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ABSTRACT 

 

 

Unnatural fluctuation of water levels of Buttle Lake resulting from its use as a reservoir for 

hydroelectric power production negatively impacts the growth of shoreline vegetation.  This 

impacted area of shoreline known as the drawdown zone is generally sparsely vegetated and 

represents a highly modified environment that shares characteristics of both riparian and 

wetland ecosystems.  The recognized benefits of intact riparian vegetation on the 

productivity of fish habitat in lake or reservoir settings support the implementation of 

revegetation strategies in the drawdown zone.  Aesthetic improvements related to the 

screening of remnant stumps are potential secondary benefits of established woody 

vegetation.  A research site located at the southern end of Buttle Lake in the Strathcona-

Westmin Provincial Park was set up to investigate revegetation methods using native woody 

species.  The experimental design included the testing of six seedling species (Tsuga 

heterophylla, Thuja plicata, Alnus rubra, Lonicera involucrata, Cornus stolonifera, and Salix 

sitchensis) at three elevations and in two habitat types.  The atypical hydrological regime of 

2002 prohibited the observation of flood stress, which is predicted to be the major growth-

limiting factor of the drawdown zone.  A range of species, elevation, and habitat effects were 

measured in response to drought, herbivory, insect, and general (unattributable) stress factors 

that were observed.  Analysis of seedling survivorship, caliper, and height measurements 

support the drought and other factors observed in the field.  Analysis of soils and climate 

reveal that the growth of seedlings and revegetation in general may be further limited by 

changing conditions.  Ecologically sustainable revegetation strategies must be developed in 

accordance with the historic range of variability of disturbance and the ecohydrology of the 

site.  Improved understanding of the ecophysiology of native woody species and plant 

materials appropriate to the objectives of revegetation are perceived as the primary benefits 

of the multiyear research program including the initial findings presented here. 
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INTRODUCTION 

 
The construction of a dam and the resulting creation of a reservoir can result in significant 

impacts to large areas of riparian, littoral, and wetland habitats.  The abnormal fluctuation of 

water levels associated with the production of hydroelectric power disrupts the natural 

establishment of vegetation along the shoreline of the reservoir.  This impacted area, known 

as the drawdown zone, has been the focus of revegetation efforts seeking to rehabilitate the 

ecological functions of the reservoir setting.  The present research is centered on determining 

the most successful methodology for the enhancement of habitat through the planting of 

woody riparian species. 

  
Since 1966, Boliden-Westmin (Canada) Ltd. (Boliden) (formerly Westmin Resources Ltd.) 

has operated a copper and zinc mine in British Columbia, Canada known as Myra Falls 

Operation (MFO).  Over the past 30 years that MFO has been in operation the mine site 

environment has experienced a number of ecological disturbances resulting from this 

industrial activity.  The company recognizes the importance of managing its operations in the 

most environmentally sound manner as part of their responsibility to maintain the integrity of 

the wilderness environment the mine is situated in.   

  

 

Myra Creek runs through the mine property and was previously rerouted to accommodate the 

construction of a tailings disposal facility.  The upper reaches of the creek support a small 

population of cutthroat trout (Salmo clarkii clarkii) where the impacts of the mine are 

minimal. Mining activities predominantly occur adjacent to the middle reach, which also 

supports limited fish habitat. A multi-year seismic upgrade of the tailings impoundment will 

result in impacts on the fish habitat in Myra Creek.  However, these impacts are mitigated 
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through both in situ and ex situ fish habitat enhancement as part of a fisheries compensation 

program.  Section 35 of the federal Fisheries Act along with the Department of Fisheries and 

Oceans (DFO) working principle of No Net Loss together are designed to address the 

destruction of fish habitat (DFO, 1986). 

  
A habitat compensation plan was submitted as the result of the proposed construction by 

MFO.  Golder Associates Ltd. (Golder) was retained to determine habitat compensation 

alternatives following investigations.  One of the compensation measures proposed and 

accepted by the various regulatory agencies involved was the revegetation of a defined area 

of the drawdown zone of Buttle Lake (reservoir) to create and enhance fish habitat.  The 

other compensation measure was the construction of a channel that connected a backwater 

channel with the mainstem of Thelwood Creek. 

