more closely related to the function of interest (Weiher et al. 1999).  For example, 

seed dispersal is critical for plants.  Dispersal through space is difficult to measure, and 

plants have evolved many different mechanisms to achieve dispersal, including 
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adaptations for dispersal by wind (such as the presence of a pappus or wings), by animals 

(both internal and external), by water, and through launching and bristle contraction 

(Cornellisen et al. 2003).   Thus it is a 'hard' trait.  Seed mass – an easy to measure 'soft' 

trait – has been strongly associated with dispersal distance (Thompson et al. 1998), and 

can be rapidly measured for populations of interest.  

A wealth of research links plant traits at the individual level to ecosystem function 

(McGill et al. 2006, Díaz and Cabido 2001), both through response to environmental 

factors and effects on key ecological processes.  Plant trait research has also addressed 

questions of response to disturbance (McIntyre et al. 1999, Lehsten and Kleyer 2007) and 

nutrient gradients (Fonseca et al. 2000); relationship to colonization and invasion (Walker 

et al. 2006, Rejmánek and Richardson 1996); effects of traits on ecosystem processes 

(Chapin 2002); and modelling of vegetation response to global change (Lavorel and 

Garnier 2002, Díaz and Cabido 1997).  Various efforts are underway to collect data in 

large databases to facilitate modelling of traits and processes on pressing large-scale 

ecological questions.  Standardized measurement of a small number of core traits that 

capture as much variability as possible can facilitate the use of these large databases 

(Lavorel and Garnier 2002).  Westoby (1998) acknowledges the trade-off between the 

amount of the variation captured and the linkage to the function of interest with soft 

traits, but contends that the benefits for global comparisons outweigh the disadvantages.   

Ecologists have developed a number of theories to understand plant strategies.  

MacArthur and Wilson (1967) distinguish plants based on the density dependence 

concepts of r- and K- selection, where r is the intrinsic rate of population growth and K is 

the carrying capacity.  Noble and Slatyer (1980) characterize successional change after 
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disturbance using plants’ life history characteristics, termed 'vital attributes', based on 

their method of persistence during a disturbance (ie, the growing points of many 

perennial grasses are near or below the soil surface allowing them to regrow after grazing 

or fire), conditions for establishment and critical life history stages.  Grime's (1977) C-S-

R (competitor-stress tolerator-ruderal) model places plants in a triangle based on their 

response to the selection pressures of disturbance, physiological stress and competition.  

These functional classifications are conceptual in nature, incorporating multiple traits that 

are not easily measured. 

Westoby (1998) proposed a 'leaf-height-seed (LHS) plant ecology strategy scheme' 

whereby any plant, independent of taxonomy, could be placed in three-dimensional space 

based on only three traits:  specific leaf area (SLA), plant canopy height, and seed mass.  

The LHS scheme uses easily measured 'soft' traits believed to be linked to plant response 

to environmental factors such as land use, disturbance and climate and/or plant effects on 

ecosystem function including litter decomposition, nutrient capture and cycling, and 

water relations (Westoby and Wright 2006).  Each axis incorporates independent and 

fundamental trade-offs in plant strategies.  SLA represents the trade-off between rapid 

growth and longer lifespan; canopy height represents the trade-off between investment in 

stem tissues and access to light for photosynthesis; and seed mass represents the trade-off 

between seed size and seed number, as well as seed size and relative growth rate, 

dispersal distance and seed dormancy. 

The LHS model is most appropriately used to understand broad patterns of vegetation 

at large scales, as it may not incorporate enough information related to specific processes 

(Westoby 1998) and the function of interest (Lavorel et al. 1997).  McIntyre et al. (1999) 
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propose selecting traits based on their perceived relevance to the disturbance of interest, 

to the major life form being studied, and within a regional ecological context.  

Generalization of trait responses to disturbance becomes possible through the meta-

analysis of numerous studies (McIntyre et al. 1999).  

Plant traits are also being used as tools for understanding and improving restoration 

practice.  Pywell et al. (2003) found a linkage between plant traits and species 

performance in grassland restoration.  Thompson et al. (2001) found that the colonization 

success of native species in a limestone grassland was linked in the short term to seed 

mass and germination.  After five years, however, these traits no longer predicted success 

and perennial grasses dominated.  Brudvig and Mabry (2008) used plant traits to guide 

species selection for restoration in degraded oak savanna in central Iowa.  They identified 

for targeted reintroduction perennial grasses and forbs that were dispersal limited by seed 

mass or specialized dispersal mechanism (i.e. ants) – and therefore unlikely to establish 

passively during restoration.  Suding et al. (2008) investigated methods of constraining 

invasive species during the restoration of a California grassland.  They found that 

matching the traits of native species with those of the invasive species they were able to 

limit invasion.  In the face of global climate change, plant functional traits are proposed 

as an alternative to species identity as targets for restoration (Hobbs 2008). 

Among the limitations to applying theory about functional traits to practical work in 

the field is the absence of data of these traits for the species and environments concerned.  

Questions of scale are also important, and it is unclear if patterns that have been observed 

in ecosystem dominants are reflected at a local scale among one functional group, such as 

grasses, in other climates and other biomes. 
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2.5. Why study grasses? 

Grasses (family Poaceae) are key elements of the natural and developed landscapes of 

northeast B.C.  At all elevations, there are pockets of grass-dominated ecosystems 

including the grasslands on the banks of the Peace River and its tributaries, grassy 

openings at middle elevations, and the Boreal Altai Fescue Alpine at upper elevations.  

They are present in all ecosystems to varying degrees. They have key roles in succession, 

and are particularly important in post-disturbance revegetation, providing key functions 

in recovery from disturbance as they help stabilize soil, prevent erosion, build organic 

matter and provide forage and habitat for native and domesticated animals.   

Worldwide, Poaceae has about 10,000 species and is one of the largest plant families 

(Barkworth 1992).  Grass pollen first appeared in the Paleocene fossil record between 65 

and 55 million years ago, and underwent a major increase in the mid-Miocene with 

increasing adaptation to drought and a shift to open habitats (Kellogg 2001).  Currently, 

grass-dominated ecosystems comprise about 20% of Earth's vegetation cover and grasses 

are a major component of many terrestrial ecosystems.  In British Columbia, grass-

dominated ecosystems were once much more widespread than today under warmer and a 

drier than present climates 7000-10,000 years ago (Hebda 1995).  

Because of their evolutionary adaptations and their ecological role in early successional 

ecosystems, grasses should be considered as candidate species for deliberate introduction 

in a revegetation program.  The use of native grasses in revegetation may have the benefit 

of conserving the genetic diversity in situ (Holubec 2005), preserving evolutionary and 

ecological processes (Jones and Larson 2005), and providing immediate ecological 

benefits of pioneer species in an early successional transition stage (Allcock et al. 2007).  
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Grasses facilitate soil development as organic carbon is added to the soil by the dense 

root network (Forbes and Jefferies 1999). Above-ground parts provide shading, capture 

moisture, and contribute litter and biomass, thus enhancing the moisture regime 

(Densmore 1992). 

Variation among grass taxa in their affinity to disturbance likely results from differing 

environmental adaptations that may be reflected in trait differences.  McIntyre et al. 

(1999) advocate studying traits within major life-forms to illuminate trait syndromes that 

are particular to that life-form or functional grouping.  Traits may relate to differential 

performance at different successional stages, and thus may be predictive for the 

restoration potential of individual taxa.  

Some research has been carried out to evaluate the restoration potential of particular 

grasses indigenous to northern British Columbia (Burton and Burton 2003, Vaartnou 

2000), but there has been no systematic assessment of the grasses of the northeast region.  

The grass flora of the northeast plains is more closely allied with the flora of the Great 

Plains than with that of B.C. west of the continental divide, although there is considerable 

overlap.  Based on the distribution maps in Volume 8 of the Illustrated Flora of British 

Columbia (Douglas et al. 2002), there were 75 grass species with known occurrences in 

the area, only 14 of which were not indigenous to the area.  This is fewer species than 

other areas of B.C. with more diverse topography.  For example, Stewart and Hebda 

(2000) documented 152 species from the Columbia Basin, an area slightly smaller than 

the study area.  There is an urgent need to document the distribution of grasses in 

northeast B.C. as a basis for understanding which species have the most potential in the 

restoration process and under what conditions. 
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2.6. Grasses, Traits and Restoration 

Knowledge about the response of individual species to different kinds of disturbance 

and succession, as already mentioned, can guide the selection of species for restoration 

efforts after industrial development in northeast B.C.  Knowledge about the response of 

individual traits to disturbance and succession, can also aid in selecting a broader range 

of species for restoration.  Table 2.1 presents a list of grass traits that have been 

associated in the literature with different traits over different phases of succession.   

For this study, I was only able to observe and measure a small number of traits in the 

field or the greenhouse for a limited number of grass species, due to time, budget and 

equipment limitations.  My objective was to explore the potential for traits to guide 

restoration while providing new data for this region to global trait databases.   

2.7. Chapter Summary 

Native grasses are increasingly being valued for revegetation in habitats disturbed by 

industrial activities, and for their ability to perform specific functions (i.e. erosion 

control) as well as to maintain natural habitats and native biodiversity.  This is part of a 

larger shift from a reclamation paradigm that values rapid cover of disturbed soils 

without regard to species origin to one of restoration of species and genetic stock native 

to the area disturbed.  In Alberta, regulations for revegetation on public lands have been 

changing rapidly towards restricting the use of non-native seeds and requiring 

ecologically oriented restoration.  In northeast B.C., native species are rarely used for 

revegetation, although there is increasing interest in alternative recovery and a 

commitment on the part of the provincial government to develop environmentally  



 

 

33

Table 2.1  Reported association of plant traits with restoration potential of native grasses 
during succession.  Traits in bold were included in this study. 

  

Disturbance 

Colonization 

& 

Recruitment 

Establishment 
Competitive 

strength 
Persistence 

Whole-plant traits      

Life cycle * * *  * 

Plant height * *  * * 

Clonal growth * * * * * 

Lateral spread  * * *  

Leaf traits           

Specific leaf area  * * * * 

Leaf dry matter 

content  * * * * 

Photosynthetic 

pathway    *  

Leaf lifespan *  * * * 

Stem and 

belowground traits           

Aboveground 

biomass      

Biomass allocation  * *  * * 

Root biomass *   *  

Regenerative traits           

Dispersal mode * *    

Seed mass * *  * * 

Seed production in  

first year * * *   

Resprouting 

capacity * *    

Source:  adapted  from Cornelissen et al. (2003), with supplementary information from Weiher 

et al. (1999), Lavorel and Garnier (2002), Westoby (1998), Díaz et al. (2004), Kirkman et al. 

(2004), Kirmer et al. (2008).  Details and specific links to process are included in following 

chapters for studies traits.   

 

Selecting species appropriate for restoration requires an understanding of the type and 

effects of human disturbance at a particular site, as well as thorough knowledge of the 

distribution and abundance of local species, in this case, local grass species, individual 

species responses to disturbance and their successional status.  Plant traits may be a 
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useful filter for determining the appropriate species mix for a particular site.   In the 

following chapter, I examine ecological aspects of grasses pertaining to their suitability 

for use in ecological restoration. 
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Chapter 3 Grass distribution and abundance 

3.1. Introduction 

Reliable information about the distribution of plants in British Columbia is 

indispensable for land use planning, resource management and the conservation of 

biodiversity (Austin et al. 2008).  Understanding the plants of a given ecosystem, their 

biology and interrelationships is more important than ever for managing ecosystems 

wisely.  Ongoing habitat destruction and landscape fragmentation are predicted to interact 

with climate change, exacerbating biodiversity loss and leading to the progressive 

impairment of ecosystem composition and function (IPCC 2007, Austin et al. 2008).  

Ecological restoration is contingent upon understanding which plants are indigenous to 

an ecosystem (Society for Ecological Restoration International Science and Policy 

Working Group 2004), how they respond to disturbances, and the risks posed to 

vegetation communities by invasive alien plants.  For the majority of species in B.C., 

there are important gaps in our knowledge of plant ecology, especially population 

dynamics and trends, which create major challenges for effective restoration (Austin et al. 

2008). 

Grasses have evolutionary and ecological adaptations to disturbance, and are 

recognized as important in restoration (Burton and Burton 2003), both as native species 

for use in revegetation projects and as potential ecosystem invaders in the case of 

introduced species.  Northeast B.C. is botanically one of the least known regions in the 

province, and our knowledge of the grass species, in particular, is limited (Burton et al. 

2006).  The need for ongoing inventory and monitoring is increased by the importance of 

early detection and risk assessment of new and emerging invaders, which often establish 
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and spread before it is economically and ecologically viable to contain or control them 

(Westbrooks 2004).  The response of individual species to the particular types and 

intensities of disturbance in the region is even less understood.  The lack of good baseline 

information is a barrier to selecting appropriate grass species for restoration in this region 

and impairs our ability to manage and protect native biodiversity. 

One way to identify species that may be useful in restoration is to sample vegetation 

from particular disturbed sites where natural recovery and colonization is occurring 

(Robson et al. 2004).  Many studies have investigated successful colonization of native 

species on a variety of human disturbance sites to improve revegetation practices:  e.g., 

Amiro and Courtin (1981) in Sudbury, Ontario, Kershaw and Kershaw (1987) on oil and 

gas disturbance sites in the Northwest Territories, Russell (1985) on abandoned coal 

mines in Alberta, Gartner et al. (1983) on bulldozed clearings in Alaskan Tundra, and 

Kubanis (1980) and Jogenson and Joyce (1994) on degraded land associated with 

industrial development in Alaska.  To the best of my knowledge, this study is the first of 

its kind in B.C., identifying grass species that are colonizing disturbed areas associated 

with the oil and gas industry. 

Responsible industrial development requires reclamation after disturbance (BC Oil and 

Gas Commission 2007).  Increasing importance is being placed on maintaining ecological 

integrity and biodiversity by using native species for reclamation – leading towards 

ecological restoration – as a way to demonstrate good environmental citizenship, not to 

mention, for more effective and ecologically sound results (Burton 2003).  In B.C., the 

reclamation of surface leases (well sites) is governed by Schedule B – Site Reclamation 

Requirements (BC Oil and Gas Commission 2007).  The revegetation criteria emphasize 
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preventing establishment of invasive plants, preventing erosion and establishing 

vegetation that is similar in terms of height, density and cover to that of adjacent 

undisturbed ground, using either native species which 'would occur naturally' or a 

'suitable seed mixture'.  These criteria guided the design of my field surveys, and are used 

both to assess current reclamation success and to provide an inventory of naturally 

occurring species for use in future reclamation efforts.  

In this chapter, I provide a botanical inventory of both native and non-native grasses of 

northeast British Columbia. I describe how disturbance – particularly anthropogenic 

disturbance associated with petroleum development – influences grass distribution and 

abundance, and use Nonmetric-multidimensional scaling and environmental fitting to 

characterize environmental influences on grass composition during recovery from 

disturbance. Finally, I compare these results with an assessment of the recovery of well 

sites based on current B.C. reclamation requirements.   

The inventory and analysis can be used to understand which native grasses are able to 

naturally colonize disturbances associated with petroleum development and which 

grasses are absent from these areas. It identifies native grasses that are an important part 

of intact ecosystems and as such, may require special consideration.  In the discussion, I 

focus on the implications of the results on management practices and restoration, with 

respect to new, potentially invasive species, native species appropriate to the region and 

particular kinds of petroleum disturbance, and suitability for use in different ecosystems.   
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3.2. Methods 

3.2.1. Inventory of grasses across land use areas 

I made efforts to locate study areas with as wide a variety as possible of natural and 

anthropogenic disturbances and across different biogeoclimatic zones. Wherever 

possible, in disturbed sites, I surveyed a nearby undisturbed area for comparison.  The 

sample areas varied in size and shape, largely determined by the size of the disturbance 

footprint.  A total of 217 sites were surveyed:  115 in 2006, 23 in 2007 and 79 in 2008.  

Figure 3.1 shows the locations of the sites and Appendix 2 lists the site names, dates of 

sampling, site localition, elevation and site description.  

Much of the region is inaccessible by road, consequently areas near major highways 

and other roads are overrepresented in the sampling ('roadside sampling bias' of Kadmon 

et al. 2004).  In 2008, many sites were accessed by helicopter in the Sikanni River area, 

so these are overrepresented as well.  Underrepresented is the vast road-less northeast 

lowland region, much of which is covered by black spruce (Picea mariana) muskeg. 

Environmental parameters 

General site description:  For each site the following data were recorded:  description 

of location, latitude and longitude, and elevation (GPS E-Trex - Garmin, Southampton, 

UK -using NAD 83); slope, aspect and slope position.  Several ecological characteristics 

were described subjectively, including light availability, soil texture, exposed mineral soil 

and rocks, and level and type of disturbance (e.g. evidence of animal grazing, scat, 

digging, trampling, or trails). 
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Figure 3.1 Sites surveyed for grasses in 2006, 2007 and 2008.  See Appendix 2 for site names 
and descriptions. 

 

 

Fort Nelson 

Fort St. John 

 

Dawson  

Creek 
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Biogeoclimatic zones and underlying geology were recorded from on-line maps 

(British Columbia Ministry of Agriculture and Lands 2007 onward).  Relative soil 

moisture regime (SMR) was assessed for each site using the method described by 

Luttmerding et al. (1990) which subjectively synthesizes field characteristics such as 

slope position and gradient, soil texture, drainage, available water storage capacity and 

primary water source into 8 categories:  very dry, dry, slightly dry, submesic, mesic, 

moist, very moist and wet. 

Disturbance characteristics: Disturbance attributes were recorded as a comment, 

including disturbance agents (human, animal, fire, erosion, wind, water, etc.), time since 

disturbance (when unknown, this was estimated from the condition of the vegetation), 

amount of exposed soil, evidence of re-disturbance, compaction, and evidence of 

deliberate seeding on site.  I also assigned 'disturbance category' (DC), a relative measure 

of the intensity of disturbance and recovery on a scale of 0-4 (Table 3.1). 

Plant community sampling methods 

Inventory  

In 2006 and 2007, I focused on sampling a wide variety of sites and land uses for grass 

species. I made efforts to locate areas with as wide a variety as possible of natural and 

anthropogenic disturbances and in different biogeoclimatic zones. At disturbed sites, I 

surveyed a nearby undisturbed area for comparison.  The sample areas varied in size and 

shape, largely determined by the size of the disturbance.  In 2008, I focused on highly 

disturbed sites as these were under-sampled in earlier surveys.  At all sites, floristic 

composition was recorded as species lists of dominant associated species and all grass 

species 
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Table 3.1 Interpretation of disturbance categories, including sample habitat comment from site 
descriptions. 

 

The local abundance of each grass species was categorized on a modified Braun-

Blanquet scale:  1 (rare) – 2 (occasional) – 3 (scattered) – 4 (frequent) – 5 (common) – 6 

(abundant) – 7 (dominant).  The presence of rhizomes and stolons was recorded.  

Collections of most native species and many non-native species were made, with careful 

excavation of underground parts.   

Well Site Revegetation Assessment Surveys 

 
The 2008 study incorporated quadrat studies to obtain trait data on grasses that were 

actively colonizing highly disturbed sites, particularly those associated with petroleum 

Disturbance 

Category  

Interpretation Sample comment 

0 No evident disturbance.  No indication of loss of 
plant biomass.  No mineral soil exposed due to 
disturbance. 

Mid to late seral forests, 
grasslands 

1 Minor surface disturbance.  Short-term damage to 
vegetation.  None to small amounts (<5 %) of 
mineral soil exposed due to disturbance.  
Indication of low intensity of disturbance, 
infrequent re-disturbance or long time since a 
major disturbance. 

Riverbanks, light animal 
impacts, erosion, fire sites > 50 
yrs. 

2 Moderate damage to vegetation.  Some exposed 
mineral soil (5-15%).  Revegetation processes in 
evidence, with mid-successional species in 
evidence.  Intermediate disturbances, or medium 
undisturbed interval. 

Bison / logging / 'abandoned 
fields' / fire 

3 Moderate to severe impacts on vegetation.  15-
30% exposed mineral soil due to disturbance.  
Frequently compacted soils, including 
establishment of shrub and tree layer.   

Roadside / trail 

4 Severe, long-term damage to vegetation. Major 
disturbance of soil – including removal / scalping.  
At least 30% exposed soil.  Early successional 
species, weedy species beginning colonization 
process, with little development of shrubs and 
trees.  

Excavated well site / gravel pit 
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development.  Using the Vegetation Requirements from the British Columbia Oil and 

Gas Handbook (BC Oil and Gas Commission 2007),  I selected areas of adjacent 

disturbed and undisturbed ground to evaluate the recovery of well sites, associated linear 

disturbances and other petroleum exploration and development-type disturbances, and 

surveyed 39 transects (Table 3.2 and Appendix 2).  Most transects are in pairs: a well 

site, seismic line, pipeline or access road with an adjacent, less disturbed site. 

Occasionally, I established a cluster of transects in a single location where local 

conditions varied significantly and where time permitted.  For example, the 'MN – 

Muskwa North' series consists of three transects, two on overlapping well sites (MNd1-

abandoned 37 years ago, beside MNd2 – abandoned 70 years ago) and a single transect 

through the adjacent forest.  Other series include the BH series where there were two very 

different habitats beside the disturbed transect; the MR series, where two different 

treatments were used in the reclamation of the well site; and the BE + BM series 

consisting of a well site and adjacent forest, and an access road and its adjacent meadow.  

Two unmatched transects are also included:  SR1d and SR2d are reclaimed access roads 

near the SSd series and are included to have a better representation of linear corridors.   

Many of the transects were in the Muskwa-Kechika Special Management Zone.  Some 

of these sites had been managed to minimize disturbance and / or to encourage quicker 

regrowth of native species, as noted in Table 3.2.  Sampling was done following the 

Daubenmire method (Daubenmire 1959).  On each site, I established a 50 m transect.  For 

well sites, the starting point of the transect was approximately 10 m from the wellhead 

marker in a randomly chosen direction.  For seismic lines and other linear corridors, the 

transect was established in the general direction of the road, incorporating the road  
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Table 3.2 Location, elevation, and land use of oil and gas disturbance transects, summer 2008. 

Series Name   Transect Latitude Longitude 
Elev. 

(m) 
Habitat 

BH Haddow forest BHd 55.78 120.33 701 abandoned field 

  BHu1 55.78 120.33 698 meadow 

  BHu2 55.78 120.34 704 forest 

BE Bear Mountain BEd 55.59 120.37 862 well site 

  BEu 55.59 120.37 862 forest 

BM Bear Mountain BMd 55.59 120.37 867 road 

  BMu 55.59 120.37 862 meadow 

CC Chicken Creek CCd 57.31 123.20 1486 experimental well site 

  CCu 57.33 123.17 1368 meadow 

GR Graham River GRd 56.42 122.86 849 road 

  GRu 56.42 122.86 849 forest 

CG Crying Girl CGd 56.46 122.85 933 gravel clearing 

  CGu 56.46 122.85 933 forest 

CW Chowade CWd 56.63 122.51 863 pipeline 

  CWu 56.63 122.51 863 forest 

HR Halfway River HRd 56.94 123.06 1396 well site 

  HRu 56.94 123.06 1396 forest 

MR Marathon MRd1 57.20 123.25 1362 well site – 

recontoured and 

seeded 

  MRd2 57.20 123.25 1360 well site – 

recontoured not 

seeded 

  MRu 57.20 123.25 1360 forest 

BT Mt. Bertha Well BTd 57.17 123.65 1214 well site 

  BTu 57.17 123.65 1214 forest 

MB Mount Bertha MBd 57.16 123.63 1139 seeded road 

  MBu 57.16 123.63 1139 scrub 

ML Marion Lake MLd 57.13 123.17 1335 well site 

  MLu 57.13 123.17 1335 forest 

MW Muskwa West MWd 57.84 123.34 822 unreclaimed well site 

  MWu 57.98 123.39 894 muskeg 

MN Muskwa North MNd1 57.84 123.33 905 unreclaimed well site 

  MNd2 57.98 123.39 894 unreclaimed well site 

  MNu 57.84 123.33 888 muskeg 

OI One Island Lake OId 55.30 120.28 923 old linear corridor 

  OIu 55.30 120.28 923 muskeg 

SR Sikanni Road SR1d 57.21 123.49 1082 newly seeded road  

 Bridge Road SR2d 57.22 123.41 1074 old abandoned road 

SS Sikanni South SSd 57.20 123.45 1102 well site 

  SSu 57.20 123.45 1102 forest 

TB Two Bit Creek TBd 57.13 123.06 1683 well site 

  TBu 57.13 123.06 1690 alpine 
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centre.  The adjacent transect was placed parallel to the original transect starting at least 

20 m beyond the edge to avoid strong edge effects.  

Daubenmire grids (.20 x .50 m) were placed at 5 meter intervals along the transect, and 

the starting point randomized by a roll of a die (Daubenmire 1959).  Along the transect, at 

10 evenly spaced intervals, I laid down a 0.20 by 0.50 m quadrat for vegetation sampling.  

Within each quadrat, I identified all vascular plant species present.  For all grass taxa, I 

estimated the percent foliar cover, counted the number of flowering stems and averaged 

the height of up to three culms (if present).  I measured the diameter of all tufted 

(clumped) grasses.  In each quadrat, I estimated the percent cover of leaf litter, coarse 

woody debris, bare ground, rocks, forbs, other graminoids, and mosses, lichens and 

liverworts (as a group).   Table 3.3 lists the environmental and vegetation characteristics 

recorded for each site. 

I also made observations about tree regeneration on the well sites and roads, and 

recorded notes about the type of disturbance (such as animal activity, fire, compaction, 

chemical contamination). After doing quadrat estimates, I walked through the plot and 

noted any additional vascular plant species present in the sampling area.  Time since the 

last major disturbance for well sites and access corridors was taken as the date of 

abandonment for the well site from the on-line database (BC Ministry of Agriculture and 

Lands 2007 onwards).  For adjacent areas, date was estimated from a visual assessment 

of the area including the successional status of the plant community and any obvious sign 

of recent disturbance, supplemented where possible with information from the Integrated 

Land Management Bureau (Rod Beckmeyer, pers. comm. June 21, 2008). 
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 Table 3.3  Environmental and vegetation characteristics recorded for each site. 

Characteristic Variable type Description 

Bare ground ordinal Percent 
Biogeoclimatic subzone categorical  
Coarse Woody Debris ordinal Percent cover 
Disturbance Category categorical See Table 3.1 
Elevation ordinal  
Forb cover ordinal Percent cover 
Grass cover ordinal Percent cover 
Land Use categorical General land use type 
Latitude ordinal Degrees north 
Light categorical Per Luttmerding et al. 1990 
Litter Cover ordinal Percent cover 
Longitude ordinal Degrees east 
Moss cover ordinal Percent cover 
Other groundcover ordinal Percent cover, with notes 
Shrub cover ordinal Percent cover 
Slope ordinal Percent 
Slope position categorical Per Luttmerding et al. 1990 
Soil Moisture Regime categorical Per Luttmerding et al. 1990 
Years since major 
disturbance 

ordinal Known or estimated 

Disturbance notes  Source and intensity of disturbance 
Tree regeneration notes  Presence, species and estimated age 
Animal activity notes  Any evidence of animal use of site 
Vascular plants  Species list compiled for each site 

 

Plant identification and voucher specimens 

Vouchers of 830 specimens were collected, mounted and deposited at the Royal BC 

Museum Herbarium (V) in Victoria, British Columbia.  I identified species tentatively in 

the field, followed by later examination in the herbarium.  My identifications were 

checked by museum botanists R. Hebda and K. Marr.  For grasses, taxonomic 

interpretation and nomenclature I followed Barkworth et al. (2003, 2007).  For all other 

vascular plants, nomenclature follows Douglas et al. (1998a, 1998b, 1999a, 1999b, 2000, 

2001a, 2001b, 2002).   

Native or introduced status is based on Douglas et al. (2001b), except for new taxa, 

which are assumed to be non-native, and several taxa – Bromus inermis Leys., Poa 
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pratensis L., Festuca rubra L. and Phalaris arundinacea L. – that are identified as having 

native and exotic populations existing in British Columbia.  For the purposes of this 

study, except where clearly determined to be of a native sub-species, I treat these as being 

introduced species for the following reasons. 

In Douglas et al. (2001b), B. inermis is treated as including the introduced Bromus 

inermis ssp. inermis and the native Bromus inermis ssp. pumpellianus Scribn (Wagnon).  

Barkworth et al. (2007) and Saarela (2008) consider them as distinct species:  Bromus 

inermis, of Eurasian origin and Bromus pumpellianus (Scribn.), native to Western North 

America and Asia.  I follow their treatments in this study. 

Festuca rubra, which apparently has native and non-native strains, has hundreds of 

forage and turf cultivars that have been widely distributed (Darbyshire and Pavlick 2007), 

is grown widely as a seed crop in the region, and is in virtually all lawn and industrial 

seed mixes.  There is little evidence of Festuca rubra as part of the flora in pre-contact 

times (Darbyshire and Pavlick 2007), and no attempt was made to identify sub-species of 

F. rubra.  Further investigation is required to determine what, if any, proportion of native 

genetic material exists in B.C., but for this study, I treat it as introduced.   

The status of Poa pratensis in northeast B.C. is more contentious.  It is generally 

considered to be non-native, with the possible exception of high elevation mountain 

meadows (Uchytil 1993).  Soreng (2007) describes six subspecies, only two of which are 

native to the region (subspp. alpigena (Lindm.) Hiitonen and colpodea (Th. Fr.)  

Tzvelev), and suggests that there are up to 60 non-native cultivars, which are likely to be 

a combination of subspecies angustifolia (L.) Lej. pratensis and irrigata (Lindm.) H. 

Lindb. Moss (1952), however, did extensive work classifying Peace River grasslands and 
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believed P. pratensis to be native: "special mention may be made of P. pratensis, a fairly 

constant and locally abundant species in the grassland, and undoubtedly indigenous to the 

region."  P. pratensis is one of the grasses cultivated for seed around Dawson Creek 

(Peace Region Forage Seed Association 2004), and is part of most seed mixes used in soil 

stabilization and forage in the region.  It is known to invade grasslands (Daubenmire 

1970, Gayton 2004) and forests (Uchytil 1993), and is considered by Harrison et al. 

(1996) to be an extremely competitive and persistent "increaser species".  The likelihood 

of hybridization and/ or introgression of non-indigenous genotypes from this widescale 

introduction is high (Soreng 2007), likely making most populations a mix of native, non-

native and cultivated strains.  Collections from isolated alpine populations in the region 

have been determined to be the native sub-species alpigena.  My remaining collections 

appear to be sub-species pratensis, though this determination needs to be confirmed for 

all accessions. 

Phalaris arundinacea, which is also considered of mixed origin in B.C., provides a 

cautionary tale of the dangers of repeated introduction of agronomic species into novel 

environments.  Lavergne and Molofsky (2004) document its repeated introduction for a 

wide variety of purposes (forage, phytoextraction of soil contaminants, shoreline 

stabilization), followed by increasing invasiveness in wet natural habitats such as 

wetlands, riparian zones, ditches and waterways through much of the United States and 

Canada.  Merigliano and Lesica (1998) document pre-European settlement populations of 

P. arundinacea in the inland Northwest U.S., and hypothesize that the current invasive 

strains are a combination of native and agronomic material.  Subsequent genetic analysis 

(Lavergne and Molofsky 2007) found that 85% of the genetic diversity in eastern North 
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American populations has a European origin, and that mixing of different European 

strains, rather than a mixing of native and non-native strains, was responsible for its 

increased invasiveness. The extensive recombination of different European genotypes in 

North America has resulted in higher genetic diversity, rapid evolution of invasive ability 

including higher vegetative colonization ability and high phenotypic plasticity which 

have facilitated the geographic spread (Lavergne and Molofsky 2007).  They conclude 

that the repeated introduction of agronomically important species can have the highly 

undesirable effect of enhanced invasiveness, with negative impacts on native 

communities and ecosystems, and that this impact may be particularly dangerous in a 

changing climate (Lavergne and Molofsky 2007).   

Based on this review, Poa pratensis, Festuca rubra, and Phalaris arundinacea should 

be considered as potentially invasive in northeast B.C. as new cultivars and strains have 

been repeatedly introduced throughout the region.  The potential for combination of the 

native B. pumpellianus and the widely planted B. inermis may also threaten the genetic 

integrity of B. pumpellianus.  Deliberate planting of these species may simply being 

"inviting trouble" (Lonsdale 1994) in the future. 

Data Analysis 

All field data were entered into a relational MS Access® database and analysed in the 

software program R (R Development Core Team 2008).  Data from the Daubenmire plots 

(percent cover, number of flowering stems, etc.) were averaged over the transect as per 

guidelines from the Bureau of Land Management (1996).   

I used Nonmetric multidimensional scaling (NMDS) (Minchin 1987) to ordinate the 

grass species cover data of the 39 sites in order to find the main compositional gradients 
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using the Vegan Community Ecology package (Oksanen et al. 2007) in R (R 

Development Core Team 2008).  NMDS is a non-parametric method appropriate for 

evaluating vegetation community-environment relationships in ecology (Laughlin and 

Abella 2007).  It is able to manipulate data which does not meet assumptions of normal 

distribution, homogeneity of variance and linearity (Clarke 1993), conditions which 

applied to my data.  

Two data matrices are used for the analysis.  The first matrix (the cover matrix) 

contains the species cover data for each site; the second (the environment matrix) 

contains all the environmental parameters to be analysed for each site.  The cover matrix 

is used to generate a two- or three- dimensional, visual representation of how similar 

points are to each other in terms of species composition and abundance (McCune and 

Grace 2002).  The ordination starts by placing m observations in n-dimensional space, 

then computing the 'stress' – a goodness of fit test similar to a chi-squared test (Gotelli 

and Ellison 2004).  Repeated iterations (the number is specified by the user) adjust the 

coordinates of the points until the final stress is minimized.  A stress value of zero 

represents a perfect representation, and values of < 20 are considered acceptable for 

ecological data (McCune and Grace 2002).  Both sites and species are placed on the same 

ordination plot to show relationships between them.  The environmental matrix is then 

correlated with and overlaid on the ordination plot to explore different biotic and abiotic 

influences on species composition and abundance.  Quantitative variables are projected 

onto the ordination as arrows in the direction in ordination space that they change most 

rapidly and with which they have maximum correlations.  Categorical variables (group 

variables that cannot be quantified in a meaningful way) are treated as factors and are 
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averaged for ordination scores and projected along the ordination axes as circles.  

Significance (R2) is assessed using a user-specified number of Monte Carlo tests.  

NMDS differs from other ordination methods in that the axes themselves are 

meaningless ('Nonmetric' -they do not measure anything) and arbitrary (although Vegan 

chooses the first axis to represent the largest amount of difference) (Oksanen et al. 2007).  

What is important is which point is close to which others.  The overlay of the 

environmental matrix guides the interpretation of the environmental influences on the 

pattern.   