  
Boliden has also been encouraged by BC Parks to encompass aesthetic enhancements as an 

objective within the design of the Buttle Lake experiment and revegetation program.  Their 

primary interest was to improve the appearance of the hummocky western bay through 

revegetation of its sparsely vegetated exposed surfaces resulting from the reservoir operation 

(Golder, 2001).  This requirement has been incorporated into the present study as a secondary 

objective. 
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located within Strathcona 

In the past fifty years, Buttle Lake and the 

surrounding Upper Campbell River 

watershed have been dramatically altered 

by human activities.  These valued 

ecosystem components (VECs) are 

Provincial Park, British 

Columbia’s first protected area.  

The park was designed to protect both

wilderness found in central Vancouve

logging, and damming have altered th

impacted both human and non-human

  
These aspects together with the habita

for this applied research project, whic

control of water levels in the Buttle La

The specific research question for this

will best ensure that the revegetation o

ecologically sustainable, including the

aesthetics? 

  
Golder (2001) suggested that a phased

management strategy that incorporated

the study and the multi-year research p

 

AND 
RESEARCH SITE  
Figure 1.  Location of Strathcona Provincial Park 
and research site in central Vancouver Island, 
British Columbia (modified from BC WLAP, 1993). 
 the recreational and natural values of the diverse 

r Island (Figure 1).  However decades of mining, 

e natural state of this ecosystem, and consequently 

 use. 

t compensation program provided a unique opportunity 

h examines the ecological impacts associated with the 

ke reservoir for the generation of hydroelectric power.  

 study was: What methods, including species selection, 

f the drawdown zone at the south end of Buttle Lake is 

 creation or enhancement of fish habitat and improved 

 approach to the revegetation be adopted; an adaptive 

 research, field trials, and monitoring was the basis for 

rogram being coordinated by Royal Roads University.  
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The original intent of the revegetation program was to integrate the use of both riparian and

emergent or aquatic (wetland) species. However, based on the interests of Boliden an

 

d the 

actical scope of the research project, the use of wetland vegetation was excluded. 

  

ance 

 

t 

ose 

 

inary experimental 

sults to the revegetation strategy development.  

  

ly 

 

to spheres of social and economic imperatives relating to sustainability (Dale, 2001), all of 
                                                

pr

The design was focused on the previously stated research question and sought to test the 

impacts of flooding on certain species as the result of the reservoir operations.  The research 

program assessed characteristics of growth and stress of individual seedlings as perform

measures of revegetation success.  The comparison of calculated levels of exposure to 

inundation with the growth indicators of the outplanted 2 seedlings is the relationship the 

research project intended to examine.  The experiment is designed to support the collection

of data and monitoring of the research subjects over multiple years of study.  The presen

study, therefore, describes the preliminary findings of the investigation of revegetation 

strategies using woody plant materials in the drawdown zone of the reservoir for the purp

of creating and enhancing fish habitat and improving aesthetic values.  The scope of the 

thesis is to provide a comprehensive review of the many facets of revegetation in drawdown

zones, detailed environmental dynamics, ongoing field trials, and prelim

re

This thesis represents a summary of both a research experience and lessons learned together 

with sections required to meet the M.Sc. requirements of Royal Roads University.  The 

complexities of the issues associated with engaging in ecological restoration of this high

modified environment extend into the realm of ecological sustainability and rely on the 

application of sound environmental management principles.  These are inherently connected

 

 

2  the activity of planting nursery grown stock in a selected field location 



  5 

which require due consideration to improve the human ability of restoring degraded 

landscapes. 

 

 

By examining the literature describing the riparian landscape and its natural functions, an 

ecological context for this investigation can be developed. The pursuit of ecologically 

sustainable revegetation methods using woody species requires a thorough understanding of 

riparian patterns of natural succession.  The research objectives of fish habitat enhancement 

and aesthetic improvement and are examined for the Buttle Lake setting, which define the 

research goals of this project. A review of the experimental methods and findings of previous 

research coupled with environmental details collected about the research site setting will be 

presented as support for the design of the current research project.  The analysis of the 

current experimental results in the context of the relevant literature provides the basis for the 

recommendations and conclusions discussed.  These conclusions support the ongoing 

research project and are intended to be instructive to other research efforts and revegetation 

programs being conducted in the drawdown zone.



  6 

LITERATURE REVIEW 

The following sections examine the current literature relevant to the research question.  The 

ecological dynamics of the drawdown zone resemble a riparian zone and therefore a 

summary of the literature is a useful context for the research objectives.  The research 

objectives (fish habitat and aesthetics) were further defined to ensure that the experiment 

accurately reflects these needs as it proceeds.   

 
Flooding stress is a major limiting factor that must be thoroughly accounted in riparian and 

drawdown ecosystems.  Emerging fields of ecophysiology and ecohydrology uncover current 

methods and research needs involved in this interdisciplinary research topic.  The findings of 

flood tolerance of woody species research further refine the experimental design. 

 
A comprehensive review of previous drawdown zone revegetation efforts explored the 

collection of environmental issues that have been faced. This review substantiates the 

experimental design and the overall need for the research program.  Studies of riparian 

revegetation experience reveal many critical areas of concern, specifically the plant materials, 

planting methods, and monitoring/maintenance activities.  The diverse findings within these 

applied research disciplines further refine and support the experimental methodology and 

offer a tangible perspective for the proposed recommendations. 

 
Riparian Zone 
 
The riparian zone represents an ecotone3 or an interface between aquatic (freshwater) and 

terrestrial ecosystems creating a transitional area possessing elements of each (Naiman and 

                                                 

 

3  a transition zone between two vegetational types or vegetational regions 
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Décamps, 1997).  Fluctuating water levels of the drawdown zone create a broad ecotone 

characterised by the impacts of the hydrological variability (Backeus, 1993).  Many of the 

constituent species of riparian zones are often disturbance-adapted or specialized to 

withstand the challenges associated with these dynamic environments (Naiman and 

Décamps, 1997).  Despite the adaptability of the vegetation, riparian ecosystems are sensitive 

to ecological change (Naiman and Décamps, 1997).  Structure, composition and processes of 

a riparian system are highly influenced by the hydrological characteristics of the system and 

represent a primary management concern (Naiman and Décamps, 1997).  The following 

section is a brief review of the physical and ecological functions that riparian zones serve in 

the context of reservoir shorelines, for a more comprehensive exploration of riparian zones 

(see Naiman and Décamps, 1997). 

  
The vast majority of the literature has examined the impacts of riparian vegetation on flowing 

water and therefore the effects in lake or reservoir settings have been extrapolated from this 

body of information.  Woody species play a significant role in riparian ecosystem function 

through the regulation of the microclimate of nearby aquatic and terrestrial areas, alteration 

of the impacts of erosion resulting from associated hydrology, creation of terrestrial and 

aquatic habitat for various organisms, and contribution of nutrients to the littoral zone 

sediments and aquatic environment (Welsch, 1991; Donat, 1995).   

  

 

The height of woody vegetation not only effectively provides shade but also structure to 

riparian landscape that provides a tremendous increase in available habitats for a multitude of 

organisms (Welsch, 1991; Donat, 1995; Waterhouse and Harestad, 1999).  Poulin, Harris, 

and Simmons (2000) state that, in forest ecosystems, these riparian functions depend on 
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mature forest characteristics such as “large conifer trees, a complex stand structure and long-

lived species that provide stability to stream banks, channels, and floodplains” (p.4). A few 

studies have attempted to uncover the relationship of the width of the riparian area as a 

function of their ability to provide these ecological services but have been inconclusive and 

acknowledge that more research is required (Heath and Cho, 1997; Waterhouse and 

Harestad, 1999).  

  
To support this exceptional height, the root structure of woody plants is equally substantial 

and serves as biological anchors to sediments that are customarily subject to erosion from the 

movement of water (Schiechtl and Stern, 1997).  The generally massive nature of the woody 

plants provides a supply of nutrients to the surrounding terrestrial and aquatic environments 

that supports the dynamic energy exchange within these systems (Naiman and Décamps, 

1997; Welsch, 1991).  This is particularly true of deciduous trees and shrubs that provide an 

annual supply of leaf material for decomposition (Welsch, 1991). 

 

Fish Habitat 
 
The definition of fish habitat that will be used here in this review is based on Canada’s 

federal Fisheries Act that defines this area as any in which fish directly or indirectly depend 

upon for the completion of their life processes (DFO, 2001).  More specifically it includes 

spawning grounds and identified areas that provide nursery, rearing, food supply, and 

migration for fish (DFO, 2001).  This is not confined to the aquatic environment and “also 

includes surrounding plants, life forms, and structures such as gravel beds and large woody 

debris that interact to make fish life possible”(DFO, 2001, p. 2). 
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Reservoirs can have a multitude of impacts on freshwater fish habitat (KGS Group 

North/South Consultants Inc., 1992), where the major cause of degradation is the loss of 

tributary spawning and rearing habitats (Hirst, 1991).  The majority of attention has been 

focused on the downstream effects of a dam on fisheries, which tend to take priority over the 

impacts within the reservoir. The type and degree of fish habitat impacts are closely related 

to the current hydrological management regime, the preimpoundment terrestrial vegetation 

clearing (Ploskey, 1985) and the fish species that inhabit the lake (Hirst, 1991; Conlin, 

Lamont, and MacFarlane, 2000a).   