I ran the initial scaling on my grass taxa/site cover matrix.  Rare taxa (those present on 

only one site) were excluded from the analysis as recommended by Gauch (1982). Cover 

data were transformed using the Wisconsin double standardization and a square-root 

transformation, as recommended by Vegan for percent cover data (Oksanen et al. 2007).  

I ran the ordination using three different distance measures - Bray-Curtis, Euclidian and 

Jaccard – and compared the ordination, stress and error plots.  Bray-Curtis and Jaccard 

measures represented the data in similar ways and both seemed to highlight patterns and 

gradients better than the Euclidian distances.  Bray-Curtis distances are widely used for 

vegetation community data (Beals 1984), and for these reasons, I chose the Bray-Curtis 

coefficients as the measure of dissimilarity in grass composition at my sites.  

My environment matrix consisted of the cover values of other vegetation classes, 

elevation, aspect, biogeoclimatic subzone, etc.  Using the environmental fitting procedure 

'Envfit' in Vegan (Oksanen et al. 2007), this matrix was projected on to the ordination 

plot and tested for maximum linear correlation.   
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3.3. Results and Interpretation 

Grass flora of disturbed sites 

Ninety-nine species were identified in the field surveys, 69 native and 30 non-native 

(Table 3.4) represented by 1217 grass occurrences of which 840 were determined to be 

native, and 377 non-native.  Thus native grasses accounted for 70% of all identified taxa 

and approximately 69% of all occurrence records.  There were a few common and 

abundant species and a large number of uncommon or rare species, a typical distribution 

pattern for many plant groups (Gurevitch et al. 2006).  The following section highlights 

some of the common native and non-native grasses found, some of the rarely encountered 

grasses, and new records for northeast B.C.   

Table 3.4 Grass taxa occurrences from field surveys in northeast B.C. with scientific name, 
common name, geographic origin (native or exotic in B.C.) and number of occurrences  Scientific 
names from Barkworth et al. (2003, 2007). Common names and synonyms from Douglas et al. 
2001b where different.  Sub-species included where identified. 

Scientific Name Common Name Native* Count** 

Achnatherum nelsonii (Scribn.) Barkw. Columbia needlegrass N 3 

Agropyron cristatum (L.) Gaertn. crested wheatgrass E 5 

Agrostis capillaris L. colonial bentgrass E 1 

Agrostis exarata Trin. spike bentgrass N 1 

Agrostis gigantea Roth redtop E 9 

Agrostis scabra Willd. hair bentgrass N 46 

Agrostis stolonifera L. creeping bentgrass E 5 

Agrostis variabilis Rydb. mountain bentgrass N 3 

Alopecurus aequalis Sobol. little meadow-foxtail N 15 

Alopecurus pratensis L. meadow-foxtail E 8 

Anthoxanthum monticola (Bigelow) Veldkamp alpine sweetgrass N 4 
      [=Hierochloë alpina (Swartz) Roem. & J.A. Schult.]   

Anthoxanthum hirtum (Schrank) Y. Schouten & 
Veldkamp 

common sweetgrass N 10 

      [= Hierochloë hirta (Schrank) Borbás, H. odorata (L.) P.Beauv.]   

Arctagrostis latifolia (R. Br.) Griseb. polargrass N 17 

Avena fatua L. wild oat E 1 

Avenula hookeri Scribn.) Holub spike-oat N 4 
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Scientific Name Common Name Native* Count** 

      [= Helictotrichon hookeri (Scribn.) Henrard]   

Beckmannia syzigachne (Steud.) Fern. American sloughgrass N 19 

Bromus richardsonii Link Richardson's brome N 1 

Bromus ciliatus L. fringed brome N 16 

Bromus inermis Leys. smooth brome E 59 

Bromus latiglumis (Scribn. ex Shear) Hitchc. hairy woodbrome E 2 

Bromus pumpellianus Scribn. pumpelly brome N 15 

Bromus riparius Rehmann meadow brome E 2 

Bromus tectorum L. cheatgrass E 1 

Calamagrostis canadensis (Michx.) Beauv. bluejoint reedgrass N 80 

C. canadensis var. canadensis    
C. canadensis var. langsdorfii (Link) Inman   

Calamagrostis lapponica (Wahlenb.) Hartm. Lapland reedgrass N 5 

Calamagrostis purpurascens R. Br. purple reedgrass N 2 

Calamagrostis stricta (Timm) Koel. slimstem reedgrass N 26 
C. stricta ssp. inexpansa (A. Gray) C.W. Greene     
C. stricta ssp. stricta       

Cinna latifolia (Trev. Ex Goepp.) Griseb. nodding wood-reed N 19 

Dactylis glomerata L. orchard-grass E 3 

Danthonia intermedia Vasey timber oatgrass N 2 

Danthonia spicata (L.) Beauv. ex Roem. & J.A. Schult.  poverty oatgrass N 1 

Deschampsia cespitosa (L.) Beauv. tufted hairgrass N 35 

Deschampsia elongata (Hook.) Munro ex Benth. slender hairgrass N 1 

Echinochloa crusgalli (L.) Beauv. large barnyard-grass E 2 

Echinochloa muricata (P. Beauv.) Fernald American barnyard grass E 1 

Elymus alaskanus (Scribn. & Merr.) A. Löve Alaska wildrye N 28 

Elymus albicans (Scribn. & J.G. Sm.) A. Löve Montana wildrye N 1 

Elymus canadensis L. Canada wildrye N 1 

Elymus glaucus Buckl. blue wildrye N 11 
E. glaucus ssp. glaucus    
E. glaucus ssp. virescens (Piper) Gould   

Elymus lanceolatus (Scribn. & J.G. Sm.) Gould thickspike wildrye N 5 

Elymus repens (L.) Gould quackgrass E 13 

Elymus sibiricus L. Siberian wildrye N 4 

Elymus trachycaulus (Link) Gould ex Shinners slender wheatgrass N 66 
               E. trachycaulus ssp. subsecundus (Link) A. & D. Löve    
               E. trachycaulus ssp. trachycaulus      

Elymus violaceus (Hornem.) Feilberg high elymus N 3 

Festuca altaica Trin. Altai fescue N 29 
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Scientific Name Common Name Native* Count** 

Festuca baffinensis Polun. Baffin fescue N 2 

Festuca brachyphylla J.A. Schult. ex J.A. & J.H. Schult.  alpine fescue N 11 

Festuca rubra L. red fescue E 81 

Festuca saximontana Rydb. Rocky Mountain fescue N 8 

Festuca viviparoidea Krajina ex Pavl. viviparous fescue N 2 

Glyceria borealis (Nash) Batch. northern mannagrass N 2 

Glyceria elata (Nash) M.E. Jones tall mannagrass N 4 

Glyceria grandis S. Wats. ex A. Gray reed mannagrass N 4 

Glyceria striata (Lam.) A.S. Hitchc. fowl mannagrass N 13 

Hesperostipa comata (Trin. & Rupr.) Barkw. needle-and-thread grass N 2 

Hesperostipa curtiseta (A.S. Hitchc.) Barkw. short-awned porcupinegrass N 7 

Hordeum brachyantherum Nevski meadow barley N 4 

Hordeum jubatum L. foxtail barley N 34 

Hordeum vulgare L. common barley E 1 

Koeleria macrantha (Ledeb.) J.A. Schult. f. junegrass N 10 

Leymus innovatus (Beal) Pilger fuzzy-spiked wildrye N 71 

Schedonorus arundinaceus (Schreb.) Dumort. tall fescue E 1 
[=Lolium arundinaceum (Schreb.) Darbyshire, Festuca arundinacea Schreb.] 

Lolium perenne L. perennial ryegrass E 1 

Muhlenbergia glomerata (Willd.) Trin. marsh muhly N 1 

5assella viridula (Trin.) Barkw. green needlegrass N 6 

Oryzopsis asperifolia Michx. rough-leaved ricegrass N 3 

Panicum dichotomiflorum Michx. smooth witchgrass E 1 

Pascopyrum smithii (Rydb.) A. Löve western bluegrass N 10 

Phalaris arundinacea L. reed canarygrass E 12 

Phleum alpinum L. alpine timothy N 8 

Phleum pratense L. common timothy E 53 

Phragmites australis (Cav.) Trin. ex Steud. ssp. 
americanus 

common reed N 2 

Poa abbreviata R. Br. abbreviated bluegrass N 1 

Poa alpina L. alpine bluegrass N 25 

Poa annua L. annual bluegrass E 4 

Poa arctica R. Br. arctic bluegrass N 6 

Poa compressa L. Canada bluegrass E 8 

Poa cusickii Vasey Cusick's bluegrass N 2 

Poa glauca Vahl glaucous bluegrass N 15 

Poa leptocoma Trin. bog bluegrass N 1 

Poa interior Rydb. interior bluegrass E 4 

Poa nemoralis L. wood bluegrass E 1 
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Scientific Name Common Name Native* Count** 

Poa palustris L. fowl bluegrass N 57 

Poa paucispicula Scribn. & Merr. few-flowered bluegrass N 1 

Poa pratensis L. Kentucky bluegrass E 91 
P pratensis ssp. alpigena (Lindm.) Hitt. alpigene bluegrass N  
P. pratensis ssp. pratensis Kentucky bluegrass  

Poa secunda J. Presl Sandberg's bluegrass N 4 
Poa secunda ssp. juncifolia J. Presl Nevada bluegrass N   
Poa secunda ssp. secunda  Sandberg's bluegrass N   

Puccinellia distans (Jacq.) Parl. weeping alkaligrass E 4 

Puccinellia nuttalliana (J.A. Schult.) A.S. Hitchc. Nuttall's alkaligrass N 2 

Schizachne purpurascens (Torr.) Swallen false melic N 10 

Schizachyrium scoparium (Michx.) Nash little bluestem N 1 

Secale cereale L. rye E 1 

Spartina gracilis Trin. alkali cordgrass N 1 

Sphenopholis intermedia (Rydb.) Rydb. slender wedgegrass N 2 

Thinopyrum intermedium (Host) Barkw. & D.R. Dewey  intermediate wheatgrass E 1 

Torreyochloa pallida (Torr.) Church Fernald's false manna N 1 

Trisetum spicatum (L.) Richt. spike trisetum N 31 

Triticum aestivum L. wheat E 1 

Vahlodea atropurpurea (Wahlenb.) Fries mountain hairgrass N 3 

x Elyleymus hirtiflorus (Hitch.) Barkw. Canadian wildrye X 1 

* N=Native; E=Exotic; X= Cross  Geographic origin status as per Meidinger et al. 2009, except Poa 

pratensis, Phalaris arundinacea and Festuca rubra  and new species for B.C. (Bromus latiglumis, B. 

riparius, E. muricata and x Elyleymus hirtiflorus) assumed to be non-native. 
**Count of observations in field surveys    

 

Native grasses 

The most frequently encountered native species were Calamagrostis canadensis (80 

observations), Leymus innovatus (71), Elymus trachycaulus (65), Poa palustris (57) and 

Agrostis scabra (46).  All five species were found throughout the region (Figure 3.2).  C. 

canadensis and P. palustris were common components of moist to mesic localities, in 

both forested and open areas at a wide range of elevations (280-1773 m asl for C. 

canadensis, and 315-1486 m asl for P. palustris).  L. innovatus was a common  
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Scientific Name Habitat Elevation 

BEC 

subzone SMR 

Agrostis exarata riparian 778 BWBSmw1 6-hygric 

Bromus anomalus grassland 593 BWBSmw1 4-mesic 

Bromus richardsonii gravelly roadside 993 SWBmk 4-mesic 

Calamagrostis purpurascens savannah 929 BWBSmw1 2-Subxeric 

 grassland 661 BWBSmw1 1-dry 

Danthonia intermedia alluvial fan 823 SWBmk 3-submesic 

 sub-alpine meadow 1880 BAFA 3-submesic 

Danthonia spicata riparian 764 BWBSmw1 5-subhygric 

Deschampsia elongata riparian 387 BWBSmw1 5-subhygric 

Elymus albicans grassland 444 BWBSmw1 0-very dry 

Elymus canadensis riparian 415 BWBSmw1 6-hygric 

Festuca baffinensis alpine meadow 1675 BAFA 4-mesic 

 sub-alpine grassland 1767 ESSFmv 4-mesic 

Festuca viviparoidea alpine meadow 1675 BAFA 4-mesic 

 alpine meadow 1773 BAFA 6-hygric 

Glyceria borealis pond edge 943 BWBSmw1 7-subhydric 

 lake edge 692 BWBSmw1 7-subhydric 

Hesperostipa comata grassland 502 BWBSmw1 1-dry 

 grassland 538 BWBSmw1 0-very dry 

Muhlenbergia glomerata riparian 315 BWBSmw2 6-hygric 

Phragmites australis moist meadow 409 BWBSmw1 6-hygric 

     

 wet meadow 432 BWBSmw1 6-hygric 

Poa abbreviata alpine meadow 1675 BAFA 4-mesic 

Poa cusickii sub-alpine scree slope 1635 BAFA 6-hygric 

     

Poa paucispicula roadside 487 BWBSmw2 6-hygric 

Puccinellia nuttalliana south-facing slope 455 BWBSmw1 1-dry 

 wellsite 1360 SWBmk 4-mesic 

Schizachyrium scoparium grassland 470 BWBSmw1 0-very dry 

Spartina gracilis south-facing slope 455 BWBSmw1 1-dry 

Sphenopholis intermedia riparian 625 BWBSmw1 5-subhygric 

 riparian 315 BWBSmw2 6-hygric 

Torreyochloa pallida deciduous forest 280 BWBSmw2 6-hygric 
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Figure 3.2  Distribution maps of five most common native species:  Agrostis scabra, 
Calamagrostis canadensis, Elymus trachycaulus, Leymus innovatus, and Poa palustris. 

  
Agrostis scabra 

 

Calamagrostis canadensis 

 

  
Elymus trachycaulus 

 
Leymus innovatus 

 

  
 Poa palustris 



 

 

57

component of the forest understorey, often found in edge habitats, at elevations from 401 

to 1822 m asl.  E. trachycaulus was a component of many open sites, particularly with 

alkaline substrates, more commonly at lower elevations (minimum 280 m asl), but also 

occurring occasionally at elevations up to 1362 m asl.  Agrostis scabra dominated many 

heavily disturbed sites, but was regularly found in the understorey of mixed spruce-

poplar forests; elevation range was 287-1464 m asl. 

Infrequently encountered grass species (observed only once or twice) are listed in 

Table 3.5, with the habitat descriptor, elevation, BEC classification and Soil Moisture 

Regime at which they were found.  Most of the grasses were observed in one or more of 

three broad habitat groups:  grasslands, wetlands, and alpine/subalpine meadows.  

Notably though, three grasses were found in highly disturbed situations:  Bromus 

richardsonii and Poa paucispicula were growing in compacted gravel on the side of the 

road, and Puccinellia nuttalliana was growing on a recently abandoned well site.  Only 

one, Torreyochloa pallid, was found in a forested habitat, growing in filtered light. 

The infrequency of observation of these species may be the result of a number of 

factors, including collection biases, habitat rarity, or rarity due to declining populations.  

With respect to collection bias, I was mostly limited to collecting at sites near roads, 

primarily in the southern part of the region because of its more extensive road network.  I 

also selected sites non-randomly, surveying for a range of mostly industrial disturbances 

The infrequency of observation of these species may be the result of a number of factors, 

including collection biases, habitat rarity, or rarity due to declining populations.  With 

respect to collection bias, I was mostly limited to collecting at sites near roads, primarily 

in the southern part of the region because of its more extensive road network.  I also  
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Table 3.5  Habitat descriptor, elevation, Biogeoclimatic classification and Soil Moisture Regime 
of infrequently observed grass taxa  

Scientific Name Habitat Elevation 

BEC 

subzone SMR 

Agrostis exarata riparian 778 BWBSmw1 6-hygric 

Bromus anomalus grassland 593 BWBSmw1 4-mesic 

Bromus richardsonii gravelly roadside 993 SWBmk 4-mesic 

Calamagrostis purpurascens savannah 929 BWBSmw1 2-Subxeric 

 grassland 661 BWBSmw1 1-dry 

Danthonia intermedia alluvial fan 823 SWBmk 3-submesic 

 sub-alpine meadow 1880 BAFA 3-submesic 

Danthonia spicata riparian 764 BWBSmw1 5-subhygric 

Deschampsia elongata riparian 387 BWBSmw1 5-subhygric 

Elymus albicans grassland 444 BWBSmw1 0-very dry 

Elymus canadensis riparian 415 BWBSmw1 6-hygric 

Festuca baffinensis alpine meadow 1675 BAFA 4-mesic 

 sub-alpine grassland 1767 ESSFmv 4-mesic 

Festuca viviparoidea alpine meadow 1675 BAFA 4-mesic 

 alpine meadow 1773 BAFA 6-hygric 

Glyceria borealis pond edge 943 BWBSmw1 7-subhydric 

 lake edge 692 BWBSmw1 7-subhydric 

Hesperostipa comata grassland 502 BWBSmw1 1-dry 

 grassland 538 BWBSmw1 0-very dry 

Muhlenbergia glomerata riparian 315 BWBSmw2 6-hygric 

Phragmites australis moist meadow 409 BWBSmw1 6-hygric 

     

 wet meadow 432 BWBSmw1 6-hygric 

Poa abbreviata alpine meadow 1675 BAFA 4-mesic 

Poa cusickii sub-alpine scree slope 1635 BAFA 6-hygric 

     

Poa paucispicula roadside 487 BWBSmw2 6-hygric 

Puccinellia nuttalliana south-facing slope 455 BWBSmw1 1-dry 

 wellsite 1360 SWBmk 4-mesic 

Schizachyrium scoparium grassland 470 BWBSmw1 0-very dry 

Spartina gracilis south-facing slope 455 BWBSmw1 1-dry 

Sphenopholis intermedia riparian 625 BWBSmw1 5-subhygric 

 riparian 315 BWBSmw2 6-hygric 

Torreyochloa pallida deciduous forest 280 BWBSmw2 6-hygric 
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selected sites non-randomly, surveying for a range of mostly industrial disturbances and 

successional stages.  Less disturbed adjacent areas were surveyed, but these were situated 

near disturbed areas because of the study design, and not completely isolated from 

disturbance.  Isolated intact habitats were rarely sampled although several alpine and sub-

alpine systems were visited.  The focus on grasses likely led to a bias toward habitats 

where grasses were obvious and abundant.  The focus on petroleum-related sites may 

have biased the sampling in more subtle ways, linking observations to expressions of the 

underlying geology and substrates.  I may also have overlooked smaller, less obvious 

taxa, or missed plants that flowered early in the season.   

Despite the limitations of the sampling protocol, the species observed may in fact be 

rare in the region or even in British Columbia.  A species can be rare for a wide variety of 

reasons.  It may be naturally rare – a specialist of limited habitats, disturbance regimes or 

successional stages.  It may have particular life history traits that limit its abundance and 

distribution.  Or it may be vulnerable to habitat conversion by human activities, or loss of 

habitat due to natural events.  

The taxa listed in this table may also be declining in abundance and distribution.  I 

speculate that this may be true for Danthonia intermedia.  It was regularly recorded by 

Moss (1952) in his survey of grasslands in the Peace River region of British Columbia 

and Alberta. I collected it twice, but never found it in grasslands in the southern part of 

the region.  Achnatherum richardsonii and Muhlenbergia richardsonis were also 

documented by Moss (1952), but I never encountered them, nor are they found on recent 

provincial distribution maps for the area. Without regular inventory, however, it is almost 

impossible to be certain if a species range is changing or declining. 
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The British Columbia Conservation Data Centre (BC CDC) systematically assesses 

information on plants, animals and ecosystems at risk in British Columbia in order to 

manage and protect biodiversity (British Columbia Ministry of Environment 2009).  

Species that are extirpated in B.C., endangered or threatened are placed on the Red list; 

species with characteristics that make them vulnerable to human activities or natural 

events but are not endangered or threatened are placed on the Blue list.  My collections 

include the Red-listed Schizachyrium scoparium and Torreyochloa pallida and the Blue-

listed Sphenopholis intermedia and Muhlenbergia glomerata.  Other BC CDC listed taxa 

which have previously been found in northeast B.C. were undetected in my surveys, 

including Alopecurus alpinus, Calamagrostis montanensis, Elymus calderi, Glyceria 

pulchella, and Scolochloa festucacea.  The inventory was not designed to detect rare and 

endangered plants, so I draw no conclusions about the population status of listed taxa.  

Another noteworthy grass from my inventories is Phragmites australis ssp. americanus 

(sub-specific determination done by Dr. Bernd Blossey at Cornell University, pers. 

comm. Sept 18, 2008), which I collected from a single small patch in Clayhurst 

Ecological Reserve, north of Dawson Creek – the most northerly collection for B.C.  P. 

australis has both native and non-native genotypes; in much of North America, 

populations of the native genotype are being 'cryptically invaded' by the highly invasive 

non-native genotype (Saltonstall 2002).  The extent to which this invasion threatens B.C. 

populations is unknown, but populations such as this should be a priority for monitoring.   

Introduced grasses 

Four of the top seven most frequently recorded species are widespread, introduced 

species:  Poa pratensis (91 observations), Festuca rubra (81), Bromus inermis (59), and 
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Phleum pratense (53).  These four species alone represented 23% of all occurrence 

records, and were broadly naturalized throughout the region.   

Poa pratensis showed wide ecological amplitude, occurring in open and forested areas, 

on roadsides and well sites, in grasslands and alpine meadows, from elevations of 287 to 

1784 m asl, in moist, mesic and dry sites.  Festuca rubra was almost as ubiquitous as P. 

pratensis, but it was more common on roadsides and highly disturbed sites, and appeared 

more frequently on dry sites.  Bromus inermis was most common and abundant in the 

southern half of the region, particularly in agricultural areas, and was found primarily in 

open areas, but occasionally in mixed forests.  Phleum pratense occurred on open mesic 

sites over much of the region, but was rarely abundant or dominant except on recently 

seeded sites.   

New northern records 

Ten non-native grass species rarely or never recorded from northeast B.C. were 

encountered during the surveys.  Most of these are agronomic grasses or agricultural 

weeds, which are often overlooked when collecting for herbaria.  These include new 

northern records for Dactylis glomerata (including from the alpine near Tumbler Ridge); 

Agropyron cristatum from various locations, including an isolated well site in a roadless 

area in the northern Rockies and at the side of the road ten kilometres south of the border 

with the Northwest Territories; Alopecurus pratensis was collected from moist roadsides 

and meadows around Fort St. John, where it had been planted by farmers for hay; Bromus 

riparius from a well site near Taylor, an apparent escapee from farmer's fields where it is 

being grown as a new seed crop; Thinopyrum intermedium along the roadside near Fort 

St. John; Bromus tectorum from a roadside pullout near Hudson's Hope, and Echinochloa  
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Figure 3.3 Distribution maps of four most common introduced species 
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crusgalli, collected from a site in Dawson Creek in the south, and by the Petitot River in 

the far north.  None of these species are likely new or surprising, given the agricultural 

history of the region, but it is important to understand the extent to which they have 

naturalized, if their ranges are expanding, and if they are displacing native biodiversity 

from natural habitats.  As disturbance intensifies in the region, these species may be 

poised to expand rapidly and into remote areas, contributing to degradation of plant 

community structure, function and composition as well as jeopardizing the community's 

ability to recover from environmental stresses (Kimmins 1997). 

Two unexpected non-native species were also encountered.  Echinochloa muricata, 

American barnyard grass, was collected from the edge of a compacted gravel road near 

Clayhurst in a population of 25 individuals.  E. muricata is native to eastern and central 

North America (Michael 2007).  It is very similar in appearance to E. crusgalli, differing 

in having acuminate versus rounded fertile lemmas (Michael 2007).  Bromus latiglumis, 

hairy woodbrome, was found on a reclaimed well site near Marion Lake in the Muskwa-

Kechika Special Management Area.  B. latiglumis is native to central and eastern North 

America (Pavlick and Anderton 2007).  It has apparently been collected in B.C. as 

illustrated by a single B.C. location on the distribution map for the central Rockies of 

B.C. in the Flora of North America (Barkworth 2007).  Saarela (2008) did not include it 

in his recent Bromus key for the B.C. and did not review the specimen at the Royal 

British Columbia Museum Herbarium.  In Alberta, some research has been done into its 

potential for reclamation, and is offered as native seed from at least one nursery (Alberta 

Native Plant Council 2006).  According to Rod Backmeyer (pers. comm. June 21, 2007) 

it was likely planted where we found in a 'native reclamation' mix.  For this reason, I am 
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treating it as a non-native in my analysis.  The use of species native to other regions of 

Canada does highlight the question of what is a native species, and what standards are 

used for determining native reclamation mixes.  A third unlikely encounter, again at a 

roadside, was Panicum dichotomiflorum (fall panicum).  Panicum dichotomiflorum is 

native to eastern North America, and the single British Columbia record is from the 

Fraser Valley, near Vancouver (Douglas et al. 2001, 2002).  The Panicum grasses are 

often weedy, mostly tropical grasses with C4 photosynthesis (Stewart and Hebda 1998), 

so the occurrence of this species is unexpected above 56 ° latitude. 

Without regular inventory and on-going monitoring, the potential threat posed to native 

ecosystems by non-native grasses is impossible to assess.  Transportation corridors 

appear to be serving as dispersal corridors for new weedy species, and should be 

monitored closely.  As climate change increasingly influences the distribution of many 

weedy species (Hellman et al. 2008), it is even more critical to monitor for new or 

spreading non-native species.   

Types of disturbance and species affinity 

Grasses are often treated as a single functional group, with common traits and 

properties. They are considered as a group to be adapted to disturbance and therefore 

useful for rapid revegetation after anthropogenic disturbances.  This functional 

generalization may overlook important differences between native and introduced grass 

species in terms of their affinity to disturbance, with non-native species generally 

assumed to be more highly adapted to disturbance.  The generalization may also obscure 

differences among species, particularly when selecting appropriate native candidates for 

restoration. 
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To investigate patterns of affinity to disturbance for the grasses in northeast B.C., I 

categorized 236 sites on a disturbance scale (Table 3.1) from 0 (no evident disturbance) 

to 4 (major recent disturbance with at least 30% exposed mineral soil) and recorded all 

grass flora at each site.  I examined the results of the field surveys from four different 

perspectives, three of these representing different levels of taxonomic 

resolution/groupings.  First I considered grasses as a group and their relative frequency 

on the disturbance scale.  At an intermediate level of resolution, I tested whether native 

species differ from non-native species in their patterns of distribution on disturbed sites. 

At the individual species level of resolution, I investigated individual patterns of 

distribution on the disturbance scale.  Finally, I identified which native species naturally 

colonize different types of oil and gas disturbances in northeast B.C. 

Grasses and disturbance 

As a group, grasses showed no particular affinity for disturbed sites in this inventory 

(Table 3.6).  At 44 sites with no obvious disturbance, there was an average of 5.1 grass 

records per site, and a total of 72 different species.  At the 34 sites judged to be most 

disturbed, there was an average of 5.5 grass species per site, from 49 different species.   

Table 3.6  Grass record counts by Disturbance Category (DC) (from 0=no visible disturbance to 
4= highly disturbed).  Includes the number of sites at each DC, the total number of grass records 
(species observations at a site), and the total number of distinct species observed. 

DC Sites Grass Records  Grass species 

0 44 226 72 

1 55 255 58 

2 53 295 58 

3 50 252 52 

4 34 189 49 

Totals 236 1217 99 
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At the intermediate disturbance value of 2, there was an average of 5.6 species per site, 

and a total of 58 species.  Thus, grasses are a component of the landscapes of northeast 

B.C. at all levels of disturbance.  I concluded that that grass species do not occur 

preferentially on disturbed sites, and therefore, grouping all grass species together as a 

functional group adapted to disturbance is not be supported by the data. 

Native versus introduced species 

The question of whether native and introduced grasses have different distribution 

patterns on disturbed sites is important in terms of understanding potential differences in 

restoring ecosystem integrity and function.  Non-native agronomic grasses have been 

selected, at least in part, for their ability to grow under highly disturbed conditions, and 

would be expected to occur more in these conditions in comparison to native grasses.  

Persistence by introduced species in intact, less disturbed habitats is less desirable, and 

may indicate invasiveness and possible loss of overall ecosystem values.   

Figure 3.4a compares the differences in disturbance affinity between native and 

introduced grasses.  As disturbance increases, native species were observed less 

frequently, and introduced species increased as a portion of grasses found.  At sites with 

no visible disturbance, native species accounted for 85% of the observed grass flora and 

introduced species accounted for only 15%.  At sites with the highest disturbance 

intensity, native species represented only 53% while introduced species accounted for 

47% of all grasses recorded.   
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Figure 3.4  Proportion of native and introduced grasses by Disturbance Category (from 0=no 
visible disturbance to 4= highly disturbed) showing the total number of sites surveyed, the total 
number of native and introduced species observances (at top of bars). 3.4a shows the percent of 
total occurrences as well as the total number of observances in each category.  3.4b shows the 
total number of different species, by origin, found at each disturbance level.  Total number of 
introduced species = 30; native species=69. 
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The number of distinct species observed in each disturbance category (Figure 3.4b) 

shows a similar, though less pronounced, pattern.  The highest number of native taxa 

occurs where there is no obvious disturbance and declines as disturbance increases:  61 of 

68 native species were found on undisturbed sites, and 32 were found on the most 

disturbed sites.  The number of introduced species shows the opposite pattern, with 11 of 

the 27 documented introduced species found on undisturbed sites, and 17 found on the 

most disturbed sites.  A few introduced species were recorded more frequently on 

disturbed sites, approaching half of all records on the most disturbed sites.   

Native species, as a group, then, are more likely to occupy intact ecosystems, and a 

relatively small number of introduced species are very common in disturbed areas.  

Eleven introduced species were also found in intact ecosystems and may be invasive in 

northeast B.C. 

Disturbance Category                                                     Disturbance Category 
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Despite the previously described trend, native grass species actually occur more 

frequently than introduced species on disturbed lands in northeast B.C., and there are 

more native species than introduced species in all categories of disturbance.  The 

numbers suggest that the native grass flora is quite diverse and relatively intact, and that 

the pool of native species able to tolerate disturbances and thus candidates for restoration 

efforts may be large. The increasingly large portion of the grass flora occupied by 

introduced taxa on highly disturbed sites, however, is of concern as industrial oil and gas 

development expands into more and more isolated areas, possibly serving as a source of 

invasion into intact habitats, and decreasing overall grass biodiversity in sites where they 

do occur. 

Individual Species and their disturbance relationships 

Individual species respond differently to disturbance, and it is important to understand 

their individual patterns for restoration planning.  Some species specialize in one 

particular kind of habitat, with a high affinity for either intact habitats with little 

disturbance, or conversely, for highly disturbed sites.  Other species have wider 

ecological amplitude and are found in all types of habitats.  Managing grasses for 

restoration requires understanding which native grass species are most vulnerable to 

disturbance, and which may be, or remain, successful following human activity and 

habitat degradation.  Restoration planning also requires assessment of the risk posed by 

introduced species, most notably their potential to become invasive and to displace native 

species and alter native habitats. 

The frequency by disturbance category for individual species that were recorded in 

more than 10 sites is shown in Figure 3.5 (introduced species) and Figure 3.6 (native 
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species).  These figures give a visual impression of the relative frequency each species 

that was recorded at each degree of disturbance. 

As noted earlier, introduced species occur more frequently at sites with higher degrees 

of disturbance. However not all introduced species favoured highly disturbed conditions.  

In general, for each species except one, there is an increase of frequency of occurrence 

with degree of disturbance. Furthermore in all cases but one, the introduced species occur 

most frequently on the most disturbed sites. Bromus inermis and Elymus repens are good 

examples of these patterns, being found at all levels of disturbance, but with more than 

60% of all of occurrences in the most highly disturbed categories 3 and 4.  Phleum 

pratense was rarely found on intact sites but otherwise followed the general pattern.  

Festuca rubra and Poa pratensis have relatively even distributions across lower levels of 

disturbance, but are most frequent in highly disturbed sites.  Conversely Phalaris 

arundinacea was not found on the most disturbed sites; instead it favoured sites in DC 3 

and occurred relatively abundantly in all of the less disturbed conditions. 

Figure 3.5  Proportion of introduced species records in each disturbance category for the 6 most 
common introduced grass species. 
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For introduced species, their invasion and persistence in intact habitats is of concern, as 

they potentially displace native species from these habitats.  Phalaris arundinacea was 

least likely to be found on newly disturbed sites, but may be of concern as an invader of 

intact habitats. Of these six taxa, Phleum pratense appears to be the least likely to invade; 

it may therefore be the best choice of agronomic species for temporary, non-persistent 

cover in northeast B.C. 

Native species show a number of distinct patterns with respect to degree of disturbance 

(Figure 3.6).  Several show patterns similar to the majority of introduced species, 

increasing in frequency as disturbance intensifies and most common at high degrees of 

disturbance:  Agrostis scabra, Alopecurus aequalis, Beckmannia syzigachne, Bromus 

ciliatus, Deschampsia cespitosa, Elymus alaskanus, and Hordeum jubatum.  Others, such 

as Arctagrostis latifolia, Bromus pumpellianus, Calamagrostis canadensis, C. stricta, 

Cinna latifolia, Elymus glaucus, E. trachycaulus, Festuca brachyphylla, Leymus 

innovatus, Poa palustris, and Trisetum spicatum have relatively even distributions across 

disturbance categories or peak in the intermediate range – that is they show little 

preference for a particular degree of disturbance.  Finally, Anthoxanthum hirtum, Festuca 

altaica, Glyceria striata, Koeleria macrantha, Pascopyrum smithii, Poa glauca, and 

Schizachne purpurascens favour less disturbed conditions. 

Grass species in the first category (those with an affinity or preference for disturbed 

habitats) are likely to be successful colonizers of sites with oil and gas disturbance, and 

may be useful species for restoration in particular circumstances. Because they have 

patterns similar to those of the invasive non-native taxa, they require evaluation of their 

invasive potential under particular site conditions.  The second category – the native  
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Figure 3.6  Proportion of native species records in each disturbance category for commonly 
encountered native species. 
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generalists – may be most widely useful for restoration, able to establish on disturbed 

ground as well as persisting as succession occurs.  Grass taxa in the third group, with a 

strong preference for intact habitats, may be particularly sensitive to disturbance, and 

may require special conservation or restoration strategies, such as avoiding disturbance in 

key areas, plant salvage and/ or targeted introductions at later successional stages in the 

restoration process.  Festuca altaica appears to be particularly vulnerable to disturbance, 

and may require longer time scales and targeted reintroductions after oil and gas related 

disturbances. 