  
McMynn and Larkin (1953) assessed the impacts to the Buttle Lake fishery prior to its 

conversion to a reservoir.  McMynn and Larkin (1953) suggested four general effects on the 

Buttle Lake fishery prior to construction of Strathcona Dam: effects on lake productivity 

resulting from 1) changes in morphometry4 and 2) increased water level fluctuations, 3) 

effect on spawning habitat in the lake and tributaries and 4) on the attractiveness of the lake 

to anglers.  The steep shorelines provided relatively limited amounts of the shallow near-

shore areas that are associated with higher productivity of benthic production since 80% of 

lake is greater than 25 m in depth (McMynn and Larkin, 1953).  Despite increases in area of 

shallow water, it was anticipated that this change would be offset by lake level fluctuations 

(McMynn and Larkin, 1953).  Sinclair (1965) observed the degradations of the littoral flora 

and fauna as a result of the fluctuations and noted that the substrates of Buttle Lake littoral 

areas were unfavourable for bottom dwelling organisms.  For extensive review of the effects 

on fisheries from preimpoundment clearing the terrestrial vegetation, see Ploskey (1985) and 

Ploskey (1983) for water level changes associated with the operation of a reservoir  

                                                 

 

4 the shape of the lake as defined by its shoreline 
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To address impacts resulting from hydroelectric activities, programs such as the Bridge-

Coastal Fish & Wildlife Restoration Program (BCRP) have been developed to guide and 

support restoration efforts. As a joint initiative of BC Hydro, the Government of British 

Columbia, and the Government of Canada, BCRP has identified numerous impacts to fish 

and wildlife in the various reservoir settings of the B.C. coastal and interior regions (Conlin 

et al., 2000a).  The impacts on fisheries identified for Buttle Lake were that 27.1 km of 

mainstem and 21.5 km of tributary channels and associated riparian zone were flooded as 

part of the reservoir, and as stated above, drawdown decreases productivity in the littoral 

zone particularly the flooding and dewatering of spawning habitat in alluvial fans (Conlin, 

Lamont, and MacFarlane, 2000b).  

  
These impacts are within the jurisdiction of the federal Department of Fisheries and Oceans 

(DFO) which operates under the mandate of protecting and conserving freshwater habitat and 

is responsible for the management and restoration of fish habitat. This mandate is fulfilled in 

accordance with provisions of the Fisheries Act, the National Policy for the Management of 

Fish Habitat, and the Canadian Environmental Assessment Act. (DFO, nd).  In many 

situations this mandate is shared with the Government of British Columbia agencies 

(presently the Ministry of Water, Land, and Air Protection), particularly in settings where the 

fishery is strictly inland and the province has existing legislative responsibilities such as 

those under the Fish Protection Act and the Water Act (Rosenau and Angelo, 2000). 

 

 

In 1996, the Government of British Columbia announced the implementation of the water use 

planning process to review the management of water licenses where public interest and 

environmental values had become more evident (Rosenau and Angelo, 2000). This 
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collaborative exercise drawing on the interests of a variety of stakeholders was intended to 

lead to a Water Use Plan (WUP), which was a technical document that defined the operating 

parameters of the facility (Rosenau and Angelo, 2000).   

  
The Campbell River WUP was initiated in September 1999 and is currently at the final stage 

of the process.  If accepted by the BC Hydro Comptroller, it will change the current operating 

regime, which is dictated by the Campbell River Interim Flow Management Strategy 

(CRIFMS) (CRH/FAC, 1997).  The objective in addressing concerns about fish has been to 

“maximize the abundance and diversity of indigenous fish populations” (Compass Resource 

Consultants Ltd., Stuart Gale and Associates, and BC Hydro Campbell River Project Team, 

2000).  The Campbell River WUP participants recognized that most of the impacts are 

associated with habitat changes. Habitat-based performance measures were developed to 

model the impacts of varying regimes on fish production for each aquatic habitat type (i.e., 

river, lake, and reservoir) (Compass Resources et al., 2000).  The measures chosen for the 

reservoir settings in the Campbell River system are described in Table 1. 

 

Table 1.  A summary of the performance measures designed to address fisheries impacts at 
Buttle Lake as part of the Campbell River Water Use Plan (WUP) (from Compass Resources et 
al., 2000, p. 17).  

Fisheries Impact Performance Measure 
Pelagic Productivity Measure of overall biological productivity in the pelagic zone 
Effective Littoral Zone Measure of overall biological productivity in the littoral zone 
Functional Spawning Habitat Measure of the duration and area of functional spawning habitat  
Tributary Access Measure of access during relevant seasonal window 
Entrainment Risk Measure of the risk of juvenile/adult entrainment during low 

reservoir elevations 
Stranding Risk Measure of the risk of juvenile/adult stranding during reservoir 

drawdown 
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Aesthetics 
 
Aesthetics is defined as a pleasing appearance or effect and has its route in the philosophy 

that explores that state or relationship.  Décamps (2001) espouses the argument that the 

protection of riparian landscapes is dependent on the ability to recognize the importance of 

aesthetics to better ensure their existence within the interaction of cultural and ecological 

sustainability.  It underlines the important role that human perception plays in the 

relationship with every environmental setting.  Natural characteristics of the area as well as 

“the variety and beauty of a long-term operating natural” landscape settings are purported as 

the most important aspects of evaluation (Krause, 2001).  The majority of this evaluation 

focuses on the perception of sight.  However, Krause (2001) suggests that landscape 

evaluation “has more to do with feeling and knowledge than visual perception alone”.   

 
An emerging field of ecological aesthetics explores a unique role of aesthetics and its 

relationship to environmental management (Parsons and Daniel, 2002).  The assertion that 

principles of ecological aesthetics are superior to the principles of the more germane scenic 

aesthetics has fuelled on ongoing debate about how aesthetics relate to environmental issues.  

Ecological aestheticians operate under the general principles of environmental management 

and contend that scenic aesthetics are a reflection of outdated cultural values and are too 

malleable within the cultural context (Parsons and Daniel, 2002).  The foremost contention is 

that aesthetics should be more fundamentally based on ecological structures and functions 

that inevitably support biological conservation (Sheppard and Harshaw, 2000).  This divides 

scenic from ecological aesthetics along an emotional/perceptual versus cognitive/knowledge-

based line, respectively.   
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Reservoirs can also have dramatic impacts on the aesthetics of a landscape (Carr, Moody, 

and Beer, 2000), as in the present case, where large areas of shoreline may be left sparsely 

vegetated by the fluctuating water levels.  This negative effect at Buttle Lake is increased by 

the presence of remnant stumps in this drawdown zone that can be both visually unappealing 

and confusing to park visitors (Strathcona Provincial Park Advisory Committee, 1988).  The 

vividness5 of this scenery is certainly visually impacted by these factors as demonstrated by 

the numerous concerns expressed throughout the reservoir history (Strathcona Provincial 

Park Advisory Committee, 1988).  Such impacts have been targeted as opportunities for 

visual quality restoration and defined as an objective that exists within the scope of the 

Strathcona-Westmin Provincial Park Master Plan (BC MELP, 1996).  Scenery is recognized 

as important to the experience of the park visitor even in the highly modified recreation zone 

adjacent to Buttle Lake (BC MELP, 1993). 

 
Factors Affecting Species Selection and Growth 
 

Flooding Stress 
 
Over the past three decades a tremendous amount of research has occurred in the study of the 

effects of flooding on plant growth (see Visser, Voesenek, Vartapetian, and Jackson, 2003).  

Flooding effects relate to the physical, chemical, and biological changes that “alter the 

capacity of soils to support plant growth” (Kozlowski, p.2, 1997).  Influx of water to levels at 

(saturation) or above the surface of the soil (flooding) initiates a breakdown of elements of 

soil structure and reduced oxygen diffusion rates that swiftly limit the growth of plant roots 

and microorganisms (Kozlowski, 1997; Visser et al., 2003).   
                                                 

 

5  the memorability of the visual impression received from contrasting landscape elements as they combine to 
form a striking and distinctive visual pattern  
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If the flooding scenario persists, it subsequently leads to an anaerobic environment that 

causes decreasing aerobic respiration of roots and rhizomes, build up of carbon dioxide, and 

increases in solubility of mineral and other phytoxic compounds (Kozlowski, 1997; 

Vartapetian and Jackson, 1997).  As levels of the energy-rich compounds produced from 

aerobic respiration rapidly decrease, the capacity for the uptake and transport of ions also 

decline (Visser et al., 2003).  The adverse effects of flooding are considerably more 

potentially damaging at higher temperatures associated with the active growing season 

(Kozlowski, 1997).  Surviving these stresses is not limited to the rising water table since, as 

Crawford (p. 13, 1996) points out, “plants must, ultimately, face the dangers inherent in re-

exposure to a normal oxygen supply” when the water table recedes.  