Species Abundance Patterns 

The previous section considered only the distribution of species at different intensities 

of disturbance.  A second key element of species diversity is the relative abundance with 

respect to other species in the same circumstances at which species occur.  During the 

inventory, I ranked all grass taxa on an adapted Braun-Blanquet scale of 1 (rare) to 7 

(dominant) depending on their local abundance at a site.  The scale reflected a general 

impression of the abundance of the grass at the local scale, and should not be interpreted 

to mean a particular range of cover values.  The total number of individuals recorded in 

each abundance category was normally distributed (Figure 3.7a), as were the numbers of 

native and introduced grasses (Figure 3.7b); most species were observed at intermediate 

abundances, with fewer occurring either as rare or as dominants (Figure 3.7).  Introduced 

species tended to occur at greater abundance when they did occur, and native species 

tended to occur at slightly lower abundance. 
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Figure 3.7  Individual grass species observations by abundance.  Scale is 1 (rare) – 2 (occasional) 
– 3 (scattered) – 4 (frequent) – 5 (common) – 6 (abundant) – 7 (dominant).  3.7a includes all 
individuals at all sites; 3.7b shows native and introduced species separately. 

 

Individual species patterns show some variation from this general pattern.  Among the 

introduced species, Bromus inermis, Elymus repens, Festuca rubra, Phalaris 

arundinacea and Poa pratensis tend to occur at greater abundance where they do occur, 

whereas Phleum pratense tends to occur at lower levels of abundance (Figure 3.8).   

Among the native taxa, a number of different patterns can be identified (Figure 3.9).  

Almost half of the grass species tend to occur mainly as occasional or scattered, and 

rarely or never at high local abundances:  Alopecurus aequalis, Anthoxanthum hirtum, 

Bromus ciliatus, Calamagrostis stricta, Cinna latifolia, Elymus alaskanus, Poa alpina, 

Schizachne purpurascens, and Trisetum spicatum.  These species may not be aggressive 

colonizers, but may be useful as part of a mix of species used for reseeding under 

appropriate site conditions.  Several species show a similar pattern to that predominanting 

with introduced species, where they are found at greater abundances where they do occur:  

Agrostis scabra, Calamagrostis canadensis, Elymus glaucus, Festuca altaica, Hordeum 

jubatum, and Pascopyrum smithii.  Of all grass species in the study, only C. canadensis 

occurred in category 7 – dominant, and this may be indicative of competitive strength.   
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Species such as these, which are both widespread and abundant, should be further 

evaluated for the the capacity to perform functional restoration goals such as rapid 

sediment stabilization and may be good substitutes for agronomic species in the right 

circumstances. The remaining species (Arctagrostis latifolia, Beckmannia syzigachne, 

Bromus pumpellianus, Deschampsia cespitosa, Elymus trachycaulus, Festuca 

brachyphylla, Glyceria striata, Koeleria macrantha, Leymus innovatus, and Poa 

palustris) fall somewhere between the first two groups.  These species may be useful in 

particular habitats as part of a restoration mix. 

Abundance Category 

1 (rare) – 2 (occasional) – 3 (scattered) – 4 (frequent) – 5 (common) – 6 (abundant) – 7 (dominant).   
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Figure 3.8  Introduced grass species – percent of taxon occurrences by abundance category. 
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Figure 3.9  Native grass species - percent of taxon occurrences by abundance category.  Scale is 
1 (rare) – 2 (occasional) – 3 (scattered) – 4 (frequent) – 5 (common) – 6 (abundant) – 7 
(dominant). 

 
agrosca - Agrostis scabra   elymgla - E. glaucus 

alopaeq - Alopecurus aequalis   elymtra  - E. trachycaulus   

anthhir - Anthoxanthum hirtum   festalt - Festuca altaica  

arctlat - Arctagrostis latifolia   festbra - F. brachyphylla   

becksyz - Beckmannia syzigachne   glycela - Glyceria elata  

bromcil - Bromus ciliatus   hordjub - Hordeum jubatum  

brompum - B. pumpellianus  koelmac - Koeleria macrantha  

calacan - Calamagrostis canadensis   leyminn - Leymus innovatus   

calastr - C. stricta   poaalp - Poa alpina   

cinnlat - Cinna latifolia   poapal - Poa palustris   

descces - Deschampsia cespitosa  schipur - Schizachne purpurascens  

elymala - Elymus alaskanus    trisspi - Trisetum spicatum 
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3.3.1. Grasses and Land Use 

Non-Metric Multidimensional Scaling of Species, Sites and Environmental 
Characteristics 

Nonmetric multidimensional scaling (NMDS) and analysis was done in two stages.  

First, NMDS is used to ordinate the vegetation data with site data to produce a plot 

showing degree of similarity. In a second stage, an environmental fitting procedure 

(Envfit of Vegan in R) calculates correlations between environmental characteristics and 

the ordination plot.  These correlations are then projected on to the original plot. 

Using the species cover data from 39 sites of different land uses, with a focus on oil 

and gas development in British Columbia, Nonmetric multidimensional scaling (NMDS) 

produced a two-dimensional ordination of the sites and species with a stress of 19 and an 

R2 of .803 for the linear fit of observed dissimilarity with ordination distance.   

NMDS ordination plots are shown in two figures to avoid overlap and clutter:  Figure 

3.10 shows the labels for sites and Figure 3.11 shows the labels for the grass taxa.  

Together, they provide a visualization of how similar sites are to each other, how similar 

taxa are to each other, and how closely the taxa are correlated with the sites, based on 

grass species and abundance.  

Site characterization 

A number of interesting patterns can be seen on the sites plot (Figure 3.10).  There are 

five sites (MWu, MNu, OLd, OLu, and BEu) clustered on the left side, all from relatively 

undisturbed, low elevation sites.  To the far right are two high elevation sites, TBd and 

TBu.  The remainder of the sites are between these extremes.  Most of the sites with  
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Figure 3.10 Nonmetric multidimensional scaling (NMDS) plot for 39 study sites and 30 
grass taxa.  Site list and land use type below. 
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agrosca Agrostis scabra  cinnlat Cinna latifolia  hordjub Hordeum jubatum 

alopaeq Alopecurus aequalis  descces Deschampsia cespitosa  leyminn Leymus innovatus 

anthmon Anthoxanthum monticola  elymala Elymus alaskanus  phlealp Phleum alpinum 

arctlat Arctagrostis latifolia  elymtras E. trachycaulus ssp. subsecundus  phlepra Phleum pratense 

becksyz Beckmannia syzigachne  elymtrat E. trachycaulus ssp. trachycaulus  poaalp Poa alpina 

bromcil Bromus ciliatus  festalt Festuca altaica  poa arc Poa arctica 

bromine B. inermis  festbra F. brachyphylla  poapal Poa palustris 

brompum B. pumpellianus  festrub F. rubra  poapra Poa pratensis 

calacan Calamagrostis canadensis  festsax F. saximontana  schipur Schizachne purpurascens 

calastr C. stricta  glycela Glyceria elata  trisspi Trisetum spicatum 
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Figure 3.11  Nonmetric multidimensional scaling (NMDS) plot for 30 grass taxa  
+  native taxa         +  non-native taxa      (species codes below) 
●    site   (see Figure 3.10 for labels) 
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positive values on the second axis (NMDS2) are disturbed sites, and most of the sites 

with negative values are undisturbed sites.   

As the ordination places sites that are most similar close together, and most different 

far apart, the distance between related sites (having the same two letter prefix and further 

described in Table 3.2) can be used to infer how closely the sites resemble each other, 

and therefore how closely the more disturbed sites resemble the adjacent reference 

habitat.  In most cases, the less disturbed site is below the more disturbed site, suggesting 

that the second axis is influenced by disturbance.   

Several paired sites are quite close together, including the CC, CW, GR, OI, and TB 

pairs.  OI and GR are narrow linear corridors which resemble the adjacent habitat.  The 

CW pair consisted of a pipeline seeded with agronomics and an adjacent logged area that 

was recovering naturally.  The closeness of this pair, which had been disturbed at about 

the same time, likely reflects similarity of grass species composition – a mixture of native 

and introduced species. They are clustered more closely with the disturbed sites in the top 

centre of the NMDS plot.  TBd, CCu, and CCd are well sites, representing 15, 5, and 3 

years since abandonment.  The TB pair was in the alpine.  Of this pair, the well site was 

conventionally drilled; on abandonment, it was re-contoured and ridged to reduce erosion 

but not seeded with agronomics.  It had developed some plant cover, particularly in 

moisture accumulating areas.  The adjacent reference habitat was an alpine boulder-field 

with a lot of exposed rock.  The CC sites are experimental well sites in the Muskwa-

Kechika management area, drilled in the winter.  CCu was drilled with no scalping of the 

soil, with the drill rig built on a platform, drilling done in the summer, and no apparent 

reseeding.  It was virtually indistinguishable from the surrounding meadow.  CCd had 
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minimal soil scalping and storage and been reseeded with an agronomic mix.  

Nevertheless, it was well vegetated and had predominantly native grasses.  Their 

ordination close to other undisturbed sites illustrates that it may be possible to drill wells 

in a way that minimizes environmental impact in sensitive areas, although at a 

considerably higher cost than conventional drilling.  

Other spatially related sites (BE, CG, MB, MR, ML, MW and SS) were quite far apart 

on the ordination.  All of the disturbed sites here, except CGd, are conventionally drilled 

well sites abandoned for between 3 and 37 years.  CGd is a recently disturbed (estimated 

at 5 years old) gravel borrow area, with highly compacted exposed soil, similar in size 

and shape to a well site.  The disturbed sites of these pairs are clustered together in spite 

of the differences in time since abandonment.  They do not appear to be recovering 

toward a more natural ecotype, and may take decades or centuries to shift away from 

their current state.  The severe disturbance caused by conventional drilling and 

exploration clearly shows the need for different practices if these activities are not to 

leave a legacy of small islands of severe environmental damage which may then serve as 

sources for invasive weeds into more intact habitats nearby.  

In a number of cases, I examined several nearby related sites.  Examining these groups 

on the ordination raises some interesting questions.  The BH series consisted of an 

abandoned, compacted agricultural field (BHd) with both grassland (BHu1) and forest 

(BHu2) in the adjacent area.  On the ordination, the forest and the grassland are the most 

dissimilar, and the disturbed site is closer to the forest than the grassland, suggesting that 

it may be more likely to shift toward forest rather than grassland with time.  The MR 

series consisted of a white spruce – pine forest and two separate transects through an 
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experimentally treated well site.  After the site was re-contoured to match the surrounding 

topography, topsoil was replaced and coarse woody debris was piled halfway through the 

site along the contour line, to slow water flow down the slope, trap sediment and slow 

erosion.  MRd1 was above the woody debris zone and heavily seeded with what was 

supposed to have been a native mix, though it was actually dominated by Festuca rubra 

and Poa pratensis.  MRd2 was below the wood barrier and was not reseeded.  The 

placement of these sites in the ordination shows that MRd2 more closely resembles the 

surrounding undisturbed forest than does the more densely covered MRd1.  A third group 

consists of a well site (BEd), the edge of the access road (BMd), an adjacent mesic forest 

(BEu) and an adjacent moist meadow (BMu).  The disturbed sites (BEd and BMd) 

ordinate closely, as do their undisturbed pairs (BEu and BMu), whereas the pairs 

themselves are quite far apart.  The undisturbed sites may represent possible alternative 

recovery paths given differences in site characteristics.  The MN group of MNu, MNd1 

and MNd2 forms an interesting triangle.  MNu is an undisturbed Picea mariana muskeg; 

MNd2 was abandoned approximately 60 years ago and MNd1 was abandoned 37 years 

ago.  The reference MNu ordinates to the extreme left of the plot in a cluster of moist low 

elevation, low disturbance sites.  The older site, MNd2, ordinates closer to more 

undisturbed habitats but further from the reference plot than MNd1.  This curious result 

suggests that recovery of well sites in muskeg may take an extremely long time, and that 

rather than recovering toward the adjacent habitat, such sites develop into novel and 

stable alternate states.  A permanent conversion of seismic lines in Alberta from tree-

dominated muskeg to sedge-dominated habitats was observed by Lee and Boutin (2006); 

this conversion appears to be happening for both MNd1 and MNd2, as well as for MWd, 
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likely due to local compression of the surface substrate and changed hydrological 

characteristics.  It is noteworthy that there was extensive evidence of animal use on 

MNd1, MNd2, and MWd, including bear scat, moose footprints, and the presence of 

birds, insects and amphibians; the recovering sites clearly had habitat value.  Evaluating 

success of reclamation on muskeg based on their similarity to the adjacent ecosystem is 

not necessarily attainable or desirable, and alternative goals based on ecosystem function 

and use may be more appropriate.  Further research is called for on restoration of 

muskeg, including the use of appropriate sedge, rush and willow species rather than grass 

species for reclamation, with a realistic consideration that the target ecosystem is unlikely 

to resemble the adjacent or original ecosystem. 

Species ordination 

The species ordination also reveals interesting relationships (Figure 3.11).  The species 

at the left side of the ordination are Calamagrostis canadensis and Glyceria elata, and at 

the right side, Poa alpina, Festuca brachyphylla and Anthoxanthum monticola:  

predominantly lowland to highland natives from very wet to moist site conditions, versus 

mainly high elevation, shallow rooted natives preferring dry to very dry site conditions.  

Below the zero of the second axis are only native species; above it are both native and 

introduced species.  The native species that are most similar to the introduced species, 

from the perspective of this ordination, are Hordeum jubatum, Bromus ciliatus, Elymus 

alaskanus, E. trachycaulus ssp. subsecundus, Cinna latifolia, Agrostis scabra, Poa 

arctica, Festuca saximontana, Deschampsia cespitosa, Alopecurus aequalis and 

Beckmannia syzigachne.  These species are also most closely correlated with disturbance.   
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The similarity relationship between congeners (species of the same genus) Bromus 

inermis, B. ciliatus, and B. pumpellianus shows B. ciliatus to be much closer to the 

introduced B. inermis in its ecological affinities than to B. pumpellianus. This implies that 

B. ciliatus may be more successful in restoration than B. pumpellianus as a substitute for 

B. inermis.  Festuca rubra may likewise be more successfully substituted with F. 

saximontana than with either F. brachyphylla or F. altaica.  Elymus alaskanus and E. 

trachycaulus ssp. subsecundus plot closer to disturbed-habitat species than E. 

trachycaulus ssp. trachycaulus and may be more successful as part of a restoration mix; 

Leymus innovatus is the least similar to the introduced species and may be less successful 

in restoration. 

Combining the site and species ordinations, there is an apparent association of some 

native species with absence of disturbance, whereas other natives are affiliated with 

varying levels of disturbance (Table 3.7).  The species most associated with oil and gas 

disturbances likely have high restoration potential for such sites.  Species least associated  

Table 3.7  Association of native grass taxa with oil and gas disturbances as interpreted from 

nonmetric multidimentional scaling. 

Most associated Least associated 

Agrostis scabra 

Alopecurus aequalis 

Beckmannia syzigachne 

Bromus ciliatus 

Cinna latifolia 

Deschampsia cespitosa 

Elymus alaskanus 

Elymus trachycaulus ssp. subsecundus 

Festuca saximontana 

Hordeum jubatum 

Poa arctica 

Anthoxanthum monticola 

Arctagrostis latifolia 

Bromus pumpellianus 

Calamagrostis stricta 

Festuca altaica 

Glyceria elata 

Leymus innovatus 

Phleum alpinum 

Poa alpina 

Poa palustris 

Schizachne purpurascens 

Trisetum spicatum 
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with the disturbed sites in this study may be considered as indicators of intact habitats.   

Special treatment to minimize disturbance, plant salvage prior to disturbance, or 

transplanting into recovering sites in later successional stages may be required to re-

establish these species and their associated ecological functions.   

Environmental factors associated with grass species composition were interpreted by 

overlaying recorded environmental variables on the NMDS ordination, and tested for 

maximum correlation using the environmental fitting procedure Envfit (Oksanen et al. 

2007).  Table 3.8 shows the R2 and p values for the variables.  Elevation, soil moisture 

regime, amount of exposed ground, longitude, biogeoclimatic subzone, meso-slope 

position and land use were all statistically significant factors in grass distribution in the 

study sites.  

The overlay of quantitative variables only the NMDS ordination (Figure 3.12) shows 

bare ground and soil moisture regime strongly associated with the first NMDS axis.  Dry, 

bare sites cluster at the left of the diagram and moist to wet, completely vegetated sites on 

the right.  Total grass cover and moss cover increased with increasing moisture. Elevation 

and latitude increase diagonally across the ordination from the centre to the lower left, 

whereas longitude increases to the upper right.  The apparent correlation of elevation with 

latitude and longitude is likely an accident of the sampling pattern in combination with 

the geography of the study region:  study sites that are further west (lower longitude 

values) and further north (higher latitude) tend to be at high elevations in the Rocky 

Mountains above the plains to the east.  
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Table 3.8  Maximum linear correlations of environmental variables with NMDS ordination 
pattern (see Figures 3.12-3.15).  R2 values and p-values.  Correlations significant at <.05 (Monte 
Carlo test, 1000 permutations) are shown in bold. (n=39 plots) 

Environmental Variable R
2
 p  

Quantitative variables   

Elevation 0.4372 <0.001 

Soil Moisture Regime 0.4648 <0.001 

Bare ground 0.2779 0.002 

Longitude 0.218 0.014 

Forb cover 0.1257 0.082 

Disturbance Value 0.1076 0.133 

Litter Cover 0.0682 0.268 

Other groundcover 0.0742 0.275 

Latitude 0.0626 0.296 

Coarse Woody Debris 0.0601 0.345 

Moss cover 0.054 0.359 

Grass cover 0.0305 0.592 

Years since major 

disturbance 0.0078 0.845 

Shrub cover 0.0018 0.961 

Factors   

Biogeoclimatic subzone 0.2776 0.002 

Meso slope position 0.259 0.003 

Land Use 0.4057 0.021 

Slope 0.3058 0.252 

Light 0.0874 0.337 

 

Disturbance value occurs opposite to litter on the diagram; though neither is 

statistically significant on its own, I interpret this to reflect increasing litter cover as 

disturbance decreases.  Forbs increased in the direction of the least disturbed sites with 

the most native grasses, perhaps because seeded agronomic grasses out-compete or 

suppress native forbs.  Coarse woody debris (CWD) increased toward the cluster of more 

disturbed sites with a mixture of native and agronomics.  I suspect this may be because of 

the common practice of redistributing ample amounts of CWD on reclaimed well sites, 
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possibly out of proportion to its occurrence in natural settings.  Shrub cover shows very 

little correlation with sites or species, and the number of years since the last disturbance 

is also not strongly correlated with particular sites or species.  This surprised me, but 

likely reflects the wide differences in types of sites and disturbances examined, as well as 

the different management practices used on disturbed sites.   
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Figure 3.12  Nonmetric multidimensional scaling ordination map showing environmental fittings 
of quantitative variables.  Statistically significant correlations (p<.05) are in black, others are in 
blue.  The angle of the line indicates the direction of the relationship, and the length is 
proportional with its significance.  Red + signs are species and black circles are sites.  Individual 
points are labelled in Figures 3.10 and 3.11. 
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Interpreting categorical variables as they are projected onto the ordination is more 

difficult that for quantitative variables.  The three significant categorical (non-quatitative) 

factors (p<.05) were Biogeoclimatic (BEC) sub-zone, meso-slope position, and habitat 

category.  Each is projected individually onto the ordination to aid in interpretation 

(Figures 3.13, 3.14, and 3.15).  Figure 3.13 shows the correlation of the ordination with 

the BEC sub-zones: these are significant distinguishing factors for grass species and 

abundance at p=0.002.  The sub-zone name is centred at the place of maximum 

correlation. There is some overlap between the BWBSmw1 (Peace moist warm Boreal 

White and Black Spruce) and BWBSmw2 (Fort Nelson moist warm Boreal White and 

Black Spruce ), indicating these are somewhat similar with respect to grass species 

abundance.  BWBSmw1 then overlaps with SWBmk (Moist cool Spruce – Willow – 

Birch) , which overlaps with BAFAun (Undifferentiated Boreal Altai Fescue), suggesting 

a gradual but clear change in grass species composition and abundance in physically 

adjacent ecosystems as might be expected when moving from subalpine woody and moss 

dominated landscapes such as SWBS to more herb dominated BAFA.  The success of 

NMDS in delineating BEC sub-zones based on grass species composition, in the 

direction of elevational increase gave me confidence that the method was reflecting real 

ecological patterns. 

Figure 3.14 shows the relationship between meso-slope position and the ordination.  

There is strong overlap between all slope positions except the upper slope position to the 

far right.  Only two upper slope sites were included in the analysis – the alpine pair TBu 

and TBd – and the apparent significance of this separation is likely due to the different 

alpine grasses that were on this site and no other.  In the absence of other replicates of 
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upper slope sites and the strong overlap of all other meso-slope positions, it seems 

unlikely that meso-slope position was a significant determinant of grass species and 

abundance in the study region. 

 

Biogeoclimatic sub-zones:   
BWBSmw2 – Fort Nelson Moist Warm Boreal White and Black Spruce 
BWBSmw1 – Peace Moist Warm Boreal White and Black Spruce 
SWBmk – Moist Cool Spruce Willow Birch  
BAFAun – Undifferentiated Boreal Altai Fescue 
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Figure 3.13  Biogeoclimatic sub-zone centroids connected with light blue to the sites and 
95% confidence intervals in dark blue.  Red crosses are species; black circles are sites as 
identified in Figures 3.8 and 3.9.   
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Figure 3.14  Meso-slope position centroids projected onto NMDS ordination.  Light blue lines 
connect to the sites and 95% confidence intervals are in dark blue.  Red crosses are species; black 
circles are sites as identified in Figures 3.8 and 3.9. 
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Finally, Figure 3.15 positions the land use factors on the ordination.  I have placed only 

the names at the centre and the lines connecting to the applicable sites, as the confidence 

intervals were highly overlapping and confusing.  The diagram does show some 

interesting associations, in terms of the ordination of grass species and abundance:  scrub 

and forest edge group closely together; pipelines, abandoned fields and well sites are 

adjacent, roadsides share characteristics with scrub and forest edge, and well sites are 
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Figure 3.15  Land use centroids connected with light blue to the study sites with relevant 
land use.  Red crosses are species; black circles are sites as identified in Figures 3.8 and 
3.9. 
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more similar to meadows than to forests.  Based on the ordination, it may be possible to 

expand the choice of restoration candidates for petroleum disturbance sites to include 

grasses from the most similar, more natural, habitat or land use as suggested by the 

ordination.  For example, grasses that are found in nearby meadows may be selected for 

reclamation of well sites over the grasses that are found in adjacent forests. 

Well site reclamation success 

The basis of the B.C. reclamation requirements for well sites is that healthy vegetation 

be restored to a density, height and cover comparable to that of the "adjacent undisturbed 

ground" within 24 months of abandonment.  Once all requirements (including Soil 

Reclamation and Topographic Requirements as well as the Vegetation Requirements) are 

met, a surface lease (well site) can be awarded a certificate of reclamation, and the 

company is released from further liability.  My study allows an evaluation of whether or 

not well sites meet the vegetation criteria.  If sites have met the criteria and are similar to 

adjacent ecotypes, the results should be similar to those obtained by NMDS. 

In Table 3.9, I scored the twelve well sites with the adjacent disturbed habitat, 

comparing the criteria for vegetation reclamation, but looking only at the grass attributes 

for species, density, and height.  The species criterion was considered to be met if there 

were no large infestations or weeds on the surface lease and if native species were similar 

between the disturbed and undisturbed sites.  Grass density and height, as well as overall 

vegetation cover, were measured in the field, and observations on the health of grasses 

and other vegetation were taken in the field and compared with the reclamation standard.  
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Table 3.9  Well site score and ranking by B.C. reclamation requirements, contrasted with 
the nonmetric multidimentional scaling ordination distance.  
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MNd2 y y y y y 5 1 1.028 

MWd y Y y y y 5 1 2.063 

MNd1 n y y y y 4 2 0.946 

CCd y n y y n 3 3 0.232 

MRd2 y n y y n 3 3 0.960 

TBd y n y y n 3 3 0.508 

MRd1 n n y y n 2 4 1.435 

HRd n n n y n 1 5 0.757 

BTd n n n n n 0 6 1.045 

BEd n n n n n 0 6 1.397 

MLd n n n n n 0 6 1.404 

SSd n n n n n 0 6 1.486 

Species:  no weed infestations and native species similar between well site and undisturbed 

Density:  on well site ≥ 80% of density on undisturbed ground 

Height:  grasses on well site ≥ 80% of height on undisturbed ground. 

Health:  based on visual inspection of vigour, height, and colour. 

Cover:  all vegetation ≥ 80% of soil surface, and evenly distributed or similar to undisturbed. 

Site Rank:  rank based on number of criteria met. 

Ordination distance:  calculated from the x,y coordinates of the NMDS, when compared 

with the x,y coordinates of the adjacent undisturbed transect.  The lower the number, the 

more similar the sites are. 

 

Two sites, MWd and MNd2, met all five reclamation criteria.  Ten of the twelve sites 

did not meet all the requirements, and half of them (6) met fewer than half or none of the 

reclamation criteria. All sites had been abandoned for more than the 24 months, and the 

two sites that met all criteria had been abandoned for 20 and 37, years respectively.  

Given how different a well site is compared to a nearby stable mature site, 24 months is 

an unrealistically short time to be able to expect resemblance in vegetation.  Succession 

on conventional well sites is likely to be a very long process.   
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Comparison of the rankings based on reclamation criteria to rankings based on NMDS 

ordination distances shows a very peculiar pattern.  MWd and MNd2 ranked 12th (last) 

and 6th, respectively, in ordination distance which seems odd, given that they were the 

only sites that met B.C. regulation requirements. The sites that ranked most similar to the 

adjacent habitat by ordination distance, CCd and TBd, met only three of the reclamation 

requirements.   

These results suggest that the reclamation criteria are not reflecting similarity to 

adjacent habitats, but what are they actually measuring? Examining the pair that 

ordinated furthest apart (MWu and MWd) and the pair that ordinated closest together 

(CCu and CCd) may help illuminate some of the differences.  MWu is undisturbed 

muskeg adjacent to MWd and is 20 years post-abandonment in the Fort Nelson 

Lowlands.  There are no records of follow-up seeding, and apparently it was left to 

recover naturally (Rod Backmeyer, pers. comm. 2008).  It is currently a dense, diverse 

graminoid meadow and is surrounded by a black spruce forest, with only a trace of 

Agrostis scabra in small openings (similar in appearance to MNd1, discussed earlier).  

The grasses on the abandoned well sites were "≥ 80%" of the height and density of this 

slight grass (and all other vegetation, which was predominantly moss) and healthy; cover 

was more than 80% and of predominantly native species, passing all the B.C. 

requirements.  It did not, however, resemble its pair in any way, so does not meet the 

purported goal of the requirement, which was to achieve close resemblance to the 

adjacent ecosystem.  There was no evidence of succession toward the adjacent forest type 

(no trees colonizing from the edges and well defined linear edges), suggesting that 

succession in this environment proceeds extremely slowly, or that the site may be in a 
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new stable state.  Thus its ordination far from its partner seems justified.  The 

incoherence between what the requirements actually measure, and what they are 

supposed to result in is evident.  A key issue, then, is to define the desired target of the 

restoration correctly. 

CCd is in the Boreal Altai Fescue Alpine zone, and was an experimental winter drill 

site with minimal ground disturbance, drilled 3 years prior to the assessment.  It had the 

smallest ordination distance according to NMDS, yet passed only three of the B.C. 

criteria.  Its vegetation density was 76% – almost the required 80% – of that of the 

surrounding area, but was otherwise similar in terms of height, health and species.  

Vegetation cover was 67% – less than the B.C. regulation 80%, but 90% of the 

surrounding area vegetation cover of 75%.  The other alpine site in the survey (TB) failed 

the same two criteria with 18% cover on the well site, but the undisturbed adjacent 

ground had only 58% cover and would have failed as well.  A cover of 80% for a well 

site would be unnatural for both these sites. 

The criterion of 80% cover is apparently not normal in this environment and is in 

conflict with the goal of matching the vegetation of the surrounding area.  For alpine 

areas and many other systems, it may be more relevant that vegetation cover be similar to 

the surrounding area, and criteria more consistent with local conditions.  Two of the other 

regulation requirements (80% of the height, and 80% of the density of the surrounding 

vegetation) can also be inconsistent with the stated goal.  Where the undisturbed land has 

very short and/or widely dispersed understorey vegetation, vegetation on the disturbed 

ground can easily surpass 80% of the height and density as it may be completely different 

from the original vegetation.  The density and cover requirements were met only in three 
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sites in the study, all of which were graminoid-dominated meadows greater than 20 years 

old.  The time limit of two years is also problematic.  The severity of disturbance on a 

well site is likely to result in very slow recovery.  Returning liability to the Crown is 

obviously desirable for the companies, but the current time frame allowed is inadequate 

to understand if the site is moving toward a more natural state.  A different approach with 

more realistic criteria, achievable goals and timelines is necessary. 

Nonmetric multidimensional scaling more successfully characterized sites in terms of 

how similar they were to the surrounding natural system than evaluation based on current 

reclamation requirements.  If applied with repeated monitoring over time, NMDS could 

serve as an objective measure of how well a site is recovering to its pre-disturbance state 

or if it was moving to an alternate stable state. 

Limitations and further research 

The current study adds to the inventory of species in northeast B.C., but was limited 

mostly to relatively accessible sites.  There are large areas for which there are no 

collections, so are botanically less known. Also, the study was limited to grasses, and 

many other vascular plants should also be assessed for their potential roles in restoration.  

Attempts were made to survey grasses in different seasons in different years, but because 

of the size of the area, many species may have been missed.  It is impossible to make any 

assessment of the restoration potential or ecological attributes of the large number of 

species that were encountered only once or twice in the field surveys.  Continued 

observation can provide critical information for understanding population trends. 

Further research is required to assess the impact on native biodiversity of the 

widespread practice of planting agronomic species, particularly in isolated regions where 
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development is now taking place and therefore reclamation required. The extent to which 

the native genotypes persist in populations of Poa pratensis and Festuca rubra, which I 

treated in this study as non-native, needs to be further assessed.  Genotypic variation is an 

important component of biodiversity that is frequently overlooked in restoration and 

reclamation.  Native subspecies may need well-designed conservation efforts in order to 

survive. 

The study identified a number of native grass species with the potential to be used in 

restoration in northeast B.C., and calls for further use of native species to achieve stated 

reclamation goals.  Ongoing observations and monitoring of recovery of well sites as well 

as research into cost-effective methods to speed up recovery are called for.  

3.4. Summary 

This study provides a first inventory of both native and introduced grass species and 

their abundance patterns for a range of habitats, land uses and anthropogenic disturbances 

in northeast B.C.  Grasses are important and sometimes dominant components of all the 

studied ecosystems in northeast B.C. at all levels of disturbance. Species occurrence and 

abundance is influenced by degree of disturbance, elevation and soil moisture regime.  

The study documented, for the first time in the region, 76 native and 25 introduced grass 

species which occur naturally and may colonize and persist on various types of 

disturbances associated with the oil and gas exploration and extraction. 

Several native species were widely distributed and abundant on both undisturbed and 

disturbed sites: Calamagrostis canadensis, Agrostis scabra, Hordeum jubatum, Elymus 

trachycaulus, Elymus glaucus (in the southern part of the region), Leymus innovatus and 

Poa palustris.  Successful native well sites colonizers include Deschampsia cespitosa, 
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Bromus ciliatus, Cinna latifolia and Festuca saximontana.  In addition to these common 

grasses, pipelines, seismic lines and roadsides native species included Alopecurus 

aequalis, Beckmannia syzigachne and Calamagrostis stricta. These species have 

potential to replace widely used agronomic species in reclamation, and further research is 

needed into their ecology and agronomy.  Many other native grasses occur in limited and 

specific habitats (i.e. grasslands, alpine), a factor to consider when matching selected 

species to habitats in order to obtain good restoration performance of establishment and 

persistence. 

Introduced species are a growing threat to native biodiversity.  Information on the 

distribution and abundance of these species, in terms of grasses, provided in this study 

can be used as a baseline to understand current and future risks to native biodiversity by 

emerging invaders.  The current study documents the widespread occurrence of non-

native agronomic grass species (principally Poa pratensis, Festuca rubra, Bromus 

inermis, and Phleum pratense) in both disturbed and intact habitats at a range of 

elevations and latitudes.  Of particular concern is their invasion of and persistence in 

otherwise intact habitats combined with repeated introduction into new and isolated 

disturbed sites which may provide the conditions necessary to increase their invasiveness.  

Three introduced species new to the region (Echinochloa muricata, Bromus latiglumis, 

and Panicum dichotomiflorum) were found during the inventory, and new northern 

records were established for four others (Echinochloa crusgalli, Thinopyrum 

intermedium, Dactylis glomerata, Agropyron cristatum).   

Nonmetric multidimensional scaling proved useful for analyzing and interpreting 

results visually, successfully grouping disturbed sites together with introduced species 
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and early native invaders away from a separate group of intact sites with native grasses.  

Curiously, the ordination results were very different from an assessment of recovery 

based on B.C. regulations for reclaimed well sites.  The B.C. regulations do not appear to 

measure what they purport to measure – how close a well site matches the adjacent 

reference habitat – but rather how closely they resemble a fertile meadow.  

Recommendations for changes to the regulations will be discussed in the final chapter 

(Chapter 6). 
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Chapter 4 Leaf traits of selected grass species 

4.1. Introduction 

Increasing emphasis in plant ecology is being placed on understanding functional traits 

of vegetation (Weiher et al. 1999, Westoby 1998) integrating aspects of plant life history 

strategies, morphology, reproduction, phenology and physiology to explain vegetation 

dynamics on plant community, landscape and global scales.  Plant functional traits are 

plant attributes that influence a plant's performance (establishment, growth, survival) 

related to resource acquisition and conservation (Reich et al. 2003, Kahmen 2004).  

Functional trait research aims to understand and predict vegetation dynamics based on a 

small number of easily measured ('soft') traits which reflect underlying, ecologically 

important processes, or 'function' (Weiher et al. 1999, Grime et al. 1997, Díaz and Cabido 

1997).  Global databases of functional traits form the basis of analyses aimed at 

understanding species distribution in present and future environments, along 

environmental gradients and to infer ecosystem function (Kleyer et al. 2008). 

Plant traits are also being used as tools for understanding and improving restoration 

practice.  Linkages have been made between various traits and species performance, 

colonization and persistence in restoration efforts (Pywell et al. 2003, Thompson et al. 

2001).  Plant traits have been used to guide species selection for restoration (Brudvig and 

Mabry 2008, Suding et al. 2008, and Hobbs 2008). Hobbs and Cramer (2008) propose 

using functional traits as an alternative to species identity as targets for restoration.  (See 

Chapter 2 for more discussion.)   
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Green leaves are critical for life on earth.  They are the fundamental structure for 

photosynthesis – the capturing of energy from sunlight to fix carbon dioxide into carbon 

from the atmosphere.  Plant leaf traits can provide a link between processes that occur at 

the scale of a single leaf to that of whole plant, and up to regional and landscape scales 

(Reich et al. 1997, Wright et al. 2004), having a strong association with ecosystem 

production and function (Luo et al. 2005), independent of taxonomy.  In diverse 

communities, the relationships among leaf traits and environmental factors have been 

shown to be quite strongly correlated with the productive capacity of vegetation, rates of 

decomposition, nitrogen mineralization, and nutrient cycling (Chapin 2003, Diaz et al. 