 
This area of study is referred to under a variety of headings including: flooding effects or 

tolerances; waterlogged, submerged or anoxic soils; atmospheric stress in the soil; oxygen 

deficiency or anaerobiosis; or response to inundation.  However, flooding stress describes an 

event that not only encompasses oxygen deprivation but a range of specific stresses, such as 

exposure to phytotoxic compounds including: reactive oxygen species (ROS), disruption of 

hormonal activities, and increased likelihood for microbial attack (Visser et al., 2003; 

Crawford, 1996). Visser et al. (2003) conclude, “Plants have evolved a wide range of 

characteristic responses that appear to reduce the impact of the stress” (p. 108). 

 
The variety of complex adaptations to flooding is not reviewed here; additional aspects are 

continuously being identified through regular technical advances in this field of study (see 

Visser et al., 2003; Blom, 1999; Kozlowski, 1997; Vartapetian and Jackson, 1997).   

 

 



  15 

Armstrong (1979) suggested that many of the adaptations of herbaceous species should apply 

to woody species similarly, however he added that both the internal structure of wood and its 

massive dimensions perhaps reduce its overall competitiveness in wet soils. For a 

comprehensive review see the Physiology of Woody Plants (Kozlowski and Pallardy, 1997) 

 

Plant Ecophysiology 
 
Flooding effects research has been predominantly focused on investigations of specific 

physiological and metabolic aspects of plant growth, while searching for universal properties 

of tolerant species (Crawford, 1996).  However, the research community has recently 

acknowledged the importance of a more holistic approach that examines a greater range of 

aspects related to plant growth and the impacts of flooding (Crawford, 1996).  The field is 

swiftly becoming more interdisciplinary, as researchers seek to share information through 

developing the communication between field botanists “in rubber boots” and lab 

physiologists in “white coats” (Brändle, Pokorny, Květ, and Čížková, 1996; Visser et al., 

2003).  

 

 

The effect of flooding is a major abiotic stress that has comparable impacts to those of water 

shortage, salinity, and extreme temperatures on the distribution of plant species (Visser et al., 

2003; Lenssen, Menting, Van der Putten, and Blom, 1999).  The flooding effect is highly 

dependant on the hydrological regime of the site in question.  Hydrological factors such as 

rate of flow, water chemistry, and water depth can have a direct impact on the formation of 

plant communities (Grimoldi, Insausti, Roitman, and Soriano, 1999; Crawford, 1996; Cronk 

and Fennessy, 2001; Baldwin, Egnotovich, and Clarke, 2001).  Hydrology further influences 
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nutrient availability, sediment deposition, and soil formation of the substrates that plants 

utilize to grow (Cronk and Fennessy, 2001). 

 

Ecohydrology 
 
The hydroperiod is the timing of the water movement in those ecosystems that experience 

cyclical or seasonal flooding.  Although the hydroperiod is largely unpredictable in a natural 

setting, observations of patterns are particularly useful for understanding the ecological 

effects of flooding.  A large area of diverse habitats experience regular or periodic flooding, 

and this area is increasing globally (Crawford, Jeffree and Rees, 2003).  Recent predictions 

associated with climate change suggest that hydrological changes in response to rising 

temperatures are expected (Poff, Brinson, and Day, 2002; Loukas, Vasiliades, and Dalezios, 

2002; van Dam, 1999).  There is a concern related to these predicted alterations that an 

extensive set of unknown impacts on aquatic, wetland, and riparian ecosystems currently 

exist (Poff et al., 2002; Rodriguez-Iturbe, 2000).  In Canada, this issue is particularly relevant 

due to its vast areas of aquatic, wetland, and riparian habitats. Two reports have 

recommended that increased research be encouraged to begin to understand the adaptiveness 

or resiliency of ecosystems that are threatened by hydrological changes (Wedeles, Meisner, 

and Rose, 1992; Weber, Dolan, and Cohen, 2002).   