2004).  

Leaf traits believed to be important for their explanatory and predictive values in 

ecology include specific leaf area (SLA=the ratio of leaf area to oven-dry mass in m2/kg) 

and leaf dry matter content (LDMC=the ratio of leaf dry mass to fresh mass in mg/g). 

These traits have been linked to the fundamental trade-off between rapid growth and 

persistence in plants: high SLA, low LDMC species rapidly produce biomass whereas 

low SLA, high LDMC species conserve nutrients more efficiently (Wilson et al. 1999, 

Westoby and Wright 2006).  Wright et al. (2004) document a worldwide ‘leaf economics 

spectrum’ that operates independently of taxonomic identity, functional group or biome. 

SLA is one important component of the spectrum that correlates with other leaf traits: 

leaf life span (low SLA leaves have longer life spans), leaf thickness and tissue density 

(low SLA is correlated with thicker leaves or denser tissues or both), and leaf nutrient 

assimilation.  SLA has also been strongly correlated with relative growth rate for a wide 

variety of growth forms (Garnier 1992; Wright and Westoby 2001).  Species with low 
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SLA have been shown to have inherently slow growth whereas species with high SLA 

more rapidly accumulate biomass.  SLA and LDMC have been also been linked with 

survival and persistence (Poorter and Bongers 2006). High LDMC may confer some 

grazing resistance to plants through increased toughness of leaves (Díaz et al. 2001, 

Cornelissen et al. 2003).  Plants with low LDMC may be more digestible and palatable 

than those with higher LDMC (Duru et al. 2008).   

SLA and LDMC have been reported to vary by habitat and type of disturbance.  

McIntyre (2008) found that leaf attributes varied by land use and habitat type, with low 

SLA/high LDMC species associated with less fertile, undisturbed habitats and high SLA/ 

low LDMC species associated with fertile, disturbed habitats.  Meers et al. (2008) found 

that low SLA was typical of primary forest species, whereas secondary forests had 

species with higher SLA.  High SLA species have been reported by various authors to be 

correlated with invasion success (Williamson and Fitter 1996, Lambdon 2008, Hayes and 

Barry 2008, Grotkopp and Rejmánek 2007).  Leaf traits affect ecosystem processes 

including the cycling of carbon and nutrients, water and energy exchange as well as 

disturbance regime (Lavorel and Garnier 2002, Chapin 2003, Díaz et al. 2004).  For 

example, LDMC is linked with decomposition rates as well as water content, which 

affect litter accumulation and flammability (Lavorel and Garnier 2002). 

Within species, leaf traits exhibit phenotypic plasticity and genotypic variation.  

Numerous studies have suggested that within-species differences in SLA are largely an 

environmentally regulated phenotypic acclimation to climate, irradiation, nutrient and 

moisture availability (Reich et al. 1997, Meziane and Shipley 1999, Wright and Westoby 

2001).  This variability is of some concern when making comparisons between species; a 
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number of studies, however, have shown that SLA and LDMC rankings for species are 

consistent.  For example, Garnier et al. (2001) found that although the absolute values 

within species varied, the rankings of SLA and LDMC were consistent from year to year, 

from season to season and from site to site among 57 species from Mediterranean 

southern France.  Within-species trait plasticity may be more common in plants with 

broad environmental adaptations and wide distributions, but this is poorly understood.  Li 

et al. (2005) found that among plants (of the same and different species) growing on sand 

dunes, SLA was higher for plants on low nutrient sites than for plants of the same species 

on higher nutrient sites.  However, they found no corresponding difference for LDMC (Li 

et al. 2005) 

The selection of traits for inclusion in a database depends on a number of factors.  The 

trait should quantifiable for a large number of species in many regions of the world. It 

should be relatively easy to measure, and it should have good correlation with the 

underlying function of interest (eg. relative growth rate).  Some authors have suggested 

that only one of SLA or LDMC should be used, as they are closely correlated.  Al Haj 

Khaled et al. (2006) investigated nutritive qualities of grasses in southern France, and 

concluded that LDMC was least variable and easiest to measure.  The variation of SLA 

among sub-samples of the same plant has led some authors (Roche et al. 2004, Al Haj 

Khaled et al. 2005, Klimesova et al. 2008) to conclude that LDMC is more consistent 

than SLA and therefore a more useful soft trait to measure in large screening programs.  

Other studies have found that SLA is more closely correlated with Relative Growth Rate 

and leaf life-span (Cornelissen et al. 2003).  Westoby (1998) proposes SLA as one of 

three main traits in his Leaf-Height-Seed Plant Ecology Strategy Scheme. 
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The usefulness of trait databases for understanding ecological processes at different 

scales requires standardized measurements for many species in many locations.  SLA has 

been studied in many habitats around the world, including temperate grasslands in 

Europe (McIntyre 2008), tropical rainforests (Poorter  and Bongers 2006, Sterck et al. 

2006)),  sand dunes in China (Li et al. 2005), eucalypt forests  and abandoned grazing 

land in Australia (Meers et al. 2008) and in arctic tundra (Reich et al. 1997).  Wright et al. 

(2004) summarized leaf trait data from every continent in the publically available 

GLOPNET trait database, the LEDA database (Kleyer et al. 2008) has leaf trait data from 

European species, and Traitnet (a network of trait-based evolutionary and ecological 

researchers) is compiling a universal trait database to facilitate cross-disciplinary research 

(Naeem and Bunker, n.d.).  To my knowledge, this is the first time the grasses of a cold, 

dry climate found in boreal ecosystems, have been studied for these traits. 

4.1.1. Research hypotheses 

In this chapter, I explore whether or not the Specific Leaf Area (SLA) and Leaf Dry 

Matter Content (LDMC) of grasses of northeast B.C. follow the patterns reported for 

flora in other regions.  Considering the available literature, I predicted that SLA would be 

negatively correlated with LDMC among grass species; that shade-grown grasses would 

have higher SLA and lower LDMC than grasses of the same species under high light 

conditions. In addition, I predicted that SLA would be more variable within samples, 

whereas LDMC would be more conservative.  

Here I present field data for SLA and LDMC for 15 grasses from three sites in 

northeast B.C.  My observations contribute data for these two important leaf traits from 

northeast B.C. and make them available to global databases.  The two leaf attributes have 
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important implications for ecosystem function, plant performance and recovery from 

disturbance and should be considered in restoration planning.  It may be possible to select 

grasses for desirable attributes such as rapid growth in disturbed sites or ability to 

establish and persist in shaded environments or litter quality based on the measurement of 

just two traits.  Combining leaf trait data with other plant attributes could guide and 

improve restoration practice (see Chapter 6).   

4.2. Materials and Methods 

4.2.1. Study area 

The study was conducted in the Peace River region of British Columbia (Figure 2.1) in 

the Black and White Boreal Spruce biogeoclimatic zone (Meidinger and Pojar 1991).  

This subarctic continental climate has short cool summers and very cold winters.  Annual 

precipitation is between 400 – 500 mm per year (Valentine et al. 1978); much of the 

precipitation falls during the peak mid-summer growing season, though there are frequent 

moisture deficits.  A comprehensive description of the study area is provided in Chapter 

1. 

Three sites were selected for this study:  Crying Girl Prairie is in the Rocky Mountain 

foothills at 56o 28' 0" N - 122o 52' 59" W, Clayhurst Ecological Reserve is along the 

banks of the Peace River, and the Dawson Creek site is abandoned farmland.  Collections 

were made in August 2008, and details on all sites are provided in Appendix 2.  
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4.2.2. Collection and measurement of leaf traits 

At the Crying Girl Prairie and Dawson Creek localities, I surveyed Daubenmire grids 

(Daubenmire 1959) along roughly parallel transects through disturbed and undisturbed 

habitats for the study outlined in Chapter 3, and I collected grass leaves along these 

transects.  At Clayhurst, I sampled species from undisturbed habitats for contrast with the 

same species at other localities under disturbed conditions.  Vouchers of all species were 

collected for identification and have been deposited at the Royal BC Museum Herbarium 

(V), Victoria, B.C.  Fifteen grass taxa were collected for measurement of their SLA and 

LDMC (Table 4.1). 

At each site, I collected those species that had young, fully expanded leaves 

appropriate for measurement following the protocol set out by Garnier et al. (2001).  The 

protocol specifies that leaves must be collected from sunny locations in the interests of 

standardization of results for comparison across regions and across climates.  I collected 

at least twenty blades for each species from twenty individual plants at a collection site.  

Because I was also interested in differences within taxa growing in light and in shade, at 

two sites, I collected Calamagrostis canadensis leaves in both sunny and shady 

environments.  Each leaf was cut below the ligule on the sheath, wrapped in moist paper 

towel, placed in sealed plastic bags and stored in a cooler for transport.  As soon as 

possible after collection (within an hour), the leaves were re-cut under water and kept in 

the dark to rehydrate overnight. 

In the lab the following day, I cut the blades at the base, blotted them dry, and 

determined their fresh weight.  Any material with significant pathogen damage not noted 

in the field was excluded at this point, resulting in fewer than 20 blades in some samples.  
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In the case of Cinna latifolia, there was significant damage either not noticed at the time 

of collection, or not present and due to rapid decay after harvest, and only 8 blades were 

measured, and these were excluded from further analysis. The one-sided leaf area was 

determined with a Licor LI-300 Portable Area Meter with the LI-3050 Transparent Belt 

Conveyer attached (LI-COR, Lincoln, NE).  Blades were then oven-dried at 60 °C for at 

least 3 days and then reweighed.  

4.2.3. Data analysis 

Sample means, standard deviations and coefficients of variation were determined using 

StatGraphics Centurion v 15.2.  I tested the LDMC and SLA measurements of all sun-

grown samples for normality using a Shapiro-Wilk test, a chi-squared test and looked at 

standardized Z-scores for skewness and kurtosis.  I tested for differences of SLA and 

LDMC among species using a multiple range test (95% Bonferroni method).  

Correlations between SLA and LDMC among native taxa were estimated as Pearson's 

correlation coefficients.  I compared means for differences between Calamagrostis 

canadensis and Phalaris arundinacea samples from two different sites, and between 

Calamagrostis canadensis samples growing in well-lit versus shady environments for 

differences between sun leaves and shade leaves using two-sample t-tests.   

4.3. Results 

4.3.1. Specific Leaf Area and Leaf Dry Matter Content 

For those samples collected from sunny environments, Specific Leaf Area varied 

approximately ten-fold, with individual values ranging from 3.08 m2kg-1 for Festuca 
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altaica to 32.5 m2kg-1 for Bromus ciliatus (Figure 4.1), with a mean SLA for all samples 

of 17.8 ± 6.4 (SD) (Table 4.1).  Leaf Dry Matter Content varied three-fold, from 218 

mg/kg for Elymus trachycaulus ssp. trachycaulus to 760 mg/kg for Schizachne 

purpurascens (Figure 4.1).  Within sample variance was extremely high for Schizachne 

purpurascens, Poa palustris and Festuca rubra, as can be seen in Figure 4.1, notably for 

LDMC where values for both span most of the entire range for all samples. S. 

purpurascens had a coefficient of variation of 31% for the LDMC and 46% for SLA; P. 

palustris were 28% for LDMC and 16% for SLA.  I believe that measurement error is the 

source of these high numbers; small leaves are known to be problematic for SLA, and at 

least one source (Kleyer 2008) recommends modifying the protocol and pooling the 

leaves from several plants.  The scale used in the initial weighing was likely not precise 

enough to use on single leaves.  For this reason, both taxa are excluded from the 

following analysis and discussion.



  T
a
b

le
 4

.1
 S

pe
ci

fi
c 

L
ea

f 
A

re
a 

(S
L

A
) 

an
d 

L
ea

f 
D

ry
 M

at
te

r 
C

on
te

nt
 (

L
D

M
C

) 
 o

f 
15

 g
ra

ss
 ta

xa
 s

tu
di

ed
 in

 n
or

th
ea

st
 B

ri
ti

sh
 C

ol
um

bi
a,

 A
ug

us
t 2

00
8.

  
(S

am
pl

e 
m

ea
n,

 s
ta

nd
ar

d 
de

vi
at

io
n 

an
d 

co
ef

fi
ci

en
t o

f 
va

ri
at

io
n.

) 
Species 

C
ry

in
g

 G
ir

l 
P

ra
ir

ie
  
 

D
a

w
so

n
 C

re
e

k
  
 

C
la

y
h

u
rs

t 

5
6

°2
7

' N
-1

2
2

°5
3

' W
" 

 8
8

0
 m

. 
5

5
°4

7
' N

-1
2

0
°1

9
' W

" 
 6

9
8

 m
. 

5
6

°9
' N

-1
2

0
°0

' W
" 

 6
9

8
 m

 
o

p
e
n

 m
ix

e
d

 f
o

re
s
t 

c
o

m
p

a
c
t 

ro
a
d

s
id

e
 

m
o

is
t 

a
s
p

e
n

 f
o

re
s
t 

c
o

m
p

a
c
t 

a
b

a
n

d
o

n
e
d

 f
ie

ld
 

m
ix

e
d

 f
o

re
s
t 

/ 
ri

v
e
rb

a
n

k
 

 

LD
M

C
 

S
LA

  

 

LD
M

C
 

S
LA

  
  

LD
M

C
 

S
LA

  
  

LD
M

C
 

S
LA

  

 

LD
M

C
 

S
LA

  

n
 

ӯ
 (

s
) 

C
v
a
r 

ӯ
 (

s
) 

C
v
a
r 

n
 

ӯ
 (

s
) 

C
v
a
r 

ӯ
 (

s
) 

C
v
a
r 

n
 

ӯ
 (

s
) 

C
v
a
r 

ӯ
 (

s
) 

C
v
a
r 

n
 

ӯ
 (

s
) 

C
v
a
r 

ӯ
 (

s
) 

C
v
a
r 

n
 

ӯ
 (

s
) 

C
v
a
r 

ӯ
 (

s
) 

C
v
a
r 

B
C
 

1
8
 

3
5
1
.1
 

(3
9
.6
) 

1
1
.3
 

2
5
.5
 

(2
.7
) 

1
0
.7
 

 
  

  
 

 
  

  
  

 
  

 
  

  
 

  
 

  
  

 
  

B
I 

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
2
3
 

3
6
4
.3
 

(5
4
.6
) 

1
5
 

1
8
.8
 

(2
.7
) 

1
4
.2
 

  
  

  
  

  

B
P
 

1
9
 

3
0
9
.0
 

(3
3
.0
) 

1
0
.7
 

1
9
.9
 

(3
.3
) 

1
6
.8
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

C
C
 

  
  

  
  

  
1
6
 

4
4
3
.2
 

(5
7
.4
) 

1
3
 

1
7
.9
 

(3
.7
) 

2
0
.5
 

1
2
 

4
7
0
.1
 

(3
8
.8
) 

1
0
.5
 

1
6
.4
 

(1
.5
) 

1
0
.2
 

1
7
 

4
0
0
.5
 

(4
1
.9
) 

8
.2
 

1
9
.4
 

(2
.0
) 

9
.3
 

1
8
 

3
5
9
.1
 

(4
6
.6
) 

1
3
 

2
2
.7
 

(3
.6
) 

1
5
.9
 

C
S
 

1
8
 

4
0
3
.3
 

(3
4
.3
) 

8
.5
 

8
.6
8
 

(2
.3
) 

2
6
 

 
  

  
 

 
  

  
  

 
  

 
  

  
 

  
 

  
  

 
  

C
L
 

  
  

  
  

  
8
 

3
4
6
.2
 

(1
0
6
.7
) 

3
0
.8
 

3
9
.3
 

(1
1
.9
) 

3
0
.3
 

  
  

  
  

  
  

  
  

  
  

 5
 

  
  

  
  

D
C
 

  
  

  
 

  
2
0
 

3
7
3
.1
 

(6
2
.4
) 

1
6
.7
 

9
.2
6
 

(3
.2
) 

3
4
 

 
  

  
 

  
 

  
  

 
  

 
  

  
 

  

E
T
s
 

  
  

  
  

  
1
7
 

3
9
8
.5
 

(6
4
.9
) 

1
6
.3
 

2
3
.4
 

(1
.7
) 

7
.4
 

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  

E
T
t 

2
0
 

3
3
8
.4
 

(5
4
.4
) 

1
6
.1
 

2
2
.9
 

(3
.1
) 

1
3
.6
 

 
  

  
 

 
  

  
  

 
  

 
  

  
 

  
 

  
  

 
  

F
A
 

1
9
 

4
4
8
.7
 

(4
0
.7
) 

9
.1
 

4
.4
0
 

(1
) 

2
1
.8
 

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

F
R
 

  
  

  
 

  
 

  
  

 
 

  
  

  
 

  
1
4
 

4
1
5
.2
 

(1
0
0
.1
) 

2
4
.2
 

1
2
.8
 

(3
) 

2
3
.2
 

 
  

  
 

  

L
I 

1
7
 

3
2
6
.1
 

(1
9
.1
) 

5
.9
 

1
8
.5
 

(2
) 

1
0
.6
 

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

P
A
 

  
  

  
 

  
 

  
  

 
 

  
  

  
 

  
1
3
 

3
2
7
.8
 

(3
7
.1
) 

1
1
.3
 

2
0
.0
 

(2
.3
) 

1
1
.7
 

1
7
 

3
1
4
.3
 

(2
6
.3
) 

8
.4
 

2
0
.4
 

(2
.2
) 

1
0
.8
 

P
P
 

  
  

  
  

  
1
3
 

4
5
5
.9
 

(1
0
2
.8
) 

1
1
.3
 

2
3
.4
 

(3
.7
) 

1
1
.7
 

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  

S
P
 

2
0
 

5
2
0
 

(1
8
8
.9
) 

3
6
.3
 

1
4
.5
 

(7
.0
) 

4
8
.5
 

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

B
C
-B
ro
m
u
s
 c
ili
a
tu
s
; 
 B
I-
B
ro
m
u
s
 i
n
e
rm

is
; 
B
P
-B
ro
m
u
s
 p
u
m
p
e
lli
a
n
u
s
; 
C
C
-C
a
la
m
a
g
ro
s
ti
s
 c
a
n
a
d
e
n
s
is
; 
C
S
-C
a
la
m
a
g
ro
s
ti
s
 s
tr
ic
ta
; 
C
L
-C
in
n
a
 l
a
ti
fo
lia
; 
D
C
-D
e
s
c
h
a
m
p
s
ia
 c
e
s
p
it
o
s
a
; 
E
T
s
- 

E
ly
m
u
s
 t
ra
c
h
y
c
a
u
lu
s
s
u
b
s
p
.s
u
b
s
e
c
u
n
d
u
s
; 
E
T
t-
E
ly
m
u
s
 t
ra
c
h
y
c
a
u
lu
s
 s
u
b
s
p
. 
tr
a
c
h
y
c
a
u
lu
s
; 
F
A
-F
e
s
tu
c
a
 a
lt
a
ic
a
; 
F
R
-F
e
s
tu
c
a
 r
u
b
ra
; 
L
I-
L
e
y
m
u
s
 i
n
n
o
v
a
tu
s
; 
P
A
-P
h
a
la
ri
s
 a
ru
n
d
in
a
c
e
a
; 
P
P
-

P
o
a
 p
a
lu
s
tr
is
; 
S
P
-S
c
h
iz
a
c
h
n
e
 p
u
rp
u
ra
s
c
e
n
s
. 



109 
 

 

 

Figure 4.1  Specific Leaf Area and Leaf Dry Matter Content for 14 sampled taxa.  Box= 
interquartile range, error bars=90 percentile, circles=outlier. 
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Species codes:  BC-Bromus ciliatus;  BI-Bromus inermis; BP-Bromus pumpellianus; CC Calamagrostis canadensis; CS-
Calamagrostis stricta; DC – Deschampsia cespitosa; ETS-Elymus trachycaulus ssp. subsecundus; ETT – Elymus 
trachycaulus ssp. trachycaulus; FA – Festuca altaica, FR-Festuca rubra; LI-Leymus innovatusr; PA-Phalaris arundinacea; 
PP-Poa palustris; SP Schizachne purpurascens. 

 

Species and samples were pooled to examine regional trends in leaf traits, independent 

of their taxonomy.  Tests for normality (Chi-squared, Shapiro-Wilk, standardized 

skewness and kurtosis) for all samples revealed significant departures from normality for 

SLA values (Table 4.2). The frequency histogram for SLA (Figure 4.2) shows a 
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somewhat bimodal distribution, a cluster of species samples with mean SLAs between 

4.4 and 12.8 m2kg-1 (C. stricta, D. cespitosa, F. altaica and F.rubra,) and the remaining 

taxa with relatively higher SLAs.  For LDMC, the histogram is somewhat right skewed 

(Figure 4.2), the data were within the expected ranges for a normal distribution in the 

Chi-squared, Shapiro-Wilk and standardized skewness and kurtosis tests (Table 4.2). 

Figure 4.2 Specific Leaf Area and Leaf Dry Matter Content frequency histograms. 
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Table 4.2  Specific Leaf Area (SLA) and Leaf Dry Matter Content (LDMC) normality tests.  
(Chi-squared, Shapiro-Wilk, Skewness and Kurtosis tests.)  

 SLA LDMC 

Test Statistic p-value Statistic p-value 
Chi-Squared 97.945 4.13119E-8 45.8144 0.084907 
Shapiro-Wilk W 0.921959 0.0 0.980285 0.226877 
Skewness Z-score 2.71032 0.006722 0.960842 0.33663 
Kurtosis Z-score -1.98557 0.0470809 0.690952 0.489593 
Distribution Non-normal Normal 
Numbers in bold are the lowest p-value from all tests.  For p-values less than 0.05, the hypothesis 
that data come from a normal distribution with 95% confidence can be rejected. 

The bimodal distribution of SLA may be attributable to a number of factors.  It may 

represent a difference in disturbance response.  In this case, two of the low SLA samples 

were collected from disturbed habitats (D. cespitosa and F. rubra) whereas F. altaica and 
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C. stricta were collected from undisturbed habitats, so the variation in SLA is unlikely to 

be related to disturbance.  It could be a result of the time of year of the sampling, either 

because of the ages of the plants and leaves actually sampled or through the exclusion of 

taxa with the range of values between the two peaks of distribution. I was only able to 

sample those taxa present that had fully expanded young green leaves, thus excluding 

early maturing taxa such as Cinna latifolia, Hordeum jubatum, Agrostis scabra and 

Beckmannia syzigachne.  A third possible explanation is that that there are two separate 

successful plant strategies among the grasses at the sites sampled:  rapid growth and 

biomass production for the majority of taxa, and slower growth and conservation for the 

low SLA samples.   

The higher SLA group (Bromus ciliatus, B. inermis, B. pumpellianus, Calamagrostis 

canadensis, Elymus trachycaulus ssp. subsecundus, E. trachycaulus ssp. trachycaulus, 

Leymus innovatus, and Phalaris arundinacea) had normal distributions.  I used a 

Bonferroni multiple range test to make pair-wise comparisons between factors (in this 

case sample taxa) to evaluate differences in sample means among the taxa with a higher 

SLA. Table 4.3 places the samples into homogenous groups based on the differences.  

For example, E. trachycaulus ssp. trachycaulus, Elymus trachycaulus ssp. subsecundus, 

and Bromus ciliatus have sample means that are not significantly different from each 

other, but are different from all other sample means.  Calamagrostis canadensis, in 

comparison, was significantly different from every other sample except Leymus 

innovatus and Bromus inermis. Table 4.4 shows which samples are significantly different 

from every other sample. 
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Table 4.3  Homogenous groups of Specific Leaf Area (95% Bonferroni multiple range test) 

Series Homogeneous Groups 

Calamagrostis canadensis A 

Leymus innovatus AB 

Bromus inermis  AB 

Bromus  pumpellianus  B 

Phalaris arundinacea  B 

Elymus trachycaulus ssp. subsecundus   C 

Elymus trachycaulus ssp. trachycaulus   C 

Bromus ciliatus   C 

 

Table 4.4  Species pairwise comparisons of Specific Leaf Area, Bonferroni multiple range test.  
Significant differences at 95% level are designated with *. 

Contrast   Sig. 

Bromus ciliatus   B. inermis  * 

B. ciliatus   B. pumpellianus  * 

B. ciliatus   Calamagrostis  canadensis  * 

B. ciliatus  
 Elymus trachycaulus ssp. 
subsecundus  

B. ciliatus   E. trachycaulus ssp. trachycaulus  

B. ciliatus   Leymus innovatus  * 

B. ciliatus   Phalaris arundinacea  * 

B. inermis   B. pumpellianus  

B. inermis   C. canadensis  

B. inermis   E. trachycaulus ssp. subsecundus  * 

B. inermis   E. trachycaulus ssp. trachycaulus  * 

B. inermis   L. innovatus  

B. inermis   P. arundinacea  

B. pumpellianus   C. canadensis  * 

B. pumpellianus   E. trachycaulus ssp. subsecundus  * 

B. pumpellianus   E. trachycaulus ssp. trachycaulus  * 

B. pumpellianus   L. innovatus  

B. pumpellianus   P. arundinacea  

C. canadensis   E. trachycaulus ssp. subsecundus  * 

C. canadensis   E. trachycaulus ssp. trachycaulus  * 

C. canadensis   L. innovatus  

C. canadensis   P. arundinacea  * 

E. trachycaulus ssp. subsecundus   E. trachycaulus ssp. trachycaulus  

E. trachycaulus ssp. subsecundus   L. innovatus  * 

E. trachycaulus ssp. subsecundus   P. arundinacea  * 

E. trachycaulus ssp. trachycaulus   L. innovatus  * 

E. trachycaulus ssp. trachycaulus   P. arundinacea  * 

L. innovatus   P. arundinacea   

 



113 
 

 

LDMC was normally distributed, so I was able to run pairwise comparisons including 

the taxa with low SLA.  Table 4.5 shows the homogenous groupings based on statistically 

significant differences in mean LDMC.  There are significant overlaps between samples 

with lower dry matter content, such as B. ciliatus.  The three samples with the highest 

LDMC were the taxa that had the lowest SLA:  Festuca altaica had the highest dry 

matter content, and was significantly different from all other samples except 

Calamagrostis stricta; C. stricta had the next highest mean, and was also not 

significantly different from B.ciliatus, C. canadensis, B. inermis, E. trachycaulus and D. 

cespitosa, which was significantly different from only B. pumpellianus and P. 

arundinacea. 

Table 4.5 Leaf dry matter content homogeneous groups (multiple range test, 95.0 percent 
Bonferroni method).  Groups with the same letter have means that are not significantly different 
from each other, and form homogenous groups. 

Series Homogeneous 
Groups 

Bromus pumpellianus A 

Phalaris arundinacea A 

Leymus innovatus AB 

Elymus trachycaulus ssp. subsecundus AB 

Bromus ciliatus ABC 

Calamagrostis canadensis ABC 

Bromus inermis  BC 

Elymus trachycaulus ssp. trachycaulus  BC 

Deschampsia cespitosa  BCD 

Calamagrostis stricta   CDE 

Festuca altaica    E 

 

4.3.2. Leaf traits of native taxa 

LDMC and SLA for native grasses sampled in this study were inversely correlated 

(Figure 4.3), independent of species identity, consistent with observations from other 
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regions (McIntyre 2008).  At one end of the spectrum are Festuca altaica, Deschampsia 

cespitosa and Calamagrostis stricta with the highest LDMC and the lowest SLA, the 

traits representing slower growth and persistence.  Among the samples at the low 

LDMC/high SLA end of the spectrum are Bromus ciliatus, B. pumpellianus and Leymus 

innovatus, which indicate fast growth and biomass production.   

Figure 4.3 Relationship between leaf dry matter content and specific leaf area for native grass 
samples. 

 

 

Several authors have suggested that LDMC is less variable than SLA, and therefore 

more suitable in large screening programs (Roche et al. 2004, Al Haj Khaled et al. 2005, 

Klimesova et al. 2008).  For my samples, the SLA ranged from 7 to 34%; whereas that of 

LDMC ranged from 7.5 to 16%.  The pooled variance was 16% for LDMC; for SLA, it 

was much greater at 37%.  This is consistent with results from other studies.  
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Within-species variation 

Leaf samples of Calamagrostis canadensis and Phalaris arundinacea were collected 

from different geographic areas and different growing conditions (see Appendix 2 for 

differences in latitude and elevation) to explore within-species variation of SLA and 

LDMC.  Only collections made in full sunlight, as per the protocol are considered here.  

Table 4.6 shows small, but not statistically significant difference in SLA and LDMC 

between the two P. arundinacea samples. The within-species differences in SLA and 

LDMC were significant for the two C. canadensis samples.   

Table 4.6  Specific Leaf Area (SLA) and Leaf Dry Matter Content (LDMC) for Calamagrostis 

canadensis and Phalaris arundinacea from different geographic areas.   

Species Source* N 
SLA 

m
2
-kg

-1 

t-test* LDMC 

mg-g
-1 

t-test* 

p-value p-value 

Calamagrostis canadensis  CG 16 17.94 <.001 411.46 <0.001 

 CH 12 16.82  454.68  

Phalaris arundinacea  DC 13 20.43 0.5756 314.29 0.2781 

  CH 17 19.57   327.77   

*Source:  CG - Crying Girl Prairie; CH – Clayhurst; DC – Dawson Creek. 
* Welch's t-test was used for C. canadensis comparisons as variances were unequal; two sided t-
test was used for P. arundinacea as variances were equal.  Tested within series differences 
against the null hypothesis that there was no difference between the means at 95% significance. 
Significant differences shown in bold.  
 

This very limited test between two grasses growing at separate sites suggests that there 

is some intraspecific variation for C. canadensis, a very widespread species.  The source 

and extent of the variation can only be speculated upon, and requires further 

investigation. 

Calamagrostis canadensis in light and shade 

Previous experimental studies have found that leaves harvested from shade grown 

plants have lower LDMC and higher SLA than leaves harvested from sun-grown plants 
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of the same species (eg.  Paquette et al. 2007, Joesting 2009).  As a group, grasses from 

low light conditions tend to have a higher SLA than those grown in lower light conditions 

(Wright and Westoby 2000).  However, the response of individual species is highly 

variable, and some species are more plastic than others.  Light-induced plasticity in 

leaves may be advantageous to survival and persistence of grasses in later successional 

phases.  Information on species responses to shade may be important for optimal site 

selection and preparation for successful restoration plantings under different light 

regimes.  C. canadensis occurs in both open meadow environments and in forest 

understoreys in northeast B.C.  It is expected that it will exhibit some plasticity in leaf 

traits.  To investigate this, I measured SLA and LDMC in leaves from plants growing in 

two shady locations and compared them with leaves growing in two sunny locations.   

The mean SLA and LDMC for the four samples individually are shown in Table 4.7.  

Mean SLA ranged from 16.82 to 22.69 m2/kg, and LDMC from 359.07 to 454.68 mg/g, 

showing significant variation within C. canadensis in the region.  When the 

measurements are pooled for all sun leaves and shade leaves (Table 4.7), SLA is 17% 

higher and LDMC is 12% lower for shade leaves, indicating that C. canadensis produces 

leaves with more surface area per unit volume in the shade, as might be expected. 

Table 4.7  Mean Specific Leaf Area (SLA) and Leaf Dry Matter Content (LDMC) for 
Calamagrostis canadensis leaves from 4 locations and 2 light intensities. 

Light Source* n 

SLA 

m
2
-kg

-1
 

(mean) 

SLA 

m
2
-kg

-1
 

(weighted mean) 

LDMC 

mg-g
-1

  

(mean) 

LDMC 

mg-g
-1

  

(weighted mean) 

Sun  CG 16 17.94 17.46 411.46 429.99 

 CH 12 16.82  454.68  

Shade  DC 18 22.69 21.08 359.07 379.21 

 CH 17 19.40   400.54   

*Source:  CG - Crying Girl Prairie; CH – Clayhurst; DC – Dawson Creek 
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This result suggests that there is considerable within species variability for both leaf 

traits for C. canadensis.  This result is consistent with the prediction that shade leaves 

have increased surface area and lower dry matter than sun leaves within a species.  It 

provides evidence for light-induced plasticity in the leaves of Calamagrostis canadensis.  

4.4. Discussion 

Comparison with published values 

Of the 14 taxa sampled, published data for SLA were available for seven species 

(Table 4.8).  The sample mean from measurements are in the NE BC column, and only 

those sampled following the protocol established by Garnier et al. (2001) are included.  

When comparing the data, it is important to understand the source and protocol followed 

for measuring.  The GLOPNET records are single mean values from a single field site 

measured following the Garnier protocol.  The LEDA database also follows the Garnier 

protocol, but the values are averages of all database records for that species.  In the other 

column, are values from published studies, some of which were not field measured as 

they were from greenhouse experiments.  No published values were found for Bromus 

ciliatus, Bromus pumpellianus, Elymus trachycaulus ssp. subsecundus, E. trachycaulus 

ssp. trachycaulus, Festuca altaica, Leymus innovatus, or Schizachne purpurascens.  

The values measured in the present study for Bromus inermis and Phalaris 

arundinacea are within the range of other studies.  Poa palustris.  My result for Poa 

palustris is slightly less than the other study's value, my result for Festuca rubra is 

somewhat lower than four other published values for this species in different locations, 

and my measurement for Calamagrostis stricta is less than half of the only other value I 
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could find.  Northeast B.C. Calamagrostis canadensis values are very different from the 

published values; the GLOPNET tundra sample had an SLA of only 5.88, mine were 

about three times that.  The Shipley (2002) measurement of 38.5 is about double mine, 

but comes from 30 day old greenhouse grown plants.  The differences between my data 

and other sources were not all in the same direction (either all lower or all higher) and so 

are unlikely due to systematic measurement error.  It seems more likely, then, that they 

are due to actual differences in the environmental effects on the species studied.   

 

Table 4.8  Specific Leaf Area values (m2/kg) compared to published sources. 

 3E BC GLOP3ET 

SLA 

(Biome) 

LEDA Other  

Bromus inermis 19.82 17.91 
(Temperate 
Forest) 

18.5 24.4 (4) 

Calamagrostis 

canadensis 

17.94 
16.82 

5.88  
(Tundra) 

 38.5 (4) 

Calamagrostis stricta 8.32  18.76  

Deschampsia cespitosa 9.13 18.05  
(Tundra) 

13.56  9.3 (1) 

Festuca rubra 11.28 12.97 
(Grassland) 

16.23 15.36 (2) 
22.0 (5) 

Phalaris arundinacea 19.96 
20.43 

 18.77 22.1 

Poa palustris  26.81  29.28  

 1. Meziane and Shipley, 1999  Greenhouse measurements;  2.  Craine et al. 2001; 3. 
Ryser and Urbas 2000;  4.  Shipley 2002 Greenhouse measurements, 30 day old plants;  
5.  Al Haj Khaled 2005. 
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The regional pattern of high SLA associated with decreased LDMC is congruent with 

global patterns.  The inverse correlation observed here was true both within and among 

species, including in species collected at multiple sites.   

In this study, SLA was more variable within and among samples than LDMC.  It is 

also more difficult to measure requiring special equipment not commonly available.  

LDMC requires careful attention to resaturating the leaves, but varies less and is easier to 

measure, requiring only a sensitive balance.  I did have difficulties measuring very small 

leaves, for both SLA and LDMC, and consideration should be given to pooling samples 

rather than strictly following the Garnier protocol.  In future studies, LDMC may be the 

more practical feature to measure, although further investigation is required into the 

robustness of the relationship between SLA and LDMC for grasses in northeast B.C., and 

the linkages to underlying ecological processes or environmental conditions. 

Potential application for restoration 

One of the challenges for restoration is to define the desired composition of the final 

plant community both in terms of species and ecological function.  Plant leaf traits can be 

a tool to help select grass species to provide the desired functions, particularly if global 

patterns are confirmed with further, carefully designed research.  Globally, species with 

high SLA, low LDMC tend to be associated with highly disturbed sites, higher relative 

growth rate and higher biomass production.  From a restoration perspective, species with 

this trait combination should perform important recovery functions in the early stages 

after a disturbance.  In this study, Bromus ciliatus, B. pumpellianus and Leymus 

innovatus had high SLA and low LDMC (as did the excluded C. latifolia and P. 



120 
 

 

palustris), suggesting the potential for rapid growth that could contribute to erosion 

control, rapid litter accumulation and cover.  Species with traits at the other end of the 

SLA/LDMC spectrum tend to be associated with slower growth, resistance to grazing, 

and long-term persistence may be desirable, depending on the end-goal of the restoration.  

Because of their innately slow growth, they may require special management practices to 

aid in establishment.   

For reclamation projects under heterogeneous light conditions, such as those found in 

boreal forest habitats, plasticity of leaf traits may play an important role in the growth and 

persistence. Understanding the differences between species responses and levels of 

plasticity to illumination levels could be useful for developing restoration strategies for 

particular habitats, light conditions and species.  For example, a species such as C. 

canadensis may have a relatively high SLA (and correlated relative growth rate) in the 

initial high light conditions of a recent disturbance, producing abundant thin leaves and 

being highly competitive.  As the canopy closes, it is able to produce leaves with lower 

SLA, adapting to changing light conditions.  Other species, such as Festuca altaica, may 

require lower light conditions for germination or establishment. The standardised 

protocol for inclusion in global trait databases specifies selecting sun leaves.  Extending 

this protocol for screening of light-induced plasticity may be useful for restoration 

screening of grasses able to establish and persist in different light environments.  This 

was not the focus of this study and I was only able demonstrate potentially useful 

functional plasticity for a single species.  Further research is required, particularly for 

species with wide distributions and broad adaptations to shaded environments.  Good 

candidates include Cinna latifolia, typically a shade species which I frequently 
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encountered growing abundantly and vigorously on recently disturbed roadsides, 

pipelines, well sites and moist clearings, and Leymus innovatus, which less frequently 

colonised recent disturbances, but nevertheless occurs under a wide range of light 

conditions. 

Plant leaf traits may prove to be useful tools for improving restoration strategies in 

particular in northeast B.C.  Their relative ease of measurement allows for rapid 

assessment of a wide range of species (not restricted to grasses) over environmental 

gradients.  Linkages can be investigated to their relationships with underlying 

environmental conditions to better predict conditions under which the species will 

establish, and to explain the functional effects plants will have on ecosystems once 

established.  The data for the species measured here can be combined with ecological and 

climate data from the measurement sites for use in regional and global studies to predict 

vegetation responses to climate change.  To further this line of research, sampling of 

more species along well-defined disturbance and climate gradients could help clarify the 

pattern of response in grasses in northeast B.C. 
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Chapter 5 Functional traits of greenhouse grown grasses 

5.1. Introduction 

Grasses are important components of many of British Columbia's ecosystems, and are 

particularly prevalent in early successional herbaceous communities.  There is increasing 

interest in the use of native grasses as an alternative to common agronomic grasses for 

reclamation of disturbed sites, providing the services of erosion control, biomass 

production, invasive species suppression, and wildlife forage while maintaining 

biodiversity and ecosystem function (Burton 2003, Hardy 1989).  Species selection of 

native grasses depends on understanding their seed germination, seedling vigour, plant 

height, time to reproductive maturity, plant establishment and persistence, as well as how 

these characteristics can be matched to site-specific conditions and restoration goals. 

Little empirical data are available on the growth of native grasses from northeast B.C.   

Plant functional traits associated with restoration success include seed size, clonal 

growth, rapid biomass production and time to first reproduction (as discussed in chapter 

2).  Seed size has been related to various aspects of plant performance, recruitment and 

abundance (Mazer 1989).  The 'seed-size, seed number trade off' (Leishman 2001) 

suggests that large-seeded species may have an establishment and competitive advantage 

over small-seeded species whereas small-seeded species produce more offspring that are 

highly dispersable and superior colonists of open ground.  Clonal organs such as 

rhizomes and stolons play an important role in colonization, persistence and spread of 

clonal plants and are important for the conservation of soil resources (Esmaeili et al. 

2009).  Tufted grasses may increase water infiltration (Gade 2006), reduce soil surface 
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temperature, and have been linked to increased species diversity (Lauenroth and Aguilera 

1998).  The rapid production of biomass is important in restoration for returning organic 

matter to the soil, for total productivity and plant N accumulation (Wilsey and Polley 

2006).  Desirable attributes for grasses selected for restoration will likely include a range 

of each of these traits.  If easily measured traits, such as seed size, time to first 

reproduction and plant height, can be correlated with key hard to measure traits (viz. 

biomass production and allocation, below-ground biomass production, plant 

photosynthesis and N accumulation), a useful screening tool for selecting native species 

could be developed. 

This study focuses on 14 grass species common in northeast B.C., as identified in field 

work reported in Chapter 3, and examines their biomass production and allocation 

between aerial parts and below-ground (roots and rhizomes) parts, their time to first seed 

production, and the culm height at the end of a single growing season. Functional traits of 

rhizome and stolon production, grain size and the ability to produce seed in a single year 

were investigated for correlation with observed patterns of biomass production and 

allocation.  It is predicted that species with rhizomes will allocate more resources to 

belowground biomass and those producing seed in the first year will allocate more 

resources to above-ground biomass.  

5.2. Materials and Methods 

5.2.1. Plant species 

Fourteen common northeast B.C. grass species were investigated (Beckmannia 

syzigachne, Bromus ciliatus, Calamagrostis canadensis, Calamagrostis stricta, Cinna 
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latifolia, Deschampsia cespitosa, Elymus glaucus, Elymus trachycaulus, Festuca altaica, 

Koeleria macrantha, Leymus innovatus, 5assella viridula, Pascopyrum smithii, and Poa 

palustris).  Bromus ciliatus, Calamagrostis canadensis, Cinna latifolia, D. cespitosa, E. 

glaucus, L. innovatus and Poa palustris are abundant and common throughout the region, 

occurring in moist to mesic sites, often colonizing disturbed areas (Chapter 3).  

Beckmannia syzigachne, an annual and D. cespitosa, a perennial, are common in moist 

areas. Dry site grasses included the rhizomatous E. trachycaulus and Pascopyrum smithii, 

as well as the tufted K. macrantha and 5. viridula.  Tussock-forming F. altaica is 

common at mid to high elevations throughout the region, though rarely occurring on 

highly disturbed sites. 

5.2.2. Experimental design 

Seeds were collected in the field in the fall of 2007 from single source populations 

(Table 5.1).  Seeds (grains) from a minimum of 20 inflorescences were harvested, dried 

in paper bags then stored over the winter in cool, dark conditions.  I weighed 100 seeds of 

each seed lot on an analytical balance with 10-4 gm resolution (Sartorius BP61s, Elk Grove 

IL).  They were seeded in 'Root Tutor 72' plug trays (Summit Plastic Company, Akron 

OH) in Sunshine Mix #2 on 2 May 2008 and germinated at Columbia Valley Greenhouse 

in Trail B.C. in an unheated greenhouse without additional illumination.  I sowed 

between 3 and 10 seeds per cell, depending on their germination ability as reported by 

various sources (Burton and Burton 2003, USDA NRCS 2008, Idaho native seed plant 

propagation protocols on-line, Hardy 1989).   
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Table 5.1 Source locations for grass species sown in greenhouse experiment. 

  Population Source 

Species Name Code Latitude Longitude Elev. 

Beckmannia syzigachne (Steud.) Fern. BS 56°31'41" 120°26'05" 679 

Bromus ciliatus L. BC 56°31'41" 120°26'05" 679 

*Calamagrostis canadensis (Michx.) Beauv. CC 56°19'48" 120°57'09" 690 

Calamagrostis stricta (Timm) Koel. CS 56°12'28" 120°50'25" 494 

Cinna latifolia (Trev. ex Goepp.) Griseb. CL 56°16'11" 120°50'14" 655 

*Deschampsia cespitosa (L.) Beauv. DC 56°31'41" 120°26'05" 679 

Elymus glaucus Buckl. EG 56°19'48" 120°57'09" 690 

Elymus trachycaulus (Link) Gould ex Shinners ET 56°12'24" 120°50'09" 493 

*Festuca altaica FA 59°00'07" 125°30'34" 1675 

*Koeleria macrantha (Ledeb.) J.A. Schult. f. KM 56°12'32" 120°50'12" 549 

Leymus innovatus (Beal) Pilger LI 56°57'50" 120°35'49" 670 

*Nassella viridula (Trin.) Barkw. NV 56°12'32" 120°50'12" 549 

Pascopyrum smithii (Rydb.) A. Löve PS 56°12'32" 120°50'12" 549 

Poa palustris L. PP 56°19'48" 120°57'09" 690 

*  These species had low germination and did not produce enough seedlings for the 
experiment.   

 

Germination was recorded for each cell, and any more than a single seedling was 

removed by clipping at soil level to avoid disturbing the remaining roots.  Four species 

had very low germination (Deschampsia cespitosa, Koeleria macrantha, Festuca altaica, 

and 5assella viridula) and were dropped from the experiment at this stage.  On 28 May 

2008, twelve individuals of the remaining ten species were transplanted into 12 cm x 12 

cm x 24 cm pots filled with a mixture of Premier Pro-mix for a total of 120 pots.  The 

pots were randomly placed in an unheated commercial greenhouse (West Kootenay 

Plants, Slocan, B.C.) with no additional lighting.  The position of the pots was re-

randomized twice during the study to reduce position affects.  The plants were watered 

every 2-3 days as required.  No additional fertilization was provided, following the 
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recommendation by Mokany and Ash (2008) who found that traits of pot-grown plants 

grown without fertilizer were more similar to field-grown plants than fertilized ones. 

 Plants were monitored for growth throughout.  At 30 days, I counted all the leaves of 

all plants, measured the longest ones, and made notes about any evidence of disease or 

insect damage.  Four Calamagrostis canadensis individuals had signs of a leaf disease 

and were removed from the greenhouse for sanitary purposes, and the species was 

dropped from the experiment.  At 135 days, all plants were harvested within three 

consecutive days.  For each individual, the length and width of three fully expanded stem 

leaves were measured,  the number of rhizomatous offshoots (ramets) was counted, the 

height of the tallest flowering culm was recorded, the presence or absence of seeds was 

noted, and growth stage was measured on a modified Zadoks scale (Zadoks 1974) (Table 

5.2).  This scale is designed for standardized measurements of cereal crops, and has been 

widely adapted for annual weed crops to facilitate appropriate herbicide application.  It 

lacks some of the important measures for perennial grasses, so I added phase 10 (seeds 

dropping) and took additional notes on rhizome formation on harvest.  

Table 5.2  Principal growth stages of grasses, modified from Zadoks (1974). 

Growth Stages  

0 Germination 

1 Seedling growth 

2 Tillering 

3 Stem elongation 

4 Booting 

5 Inflorescence emergence 

6 Anthesis 

7 Milk development 

8 Dough development 

9 Ripening 

10 Dropping seeds 
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The plants were then destructively harvested.  Aerial parts were cut off at soil level, 

belowground parts were carefully washed to separate them from the soil.  All components 

were dried at 65°C for 72 hours and weighed with an analytical balance with 10-3 gm 

resolution.  The aerial to below-ground biomass allocation pattern was calculated.  

5.2.3. Statistical Analyses 

Statistical analyses were conducted using R (R Development Core Team 2008, Fox 

2005, Fox 2009).  Data were tested for departures from normality using Shapiro-Wilks 

test and for homoscedasticity using Levene's test.  Aerial biomass, below-ground biomass 

and total biomass were square-root transformed prior to analysis to meet standards of 

normality.  One-way analysis of variance (ANOVA) was applied to determine the 

statistical difference of biomass allocation among species and among the measured traits.   

 

5.3. Results 

5.3.1. Biomass production 

Total biomass production (dry weight above + below ground) was lowest for Leymus 

innovatus, Elymus trachycaulus and Calamagrostis stricta and highest for Cinna latifolia, 

Bromus ciliatus, and Poa palustris (Figure 5.1) ranging from a mean of 9.26 g/plant to 

21.71 g/plant.  Median aerial biomass production ranged from a low of 2.4 g/plant for 

Calamagrostis stricta to 11.1 g/plant for P. palustris (Figure 5.1).  Below-ground 

biomass ranged from a low of 2.9 g/plant for L. innovatus to 12.5 g/plant in B. ciliatus 

(Figure 5.2).   
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Figure 5.1 Above and belowground biomass production (mean g/plant) of nine grasses 

 

Figure 5.2  Below-ground biomass production of nine grass species, showing sample variance 
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Species differed significantly in the total above-ground biomass produced during the 

season, but not in below-ground biomass or total biomass.  Within species sample 

variance was high, particularly for below-ground biomass.  This may be attributable to 

numerous factors, including natural variation in plants grown from wild collected seed.  

Native plants likely harbour considerable genetic variation and these results are limited to 

seeds from a single population.  Other populations would probably give very different 

results. 

5.3.2. Above- to below-ground biomass allocation 

Species differences in the ratio of above- to below-ground biomass were significant 

(Table 5.3) and two groups of species were identified which had different patterns of 

biomass allocation (Figure 5.3). 

 
Table 5.3  Grass species biomass allocation differences (one-way ANOVA, square-root 
transformed data). 

 F P Sig* 

Aerial biomass 4.7861  7.68e-05 *** 

Below-ground biomass 1.4856 0.1753 ns 

Total biomass 1.8876 0.07316 ns 

Aerial:Below-ground  4.8309 6.92e-05 *** 

Significance levels:   ns P >0.05 (non-significant);   *P <0.05;   **P <0.01;  ***P <0.001 
 

 

One group of four species (BC, BS, CL, and CS) allocated proportionally more 

biomass production to below-ground than to aerial biomass; the second group, with the 

remaining species (EG, ET, LI, PP and PS) allocated proportionally more to aerial parts.  

The first group may be excellent soil stabilizers for erosion control, whereas the second 
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group may provide excellent above ground forage as well as contribute litter for humus 

development.   

Figure 5.3  Mean above-ground to below-ground biomass allocation.  Mean value and standard 
deviation bars shown.  Two homogenous groups are identified (significant at p>.05, 95% 
Bonferroni). 

 

 
 
Figure 5.4 shows twin scatterplots of biomass allocation (above, below-ground, and 

total biomass, and culm height) including the Pearson's correlation coefficient (r).  Culm 

height is only weakly associated with below-ground biomass (r=.44) and more strongly 

associated with above-ground biomass (r=.54).  Visual inspection shows no apparent 

differences between the rhizomatous species (in grey) and the non-rhizomatous species 

(in black) with respect to any of the variables studied. 
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Figure 5.4  Relationships between pairs of growth and allocation variables, with Pearson's 
correlation coefficient.  Rhizomatous species in grey; non-rhizomatous species in black. 
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5.3.3. Onset of reproduction 

Individuals of five species produced ripened seeds within the 135 days of the 

experiment Table 5.4).  P. palustris was the first species to initiate flowering; 2 plants 

had emerging inflorescences (Zadscale= 5) at 30 days after transplanting, and all were 

flowering by 60 days after transplanting.  At harvest, it had the tallest culms (mean=58.40 
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cm) and a mean Zadscale of 9 (range 8-10), with all plants flowering and some plants 

already dropping mature seed.  B. ciliatus, C. latifolia, Beckmannia syzigachne, and 

Elymus glaucus also had individuals which produced ripening seeds, with emergent 

inflorescences noted at  60, 60, 46 and 90 days, respectively.  

Table 5.4  Growth and development of grass species in the greenhouse, including number of 
rhizomatous offshoots, culm height, total biomass, development as measured by the Zadscale, and 
whether or not seeds were produced. 

Species Mean 

Rhizome 

Number 

Mean 

Culm 

Height 

(cm) 

Mean 

Total 

Biomass 

(g) 

Mean 

Zadscale 

value 

Max development 

reached 

Beckmannia syzigachne 0 34.60 15.315 5.2 3 individuals with 

ripened seeds;  die-

back of leaves 

Bromus ciliatus 0 53.65 17.19 7.6 3 individuals had 

ripe seeds 

Calamagrostis stricta 8.3 6.30 10.405 2.0 Juvenile 

Cinna latifolia 0 50.20 16.145 5.7 Ripened, dehiscent 

seeds 

Elymus glaucus 1.3 40.40 12.21 4.7 One individual at 

dough 

development stage 

Elymus trachycaulus .5 19.20 10.385 2.5 Half were at stem 

elongation phase 

Leymus innovatus .7 11.90 9.295 1.9 Juvenile 

Pascopyrum smithii 3.3 26.00 15.505 3.1 Booting 

Poa palustris 0 58.40 21.71 9.0 Ripened, dehiscent 

seeds 

 

 

     

5.3.4. Clonal versus non-clonal growth 

The rhizomatous species in this experiment were Calamagrostis stricta, Elymus 

glaucus, E trachycaulus, Leymus innovatus and Pascopyrum smithii.  Poa palustris was 

the only species that rooted at the nodes.  The non-clonal species were the annual 

Beckmannia syzigachne, and the perennials Cinna latifolia and Bromus ciliatus.   
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Rhizomatous species varied markedly in timing and patterns of rhizome production 

(Table 5.4).  Calamagrostis stricta produced 8.3 offshoots per plant, every plant 

produced rhizomes, with a minimum of 4 per plant to a maximum of 12 per plant.  

Pascopyrum smithii also produced rhizomes on every plant (from a minimum of 1 to a 

maximum of 6 for a mean of 3.3 offshoots/ plant).  Only two Elymus trachycaulus 

individuals developed rhizomes (with 2 and 3 offshoots each) and only three Leymus 

innovatus developed rhizomes (with 1, 2 and 4 offshoots each).  E. glaucus, the only 

rhizomatous plant to produce seeds, was the most variable, with half of the plants 

producing no rhizomes, three plants with a single rhizome, one plant with four and one 

with six. 

Poa palustris rooted quite aggressively in adjacent pots.  This may have suppressed the 

growth of neighbouring individuals while potentially allowing P. palustris individuals 

access to more nutrients from adjacent soil. When pots were re-randomized, stolons were 

carefully uprooted, left attached to the main plant, and discouraged from re-rooting in 

their new positions.  It is unknown what impact this had on all plants in this experiment.  

Contrary to the hypothesis that rhizomatous species would allocate more resources to 

underground than aboveground biomass production, AG:BG was significantly higher 

(F=10.54, p= .0017) for these species (1.29);  in contrast, non-clonal species produced .76 

times as much aboveground as belowground biomass. 

5.3.5. First year flowering individuals  

For plants that set seed, mean plant biomass was 20.25 (+/- 10.12) g/plant, and the 

above- to below-ground ratio was 1.17 (+/- .89) (Figure 5.5).  For vegetative plants, the 
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values were 11.38 (+/- 1.17) g/ plant, with 1.17 (+/- .78) aboveground to belowground 

allocation.  Total biomass was significantly larger whereas allocation did not differ for 

individuals that produced seed than for individuals that did not set seed.   

Figure 5.5  Distribution of standardized total biomass of individuals which set seed versus 
individuals which did not set seed. 

 

5.4. Discussion 

Species growth and allocation are important factors for restoration, for which there is a 

significant knowledge gap for species from northeast B.C.  In this experiment, I selected 

seed from a single population.  In native species, there is likely considerable genetic 

variation among populations and even individual plants.  All conclusions are therefore 

limited to this sample from this single population and other populations of the same 

species are likely to be different in all characteristics studied.  Further studies into 

genotypes and ecotypes of these widespread species are warranted. 
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5.4.1. Species germination, growth and biomass production responses 

Five species (Deschampsia cespitosa, 5assella viridula, Koeleria macrantha, Festuca 

altaica and Calamagrostis canadensis) had low germination, and were not included in 

the biomass production and allocation experiment.  All these species are known as having 

low germination rates (Burton and Burton 2003, USDA NRCS 2008, Idaho native seed 

plant propagation protocols).  I attempted to compensate for this by planting more of 

these seeds in each cell, but no seed pretreatment was made nor were seeds tested for 

viability, as this was not an experiment into seed viability and germination ecology.  It is 

interesting to note that four of the excluded species have relatively small seeds 

(Deschampsia cespitosa, 5assella viridula, Koeleria macrantha and Calamagrostis 

canadensis) and four (Deschampsia cespitosa, 5assella viridula, Koeleria macrantha and 

Festuca altaica) are tufted grasses.  Two species (5. viridula and K. macrantha) are 

relatively common in dry grasslands in the Peace River area.  Deschampsia cespitosa and 

Calamagrostis canadensis are widespread throughout the region, and are a highly 

successful colonizer of disturbed sites.  The low germination rate for these species was 

somewhat surprising.  F. altaica is common in alpine and subalpine environments, and is 

a frequent component of open boreal forests.  Further investigation into the seed ecology 

of these species is recommended, and protocols for collection, storage, pretreatment and 

germination of wild seed should be developed.   

C. canadensis and Leymus innovatus both had individual plants with some health 

issues (mold on the leaves).  Infected individuals were removed from the greenhouse to 

prevent contamination.  In the field, I frequently observed ergot-infested L. innovatus.  

No other plant health issues were noted during the course of the experiment. 
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Growth and establishment from seed are important properties to understand for 

restoration of degraded sites associated with oil and gas production (Hammermeister et 

al. 2003).  In this experiment, several taxa outperformed all others in terms of biomass 

production.  Poa palustris produced more total biomass per plant than any other species, 

and rapidly produced seed.  Bromus ciliatus, Cinna latifolia and Beckmannia syzigachne 

also produced large amounts of biomass as well as producing seed in the first year.  Seed 

produced in the first year may allow these species to successfully colonize disturbed 

ground with exposed mineral soil.  Total biomass production was in the middle range for 

Pascopyrum smithii but it did not produce seed.  These five species could be considered 

in revegetation efforts where early growth is required.  Species that were slower growing, 

such as Leymus innovatus, Elymus trachycaulus and Calamagrostis stricta may still 

provide useful restoration services, but may require special management in the field to 

get initial establishment.   

5.4.2. Plant attributes and biomass production and allocation 

Under the experimental conditions, the species studied here exhibited only weak 

correlations between plant attributes and biomass production and allocation.  Seed size 

was not correlated with biomass production, but it was correlated with biomass 

allocation, with large seeded species allocating proportionally more to aboveground 

biomass.  Clonal species allocated more resources to above-ground biomass than non-

clonal species.  Individuals that went to seed during the experiment produced more total 

biomass but allocation patterns were similar to those of individuals that did not produce 
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seed.  Further research is required to understand these patterns and their relationship to 

plant strategies in order to improve restoration practices using native grasses.   

5.4.3. Implications for species selection and management 

Beckmannia syzigachne, the only annual in the study, had rapid, uniform germination, 

grew vigorously, and allocated 66% of its production to belowground biomass. It 

produced and shed seed early, and was beginning to senesce by the end of the 135 day 

trial.  It is an excellent candidate for restoration at moist to wet sites where rapid, 

temporary cover is desired.  Its abundant seeds could be easily hand-harvested in the wild 

where local seed stock is required. 

Bromus ciliatus had excellent germination and growth, and it produced seed in the 

short duration of the experiment.  It may be considered as an alternative to Bromus 

inermis where a tall leafy short-lived grass is desired. 

Calamagrostis stricta produced masses of rhizomes and could be considered for 

restoration in moist to wet sandy sites where soil stabilization is a priority.  

Cinna latifolia also germinated well, produced abundant large leaves, and produced 

seeds.  It is reportedly not terribly competitive and is quite shade tolerant (Hardy 1989), 

so may be an ideal restoration grass where rapid cover which will not compete with later 

successional species is desired, and where a certain amount of shade tolerance is 

required.  

Elymus glaucus divided biomass allocation between above and belowground parts, half 

of the plants produced rhizomes and some plants were beginning to produce seed by the 

end of the experiment.  This species requires further investigation into whether rhizome 
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production is a plastic attribute in this species, and what environmental conditions 

promote the production of rhizomes. 

E. trachycaulus had high germination percentage and good growth, indicating that is 

may establish well from seed.  It produced the second least biomass in the experiment, 

and allocated it almost evenly between above and belowground biomass.  It was uneven 

in its rhizome production, and did not progress to flowering during the experiment.  

Copious seed production in the field made it easy to collect, and given its apparent ease 

of establishment from wild collected seed and widespread occurrence in the region, E. 

trachycaulus can be recommended for restoration. 

Leymus innovatus germinated easily from seed, but grew slowly in comparison to the 

other grasses in this experiment, producing the least total biomass.  It allocated slightly 

more to aboveground parts, and only a few plants produced rhizomes in the duration of 

the experiment.   

Pascopyrum smithii had uneven germination, and growth that was in the mid-range of 

the species in this experiment.  Growth allocation was also in the mid-range, and evenly 

distributed between above and belowground biomass.  The species consistently produced 

rhizomes.  In a restoration setting, it may require seed pretreatment and/or heavier 

seeding rate to achieve desired cover.  It shows good potential for erosion control as well 

as soil building properties based on its root biomass and rhizome production. 

Poa palustris demonstrated many qualities of an excellent early successional 

colonising species: good germination, rapid growth, clonal growth by rooting at the nodes 

and rapid seed production for self-reseeding potential.  Field observations (reported in 

Chapter 3) suggest that the species is unlikely to compete with the establishment of later 
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successional species, though it seems to persist in small numbers.  Where permanent 

grass cover is not required, P. palustris appears to be suitable for use in a wide range of 

settings where rapid groundcover is needed.   

5.5. Summary 

Restoration using grasses native to northeast B.C. can be improved by an increased 

understanding of the germination, growth and allocation patterns, and time to first 

reproduction of species identified as having high potential or importance in an ecosystem.  

This study initially looked at 14 species common in a variety of settings in northeast 

B.C., using seeds collected from single populations. 

Germination was low for four species:  Deschampsia cespitosa, Koeleria macrantha, 

Festuca altaica, 5assella viridula.  These species were dropped from the experiment, and 

it is recommended that further research be conducted into the seed and population 

ecology of these species, including optimal timing of wild harvesting, specific storage, 

pretreatment and germination requirements as well as optimal planting time.  Particularly 

needed is basic research into Festuca altaica, given its importance in sub-alpine and 

alpine ecosystems and its absence from disturbed sites. 

The greenhouse experiment demonstrated the agronomic potential of several grass 

species for restoration for a variety of sites and purposes.  Cinna latifolia and Poa 

palustris stand out as candidates to substitute for agronomics used for erosion control and 

rapid, temporary cover for many settings.  For moist to wet sites, Beckmannia syzigachne 

can provide quick soil stabilization and has excellent wildlife values.  Bromus ciliatus, 

Elymus glaucus and Elymus trachycaulus had excellent germination and growth, as well 
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as demonstrating tolerance for compact sites and contaminated sites.  Calamagrostis 

stricta grew slowly and produced many rhizomes; it may be an important component of a 

restoration mix for stabilizing banks and moist, sandy sites where a persistent soil 

stabilizer is required.  Leymus innovatus was a slow grower, and may require specific 

management practices to get it established in the field.  Further research into the 

agronomy of this common species may be necessary. 

Above all, the study shows that many grasses native to northeast B.C. have excellent 

potential for restoration.  Many species are able to colonize naturally and may not require 

active planting.  For direct seeding on a small scale, seed can be wild collected and 

planted the following year with no other treatment necessary.  Seed increase programs 

could produce more seed on a broader scale for industrial use.  Some native species are 

capable of the same rapid growth and establishment as introduced 'reclamation' grass 

species, while providing the added benefits of maintaining biodiversity, ecosystem 

structure and function, and being compatible with the surrounding landscape. 
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Chapter 6 Summary and Conclusions 

In my definition, sustainability enables the present generation of 
humans and other species to enjoy a sense of social well-being, a 
vibrant economy and a healthy environment without 
compromising the ability of future generations to enjoy the same. 

Guy Dauncey n.d. 

Maintaining and conserving the biodiversity of the earth`s ecosystems is critical for 

sustaining the ecosystem services that support human life.  In northeast B.C., agriculture, 

forestry and other industrial developments also support the human population – but how 

sustainable are these activities, especially in the context of conserving biological diversity 

and ecosystem services?  Current reclamation practices introduce non-native species 

across the landscape, often at the expense of native biodiversity.  One small step toward 

sustainability for present and future generations is to use native species for revegetation 

after disturbance.  In this study, I evaluated native grasses as potential replacements for 

non-native species as part of effective restoration of anthropogenic disturbances in 

northeast B.C. 

This study had four main objectives: 

Objective 1:  Inventory native and introduced grasses in northeast B.C. 

Objective 2:  Relate disturbance to the distribution and abundance of grasses  

Objective 3:  Identify and measure key traits of native grasses relevant to restoration  

Objective 4:  Recommend grass species and restoration strategies for northeast B.C. 

The results of this study have important implications for restoration practice in 

northeast B.C., particularly for oil and gas industry disturbance.  In this chapter, I discuss 

my findings with respect to each of the first three objectives. The fourth objective 
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integrates results from the first three objectives leading to recommendations of grass 

species for general uses and for unique site conditions.  Considering the exceptional 

implications of climate change on biodiversity (Austin et al. 2008), I explore the potential 

role of native grasses and grasslands in northeast B.C. in the context of this issue. The 

results of my study touch on broader questions and aspects of restoration leading to 

policy recommendations to support a move from reclamation in northeast of B.C. to one 

that is more consistent with holistic restoration.   

6.1. Native and non-native grasses in northeast B.C. 

This is the most comprehensive study of grass flora ever made in northeast B.C. It 

shows that the grass flora of northeast B.C. is more diverse than previously known, now 

consisting of at least 114 species.  When combined with herbarium and field inventory 

data, the results of this investigation provide a much improved basis for managing grass 

biodiversity and considering grasses when making restoration decisions.  As emphasized 

already, native species form the pool of regional species available for ecological 

restoration, whereas the non-native species represent the potential for invasiveness 

particularly if they are widely sown in the service of reclamation. 

Seventy-six native grass species were documented in the study region. The five species 

found most frequently are Calamagrostis canadensis, Leymus innovatus, Elymus 

trachycaulus, Poa palustris and Agrostis scabra.  All but L. innovatus are widespread and 

common in B.C., adjacent regions and throughout boreal regions of Canada.  L. innovatus 

is common in Yukon and Alberta, and in B.C., it is common in the Rocky Mountains and 

only infrequent in the B.C. interior (Barkworth 2003).  Notable northern extensions to 
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British Columbia ranges were made for Phragmites australis ssp. americanus, Elymus 

albicans and Schizachyrium scoparium.  Provincially red-listed Schizachyrium 

scoparium, Sphenopholis intermedia and Torreyochloa pallida and blue-listed taxa are 

Muhlenbergia glomerata, Poa abbreviata, Torreyochloa pauciflora and Helictotrichon 

hookeri were encountered (British Columbia Conservation Data Centre 2008). Also 

collected was Elymus sibiricus, which was removed from the blue list in 2008, and is 

now believed to be of exotic origin (British Columbia Conservation Data Centre 2009).   

The study also demonstrates that non-native grasses in the region are more diverse than 

previously known, now including 26 taxa, 12 more than the 14 identified on the 

distribution maps in Volume 8 of the Illustrated Flora of British Columbia (Douglas et al. 

2002).  New introduced species for the northeast encountered in this study are Alopecurus 

pratensis, Bromus latiglumis, B. riparius, B. tectorum, Dactylis glomerata, Thinopyrum 

intermedium, Echinochloa crusgalli, E. muricata, Lolium perenne, Panicum 

dichotomiflorum, Secale cereale and Triticum aestivum.   

The discovery of these non-native species underscores the need for ongoing inventory 

and monitoring in the region to develop an understanding of the scope of the problem of 

increasing diversity of the non-native grass flora.  It is critical to detect new and 

potentially invasive species while control is still possible and cost-effective (Invasive 

Plant Council of British Columbia 2006).  

The issue of introduction of new exotic species with the potential to become invasive is 

especially a concern in isolated parts of the region, as increased oil and gas exploration 

leads to widespread soil disturbances by roads, pipelines, seismic lines, and surface 

leases.  Invasive species are also likely to become more problematic particularly under 
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the drier and warmer conditions as a result of climate change (Hebda 1994, Hellman et al. 

2008). 

In this context, caution must be exercised in introducing different varieties and species 

of agronomic grasses, particularly into new areas.  Numerous studies have shown that 

non-indigenous grasses alter the patterns and rates of colonization of native plants in 

disturbed habitats thus affecting indigenous biodiversity and ecological processes 

(Densmore 1992, Davis et al. 2005). Use of such species may actually delay succession 

on pipelines, seismic lines and well sites.  Furthermore novel genetic re-combinations can 

increase the invasiveness of seemingly tame species (Saltonstall 2002, Lavergne and 

Molofsky 2007). My observations of the widespread occurrence (23% of all occurrence 

records throughout much of the region) of four introduced agronomic species (Poa 

pratensis, Festuca rubra, Bromus inermis, and Phleum pratense) indicate that 

naturalization is taking place, degrading ecological communities by suppression of native 

flora and successional processes, likely resulting in a permanent change to ecosystem 

function and properties (Simberloff 2005).  Promoting natural colonization by native 

species may be preferable to establishing communities of potentially invasive species. In 

any case in this region, deliberate seeding of agronomic species must consider potential 

risks to native communities and species.  

6.2. Grass distribution and abundance 

Natural and anthropogenic disturbances interact at local, regional and landscape scales 

to influence the distribution and abundance of grass species.  Improved understanding of 
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species’ responses to disturbance provides key insights into decisions about restoration 

practice. 

On one hand are the grasses that occur most frequently on the least disturbed habitats 

and that can serve as indicators of intact or recovering ecosystems.  These species may 

also be more vulnerable to increasing human activity than more widespread native 

species and may require special conservation or restoration strategies.  In this study, Poa 

alpina, Arctagrostis latifolia, Koeleria macrantha, Anthoxanthum hirtum, and Festuca 

altaica had strong affinities for intact native habitats and may be indicators of sites that 

should be disturbed only with care. 