 

 

Such research inquiries might be well framed within the emerging field of ecohydrology that 

has been defined by one of the subject’s most prominent researchers, Ignacio Rodriguez-

Iturbe (2000), as “the science that seeks to describe the hydrologic mechanisms that underlie 

ecological patterns and processes” (p. 3).  The author suggests that the development of a 

predictive understanding of responses to climate change will require the ability to quantify 
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the hydrologic dynamics that control or are a major influence of these responses.  Rodriguez-

Iturbe (2000) also reveals that even information describing the dynamics at the site level can 

be “extremely valuable for modelling at larger scales” (p. 8).  

 

Flood Tolerance of Woody Species 
 
The tolerance of flooding stress of woody species has been examined by a limited number of 

studies, which have been primarily focused on species of commercial concern and on those 

species native to the eastern U.S. regions (Kozlowski, 1997).  Many early studies determined 

relative flood tolerance of various tree species found in eastern North America through 

experiments employing artificially controlled flood effects (Minore, 1968).  A select number 

of researchers have studied flood tolerance of woody species native to the Pacific Northwest 

region (Minore, 1968; Walters, Teskey and Hinckley, 1980).  Minore (1968) demonstrated 

Douglas-fir (Pseudotsuga menziesii) seedlings were largely intolerant of flooding effects 

while western red cedar (Thuja plicata) and lodgepole pine (Pinus contorta) were able to 

withstand both periodic and sustained shallow flooding.  Additionally Minore (1968) 

reported that the three other species were moderately flood tolerant, red alder (Alnus rubra), 

Sitka spruce (Picea sitchensis), and western hemlock (Tsuga heterophylla).  Overall, the 

conclusions were that each species was more sensitive to summer versus winter flooding and 

that survival during summer flooding was correlated with the ability of the seedling to 

produce adventitious roots.  

 

 

Walters et al. (1980) reviewed the findings that described the flood tolerance of a variety of 

tree and shrub species native to the Pacific Northwest.  Using a simple classification system 

they described these species as very tolerant, tolerant, or intermediately tolerant according to 
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their demonstrated abilities to withstand flooding for 2 or more growing seasons, for 1 

growing season, or 1 to 3 months of the growing season, respectively (Walters et al., 1980).  

Results indicated that at least five species native to Strathcona Provincial Park (Brooks, 

1989) were considered to be very tolerant, including Alnus rubra, Alnus crispa ssp. sinuata 

(Sitka alder), Cornus nuttallii (Pacific dogwood), Cornus stolonifera (red osier dogwood), 

and Salix spp. (willow species) (Walters et al., 1980).  Species found to be tolerant included 

Abies amabalis (Pacific silver fir), Acer glabrum (Douglas maple), Crataegus douglasii 

(black hawthorn), Picea sitchensis, Populus trichocarpa (black cottonwood), Thuja plicata, 

and Tsuga heterophylla (Walters et al., 1980).  Finally the intermediately tolerant species 

found in Strathcona Provincial Park included Abies grandis (grand fir), Abies lasiocarpa 

(subalpine fir), Acer macrophyllum (big leaf maple), Arbutus menziesii (arbutus), Pinus 

contorta, Pinus monticola (western white pine) Pseudotsuga menziesii, Rosa spp. (rose 

species), Sambucus spp. (elderberry species), Symphoricarpos spp. (snowberry species), 

Taxus brevifolia (Pacific yew), Vaccinium parvifolium (red huckleberry), and Vaccinium 

ovalifolium (oval-leaved blueberry)(Walters et al., 1980).  The authors noted that differences 

were observed between mature and seedling flood tolerance rankings and went on to further 

review the general impacts of drought stress on trees and shrubs applicable in this setting (see 

Walter et al., 1980). 

 
Revegetation Experiences in Drawdown Zones  
 

US Army Corp of Engineers 
 

 

Experiments designed to investigate revegetation methodologies specifically using woody 

species to reservoir shoreline or drawdown zones appear to be restricted to grey literature 
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sources.  An extensive amount of research was completed by a few United States (U.S.) 

Government agencies from 1975 – 1985, culminating in the “Reservoir Shoreline 

Revegetation Guidelines Final Report” (Allen and Klimas, 1986).  In this technical report, 

the US Army Corp of Engineers summarized the findings of field trials at three U.S. 

reservoir locations (Lake Wallula, Lake Oahe, and Lake Texoma) along with other relevant 

sources of literature to develop a shoreline revegetation methodology (Allen and Klimas, 

1986). 