On the other hand there are widespread, broadly distributed native species which 

establish quickly on disturbed sites.  These 'native generalists' are likely to be successful 

restoration species, suitable for a wide variety of circumstances, and able to establish and 

persist in a variety of habitats and disturbance types.  These species have the potential to 

substitute for agronomic species commonly used to provide cover and erosion control 

benefits, while at the same time providing the additional benefit of conserving local 

biodiversity.  In northeast B.C., Calamagrostis canadensis, Leymus innovatus, Elymus 

trachycaulus, Poa palustris, Hordeum jubatum and Agrostis scabra are the most common 

and widespread grass species that favour disturbed sites. For this reason, these species 

can be considered as 'general-purpose' restoration grasses. Specific recommendations are 

found in Chapter 3.  

There are also grasses that colonize particular types of human-disturbed sites and may 

be candidates for restoration in those circumstances.  For example, Deschampsia 

cespitosa, Trisetum spicatum and Elymus trachycaulus were commonly found on well 
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sites in this study; Cinna latifolia, Calamagrostis canadensis and Leymus innovatus 

occurred widely on pipeline right-of-ways. All of these native species have strong 

restoration potential. They favour and thrive on sites with both natural and anthropogenic 

disturbances and actively colonize disturbed sites if not prevented from doing so by dense 

stands of non-native vegetation.  They provide important ecological functions such as 

erosion control and are a valuable part of the natural succession processes in many 

ecosystems. 

6.3. Key traits of native grasses for restoration 

Restoration practices can be informed by plant traits and their links to underlying 

ecological processes, depending on the end-goal, local site conditions and the nature of 

the anthropogenic disturbance.  Table 6.1 summarizes key traits as observed in the 

studies reported in this thesis, and highlights of the various traits and species are 

discussed in this section and the next.    

I my study I obtained new data for Specific Leaf Area (SLA) and Leaf Dry Matter 

Content (LDMC) for 16 native grass species in northeast B.C. High SLA was associated 

with decreased LDMC and vice versa, congruent with global patterns (Wilson et al. 

1999).  High SLA-low LDMC species globally tend to be associated with highly 

disturbed sites, a higher relative growth rate and high biomass production (Grotkopp and 

Rejmanek 2007, Poorter and De Jong 1999). Native Bromus ciliatus, B. pumpellianus 

and Leymus innovatus have this trait combination and can be recommended for 

revegetation following disturbance.  In contrast, Festuca altaica, Deschampsia cespitosa 

and Calamagrostis stricta have low SLA and high-LDMC, a feature which is globally 
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correlated with slower growth, low digestibility and persistence.  These species can be 

recommended where these traits are appropriate or where disturbances are small and 

patchy.  For example, D. cespitosa is able to establish in small ruts at a range of 

elevations, thus helping to stabilize soil and minimize run-off. 

Species selected for restoration should be evaluated on their ability to establish and 

grow in the establishment year.  Total Biomass Production (TBP) is linked to better 

species performance in the field (Tormo et. al. 2008). Species with high aboveground 

biomass production (ABP) are best able to capture resources – particularly light – 

available after a disturbance and quickly fill the available space (Navas and Moreau-

Richard 2005).  Belowground biomass production (BBP) is important for binding the soil 

thereby preventing erosion, and for restoring belowground function and processes.  TBP, 

as measured in a 135 day greenhouse experiment was highest in Poa palustris, 

Pascopyrum smithii and Elymus glaucus; and lowest in Calamagrostis stricta, 

Beckmannia syzigachne and Leymus innovatus.  Species which allocated proportionally 

more to AGP included Poa palustris, Leymus innovatus and Elymus glaucus; species that 

allocated more to BGP were Bromus ciliatus, Beckmannia syzigachne and Cinna 

latifolia.  High TBP, ABP and/or BBP in first year growth are desirable for returning 

organic matter to a sterile soil, providing rapid cover, and erosion control. These species 

may be good substitutes for agronomics such as Poa pratensis, Festuca rubra, and 

Phleum pratense, which currently provide these functions.  Lower biomass species may 

be useful under conditions where original soil cover is not removed, where organics 

remain, or where erosion is less of a concern.  
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Short time to first reproduction is one trait that has been associated with adaptation to 

disturbance and gap colonization (Buckland et al. 2001). Species able to produce seed in 

the first year may be able to rapidly colonize gaps from a small initial population.  In the 

greenhouse experiment, Cinna latifolia, Poa palustris, Beckmannia syzigachne (an 

annual), Bromus ciliatus, and Elymus glaucus all produced seed in the first year.  In the 

field, reproduction in the first year was also observed in Agrostis scabra and Hordeum 

jubatum.  Species with rapid seed production may be useful on well sites where there is 

incomplete coverage by seeded vegetation or road edges, seismic lines and pipelines that 

are exposed to occasional soil re-disturbances.  

Clonal growth from rhizomes, stolons and rooting at the nodes also has been identified 

as an important plant strategy, desirable in early stages of restoration for controlling 

erosion (Edminster n.d).  In the greenhouse experiment, Calamagrostis stricta and 

Pascopyrum smithii were strongly rhizomatous, whereas Poa palustris was weakly 

stoloniferous and aggressively rooting at the nodes.  These species may be most useful 

for restoration where soil erosion is of concern, such as on pipelines and seismic lines on 

steep terrain, or in sites such as well sites with incomplete vegetation coverage.  Three 

other species – Elymus glaucus, E. trachycaulus, and Leymus innovatus – had some 

plants that produced rhizomes, whereas others produced none.  It is likely that there is a 

combination of genetic variation and environmental plasticity that varies within and 

among species, and needs to be further understood particularly as it pertains to their 

performance in restoration.  This question could be investigated in controlled 

environment experiment for different species and populations on clones of selected 
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species, as done by Lehmann and Rebele (2005) on Calamagrostis epigejos and on 

Elymus repens by Taylor and Aarsen (1988).   

The results of this study reveal considerable variation in the plant functional traits of 

the region’s native species. Consequently plant functional traits may provide a cost-

effective filter for screening large numbers of species for desirable attributes.  The 

preliminary results of this study show that plant traits have the potential to inform species 

selection for restoration.  An even wider range of traits has been identified in the 

literature, such as seed mass, leaf lifespan, and stem specific density (see Cornelissen et 

al. 2003 for complete list and measurement protocols) that are relatively easy to measure.  

Further research may establish the links between a particular type of disturbance and a 

particular trait or suite of traits.  While it is not trivial to establish the relationships 

between an individual trait and the trait response to disturbance or its environmental 

effect, the data here provide some of the first of this type of information for grass species 

in northeast B.C.  Further research is required, and integration of these data into global 

trait databases is an important first step.   

6.4. Native grass recommendations for northeast B.C. restoration 

The results from the field surveys and greenhouse experiment, suggest that six 

widespread species commonly found on disturbed lands have considerable restoration 

potential.  Five of these six are recommended as  multipurpose species for a broad range 

of sites, including those affected by petroleum development. The data from the study also 

enable an analysis of specific site types and the species most appropriate for these.  

Species suitable for dry sites, wet sites and high elevation environments are identified, as 

are species that may be useful for well sites. 
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6.4.1. General purpose restoration species 

Common, widespread species that occur at a wide range of moisture levels, as 

ecosystem dominants, or in high abundance on very disturbed sites may have the capacity 

to effectively perform functional restoration goals such as erosion control or sediment 

stabilization in a range of settings.  In this study, the species with these attributes include 

Calamagrostis canadensis, Poa palustris, Elymus trachycaulus, Leymus innovatus, 

Agrostis scabra and Hordeum jubatum.  Further understanding of these taxa and their 

restoration potential in northern B.C. is enriched by the important work of Burton and 

Burton (2003) and Vaartnou (2000) as well as by discussions with Brian Haddow (pers. 

comm. 2006), a grain and oilseed farmer and native grass enthusiast in Dawson Creek. 

C. canadensis showed a wide range of adaptability, occurring on both moist and dry 

sites, in open and forested sites, at low and high elevations throughout the region.  As 

observed here, its primary method of spread appears to be through clonal growth rather 

than seedling establishment. It was not encountered on the most compacted well sites, 

except at the edges.  Generally the species is considered to be an aggressive sod-former 

that competes with forest recovery (Hardy 1989) and hence has not been favoured in 

restoration.  It is considered a problem in reforestation schemes where operators are 

required to establish 'free-to-grow' trees in a relatively short time-frame (Hogg and 

Lieffers 1991, Hangs et al. 2002). Where rapid reforestation is desired, C. canadensis is 

not likely to be the optimal choice. 

However, on sites such as pipelines and roadsides, where the suppression of tree and 

shrub growth is especially desired, C. canadensis may be an ideal restoration candidate.  

On well sites and seismic lines, C. canadensis may be also be useful where establishment 
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of cover for erosion control and soil-building is a required before succession to shrubs 

and trees can take place.  Burton and Burton (2003) carried out extensive testing and field 

trials of this species from northern B.C. and recommend it for use in restoration.  Some 

commercial seed is available, but consideration should be given to local seed collection 

for locally adapted genotypes. 

Poa palustris grew commonly in mesic to moist sites such as riverbanks, meadows, 

and open forests, and colonized different disturbed sites, including well sites, pipelines, 

seismic lines, roadside ditches and logged areas.  It occurred abundantly and sprawled on 

exposed mineral soil, and it also frequently grew as a single stem when mixed with other 

vegetation.  In the greenhouse experiment, the species exhibited excellent germination, 

vigorous growth, rooting at the nodes, significant underground biomass, and very early, 

prolific seed production.  Its SLA was highest of any taxon measured, suggesting quick 

growth and lack of persistence. For exposed mineral soil, where the species can spread 

out and blanket the soil, and self-seeding is desirable, P. palustris is an excellent 

restoration candidate.  There has been some production of seed for commercial purposes 

(Vaartnou 2000, Marles et al. 2000), although current availability could not be confirmed.  

Elymus trachycaulus has a wide geographical distribution (in northeast B.C. but also 

throughout North America), and two sub-species are common in the study region (E . 

trachycaulus ssp. subsecundus and E. trachycaulus ssp. trachycaulus).  In this study, both 

sub-species were found on highly disturbed sites, including compact, possibly 

contaminated well sites, road edges and abandoned pastures.  The species was often sub-

dominant in natural grasslands in the region. Subspecies subsecundus was more common 

on drier and more alkaline sites.  In the greenhouse experiment, some individual plants 
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produced short rhizomes, and some produced seed.  This grass has a long history of use 

in rehabilitating disturbed sites, including oil well sites and mines (Burton and Burton 

2003) and numerous commercial cultivars are available (Wright 2008, Hardy 1989).  It 

occurs in such a broad geographic range (from Mexico to the high Arctic, from sea level 

to the alpine), and in so many disparate ecosystem types that care should be taken to 

obtain seed from as local a source as possible.  According to Brian Haddow (pers. comm. 

July 3, 2006), forage seed farmers in the Peace River District who have grown E. 

trachycaulus ssp. trachycaulus do not like it as the inflorescence strongly resembles that 

of E. repens, and there is fear of contamination of the seed crop.  If it is to be grown as a 

seed crop, some education will be required and careful cultural practices taken to ensure 

seed purity. 

Leymus innovatus has a wide ecological range, found from lowlands to alpine sites, in 

dry to moist conditions, deep shade to full sun, and in many types of disturbance.  The 

species grows vigorously once established and shows significant environmental plasticity 

(Chapter 3).  Notably in open and recently disturbed sites, it formed large clumps.  In the 

greenhouse experiment, L. innovatus grew slowly, allocating more biomass to above- 

than below-ground parts, and few plants initiated rhizomes during in the 135 day duration 

of the experiment.  In terms of leaf traits, the species has mid-range values for SLA and 

LDMC, indicating a compromise between growth and persistence, and mid-range of 

digestibility (Al Haj Khaled et al. 2005). In the field it was frequently infected with ergot, 

and seeds collected in the wild may need to be treated with fungicide for optimal 

germination and growth.   
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L. innovatus has potential for restoration on a wide variety of sites, at a wide variety of 

elevations, and different moisture levels.  It may require assistance to become 

established, however, given its comparatively slow growth.  Once established, the species 

does not appear to compete too strongly with other plants, so may be particularly useful 

where natural colonization from the surrounding area is desired.  Commercial varieties 

are available from Alaska (Wright 2008) and Alberta (Hardy 1989), but again, caution 

should be exercised in relying solely on genotypes developed elsewhere. 

Agrostis scabra occurred at high densities on some well sites exhibiting a lot of 

exposed mineral soil. It was also common on disturbed roadsides and pipelines, on coal 

spoil heaps, at low elevations and in the alpine.  Its tiny seeds are produced in abundance, 

and dispersal is aided by inflorescences that break off and tumble over the ground3.  I did 

not test A. scabra in the greenhouse, but Tilman and Wedin (1991) found that it allocates 

more to seed production than to root production, making it a superior colonist, but an 

inferior competitor for soil nitrogen.  It establishes rapidly on newly exposed soil, 

providing cover for biomass accumulation and to prevent erosion.  It is reported to 

tolerate acid soils, low nutrient soils and soils contaminated with copper and nickel 

(Hardy 1989), and has been used successfully in revegetation programs from 

Yellowstone to Yukon (Matthews 1992).  Where short-term cover is a high priority, A. 

scabra may prove useful.  No commercial seed source was found, although where there 

are local populations, planting or intentional sowing may not be necessary.  The dense, 

                                                 
3 The Dunne-za name for this grass translates to 'Wolverine Hair' for the way its inflorescences shimmer when 

seen at high densities.  The Dunne-za also laugh at the way the inflorescenses break off, blow around in the 
wind, and tickle the skin as they get under clothing.  (Robert Domenic, pers. comm. March 2007). 
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volunteer communities frequently found on well sites and pipelines could, however, serve 

as a source for seed collection and planting disturbed sites nearby. 

Hordeum jubatum is often considered a troublesome weed, frequently dominating 

moist pastures, waste areas and saline or alkaline soils and roadsides (Moyer and Boswall 

2002; Douglas et al. 2001b).  It exhibits desirable qualities such as the tolerance to 

hydrocarbon contamination (Robson et al. 2004), and in this study, the ability to provide 

rapid cover on extremely disturbed sites.  Consideration must be given to its ability to 

spread into agricultural areas and its potential negative effects on grazing mammals, 

including deer and elk (Tesky 1992), but on extremely degraded sites with barren raw 

soils, the downside is not so great that it should be ruled out for deliberate reintroduction.  

H. jubatum will, however, continue to naturally colonize disturbed sites from local seed 

sources, and provide ecological functions of erosion control in the short term. 

6.4.2. Species for restoring particular site conditions 

Restoration in northeast B.C. presents a number of unique challenges:  a harsh 

environment with long winters, large isolated areas, varied topography with different 

characteristic species, and increasing pressure on the land resources as oil and gas 

exploration and development continues at a rapid pace.  Developing restoration strategies 

for the region requires that efforts be tailored to local site conditions, and includes short-

term soil stabilization as well as goals for long-term sustainability and recovery.  In this 

section, I address some major site types and discuss potential grass species suitable as 

part of a seed mix.  I approach the site classification first from the perspective of soil 

moisture, a statistically significant determinant of grass distribution and abundance (see 

Section 3.3), elevation and selected challenging site conditions.  
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Dry sites 

Dry conditions in northeast B.C. are common in a variety of settings such as south-

facing grasslands along major river corridors, and fast draining upper slopes of hills and 

mountains.  Significant water deficits (where evapotranspiration exceeds precipitation) 

extend across much of the region in a typical summer (Schaefer 1986), and drought is 

often a concern.  

Grasses have many adaptations to periodic drought and moisture limitations, 

adaptations which are also desirable in restoration of grasslands.  Some species grow in 

deep-rooted clumps (tufts) which can preserve soil moisture around the roots.  Others 

have rhizomes that act as storage organs allowing a grass to recover after drought.  Often 

the leaves of dryland grasses have lower SLA and higher LDMC, attributes associated 

with reduced evapotranspiration around the leaf, high silica content and generally slower 

growth.  

The greatest diversity of grass species in the region occurs on the south-facing 'breaks' 

of the Peace, Beatton, Pine and other rivers.  E. trachycaulus is common to subdominant 

in dry grasslands, and Elymus trachycaulus ssp. subsecundus seems to occur on drier 

sites than E. trachycaulus ssp. trachycaulus. Pascopyrum smithii, Koeleria macrantha, 

and Trisetum spicatum are important components of grasslands, and are widely 

distributed in dry, open habitats.  Puccinellia nuttalliana, and Spartina gracilis are two 

grassland species limited to alkaline grassland habitats.  The following species occurred 

only on south-facing 'breaks' of the Peace and other rivers:  Hesperostipa curtiseta, 

5assella viridula, Poa secunda, Avenula hookeri and Schizachyrium scoparium.   

 Of the more common grass species listed here, only E. trachycaulus and H. jubatum 

occur on well sites in the driest climates, so may be the best choices here. Several of the 
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species listed are useful in Alberta (Hardy 1989), Saskatchewan (Murrell et al. 1995), 

Manitoba (Smith and Smith 1997) and the United States (Belt and Englert 2007), where 

grasslands are more extensive and there is interest in native grasses for prairie restoration.   

Of these, K. macrantha is a wide-ranging species, exhibiting morphological and 

genotypic variation among habitats (Robertson 1974).  Though a moderately aggressive 

pioneering species, it invades disturbed sites, and is of high value for erosion control and 

persistence (Hardy 1989).  Germination was low in my greenhouse experiment, but this 

limitation may be overcome by heavy seeding.  Seeds are available in small quantities 

from a number of native plant nurseries (Simonin 2000, Gonzalves and Darris n.d.), but 

seeds should be sourced locally and/or from as similar an environment (latitude, 

elevation, climate) as possible.  P. smithii is rated by Hardy (1989) as high to very high 

for soil stabilization ability and persistence, with high palatability and drought tolerance.  

The USDA Plant Materials Center (2002) reports that plants are slow to establish (as was 

true in my greenhouse-grown plants), but once growing, they are very long-lived.  

Numerous commercial cultivars are available, including "Walsh", developed in 

Lethbridge (Saskatchewan Forage Council 1998).  T. spicatum was found from low to 

high elevations throughout the region; it was usually occasional or scattered at low 

elevations, and frequent to common at higher elevations.  It may, therefore, be most 

useful as a restoration species in sub-alpine or alpine regions in northeast B.C.  Burton 

and Burton (2003) collected seeds from across northern B.C. and successfully trialed 

them for seed production.  The Alaska Plant Materials Center (Wright 2008) has released 

a local ecotype that they recommend for revegetation based on its fast growth from seed, 

high seedling vigour and forage quality. 
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The remaining dry site grasses should be considered a vulnerable part of the flora in 

northeast B.C.  Schizachyrium scoparium is red-listed, and Avenula hookeri is blue-listed.  

Many are near their northern limits, and much more common further south and east on 

the Great Plains.  They may also be an important source of genetic and species diversity 

in the warmer, drier conditions predicted by climate change (see below).  As such, 

development in remaining grasslands should be carefully regulated to avoid harming 

these and other associated grassland species. 

Moist and wet sites 

While dry conditions pose challenges for plant growth, too much water at a restoration 

site can also be a challenge for plant establishment and persistence.  Aquatic plants and 

hygrophytes (found in permanently moist soils), however, have evolved to thrive in a 

permanently wet environment, and some species are able to tolerate fluctuating water 

tables where occasional flooding occurs.  Northeast B.C. has a wide array of moist to wet 

sites with a variety of wetlands at all elevations including riparian zones and vast tracts of 

black spruce muskeg (Mackenzie and Moran 2004).  Characteristics associated with 

wetland plants include high phenotypic plasticity, high rates of clonal growth, and early 

reproduction (Cronk and Fennessy 2001). 

Native grass species associated with moist to wet sites in northeast B.C. with potential 

for restoration include Alopecurus aequalis, Arctagrostis latifolia, Beckmannia 

syzigachne, Deschampsia cespitosa, Cinna latifolia, Calamagrostis stricta, Glyceria 

elata and G. striata. 

Deschampsia cespitosa is a tufted grass inhabiting wet meadows, roadside ditches, 

stream and river banks, from the lowlands to the sub-alpine.  Burton and Burton (2003) 
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recommended it for reclamation on moist sites, and have produced seed from genetically 

diverse populations from northern B.C.  It has been found as a pioneer species on acid 

soils and mine tailings with high levels of nickel, copper, and cobolt (Cox and 

Hutchinson 1980).  Vaartnou (2000) recommends D. cespitosa in the north, and has been 

working at developing local genetic lines near Dawson Creek. 

B. syzigachne is a native annual that I observed colonizing wet disturbed sites, moist 

depressions and roadside ditches, mostly at low elevations. Curiously I also collected on 

poorly drained, dry compact roadbeds, where it apparently took advantage of temporary 

moisture available early in the season to produce seeds and complete its life cycle.  The 

species provides significant seed and forage for wildlife (Wright 2008).  B. syzigachne 

produces numerous relatively large seeds with high germination rates (Boe and Wynia 

1985). Commercial cultivars are available from the United States (Wright 2008; Boe and 

Wynia 1985), but I could find no Canadian sources.  I observed the species to be 

common, and seeds appear to be easy to harvest in the wild.  As such, it may be an 

excellent candidate species for disturbances in wet settings where local, wild-collected 

seed is desired. 

Alopecurus aequalis grows frequently with B. syzigachne at low elevations in northeast 

B.C.  I occasionally found it submerged at the edge of ponds, so it appears to be tolerant 

of flooding.  It frequently roots at the nodes, and so may be useful for soil stabilization in 

wet areas.  I usually recorded it at low abundances, often as a single plant. The species 

has a circumboreal geographic distribution, and is a problematic agricultural weed in rice 

paddies in Asia (Morishima and Oka 1980), at trait that presumably reflects its ability to 

self-seed and persist after repeated disturbance.  I did not observe this grass to be 
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particularly aggressive however.  I could find no information about its potential for 

restoration, but there may be a use for it in wet areas where seed can be collected at the 

same time as B. syzigachne.  A. aequalis may be also valued as a garden pond plant, as it 

is in England (Kunkel 1984). 

Arctagrostis latifolia grows abundantly in moist sites, in standing water, on riverbanks, 

and in ditches. I observed it on the moisture receiving part of a reclaimed and recontoured 

well site (site MRd2 – Chapter 3). Its stout rhizomes spread slowly, the small seeds are 

difficult to collect (Hardy 1989) and require a competition-free environment during the 

first two years of establishment after which it grows quickly (Klebesadel 1969).  Several 

commercial cultivars are available from the Alaska Plant Center (Wright 2008), and it is 

recommended particularly for acid soils (Walkup 1991).  I could find no Canadian seed 

sources, but strongly recommend it for further research and potential in northeast B.C. 

Cinna latifolia typically grows in shady, moist forests and beside creeks, but also 

occurs, often in great abundance, in full sun on recently disturbed seismic lines, pipelines, 

and well sites (Chapter 3).  The seed is small and was somewhat tricky to collect, clean 

and plant for the greenhouse experiment. Nevertheless it germinated well, grew rapidly 

and produced seed in the first year.  I did not find it on any older well sites, possibly 

indicating a lack of persistence in full sun.  It may be useful for establishing short-term 

(3-5 year) cover on recent disturbances for erosion control and biomass production.  Seed 

is not commercially available, but could be collected from nearby pipelines where it 

increases rapidly.  Further investigation into C. latifolia is warranted. 

The muskeg habitat merits special attention because it is widespread in poorly drained 

lowlands, particularly in the Fort Nelson River drainage.  Peatlands with organic soil and 
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other wetlands are important habitat for moose, beaver, many birds and amphibians 

(Meidinger and Pojar 1991).  Very few grasses occur in muskeg peatlands, being 

generally confined to the margins of small pools or the transition to more forested 

uplands.  As such, they are unlikely to have a major role in muskeg restoration, except 

during a transition phase, where Calamagrostis canadensis, Glyceria elata and 

Beckmannia syzigachne may provide important temporary services.  Lee and Boutin 

(2006) found that muskeg was particularly slow to recover after disturbance, and was 

likely to convert to a sedge-dominated community rather than a tree-dominated one (as 

was seen in sites MW and MN in this study).  Further research is called for in how to 

restore these communities, including appropriate species selection. 

High elevation sites 

Restoration of disturbances in alpine and sub-alpine habitats must take into account the 

harsh physical conditions, including wind, snow deposition, a short growing season and 

low temperatures that slow plant and soil microbial growth, litter decomposition and soil 

formation (Gurevitch et al. 2006).  In the study area, recovery following disturbance 

appeared to be very slow at high elevations.  Native grasses frequently occurring at high 

elevations include Poa alpina, Calamagrostis lapponica, Elymus alaskanus, Festuca 

altaica, F. brachyphylla, F. baffinensis and Trisetum spicatum.  Of these the 

establishment and spread of Festuca baffinensis, Poa alpina and Elymus alaskanus in 

coal spoils at Tumbler Ridge are of interest because it indicates their ability to tolerate 

harsh conditions. Cover values for these species were low but the cover of the planted 

and fertilized Festuca rubra was also low in the adjacent reclaimed area. 
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Poa alpina was found in many disturbed situations, including gravel ruts, on trails, 

pipelines.  Although the crowns are quite small, its roots spread out and stabilize soil 2 – 

3 times the diameter of the crown (Hebda unpublished data).  It appears to establish by 

seed and persist well thus be useful for stabilizing soil in alpine and sub-alpine 

environments.  The Alaska Plant Center has released one cultivar of P. alpina, along with 

a number of other high elevation Poa species:  P. glauca, P. arctica, and P. secunda 

(Wright 2008).  Some of these may be suitable in B.C, but local collection and seed 

increase is recommended to find more regionally adapted plants.   

F. altaica, whose name graces the Boreal Altai Fescue Alpine biogeoclimatic zone 

(Mackenzie and Moran 2004) often dominates climax communities at higher elevations 

and frequently inhabits the forest understorey at low elevations.  However it rarely grows 

in highly disturbed, compacted sites.  The SLA and LDMC values indicate that the 

species favours persistence over rapid growth, and in the greenhouse experiment, not a 

single F. altaica seed germinated.  Considering its widespread occurrence and its 

dominance in many alpine habitats, research is needed into the seed production and 

germination ecology of this species, as well as into alternate methods of propagation. 

 A survey of restoration attempts in grasslands dominated by the closely related F. 

hallii (Vasey) Piper in Alberta and Saskatchewan found "no documented examples of 

successful restoration of rough fescue grassland" (Bradley 2003) up to 30 years after oil 

and gas developments.  Particularly problematic was the establishment and aggressive 

spread of non-native Poa pratensis.  Establishment from seed was rarely successful, and 

whereas sod salvage allowed for the establishment of individual plants, the overall plant 

community shifted to early-seral species dominated by shallow-rooted grasses and forbs. 



 

 

163

Specific techniques that are currently being researched to restore not just F. hallii, but 

also the F. hallii dominated community include the use of native hay as a seed source / 

mulch, nitrogen depletion to prevent invasion, and the use of arbuscular mycorrhizae 

fungi (Bradley 2003).  Additionally, minimal disturbance, natural recovery and no 

planting of agronomic grasses is recommended.   F altaica-dominated grasslands appear 

similarly vulnerable, and should be considered a high priority for conservation and 

research into methods for re-establishment. 

The presence of the native subspecies Poa pratensis ssp. alpigena at high elevation 

throughout the region should draw attention to the genetic aspects of restoration.  

Numerous agronomic cultivars of P. pratensis have been developed for reclamation in 

arctic and alpine ecosystems (Forbes and Jefferies 1999), but there is a need to exercise 

caution concerning their use for fear of loss of locally adapted biodiversity.  The native 

subspecies was quite abundant where found, and it should be further investigated for 

restoration at high elevations. 

Well sites 

Well sites appear to be slow to recover after reclamation, as observed in this study. The 

factors limiting natural succession include contamination, loss of topsoil, seedbank, other 

propagules and organic matter, and severe compaction. They are susceptible to invasion, 

and are often planted with highly competitive non-native species which compete with 

native successional vegetation.  The time frame for restoration is quite long, with many 

well sites showing little sign of recovery for decades, even with (or perhaps partially due 

to) seeding non-native species and fertilizing to meet the vegetation cover requirements 

(Kershaw and Kershaw 1987). 
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One way to identify plants that may be useful in well site restoration is to sample 

vegetation on well sites allowed to recover naturally.  Several native grasses frequently 

colonized well sites:  Poa palustris, Leymus innovatus, Elymus trachycaulus, 

Calamagrostis canadensis, Cinna latifolia, Deschampsia cespitosa, Agrostis scabra (all 

previously discussed), and Bromus ciliatus.  B. ciliatus germinated well, grew vigorously 

and produced seed during the greenhouse experiment.  The Nonmetric multidimensional 

scaling suggested that it was more similar to Bromus inermis than Bromus pumpellianus, 

so B. ciliatus may be a good native substitute for the aggressive agronomic B. inermis.  

The species notably grew near the well centres (along with Deschampsia cespitosa, 

Hordeum jubatum, Agrostis scabra and Elymus trachycaulus) which may indicate 

hydrocarbon tolerance.  Of 11 native grasses tested for germination and survival in crude 

oil contaminated soil, only B. ciliatus survived (Robson et al. 2003).  Burton and Burton 

(2003) have produced a genetically diverse line of B. ciliatus for restoration in northern 

B.C.  Local seed collection can also be a good source of seeds as they are easy to handle 

and germinate with no pre-treatment (see Chapter 5). 

Overall, five species stood out as generalist restoration candidates forming a core of 

grasses with broad application in northeast B.C.:  Calamagrostis canadensis, Elymus 

trachycaulus, Poa palustris, Leymus innovatus, and Agrostis scabra.  In addition I 

identified several species native grasses adapted to particular site conditions.  A mixture 

of the generalist species with site-specific species could be adapted to meet local site 

conditions to establish cover to control erosion, to build soil and to prevent establishment 

of invasive plants.  Substituting native grasses for the agronomic grass species is possible 
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in many situations, and preferable from the perspective of ecological process and 

function and preservation of biodiversity. 

6.5. Grasses, restoration and climate change 

Any discussion of restoration and the use of native species is not complete without 

examining the implications of global climate change (see Austin et al. 2008).  According 

to the Intergovernmental Panel on Climate Change, "warming of the climate system is 

unequivocal" and terrestrial ecosystems on all continents are affected by it (IPCC 2007).  

Global climate change will interact with anthropogenic disturbances and land use with 

major loss of biodiversity and communities "highly susceptible to dramatic invasions" by 

non-native species (Schulze and Mooney 1994).  In northeast B.C., ecosystems still have 

healthy populations of many native species, but introduced agronomics occupy more and 

more of the landscape.  Agronomic species have the potential to become part of the 

invasion, particularly as they are scattered over the landscape, leading to further loss of 

biodiversity as well as ecosystem function.  It is thus critical to reduce further 

introduction of invasive agronomics while supporting the use of appropriate native 

species. 

The influence of climate change on vegetation and ecosystems challenges the strategies 

of ecological restoration while embodying many of the key activities required to respond 

and adapt to the effects of climate change (Hebda 1999, Harris et al. 2006). For example, 

replicating historical species distributions may not be a reasonable goal under climate 

change, yet it is still critical to choose species adapted to the changing environments, as 

informed by historical and prehistoric species and climate information (Harris et al. 2006, 

Hebda 2007).   
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A general shift in plant ranges toward the poles and higher elevations has been 

associated with climate change (Parmesan and Yohe, 2003).  Within this general pattern 

however, species respond individually (Hebda 1994), their responses depending on the 

individual species life history and dispersal ability, the availability of suitable habitats to 

move into, and the rate and extent of environmental change (Giennap et al. 2008).  In 

general, species may respond in four, potentially overlapping, ways to climate change.  

They may adjust to changing conditions by means of phenotypic plasticity.  They may 

adjust to changing conditions through genetic evolution (Parmesan 2006).  They may 

migrate into new areas of suitable habitat.  Finally, they may become locally extirpated or 

even extinct (Hobbs and Cramer 2008).  According to projections for B.C., there will be 

large shifts in species ranges as well as changes to vegetation communities and 

ecosystems (Royal BC Museum 2005, Hamann and Wang 2006).  Future ecosystems are 

unlikely to resemble current communities with new site/species combinations and 

emergent properties (Lemmen et al. 2008, Hobbs et al. 2006).   

Northeast B.C. is predicted to warm more and faster than other regions of B.C. (BC 

Ministry of Water, Land and Air Protection 2002).   Increased precipitation is predicted 

to be offset by higher temperatures, and summer moisture deficits are likely to be more 

intense (BC Ministry of Water, Land and Air Protection 2002, Lemmen et al. 2008).  The 

increasing aridity is highly likely to encourage an increase in grasses and grassland-

dominated vegetation coupled with a decline in the abundance of trees (Strong et al. 

2008).  Hamann and Wang (2006) predict that changing climatic conditions will 

dramatically decrease the areas with climate suitable for the Boreal White and Black 

Spruce (BWBS) biogeoclimatic zone; it will be replaced by climatic conditions similar to 



 

 

167

those supporting the current Ponderosa Pine (PP) and Interior Douglas-fir (IDF) by 2080.  

These are not predictions that the PP and IDF as currently constituted in the south will 

displace the BWBS in northeast B.C.  Given the non-linear and continuous nature of 

climate change, species migrations, interactions and adaptations will determine the 

composition and vegetation of the future in unpredictable ways.  It seems more likely to 

me that future ecosystems in northeast B.C. may be better compared to the parkland and 

grassland systems of the Great Plains physiographic region to the east and south in 

Alberta.  Regardless, grasses are likely to be an even more important component of 

northeast B.C. ecosystems because of a general expansion of non-forest ecosystems and 

increased disturbance associated with extreme weather events. 

It is in the context of climate change that species functional traits may prove to be 

valuable tools for restoration (Chapin 2003, Nitschke 2007, Funk et al. 2008).  For 

example, many grasses are widely adapted to drought, and rhizomatous perennial grasses, 

in particular, tend to be more resilient to drought than non-rhizomatous grasses 

(Buckland et al. 2001).  Long-lived, stress-tolerant grasses, i.e. those with low SLAs, may 

persist through climate perturbations.  Small-seeded species with high dispersal potential 

may migrate more easily, given habitat connectivity, whereas large seeded species may 

not be as mobile (Schulze and Mooney 1994).  Species with wide ranges of habitat 

tolerance are predicted to be most able to adapt to changing environments (Gayton 

2008b).  Phenotypically plastic, widespread species likely have higher levels of genetic 

variation and therefore are able to successfully evolve in response to dramatic events 

associated with climate change (Rice and Emery 2003).  Species common to northeast 

B.C. and Alberta's parkland and grassland ecosystems, such as Koeleria macrantha, 
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Hesperostipa comata, Hesperostipa curtiseta, 5assella viridula can be evaluated for the 

traits listed above and prioritised for future restoration efforts.  The grasslands on steep 

south-facing river banks above the Peace, Beatton, Pine and Kiskatinaw rivers could 

serve as donor sources for populations of Elymus trachycaulus, 5assella viridula, 

Koeleria macrantha, Hesperostipa curtiseta, Bromus pumpellianus, Spartina gracilis, 

and other graminoids, forbs and shrubs which are likely to succeed in a drier and warmer 

climate.  

Other principles and practices of modern restoration that can contribute to climate 

change adaptation include protection of biodiversity, control of invasive species, and a 

focus on ecosystem structure and function (see Hebda 1999, Hobbs and Cramer 2008, 

Lemmen et al. 2008) while maintaining and restoring connectivity in a changing 

landscape.  Biodiversity is critical for the provision of ecosystem services, linked to 

ecosystem production (Diaz and Cabido 2001, Hooper et al. 2005), ecosystem resilience 

(Drever et al. 2006) and resistance to invasion (Naeem et al. 2000). Loss of biodiversity 

can therefore jeopardize ecological function, impair productivity and increase 

vulnerability to climate change impacts.  

From this perspective, native grass species should be given high priority in restoration 

efforts in northeast B.C.  Grasses are likely to occupy more of the landscape than they 

currently do, as forests change to parkland, savanna or grassland.  Native biodiversity can 

help constrain invasion and while itself adapting to climate change.  There are many 

native grass species identified in this study that can serve this dual purpose.  Further 

research is imperative to develop a comprehensive strategy in the face of global change. 
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6.6. Policy recommendations – from reclamation to restoration 

The Environmental Protection Division of the B.C. Ministry of Environment oversees 

sustainable environmental management in the province and is responsible for the 

development of policies, legislation and guidelines to maintain, conserve and restore the 

natural diversity of the province.  Native plants have numerous ecological, aesthetic, 

heritage and biodiversity values, and deserve protection and promotion.  They are 

increasingly seen as central to responsible environmental stewardship.  As shown in this 

study, there are several native species that are excellent candidates for restoration.  The 

barriers to using native grasses are not primarily scientific, rather, they include a 

combination of entrenched practices of using non-native plants for reclamation, a lack of 

valuing the environmental services provided by native biodiversity, and a lack of will to 

make the changes. 

There is an urgent need for a provincial framework to encourage a switch to the use of 

native species for restoration after all industrial disturbances.  For example, regulations 

requiring the use of native seed on public lands in Alberta, coupled with investment in 

research and extension efforts, were key drivers behind the native seed industry in that 

province (Gayton 2008a).  In Alaska, the Department of Agriculture has a branch 

dedicated to developing locally-adapted native seeds where state and federal governments 

mandate the use of native seed have been critical components of the development of a 

seed industry (Wright 2008).   A similar concerted effort for British Columbia is 

recommended.  Strategically crafted guidelines, policies and regulations can drive 

innovation, and encourage the development of a native seed industry producing native 

seeds at a reasonable cost and creating local employment opportunity.  Local farmers in 
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the Peace River district have a depth of knowledge in forage seed production that is 

easily transferable to native seed production (Brian Haddow pers. comm. June 1997).  

Many farmers with whom I spoke have experimented with native seed lines and are 

anxious to produce more native seeds, but have virtually no market for the seeds that they 

produce.   

Several steps can be taken to move from reclamation and use of agronomic species to 

holistic restoration in northeast B.C.  A high level strategic directive to move to the use of 

native species and a phasing out of the use of agronomics is required, coupled with an 

increasing emphasis on natural regeneration and a revamping of the revegetation 

requirements to develop criteria that are coherent with stated goals. The following 

steps/actions are recommended: 

 

1. Require the use of native seed in parks, isolated habitats and special 

management zones such as the Muskwa-Kechika.  In Alberta for example, 

landscape, ecosystem and human goals are incorporated into the regulations:  

on grasslands and parklands, native species are required, on agricultural or 

rangelands, they are not (Native Plant Working Group 2000). 

2. Restrict the use of non-native species in other native landscapes on public 

lands. There might be site specific conditions where quick establishment of 

cover for erosion control is a very high priority. In such cases a proponent 

would need to demonstrate why introduced species would best serve this 

purpose.  Guidelines could specify the limited conditions where non-native 

species could be used on relatively intact landscapes. In these cases, the species 
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allowed should be limited to short-lived annuals and/or sterile varieties.  Exotic 

grasses such as Bromus inermis, Festuca rubra, Poa pratensis, Phalaris 

arundinacea and Alopecurus pratensis that have been shown to persist and 

become a permanent part of the landscape in northeast B.C. should be avoided.  

Possible non-native substitutes to evaluate include Phleum pratense, which was 

not found to persist in northeast B.C., Secale cereale and other non-persistent 

annuals. 

3. Change the current regulations to allow natural regeneration or assisted 

regeneration, while minimizing disturbance where site conditions allow.  The 

importance of minimizing disturbance to the extent possible cannot be 

overemphasized, and should be considered first priority, given long recovery 

times shown in this study and the difficulty of re-establishing a natural plant 

community.  Many native grasses (and other plants) were shown in this study to 

colonize even the most disturbed sites, and there may be techniques to 

encourage this where rapid cover for erosion control or invasive weed 

suppression is not a high priority.  Where grasses are not a large component of 

the early successional pathway, such as on peat soils and in wetlands, or where 

grasses may suppress succession, other techniques and/or species should be 

promoted.  The fostering of natural regeneration on narrow corridors or flat 

well sites may result in more natural communities; reduce the threat of invasion 

by agronomic species and reduce costs to industry. 

4. Invest in the development of a seed industry.  Northeast B.C. has a thriving 

grass seed industry, with farmers having much experience in and knowledge 
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about seed production; some individuals already produce small quantities of 

native seed.  A number of demonstration projects should be established – 

including assistance to the Doig River First Nations intercropping 

demonstration project. 

Revise the Site Reclamation Requirements in the British Columbia Oil and Gas 

Handbook (BC Oil and Gas Commission 2007), in light of the above recommendations 

and of the observations made in this study.   

The guideline for seed mixes needs to reflect the above recommendations, restricting 

non-native species.  The native species criterion currently states that they must be similar 

to those which "would occur naturally on the undisturbed ground.  If one thinks about 

this requirement, it is counter-intuitive because it requires that the normal ecological 

process of succession somehow be ignored.  Based on this study, some of these “climax” 

grass species (i.e. Festuca altaica, Leymus innovatus) are the least likely to colonize 

disturbed sites. Rather, species selection should be based on those which would naturally 

colonize disturbed ground, and long-term planning could include introducing other 

species later in succession. 

The interval of 24 months from seeding is unrealistic and perhaps unnecessary on flat 

terrain for establishing a plant community resembling (or a trajectory toward 

establishment) adjacent undisturbed populations.  To reach the stipulated cover, height 

and density, proponents plant and fertilize dense stands of non-native species, which may 

have the counterproductive effect of actually preventing succession to boreal forest, as 

well as introducing islands of potentially invasive agronomics into isolated  areas 

(Densmore 1992, Kershaw and Kershaw 1987).  A more realistic measure of progress is 
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required which is consistent with local ecological conditions and processes. The measure 

of success and associated standards should be based on both preventing soil erosion and 

weed invasion while encouraging succession in order to release a proponent from liability 

for the site.  

6.7. Conclusions 

Northeast B.C is being developed at a rapid pace, with oil and gas exploration 

happening even in the most isolated areas of this sparsely populated region. With 

development comes disturbance and often degradation of biodiversity and key ecological 

processes. A shift in resource management approach from reclamation to restoration is 

occurring, and there is enhanced understanding of the value of native biodiversity for 

maintaining ecosystem structure, function and resilience.  Native species – including 

native grass species – provide several benefits over non-native species:  the new 

community may more closely resemble the pre-disturbance community, aggressive 

agronomic species will not outcompete colonizers from the surrounding plant 

community, natural successional processes are supported and the invasion and permanent 

alteration of adjacent natural plant communities is avoided. The resultant plant and 

animal community may be better able to respond to environmental stresses – particularly 

climate change.  Successful restoration is contingent upon developing sound scientific 

knowledge of a region's species and ecosystems. 

Grasses are a particularly important component of many restoration mixes. In this 

study, I demonstrated that there is a rich indigenous grass flora, but non-native grass 

species are increasing both in number and extent.  I identified several native grass species 

that can be used for restoration throughout the region as generalist substitutes for 
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commonly seeded agronomic grasses.  In addition, I identified many native grass species 

for particular restoration applications in a variety of habitats, substrates and elevations in 

place of non-native species.  Where erosion is not of concern, it may be preferable to 

allow for natural succession rather than seeding potentially aggressive agronomic grasses.  

Trait analysis showed promise as a way to look at a wider spectrum of grass species and 

environmental adaptations in northeast B.C.  In this context, Nonmetric multidimensional 

scaling was effective at differentiating sites and characterizing grasses in a visually 

informative way.  Current revegetation requirements for well sites focus on rapid 

establishment of cover but are ineffective at and possibly contradictory to reaching the 

goal of matching the surrounding undisturbed habitats.  

The challenge ahead is to create a strategic framework favourable for native species 

use and to integrate species-specific knowledge with information about trait distribution 

across disturbed landscapes.  Further experimental testing integrated with appropriate 

policies can foster restoration practices and species that can revegetate anthropogenic 

disturbances and maintain biodiversity in the face of rapid resource development and the 

intesifying challenges posed by climate change. My research on native grasses in 

northeast British Columbia is a step towards meeting the needs and challenges of future 

restoration efforts.  
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Appendix 2.  Sites and site descriptions 
 

Site 

3umber 

Site Description 

062102 Latitude:  56°24`14" N     Longitude:   121°15`17" W     Elevation:  (m asl): 417 

Tall closed canopy; poplar, black spruce; tall forbs; Epilobium angustifolium, creamy 
peavine; unharvested edge of 02; Aspect: SE; mid-slope, Soil: mesic 

06200301s Latitude:  56°08`41" N     Longitude:   120°00`37" W     Elevation:  (m asl): 409 

Small moist spot with rose, goldenrod, Deschampsia cesiptosa, sedges, willow on edges; 
open light; Slope: 10%; Aspect: 001; Soil: mesic to moist, limestone 

06200302s Latitude:  56°08`41" N     Longitude:   120°00`37" W     Elevation:  (m asl): 409 

Small wet spot with rose, goldenrod, Deschampsia cespitosa, sedges, willow on edges; 
open light; Slope: 10%; Aspect: 001; Soil: mesic to moist, limestone 

06200303s Latitude:  56°10`29" N     Longitude:   120°00`36" W     Elevation:  (m asl): 444 

Small wet spot with rose, goldenrod, Deschampsia cespitosa, sedges, willow on edges 

06200304s Latitude:  56°10`29" N     Longitude:   120°00`36" W     Elevation:  (m asl): 444 

Saskatoon, rose thicket on slope 

06200305s Latitude:  56°10`29" N     Longitude:   120°00`36" W     Elevation:  (m asl): 444 

Shrub- grassland margin in partial shade; Soil: moist; Slope 5% 

Ap062901 Latitude:  55°20`00" N     Longitude:   121°43`00" W     Elevation:  (m asl): 617 

Poplar, black spruce, low forb, low shrubs in the foothills of Rockies on the eastern 
slope; filtered light; flat, lower slope; Soil: mesic, sand with boulders 

AP062902 Latitude:  55°20`00" N     Longitude:   121°43`00" W     Elevation:  (m asl): 695 

Aspen, spruce, alfalfa, shrubs; filtered light; Slope: level; Soil: mesic, sand, sandstone 

AP070301s Latitude:  57°12`42" N     Longitude:   120°28`47" W     Elevation:  (m asl): 808 

Aspen, pine, alder, scrub birch, Cornus canadensis, knight's plume 

Ap070302s Latitude:  57°12`41" N     Longitude:   120°28`47" W     Elevation:  (m asl): 813 

Roadside castings beside the road edge; open light; Soil: moist 

AP070304s Latitude:  57°12`40" N     Longitude:   120°28`40" W     Elevation:  (m asl): 820 

Aspen, low bush blueberry, labrador tea scrubland with young pine; Slope: <5%; open 
light 

AP070305s Latitude:  57°12`40" N     Longitude:   120°28`40" W     Elevation:  (m asl): 820 

Aspen, low bush blueberry, labrador tea, scrubland with young Pinus contorta 

AP070307 Latitude:  57°42`33" N     Longitude:   120°20`19" W     Elevation:  (m asl): 700 

Timothy in cut bog and on edge; aspen, black spruce, pine, white spruce; open light; 
level; Soil: moist, silt, alluvial 

AP070308 Latitude:  57°22`02" N     Longitude:   120°28`08" W     Elevation:  (m asl): 781 

Edge of small gully; hard soil with salt deposits; spruce, willow, pine on margins; sedge, 
very little vegetation 

AP071301 Latitude:  55°46`48" N     Longitude:   120°19`54" W     Elevation:  (m asl): 729 

Trembling aspen, yellow sweet clover, thistle, dandelions; open light; depression; Soil: 
mesic to moist, clay 

AP071301s Latitude:  55°46`48" N     Longitude:   120°19`50" W     Elevation:  (m asl): 706 
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Site 

3umber 

Site Description 

Planted forest with trembling aspen, Bromus inermis; filtered light; Soil: dry 

AP071302s Latitude:  55°46`48" N     Longitude:   120°19`50" W     Elevation:  (m asl): 714 

Grassland with Phleum pratense, Bromus inermis, Poa spp.; at base of old piled dirt 
mound; Soil: mesic 

AP071304s Latitude:  55°46`49" N     Longitude:   120°19`47" W     Elevation:  (m asl): 707 

Just outside small swampy area with trembling aspen; filtered light 

AP071305s Latitude:  55°46`49" N     Longitude:   120°19`45" W     Elevation:  (m asl): 703 

Trembling aspen grove with cow parsnip, thistle, Bromus inermis;  filtered light; moist 
soil 

AP071306s Latitude:  55°46`49" N     Longitude:   120°19`45" W     Elevation:  (m asl): 700 

Grassland with Bromus inermis, dandelions, yellow and white sweet clover; open light; 
Soil: mesic 

AP071307s Latitude:  55°46`48" N     Longitude:   120°19`50" W     Elevation:  (m asl): 714 

Edge of cultivated farm field; open light; weedy waste area 

AP071401 Latitude:  55°45`39" N     Longitude:   120°13`56" W     Elevation:  (m asl): 684 

Revegetated grassland with sweet clover, alfalfa; open light; Soil: mesic 

AP071404 (s) Latitude:  55°46`00" N     Longitude:   120°14`00" W     Elevation:  (m asl): 684 

Revegetated grassland with sweet clover, alfalfa; open light; Soil: mesic 

AR08 Latitude:  57º09`11" N     Longitude:   123°15`33" W     Elevation:  (m asl): 1810 

alpine ridge, grassy meadow with boreal Altai fescue; BEC (Biogeoclimatic Ecological 
Classification): BAFA (Boreal Altai Fescue Alpine)                                                                           

B01 Latitude:  56°20`52" N     Longitude:   121°32`21" W     Elevation:  (m asl): 645 

Roadside; open light; Slope: level; Soil:mesic, claydepth: 1+m; Biogeoclimatic Zone: 
Boreal White and Black Spruce; Associated species: dandelion, Bromus inermis ssp. 
inermis, Salix, Picea glauca, Galium boreale 

B02 Latitude:  56°26`23" N     Longitude:   121°32`45" W     Elevation:  (m asl): 662 

Roadside; open light; Slope: level; Soil:mesic, claydepth: 1+m; Biogeoclimatic Zone: 
Boreal White and Black Spruce; Associated species: dandelion, Bromus inermis ssp. 
inermis, Salix, Picea glauca, Galium boreal 

B03 Latitude:  56°20`52" N     Longitude:   121°32`21" W     Elevation:  (m asl): 653 

Meadow, edge of marsh-swamp; open light; Slope Position: level; Soil: moist-mesic; 
Soil depth: 1+ metres; Biogeoclimatic Zone: Boreal White and Black Spruce; Associated 
species: Salix, Populus balsamifera, Castilleja sp., Calamagrostis stricta (in  frequent, 
just beginning to flower), Equisetum arvense 

B04 Latitude:  56°36`12" N     Longitude:   122°27`26" W     Elevation:  (m asl): 778 

Riverbank; open light; Slope Position: Level; Soil: moist; sand-gravel depth: 1+ metres; 
Biogeoclimatic Zone: Boreal White and Black Spruce; Associated species: Salix, 
Populus balsamifera, Achillea millifolium, Equisetum arvense, American vetch, c  lover, 
Alnus crispa, Rosa acicularis, Geum multiflorum 

B06 Latitude:  56°25`32" N     Longitude:   122°29`27" W     Elevation:  (m asl): 857 

Old wellsite; flat; mostly open; disturbed; weedy, some agronomics; mesic to dry; 
exposed soil; Associated species: Sonchus arvensis, Bromus inermis, Equisetum 

sylvaticum, Epilobium angustifolium, Melilotus officinalis, Trifolium hybridum 

B07 Latitude:  56°25`32" N     Longitude:   122°29`27" W     Elevation:  (m asl): 857 

White spruce, lodgepole pine forest adjacent to reclaimed wellsite; shady; Associated 
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Site 

3umber 

Site Description 

species: Ledum groenlandicum, Shepherdia canadensis, Rosa acicularis, Cornus 
canadensis, Linnea borealis, Maianthemum canadense, Epilobium angustifolium, 
Geocaul  um lividum 

B08 Latitude:  56°07`59" N     Longitude:   120°44`23" W     Elevation:  (m asl): 404 

Open mixed woods, tall shrubs; filtered light; Slope Position: Level; Soil: mesic, silty; 
Depth: 1+ metres; Biogeoclimatic Zone: Boreal White and Black Spruce; Associated 
species: Cornus stolonifera, Alnus incana, Rosa acicularis, Fragaria sp., Pe  tasites 
palmatus, Populus balsamifera, Actea rubra, Lonicera involucrata, Ribes glandulosum 

B09 Latitude:  56°10`07" N     Longitude:   120°41`28" W     Elevation:  (m asl): 538 

Dry, warm grassy slope; Slope: 35-40%, Aspect: 177; open light; Slope Position: mid-
slope; Soil: dry, silty; Depth: 1+ metres; Biogeoclimatic Zone: Boreal White and Black 
Spruce; Associated species: Koeleria macrantha, Hesperostipa comata, Artemis  ia 
frigida 

BM01 Latitude:  55º35`29" N     Longitude:   120º22`19" W     Elevation:  (m asl): 867 

Sparsely vegetated ditch beside gravel road; Light: open; Slope: flat; BEC 
(Biogeoclimatic Ecological Classification): BWBSmw1 (Peace Moist Warm Boreal 
White and Black Spruce) 

BM02 Latitude:  55º36`29" N     Longitude:   120º21`09" W     Elevation:  (m asl): 889 

Wet roadside ditch; Light: open; Slope: depression 

BM03 Latitude:  55º37`59" N     Longitude:   120º21`26" W     Elevation:  (m asl): 892 

Disturbed roadside with cast off soil. 

BM04 Latitude:  55º39`15" N     Longitude:   120º22`46" W     Elevation:  (m asl): 848 

Disturbed roadside with compacted soil. 

BME3 Latitude:  55º35`24" N     Longitude:   120º22`17" W     Elevation:  (m asl): 867 

Mixed forest (Populus tremuloides, Picea glauca, Pinus contorta) with shrubs (Viburnum 
edule, Cornus canadensis, Shepherdia canadensis), and grass-forb understory 
(Calamagrostis canadensis, Bromus ciliatus, Galium boreale, Petasites frigidus ssp. 
palmatus). BEC (Biogeoclimatic Ecological Classification): BWBS (Boreal White and 
Black Spruce)  

CCH Latitude:  57º18`52" N     Longitude:   123º11`52" W     Elevation:  (m asl): 1486 

Open forest (Pinus contorta, Picea glauca) with wellsite clearing on east facing slope. 
Dominant shrubs include Salix spp. and Shepherdia canadensis. Well developed herb 
layer includes Leymus innovatus, Festuca altaica, Mertensia paniculata, Equisetum 
arvense, Luzula parviflora, Galium boreale. BEC (Biogeoclimatic Ecological 
Classification): BAFA (Boreal Altai Fescue Alpine) 

CCL Latitude:  57º19`39" N     Longitude:   123º10`14" W     Elevation:  (m asl): 1368 

Open shrub tall forb meadow above creek, on recovering dry wellsite built in winter over 
existing vegetation. Shrubs include scrub birch, wild rose, willow, shrubby cinquefoil. 
Forbs include Artemesia campestris, Epilobium angustifolium, Martensia paniculata, 
Thalictrum occidentale. BEC (Biogeoclimatic Ecological Classification): SWB (Spruce 
Willow Birch) 

CG01T1 Latitude:  56º25`15" N     Longitude:   122º51`43" W     Elevation:  (m asl): 849 

Open meadow at edge of small trail, Populus balsamifera and Picea glauca seedings, 
Salix spp., Shepherdia canadensis, Rosa acicularis, Delphinium glaucum, Mertensia 
paniculata, Hedysarum sp., Astragalus alpinus, Castilleja sp., Leym 

CG01T2 Latitude:  56º25`15" N     Longitude:   122º51`43" W     Elevation:  (m asl): 849 

Mixed forest (mature Picea glauca, Pinus contorta, Populus tremuloides), understory 
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dominated by Pleurozium schreberi.  70% closed canopy, many downed logs, well 
dispersed herbs include Cornus canadensis, Petasites palmatum, Linnea borealis, 
Mertensia paniculata and Leymus innovatus. BEC (Biogeoclimatic Ecological 
Classification): BWBSmw1 (Peace Moist Warm Boreal White and Black Spruce). 

CG02T1 Latitude:  56º27`27" N     Longitude:   122º51`08" W     Elevation:  (m asl): 933 

Gravel borrow pit with mixture of weedy and planted species (yellow hawkweed, 
scentless chamomile, alsike clover, rye, timothy, red fescue); Light: open; Slope: flat; 
BEC (Biogeoclimatic Ecological Classification): BWBSmw1 (Peace Moist Warm Boreal 
White and Black Spruce)                                                         

CG02T2 Latitude:  56º27`27" N     Longitude:   122º51`08" W     Elevation:  (m asl): 933 

Open trembling aspen forest, some white spruce, willow, grass dominated understory. 
Light: open; Slope: flat; BEC (Biogeoclimatic Ecological Classification): BWBSmw1 
(Peace Moist Warm Boreal White and Black Spruce)                                                                             

CGC Latitude:  56º27`14" N     Longitude:   122º52`44" W     Elevation:  (m asl): 1011 

Open white spruce, pine and aspen forest, with grassy understory; BEC (Biogeoclimatic 
Ecological Classification): BWBSmw1 (Peace Moist Warm Boreal White and Black 
Spruce)                                                                                                                                                         

CGSR Latitude:  56º29`20" N     Longitude:   122º47`22" W     Elevation:  (m asl): 1340 

Edge of conifer forest, with Vibernum edule, Rosa acicularis, Petasites frigidus, and 
Hylocomium splendens. Light: filtered; Slope: 5%; BEC (Biogeoclimatic Ecological 
Classification): BWBSmw1 (Peace Moist Warm Boreal White and Black Spruce)                

CH Latitude:  56º08`44" N     Longitude:   120º00`43" W     Elevation:  (m asl): 455 

Grassland on south-facing slope above Peace River, eroding clay soil. Pascopyrum 
smithii on well-vegetated areas, Spartina gracilis, Hordeum brachyantherum on exposed 
mineral soil. Light: open; Slope: 20; Aspect: 195; BEC (Biogeoclimatic Ecological 
Classification): BWBSmw1 (Peace Moist Warm Boreal White and Black Spruce).   

CHG Latitude:  56º08`06" N     Longitude:   120º02`05" W     Elevation:  (m asl): 485 

Compact road edge with small cluster of Echinochloa crus-gallii. Light: filtered; Slope: 
5; Aspect: 185; BEC (Biogeoclimatic Ecological Classification): BWBSmw1 (Peace 
Moist Warm Boreal White and Black Spruce) 

CHOWR Latitude:  56º37`43" N     Longitude:   122º30`35" W     Elevation:  (m asl): 859 

Roadside ditch below cleared pipeline corridor, with Carex aquatalis, Poa palustris, 
Beckmannia syzigachne, Elymus alaskanus. Light: open; Slope: 10; Aspect: 336; BEC 
(Biogeoclimatic Ecological Classification): BWBSmw1 (Peace Moist Warm Boreal 
White and Black Spruce).                                                            

CHOWT1 Latitude:  56º37`43" N     Longitude:   122º30`35" W     Elevation:  (m asl): 863 

Pipeline right of way, heavily seeded with Phleum pratense, Festuca rubra and Trifolium 
hybridum. Surrounding forest (Picea glauca, Pinus contorta, Populus balsamifera) with 
pipemoss, alder and Vibernum edule. Light: open; Slope: 10. 

CHOWT2 Latitude:  56º37`44" N     Longitude:   122º30`34" W     Elevation:  (m asl): 863 

Cleared forest with seedlings of Picea glauca and Populus balsamifera, many stumps and 
downed trees. Well-developed shrub layer includes Rubus idaeus, Vaccinium vitis-idaea, 
Rosa acicularis, Viburnum edule. Herbs include Mertensia paniculata, Epilobium 
angustifolium, and Galium boreale. BEC (Biogeoclimatic Ecological Classification): 
BWBSmw1 (Peace Moist Warm Boreal White and Black Spruce). 

D01 Latitude:  56°12`28" N     Longitude:   120°50`25" W     Elevation:  (m asl): 518 

Woody, grassy slope-mid-slope, south facing; edge of aspen stand with Prunus 
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virginiana, Rosa acicularis, Apocynum androsaemifolium, Symphoricarpos albus 

D02 Latitude:  56°12`28" N     Longitude:   120°50`25" W     Elevation:  (m asl): 494 

Woody, grassy slope; toe of slope; moist; disturbed with Sonchus arvense, Cirsium 
arvense, Hordeum jubatum 

D04 Latitude:  56°12`31" N     Longitude:   120°50`22" W     Elevation:  (m asl): 553 

South-facing dry slope above Peace River; open light; Associated species: Nasella 
viridula, Koelaria macrantha, Grindelia squarrosa 

D07 Latitude:  56°57`50" N     Longitude:   120°35`49" W     Elevation:  (m asl): 670 

Mixed forest (Picea glauca, Picea mariana, Populus balsamifera); shady; edge of 
decomissioned road; understory species include Shepherdia canadensis, Vaccinium vitis-
idaea, Lycopodium sp., Lathyrus ochroleucus, Calamagrostis canadensis 

D08 Latitude:  56°27`41" N     Longitude:   120°31`38" W     Elevation:  (m asl): 670 

Roadside ditch and adjacent forest edge, filtered light, moist to wet; Biogeoclimatic 
zone: Boreal White and Black Spruce Smw1 

FSJ Latitude:  56°12`22" N     Longitude:   120°49`31" W     Elevation:  (m asl): 690 

Stipa - wheatgrass grassland on southwest slope above Peace River.                                                                                                                                              

HRN Latitude:  56º59`18" N     Longitude:   123º04`46" W     Elevation:  (m asl): 1106 

Cleared wellsite surrounded by white spruce forest; Light: open; Slope: 0; Aspect: 0; 
BEC (Biogeoclimatic Ecological Classification): BWBSmw1 (Peace Moist Warm Boreal 
White and Black Spruce) 

HRS Latitude:  56º56`26" N     Longitude:   123º03`45" W     Elevation:  (m asl): 1396 

Compacted wellsite. Light: open; Slope: 0; BEC (Biogeoclimatic Ecological 
Classification): SWBmk (Moist Cool Spruce Willow Birch).                                                                     

HS Latitude:  57º12`53" N     Longitude:   123º08`03" W     Elevation:  (m asl): 1426 

Reclaimed wellsite with graminoid cover; Light: open; Slope: 0; Aspect: 0 

J28 Latitude:  56°33`00" N     Longitude:   121°00`00" W     Elevation:  (m asl): 0 

Disturbed moist roadside ditch, open to somewhat filtered light, adjacent to agricultural 
pasture 

Kza Latitude:  57º36`41" N     Longitude:   123º12`58" W     Elevation:  (m asl): 1822 

Alpine meadow; Light: open; BEC (Biogeoclimatic Ecological Classification): BAFA 
(Boreal Altai Fescue Alpine)                                                                                                                                                                

Kzr Latitude:  57º39`11" N     Longitude:   123º16`20" W     Elevation:  (m asl): 0 

Abandoned wellsite                                                                                                                                                                                                                      

MAR1T1 Latitude:  57º11`46" N     Longitude:   123º15`01" W     Elevation:  (m asl): 1360 

Reclaimed wellsite, with soil distibributed, then seeded native grasses, some weedy 
species, no tree regeneration evident. Light: open; Slope: 8; Aspect: 110; BEC 
(Biogeoclimatic Ecological Classification): SWBmk (Moist Cool Spruce Willow Birch)                                                               

MAR1T2 Latitude:  57º11`46" N     Longitude:   123º15`01" W     Elevation:  (m asl): 1360 

Reclaimed wellsite, with seeded native grasses, some weedy species, no tree 
regeneration evident. Light: open; Slope: 8; Aspect: 110; BEC (Biogeoclimatic 
Ecological Classification): SWBmk (Moist Cool Spruce Willow Birch)                                                           

MAR1T3 Latitude:  57º11`47" N     Longitude:   123º15`03" W     Elevation:  (m asl): 1360 

Mixed spruce - aspen forest adjacent to wellsite; Light: filtered; Slope: 8; Aspect: 110; 
BEC (Biogeoclimatic Ecological Classification): SWBmk (Moist Cool Spruce Willow 
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Birch)                                                                                                                                       

MB1C3 Latitude:  57º12`53" N     Longitude:   123º08`03" W     Elevation:  (m asl): 1214 

Decommissioned access road with low herb cover and some tree regeneration. Light: 
open; Slope: 8; Aspect: 90; BEC (Biogeoclimatic Ecological Classification): SWBmk 
(Moist Cool Spruce Willow Birch)                                                                                                                  

MB1T1 Latitude:  57º09`54" N     Longitude:   123º38`57" W     Elevation:  (m asl): 1214 

Relatively barren wellsite, lots of exposed ground and rocks. Some small trees (Picea 
glauca and Populus balsamifera), Salix spp, Shepherdia canadensis and short herb layer 
with Agrostis scabra, Phleum pratense, Crepis tectorum, Vicia americana. 

MB1T2 Latitude:  57º09`54" N     Longitude:   123º38`57" W     Elevation:  (m asl): 1214 

Mature forest (Picea glauca and Pinus contorta) with low shrub (Shepherdia canadensis, 
Salix sp., Vaccinium vitis-idaea, Ledum groenlandicum) and mossy understory. Herbs 
included Leymus innovatus, Festuca altaica, Epilobium angustifolium, and Cornus 
canadensis. Light: open; Slope: 8; Aspect: 90; BEC (Biogeoclimatic Ecological 
Classification): SWBmk (Moist Cool Spruce Willow Birch).  

MB2T1 Latitude:  57º09`31" N     Longitude:   123º38`45" W     Elevation:  (m asl): 1139 

Weedy compacted horse/All Terrain Vehicle travel road. Dense, low heavily grazed 
vegetation, likely seeded with agronomic grasses and sedges. Light: open; Slope: 0; BEC 
(Biogeoclimatic Ecological Classification): SWBmk (Moist Cool Spruce Willow Birch)     

MB2T2 Latitude:  57º09`31" N     Longitude:   123º38`45" W     Elevation:  (m asl): 1139 

Salix glauca shrub meadow with Delphinium glaucum, Mertensia paniculata, Leymus 
innovcatus and Festuca altaica. Light: open; Slope: 0; BEC (Biogeoclimatic Ecological 
Classification): SWBmk (Moist Cool Spruce Willow Birch) 

ML1T1 Latitude:  57º07`50" N     Longitude:   123º10`26" W     Elevation:  (m asl): 1335 

Abandoned dry wellsite with sparse vegetation including Picea glauca and Populus 
balsamifera seedlings < 2m tall, Festuca rubra, Trifolium hybridum, Phleum pratense, 
dandelions and hawksbeard. Bison have trampled and grazed existing vegetation and 
apparently use it as a salt lick. 

ML1T2 Latitude:  57º07`50" N     Longitude:   123º10`26" W     Elevation:  (m asl): 1335 

Coniferous forest (Picea glauca, Pinus contorta, some Populus balsamifera) with mixed 
shrub/herb understory. Shepherdia canadensis, Linnea borealis, Betula nana, Cornus 
canadensis, Arnica sp., Polemonium pulcherrimum, Peltigera spp., Hylocomium 
splendens, Pleurozium schreberi. 

MW1 Latitude:  57º50`12" N     Longitude:   123º20`07" W     Elevation:  (m asl): 822 

Abandoned wellsite, now moist meadow dominated by grasses, sedges and willows. 
Light: open; Slope: 0; BEC (Biogeoclimatic Ecological Classification): BWBSmw2 
(Fort Nelson Moist Warm Boreal White and Black Spruce)                                                                                                                        

MW2T1 Latitude:  57º58`50" N     Longitude:   123º23`12" W     Elevation:  (m asl): 894 

Abandoned wellsite, now moist meadow dominated by grasses, sedges and willows. 
Light: open; Slope: 2; Aspect: 100; BEC (Biogeoclimatic Ecological Classification): 
BWBSmw2 (Fort Nelson Moist Warm Boreal White and Black Spruce)                               

MW2T2 Latitude:  57º58`48" N     Longitude:   123º23`09" W     Elevation:  (m asl): 894 

Abandoned wellsite, now moist meadow dominated by grasses, sedges and willows. 
Light: open; Slope: 2; Aspect: 100; BEC (Biogeoclimatic Ecological Classification): 
BWBSmw2 (Fort Nelson Moist Warm Boreal White and Black Spruce)                                                               

Pine01 Latitude:  55°43`25" N     Longitude:   121°11`20" W     Elevation:  (m asl): 661 

Grassy southwest facing slope surrounded by open trembling aspen; associated species 
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Amelanchier alnifolia, Rosa acicularis, Aster conspicuous, Anemone multifida, Bromus 
inermis, Carex spp. Light: filtered; Slope: 20; Aspect: 226; BEC (Biogeoclimatic 
Ecological Classification): BWBSmw1 (Peace Moist Warm Boreal White and Black 
Spruce).                                                                                                                                                                                                                           

SH01 Latitude:  56°04`48" N     Longitude:   120°07`37" W     Elevation:  (m asl): 581 

Dry grass slope above Kiskatinaw River, with Koeleria macrantha, Aster conspicuous, 
Anemone multifida, Amelanchier alnifolia in moist depressions. Light: open; Slope: 15; 
Aspect: 270; BEC (Biogeoclimatic Ecological Classification): BWBSmw1 (Peace Moist 
Warm Boreal White and Black Spruce). 

SS01 Latitude:  57º12`38" N     Longitude:   123º29`34" W     Elevation:  (m asl): 1082 

Old road, with deep ruts on river edge. Light: open; Slope: 0; Aspect: 0; BEC 
(Biogeoclimatic Ecological Classification): SWBmk (Moist Cool Spruce Willow Birch)                                                                                                                               

SS01r Latitude:  57º12`38" N     Longitude:   123º29`33" W     Elevation:  (m asl): 1074 

Riverbank with Picea glauca, Pinus contorta, and grassy understory of Calamagrostis 
stricta, Bromus pumpellianus. Light: open; BEC (Biogeoclimatic Ecological 
Classification): SWBmk (Moist Cool Spruce Willow Birch)                                                            

SS01u1 Latitude:  57º12`38" N     Longitude:   123º29`33" W     Elevation:  (m asl): 1074 

Open spruce - pine forest beside river. Light: filtered; BEC (Biogeoclimatic Ecological 
Classification): SWBmk (Moist Cool Spruce Willow Birch)                                                                      

SS02T1 Latitude:  57º12`16" N     Longitude:   123º26`45" W     Elevation:  (m asl): 1102 

Abandoned wellsite, with some woody debris scattered around, small poplars, willow, 
planted pines (not growing very well). Light: open; Slope: 0; BEC (Biogeoclimatic 
Ecological Classification): SWBmk (Moist Cool Spruce Willow Birch)                                                           

SS02T2 Latitude:  57º12`16" N     Longitude:   123º26`45" W     Elevation:  (m asl): 1102 

Mixed pine, spruce, balsam poplar forest, moss dominated understory. Light: shaded; 
Slope: 0; BEC (Biogeoclimatic Ecological Classification): SWBmk (Moist Cool Spruce 
Willow Birch)                                                                                                                                  

SS03T1 Latitude:  57º12`58" N     Longitude:   123º24`42" W     Elevation:  (m asl): 1107 

Old road to wellsite, recontoured and seeded (Festuca rubra, Poa pratensis, Trifolium 
hybridum), but very sparsely vegetated. Weedy species include Crepis tectorum, 
Taraxacum officinale, Plantago major, Matricaria matricarioides. 

SS04u1 Latitude:  57º12`58" N     Longitude:   123º29`33" W     Elevation:  (m asl): 1095 

Wet graminoid meadow with occasional black spruce. Light: filtered; Slope: 0; Aspect: 
0; BEC (Biogeoclimatic Ecological Classification): SWBmk (Moist Cool Spruce Willow 
Birch)                                                                                                                                        

TB01 Latitude:  57º07`54" N     Longitude:   123º03`29" W     Elevation:  (m asl): 1690 

Rocky, lichen covered ridge with Betula nana, Empetrum nigrum, krummholz spruce, 
Silene acaulis, Polygonum viviparum, Artemesia norvegica. Light: open; Slope: level; 
BEC (Biogeoclimatic Ecological Classification): BAFA (Boreal Altai Fescue Alpine)         

TB02 Latitude:  57º07`54" N     Longitude:   123º03`29" W     Elevation:  (m asl): 1690 

Rocky, lichen covered ridge with Betula nana, Empetrum nigrum, krummholz spruce, 
Silene acaulis, Polygonum viviparum, Artemesia norvegica. Light: open; Slope: level; 
BEC (Biogeoclimatic Ecological Classification): BAFA (Boreal Altai Fescue Alpine) 

VH062002 Latitude:  56°08`42" N     Longitude:   120°00`34" W     Elevation:  (m asl): 403 

Northern south facing slope above Peace; steep; undulating; Aspen, snowberry, mixed 
grass, willow, wolfwillow; open to filtered light; Lower slope; Soil: mesic, clay 
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VH062101 Latitude:  56°24`14" N     Longitude:   121°15`17" W     Elevation:  (m asl): 0 

Was Aspen-Rose-Tall Forb, recently cleared (W05-06) Forb-Shrub-Fireweed; rose, 
Cornus canadensis, Mertensia paniculata, vetch, peavine, Maianthemum canadense, 
Thalictrum, corn spurry, Viburnum; open light; Slope: 10%; Aspect: SE; Mid slope; 
Soil: mesic, silty sand, calcareous 

VH062103s Latitude:  55°55`60" N     Longitude:   120°41`02" W     Elevation:  (m asl): 620 

Riparian zone with willow, alder, aspen, grasses and low forbes; open light; Soil: moist 

VH062201 Latitude:  56°07`49" N     Longitude:   120°28`41" W     Elevation:  (m asl): 603 

Grassy knoll, crest of bluff; open light; junegrass, wolfwillow, sakatoon, poplar behind 
low forb; Slope: 10%-50%; Aspect: 280, Crest; Soil: dry, silty clay 

VH062202 Latitude:  56°12`00" N     Longitude:   120°41`00" W     Elevation:  (m asl): 634 

Fence row; growing clover, Bromus inermis, sedge, vetch, much of it almost pure; open 
light; level; Soil: moist, silt 

VH062601 Latitude:  56°28`44" N     Longitude:   120°39`11" W     Elevation:  (m asl): 663 

Aspen-rose-tall forb. Tall aspen providing filtered shade, 60% canopy cover  filtered; 
level; Soil: mesic, sandy silt; clay loam, deep litter layer 

VH062602 Latitude:  56°28`44" N     Longitude:   120°39`34" W     Elevation:  (m asl): 683 

Small open slough by road with sedges, cattails; surrounded by agronomic grasses; open 
light; Depression; Soil: wet, clay, muck 

VH06260301s Latitude:  56°28`44" N     Longitude:   120°39`34" W     Elevation:  (m asl): 666 

Shady willow grove by roadside; Soil: moist 

VH06260401s Latitude:  56°34`34" N     Longitude:   120°41`52" W     Elevation:  (m asl): 567 

Bench of Beatton River; Open light; Soil: moist to wet 

VH062701 Latitude:  57°02`00" N     Longitude:   122°31`00" W     Elevation:  (m asl): 1008 

Scrub birch, willow, grass, moss. Low forb-shrub. Open light; Slope: 8%; Aspect: 290 
Mid slope; Soil: moist, silty clay, muskeg cover, colluvial 

VH062702 Latitude:  57°02`00" N     Longitude:   122°31`00" W     Elevation:  (m asl): 1015 

Willow, trembling aspen, scrub birch, Jacob's ladder, yarrow, dandelion; open light; 
level; Soil: mesic, sand-gravel; roadside 

VH062704 Latitude:  57°04`00" N     Longitude:   122°52`00" W     Elevation:  (m asl): 1793 

Alpine meadow with lupine, buttercups, spike trisetum; open light; Slope: 21%; Aspect: 
247 Crest; Soil: dry, sandy gravel 

VH062705s Latitude:  57°04`00" N     Longitude:   122°52`00" W     Elevation:  (m asl): 1784 

Alpine sedge meadow with Jacob's ladder, monkshood, luzula, buttercups 

VH062706s Latitude:  57°04`00" N     Longitude:   122°52`00" W     Elevation:  (m asl): 1773 

Alpine Meadow; open light; North aspect; Soil: dry 

VH062707s Latitude:  57°02`00" N     Longitude:   122°31`00" W     Elevation:  (m asl): 993 

In gravel beside road with smooth brome, Timothy; open light; level; Soil: mesic 

VH062801 Latitude:  55°42`00" N     Longitude:   120°25`00" W     Elevation:  (m asl): 911 

Poplar, black spruce, tall forb around pond with willow, alder, black twinberry; filtered 
light; level; Soil: moist 

VH063001 Latitude:  56°04`48" N     Longitude:   120°07`38" W     Elevation:  (m asl): 593 

Grassy upper slopes of Kiskatinaw River with Achillea millefolium, Anemone multifida, 
Astragalus tenellus, Hieracium umbellatum, Koeleria macrantha, Linum lewisii, 
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Potentilla glandulosa; open light; 21O upper slope; Soil: mesic, silt, colluvium 

VH070401 Latitude:  56°16`26" N     Longitude:   121°12`15" W     Elevation:  (m asl): 502 

Grassland break above the Peace River, south aspect;junegrass, western wheatgrass, 
mugwort, locoweed are dominant; gullies with saskatoon and wild rose; open light; 172 
Upper slope (local); Soil: dry, silt 

VH070402 Latitude:  56°16`23" N     Longitude:   121°12`08"     Elevation:  (m asl): 501 

Moist depression in open aspen forest; filtered light; depression; Soil: moist 

VH070403 Latitude:  56°16`10" N     Longitude:   121°14`13" W     Elevation:  (m asl): 430 

Disturbed riparian area of small creek, mostly open soil, pebbles in area that floods; 
wolfwillow, grasses; open light; lower slope; Soil: moist 

VH070404s Latitude:  56°15`27" N     Longitude:   121°16`35"     Elevation:  (m asl): 461 

Roadside clearing with fireweed, dogbaine, goldenrod, wild rose, Bromus inermis, 
aspen; open light, somewhat filtered; Soil: moist 

VH070701 Latitude:  55°44`20" N     Longitude:   121°51`38" W     Elevation:  (m asl): 998 

Planted cutblock with pine, spruce, balsam poplar; fireweed, cow parsnip, horsetail; open 
light; Slope: 4%; Aspect: 240 Mid slope; Soil: moist, clay, glacial till 

vh070702 Latitude:  55°46`32" N     Longitude:   121°49`06" W     Elevation:  (m asl): 993 

Pine, balsam poplar, alder; mature forest; shade; Slope: 10%; Aspect: 006 Crest; Soil: 
mesic, clay, glacial till 

VH070901s Latitude:  55°54`00" N     Longitude:   120°30`00" W     Elevation:  (m asl): 719 

Drainage ditch along roadside with horsetail; open light; Soil: moist 

VH070902s Latitude:  55°54`00" N     Longitude:   120°30`00" W     Elevation:  (m asl): 767 

Wet ditch along roadside with cattails, horsetail, Calamagrostis canadensis, willow; open 
light 

VH070903 Latitude:  55°53`36" N     Longitude:   120°41`19" W     Elevation:  (m asl): 624 

Riparian zone on riverbank; dominated by willow, sweet clover, rose, other low forbs 
and grasses; open light; Toe; Soil: moist, silt 

VH070904s Latitude:  55°56`35" N     Longitude:   120°40`00" W     Elevation:  (m asl): 656 

Grass, willow; open light; level; Soil: moist 

VH071001 Latitude:  55°03`00" N     Longitude:   121°10`00" W     Elevation:  (m asl): 1747 

Native alpine zone beside disturbed plant island.  Festuca altaica, willows, krummolz 
conifers, grasses and forbs. open light; Upper slope; Soil: mesic, sand, sandstone, coal 

VH071002 Latitude:  55°03`00" N     Longitude:   121°10`00" W     Elevation:  (m asl): 1767 

Alpine grassland. Coal mine spoils, open, windy, seeded with natives and non-natives ca 
1992-3  open light; Crest; Soil: mesic, gravel, coal 

VH071003 Latitude:  55°17`17" N     Longitude:   120°51`19" W     Elevation:  (m asl): 0 

Mature open balsam poplar, white spruce forest with well developed moss layer. Cornus 
canadensis, palmate coltsfoot. Some widely spaced shrubs: black twinberry, willows. 
Soil: moist, silty, glacial till 

VH071101s Latitude:  54°55`10" N     Longitude:   120°57`53" W     Elevation:  (m asl): 1501 

Subalpine meadow with lichens, lingen berry, willows, fireweed, lodgepole pine, spruce. 
Open light; Slope: 12%; Aspect: 240; Soil: mesic 

VH071102s Latitude:  54°55`07" N     Longitude:   120°57`53" W     Elevation:  (m asl): 1506 

Subalpine meadow with lichens, lingen berry, willows, fireweed, lodgepole pine, spruce; 
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open light; Soil: mesic 

VH071103s Latitude:  54°55`03" N     Longitude:   120°57`59" W     Elevation:  (m asl): 1473 

Streamside wet meadow with horsetail, yellow aster; filtered light 

VH071104s Latitude:  54°55`03" N     Longitude:   120°57`59" W     Elevation:  (m asl): 1460 

Subalpine parkland with vaccinium; open light; level; Soil: mesic 

VH071105s Latitude:  54°55`03" N     Longitude:   120°57`59" W     Elevation:  (m asl): 1464 

Edge of subalpine peat bog; filtered light; level 

VH071106s Latitude:  54°55`03" N     Longitude:   120°57`59" W     Elevation:  (m asl): 1458 

Compacted till at edge of parking lot; open light; mesic; gravelly 

VH071107 Latitude:  54°53`30" N     Longitude:   120°57`00" W     Elevation:  (m asl): 1839 

Alpine meadow with Artemesia norvegica, mountain avens, moss campian, grasses and 
sedges; open light; Slope: 10%; Aspect: ca 16O Upper slope; Soil: mesic, silt-sand, coal 

VH071108s Latitude:  54°53`30" N     Longitude:   120°57`00" W     Elevation:  (m asl): 1773 

Alpine meadow with spruce krummolz; open light; Slope: 5%; Aspect: 274; Soil: moist 

VH071109s Latitude:  54°53`30" N     Longitude:   120°57`00" W     Elevation:  (m asl): 1635 

Subalpine parkland scree slope; open light; Slope: 32%; Aspect: 230; Soil: moist, sand 
and gravel 

VH071111s Latitude:  55°07`15" N     Longitude:   121°02`40" W     Elevation:  (m asl): 992 

Compact gravel turnout with various agronomics; Phleum pratense, alfalfa, red fescue; 
open light; Soil: mesic 

VH071112 Latitude:  54°50`00" N     Longitude:   120°35`00" W     Elevation:  (m asl): 1084 

Stony beach with sedges, edge has more grasses, willow, alder  filtered; Slope: 2%; 
Aspect: 120; Soil: moist, gravel 

VH071701s Latitude:  55°43`00" N     Longitude:   120°08`00" W     Elevation:  (m asl): 692 

Standing water lake edge; open light; Soil: wet 

VH071702s Latitude:  55°43`00" N     Longitude:   120°08`00" W     Elevation:  (m asl): 692 

Wet lake margin, with Glyceria borealis; open light; Soil: wet 

VH071703s Latitude:  55°43`00" N     Longitude:   120°08`00" W     Elevation:  (m asl): 692 

Standing water; lake edge; open light; Soil: wet 

VH071704s Latitude:  55°43`00" N     Longitude:   120°08`00" W     Elevation:  (m asl): 692 

Moist tussocky area on lake edge above Glyceria, with Phalarus, Beckmannia 
syzigachne and sedges; open light; Soil: moist 

VH071707s Latitude:  55°43`00" N     Longitude:   120°08`00" W     Elevation:  (m asl): 692 

Compact soil, edge of dirt road with primarily agronomic grasses;  open light 

VH071708s Latitude:  55°43`00" N     Longitude:   120°08`00" W     Elevation:  (m asl): 692 

Compact soil, edge of dirt road with primarily agronomic grasses;  open light; level 

VH071801 Latitude:  58°05`00" N     Longitude:   122°42`00" W     Elevation:  (m asl): 506 

Mature spruce forest by creek with highbush cranberry, dogwood, horsetail, mosses; 
shade; Lower slope; Soil: moist, silt 

VH071801b Latitude:  58°05`00" N     Longitude:   122°42`00" W     Elevation:  (m asl): 506 

Open forest edge, by trampled path and vehicle turn around; open light; Lower slope; 
Soil: mesic 
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VH071901s Latitude:  57°58`00" N     Longitude:   122°47`00" W     Elevation:  (m asl): 558 

Trembling aspen, balsam poplar, medium shrub, lots of Leymus innovatus, fireweed; 
filtered light, mesic soil 

VH071903 Latitude:  57°50`55" N     Longitude:   122°58`18" W     Elevation:  (m asl): 888 

Mixed open white pine - balsam poplar forest, off road; samples came from revegetated 
old road, slightly more open; filtered light; level; Soil: mesic to moist, silt 

VH071904 Latitude:  57°44`00" N     Longitude:   122°57`00" W     Elevation:  (m asl): 826 

Seasonally wet depression with willow, cottongrass, calamagrostis; filtered light; 
Depression; Soil: moist to wet 

VH071905 Latitude:  57°44`00" N     Longitude:   122°57`00" W     Elevation:  (m asl): 1131 

Shedding shale cutbank; till at bottom; mostly open; dominant plant: mugwort, 
equisetum, Calamagrostis canadensis; open light; Slope: 50%; Aspect: 250 Mid slope 

VH071906 Latitude:  57°36`27" N     Longitude:   122°57`04" W     Elevation:  (m asl): 1140 

Flat peaty-floored thicket-scrub with white and black spruce, pine, willow, scrub birch, 
alder, fireweed, Cornus canadensis; filtered light; Depression; Soil: wet 

VH071906b Latitude:  57°36`27" N     Longitude:   122°57`04" W     Elevation:  (m asl): 1145 

Wet scrubby meadow; gentle slope; moist; Epilobium angustifolium, Cornus canadensis, 
willow, labrador tea, Calamagrostis canadensis; Slope: 5% 

VH072001 Latitude:  57°23`00" N     Longitude:   122°50`00" W     Elevation:  (m asl): 1014 

Grassy meadow (possibly community pasture); White spruce, sparse throughout; 
Deschampsia cespitosa, clover, yarrow, willow; open light; Slope: 5%; Aspect: 299 Mid 
slope; Soil: mesic, glacial till 

VH072002 Latitude:  57°23`00" N     Longitude:   122°50`00" W     Elevation:  (m asl): 1021 

Spruce/pine forest edge with low shrubs (Vaccinium, Ledum, Betula), Altai fescue, 
bunch berry and moss; Edge of meadow with some agronomics, trembling aspen, 
willow; filtered light; Upper slope; Soil: mesic, clay 

VH072003 Latitude:  57°20`19" N     Longitude:   122°46`05" W     Elevation:  (m asl): 1052 

Pine-willow-low herb; young pines growing on slope around dugout pond on clay soil 
taken from dugout; open light; Slope: 0-35%; Aspect: 34O Upper slope; Soil: mesic, clay 

VH072004s Latitude:  57°19`50" N     Longitude:   122°47`28" W     Elevation:  (m asl): 1034 

Rocky, moist riparian zone with Deschampsia cespitosa, Calamagrostis stricta, some 
small young willows 

VH072101 Latitude:  57°14`00" N     Longitude:   122°42`00" W     Elevation:  (m asl): 786 

Top of eroding riverbank; compacted soil with lots of disturbance 

VH072101s Latitude:  57°14`00" N     Longitude:   122°49`00" W     Elevation:  (m asl): 786 

Disturbed area above riparian zone. 

VH072102 Latitude:  57°15`27" N     Longitude:   122°58`53" W     Elevation:  (m asl): 957 

Open Populus tremuloides woods with grassy Leymus innovatus understory; Shepherdia 
canadensis; Light: shade; Soil: moist; mid-slope 

VH072103 Latitude:  56°46`58" N     Longitude:   120°55`56" W     Elevation:  (m asl): 641 

Roadside ditch with Hordeum jubatum, Melilotus spp., and large patch of Agrostis 
gigantea; filtered light; flat; Soil: moist, gravel 

VH072104 Latitude:  56°45`15" N     Longitude:   121°17`54" W     Elevation:  (m asl): 827 

Mixed woods - white spruce, balsam, poplar; with tall forb-shrub understory (Rose 
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acicularis, Mertensia paniculata, Calamagrostis canadensis); Soil; moist, silt; level; 
Light: shade 

VH072105 Latitude:  56°22`  " N     Longitude:   120°45`  " W     Elevation:  (m asl): 670 

Eroding bank above creek; soil:moist,  mesic, silty; Slope: 5%; Aspect: S-SW; open to 
filtered light; weedy - sweet clover, raspberry, grasses, sedges 

VH072201s Latitude:  55°45`26" N     Longitude:   120°13`40" W     Elevation:  (m asl): 666 

On weedy waste lot; open light; Soil: dry, clay 

VH072401 Latitude:  56°30`22" N     Longitude:   122°06`16" W     Elevation:  (m asl): 625 

Rocky riparian zone with sweet clover, yellow hawkweed and grasses.  Where small side 
stream enters Halfway River, moist edge of small stream with willows, red osier 
dogwood, and slough grass. Filtered light; Toe; Soil: dry, shale 

VH072402 Latitude:  56°30`23" N     Longitude:   122°06`17" W     Elevation:  (m asl): 634 

Dirt roadside seeded with smooth brome, timothy, alfalfa, clover; through poplar grove; 
filtered light; level; Soil: mesic, clay 

VH072403 Latitude:  56°24`32" N     Longitude:   122°50`58" W     Elevation:  (m asl): 873 

Roadside: timothy, foxtail barley, young willows; open light; level; Soil: mesic 

VH072404 Latitude:  56°24`32" N     Longitude:   122°50`58" W     Elevation:  (m asl): 891 

White spruce forest opening with low shrub (rose, sitka burnett, soopolallie, willow) and 
low forb/grass/horsetail. Slope: 3%; Lower slope; Soil: moist, silty, sandy 

VH072501 Latitude:  56°27`36" N     Longitude:   122°51`22" W     Elevation:  (m asl): 929 

Steep grassy lateral moraine with scattered aspen, rose in Rocky Mountain foothills; 
northern bedstraw, American vetch; dominant grass is Leymus innovatus; open light; 
Slope: 80%; Aspect: 115 Mid slope; Soil: mesic to dry, silty sand, glacial till  

VH072502s Latitude:  56°27`35" N     Longitude:   122°51`22" W     Elevation:  (m asl): 924 

Moist depression at bottom of steep slope with aspen, mixed forb and grasses; filtered 
light; Slope: depression 

VH072503s Latitude:  56°27`35" N     Longitude:   122°51`22" W     Elevation:  (m asl): 930 

Dry compact roadside 

VH072504s Latitude:  56°27`35" N     Longitude:   122°51`22" W     Elevation:  (m asl): 930 

Roadside; open light; Soil: dry 

VH072506 Latitude:  56°29`60" N     Longitude:   122°47`43" W     Elevation:  (m asl): 1397 

Spruce forest opening with young spruce, low shrub (Vaccinnium, Rubus), grasses 
(Calamagrostis canadensis, Leymus innovatus, Festuca altaica) and mixed forbs (arnica, 
mortensia, aster, fireweed, luzula, yarrow)  filtered; Slope: 32%; Aspect: 320 M id slope; 
Soil: moist, silt 

VH072601 Latitude:  58°48`00" N     Longitude:   122°43`00" W     Elevation:  (m asl): 489 

Marsh in Fort Nelson lowlands with willow, Calamagrostis, sedges; filtered light; 
Depression; Soil: wet, peaty, humus 

VH072602 Latitude:  58°29`25" N     Longitude:   122°14`34" W     Elevation:  (m asl): 487 

Roadside in Fort Nelson lowlands, surrounding forest is black and white spruce; road 
edge has alder, willow, birch; open light; Soil: moist, sandy gravel 

VH072701s Latitude:  59°14`08" N     Longitude:   123°16`13" W     Elevation:  (m asl): 280 

Mature deciduous (poplar-birch) grove above river; shaded; moist soil  

VH072702 Latitude:  59°14`03" N     Longitude:   123°15`14" W     Elevation:  (m asl): 287 
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Riverbank at or above flood mark with grasses, willow, aspen, and poplar; filtered; 
Slope: 40%; Toe; Soil: moist, sand 

VH072703 Latitude:  59°20`52" N     Longitude:   123°17`02" W     Elevation:  (m asl): 419 

Replanted clearcut dominated by shrubs-willow-cranberry, raspberry 

VH072704 Latitude:  59°57`08" N     Longitude:   122°57`04" W     Elevation:  (m asl): 454 

Roadside swale with reed canarygrass, Calamagrostis canadensis, Alopecurus pratensis, 
goldenrod, horsetail; open light; Soil: moist, clay-like silt 

VH072705 Latitude:  59°59`04" N     Longitude:   122°55`36" W     Elevation:  (m asl): 315 

Sandy-gravelly riverbank with willow, goldenrod, horsetail, grasses; open light; Slope: 
5%; Aspect: 205; Lower slope; Soil: moist, silty sand 

VH072706s Latitude:  59°58`52" N     Longitude:   122°55`12" W     Elevation:  (m asl): 323 

Compacted roadside pullout; open light; level; Soil: dry 

VH072801 Latitude:  58°48`00" N     Longitude:   122°33`00" W     Elevation:  (m asl): 271 

Sandbar on the Muskwa River with willows, mare's tail, Alopecurus aegsatalis, Poa 
pratensis; open light; level; Soil: moist, sand 

VH072901 Latitude:  58°48`00" N     Longitude:   122°33`00" W     Elevation:  (m asl): 403 

Rocky, sandy riverbank dominated by sweet clover, hawkweed, willows;  open light; 
Lower slope; Soil: mesic, sand 

VH072902 Latitude:  58°48`00" N     Longitude:   122°33`00" W     Elevation:  (m asl): 401 

Filtered birch grove above banks of Muskwa River; filtered light; level; Soil: mesic, silty 
sand 

VH072903s Latitude:  58°48`00" N     Longitude:   122°33`00" W     Elevation:  (m asl): 396 

Roadside aspen, white and black spruce forest with alder, rose, highbush cranberry and 
horsetail, fireweed, Bromus inermis; filtered light; mesic soil 

VH072905s Latitude:  58°51`00" N     Longitude:   125°14`00" W     Elevation:  (m asl): 1068 

Highway edge; open light; Soil: dry 

VH073001 Latitude:  59°34`07" N     Longitude:   120°27`45" W     Elevation:  (m asl): 502 

Mixed spruce, birch, bunchberry forest with well-developed moss layer. Understory 
shrubs include rose, cranberry; filtered light; Slope: 0-40%; Aspect: 10 Mid slope; Soil: 
moist, silty loam, humus 

VH073002 Latitude:  59°54`00" N     Longitude:   126°30`00" W     Elevation:  (m asl): 593 

Clearing in an old burned forest; open light; Lower slope; Soil: mesic 

VH073003 (s) Latitude:  59°54`00" N     Longitude:   126°30`00" W     Elevation:  (m asl): 604 

Spruce-pine forest with trembling aspen, lodgepole pine ca 25 years since being burnt in 
forest fire; filtered light; mesic soil 

VH073004 Latitude:  59°45`21" N     Longitude:   126°27`44" W     Elevation:  (m asl): 519 

Riverbank with willow and horsetail; filtered light; Soil: moist, silty sand 

VH073005 (s) Latitude:  59°45`21" N     Longitude:   126°27`44" W     Elevation:  (m asl): 536 

Gravelly waste area at roadside with Elymus trachycaulus; open light; Soil: mesic 

VH073101 Latitude:  59°17`21" N     Longitude:   125°56`30" W     Elevation:  (m asl): 550 

Gravelly riverbank with small spruce, willow, alder on silty sand with gravel and 
boulders; filtered light; Slope: 20%; Aspect: 40 Toe; Soil: mesic, silty sandy gravel 

VH073103 Latitude:  58°44`16" N     Longitude:   125°45`46" W     Elevation:  (m asl): 889 
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Wet meadow with small pond with willows, rose, gooseberry; grasses (Calamagrostis 
canadensis, Beckamania syzigachne) and sedges on pond margins; depression at toe of 
slope; Soil: moist 

VH073105 Latitude:  58°51`00" N     Longitude:   125°14`00" W     Elevation:  (m asl): 1675 

Open alpine meadow with salix reticulata, alpine bistort, lupines, mountain avens, moss; 
open light; Slope: 10%; Aspect: 160 Crest; Soil: mesic, silt wih clay, humus 

VH073106 Latitude:  58°51`00" N     Longitude:   125°14`00" W     Elevation:  (m asl): 1346 

Subalpine meadow by creek with horsetail, willow, alpine epilobium; open light 

VH080101 Latitude:  58°51`09" N     Longitude:   125°19`18" W     Elevation:  (m asl): 764 

Riparian zone on edge of river, with grasses, willows and low forbs;  open light; Slope: 
0; Aspect: Toe; Soil: mesic, sand 

VH080201 Latitude:  57°02`00" N     Longitude:   122°31`00" W     Elevation:  (m asl): 980 

Weedy roadside embankment with sweet-clover, Calamagrostis canadensis, fireweed, 
roses; open light; compacted gravelly soil 

VH080301 Latitude:  56°30`22" N     Longitude:   120°02`46" W     Elevation:  (m asl): 861 

Mature mixed forest of Black and White spruce, balsam-fir (very unusual here), balsam 
poplar; Soil: moist, silt, clay; Slope: 5%; filtered light; Aspect: 310 

VH080302 Latitude:  56°29`35" N     Longitude:   120°07`32" W     Elevation:  (m asl): 774 

Streamside with Calamagrostis canadensis, slough sedge, poplar, white spruce; Soil: 
moist, wet 

VH080303 Latitude:  56°29`35" N     Longitude:   120°07`32" W     Elevation:  (m asl): 774 

Open forest (white spruce) well spaced very old trees, understory Calamagrostis 
canadensis 

VHBH062001 Latitude:  56°07`30" N     Longitude:   120°03`08" W     Elevation:  (m asl): 387 

Shoreline sandbar; open light; level; Soil: mesic, silty sand, alluvial 

W426 Latitude:  56°37`58" N     Longitude:   120°21`40" W     Elevation:  (m asl): 709 

Mixed woods: Flat, filtered to shaded light; Soil: mesic; Biogeoclimatic zone: Boreal 
White and Black Spruce mW1; Associated species: Picea glauca, Populus tremuloides, 
Petasites frigidus, Ledum glandulosum, Mertensia paniculata 

W434 Latitude:  56°19`48" N     Longitude:   120°57`09" W     Elevation:  (m asl): 690 

Mixed forest (spruce, aspen and old growth Cottonwood); moist, filtered to shady; 
Biogeoclimatic zone: Boreal White and Black Spruce mw1; understory plants include 
Vibernum edule, rosa acicularis, Mertensia paniculata, Galium boreale, Calamagrosti  s 
canadensis, Petasites frigidus 

W475 Latitude:  57°09`11" N     Longitude:   123°15`33" W     Elevation:  (m asl): 1810 

Well vegetated moist alpine meadow, with Calamagrostis lapponica, sedges; moist 
depression in saddle, below ridge. BEC (Biogeoclimatic Ecological Classification): 
BAFA (Boreal Altai Fescue Alpine).  

W485 Latitude:  55º36`22" N     Longitude:   120º21`07" W     Elevation:  (m asl): 895 

Newly exposed soil around sump pond. Sparsely vegetated with weedy species. Light: 
open; Slope: flat; BEC (Biogeoclimatic Ecological Classification): BWBSmw1 (Peace 
Moist Warm Boreal White and Black Spruce) 

W487 Latitude:  55º58`47" N     Longitude:   122º18`37" W     Elevation:  (m asl): 663 

In rock at edge of creek with Solidago canadensis, Salix spp., partial shade.                                                

W488 Latitude:  55º58`47" N     Longitude:   122º18`33" W     Elevation:  (m asl): 672 
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Spruce aspen forest with Salix sp., Vaccinium vitis-idaea, Cornus canadensis, 
Calamagrostis canadensis and pipemosses. Light: shaded; Slope: flat; BEC 
(Biogeoclimatic Ecological Classification): BWBSmw1 (Peace Moist Warm Boreal 
White and Black Spruce)                                                                            

W489 Latitude:  55º57`27" N     Longitude:   122º14`04" W     Elevation:  (m asl): 927 

Disturbed roadside edge, filtered light. Tall herb mix of cow parsnip, stinging nettle and 
Elymus glaucus. Light: filtered; Slope: 0; Aspect: 0; BEC (Biogeoclimatic Ecological 
Classification): BWBSmw1 (Peace Moist Warm Boreal White and Black Spruce)                                                    

W493 Latitude:  54º58`52" N     Longitude:   120º14`18" W     Elevation:  (m asl): 930 

Rocky creek edge. Light: filtered; BEC (Biogeoclimatic Ecological Classification): 
BWBSmw1 (Peace Moist Warm Boreal White and Black Spruce)                                                        

W495 Latitude:  54º58`29" N     Longitude:   120º14`02" W     Elevation:  (m asl): 943 

Edge of shallow pond with Polygonum amphibium and Glyceria borealis growing in 
water. Light: open; Slope: 0; Aspect: 0; BEC (Biogeoclimatic Ecological Classification): 
BWBSmw1 (Peace Moist Warm Boreal White and Black Spruce)                                                                                                      

W496 Latitude:  56º08`40" N     Longitude:   120º00`19" W     Elevation:  (m asl): 415 

Riparian zone beside Peace River, with willows, grasses, and sedges. Light: open; Slope: 
3; Aspect: 180; BEC (Biogeoclimatic Ecological Classification): BWBSmw1 (Peace 
Moist Warm Boreal White and Black Spruce)                                                                                                                     

W497 Latitude:  56º08`30" N     Longitude:   120º00`55" W     Elevation:  (m asl): 432 

Wet meadow with Phragmites australis, etc? Light: open; Slope: 5; Aspect: 235; BEC 
(Biogeoclimatic Ecological Classification): BWBSmw1 (Peace Moist Warm Boreal 
White and Black Spruce)                                                                                                                                             

WA1 Latitude:  57º11`17" N     Longitude:   123º34`45" W     Elevation:  (m asl): 1860 

Alpine ridge, grassy meadow with boreal Altai fescue; Light: open; BEC 
(Biogeoclimatic Ecological Classification): BAFA (Boreal Altai Fescue Alpine)                                                

W425 Latitude:  56°28`18" N     Longitude:   122°22`46" W     Elevation:  (m asl): 717 

Old seismic line: Flat; Light: open to filtered; Soil: mesic; Biogeoclimatic zone: Boreal 
White and Black Spruce; Associated species: Picea glauca, Populus tremuloides, 
Heracleum lanatum, Mertensia paniculata, Galium boreale, Leymus innovatus 

WS01 Latitude:  56°15`10" N     Longitude:   121°16`30" W     Elevation:  (m asl): 454 

Light: open; Slope: flat; roadside; mesic, gravel; soil.1-1m deep; BEC (Biogeoclimatic 
Ecological Classification): BWBSmw1 (Peace Moist Warm Boreal White and Black 
Spruce).                                                                                                                                                                                                                 

WS04 Latitude:  56°15`15" N     Longitude:   121°16`19" W     Elevation:  (m asl): 453 

Moist to wet meadow complex. BEC (Biogeoclimatic Ecological Classification): 
BWBSmw1 (Peace Moist Warm Boreal White and Black Spruce).                                                                    

WS09 Latitude:  56°15`15" N     Longitude:   121°16`19" W     Elevation:  (m asl): 453 

Mixed spruce-pine forest opening, filtered light. BEC (Biogeoclimatic Ecological 
Classification): BWBSmw1 (Peace Moist Warm Boreal White and Black Spruce).                                                   

 
 
 