 
Lake Wallula was the only site considered to be specifically relevant to the present research, 

primarily because of its location in the Pacific Northwest Region along the Columbia River 

at the Oregon-Washington border.  Comes and McCreary (1986) described the evaluation of 

29 species including 10 woody plants in response to fluctuating water levels along the 

shoreline of the lake from 1979 - 1982.   

  
The reservoir is located in a continental (semiarid) climate.  Of the ten woody species 

examined, only two (Cornus stolonifera and Sambucus cerulea) are known to occur in 

Strathcona Park. Four others were from the same genera (Salix, Ribes, and Rosa) of species 

also known to occur in Strathcona Park (Brooks, 1989).   

   

 

The results of the experiment indicated that C. stolonifera was most suited for shoreline areas 

that were shaded and would not experience more than approximately 0.5 m of inundation 

(Comes and McCreary, 1986).  The authors also noted that this species was foraged by deer 

during winter.  S. cerulea was not suited to the inundation patterns and depths of the 

experiment, although healthy specimens near the area suggested that it may be appropriate 

for areas that experience minimal flooding.  The Salix species (S. purpurea, S. lasiandra, and 
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S. fragilis) were all found to tolerate the effects of inundation better than all others evaluated 

and could be expected to withstand a range of about 1 – 1.5 m of water depth in the study 

conditions.  Several descriptions of the use of willow by a variety of wildlife were also 

mentioned. Rosa multiflora did reasonably well in the upper reaches of the areas of 

inundation, suggesting that it would be suitable for shorelines that experience a limited depth 

of flooding (0.5 m).   

 
Numerous other environmental constraints on the growth of the plants were observed during 

the course of the experiment.  Ameliorating the effects of wave action, ice formations, and 

wildlife activity were recognized as critical to the success of revegetation.  Based on the 

experiment, the authors suggest that woody transplants appear to tolerate the conditions of 

the sites better than the herbaceous transplants evaluated.  Comes and McCreary (1986) 

further suggest that woody transplants should be of sufficient height to withstand the effects 

of wave action, deposition, erosion, and depth of flooding; highlighting the importance of 

height in maintaining vegetative structures above the maximum water depth.  The impacts of 

weather and wildlife were considered to have largely confounded the measurement of 

flooding effects. 

 

 

The Lake Wallula experiment provided an interesting depiction of challenges and potential 

remedies associated with shoreline revegetation, which subsequently contributed to the 

guidelines developed by Allen and Klimas (1986).  These guidelines describe a number of 

practical aspects to designing a revegetation program, including planning, site preparation, 

planting methods, post-planting operation and maintenance, and approximate costs.  

Although the circumstances from which these guidelines evolved are to some extent outdated 
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and more appropriate to U.S. settings, the core concepts are relevant to the majority of 

reservoir revegetation programs.  The key recommendations summarized from Allen and 

Klimas (1986) were: 

 
•         Use an incremental approach that is staged over multiple years and permits adaptive 

management; 

•         Define the objectives clearly and then choose areas that have the best opportunities for 

success; 

•         Species selection is paramount and should consider those that were growing in the 

original riparian/wetland habitat.  Select species that have the ability to develop roots 

quickly and rapidly grow in height.  Plan ahead (1 - 2 years) to obtain higher quality 

plant materials; 

•         Prepare the site according to the revegetation design that may require amending 

substrates or terrain; 

•         Carefully consider the timing of out-planting throughout the planning process, based on 

the hydrological regime of the reservoir; 

•         Select the planting method that is most appropriate to the site conditions, while 

considering germination requirements and erosion (e.g., waves); 

•         Monitoring is fundamental to revegetation and should be followed with appropriate 

maintenance to address any challenges that are revealed; and 

•         Costs are dependent on goals and site conditions, but are generally more lower than more 

traditional methods (e.g. rip-rap) 
 

BC Hydro Experience 
 

 

In British Columbia, BC Hydro revegetation programs have essentially followed the above-

listed recommendations and continuously refined an approach derived from a number of 

years of mounting expertise and insight into revegetation issues and methods.  These 

programs have been designed to mitigate a variety of issues such as dust control, aesthetic 



  22 

enhancements, and habitat improvements (wetland, littoral, and fish) at seven BC Hydro 

operated reservoirs (Carr et al., 2000). Multiple ancillary benefits resulting from revegetation 

activities have been observed to date. These benefits include an array of social and economic 

(community relations, recreational, visual, and fisheries improvements), and ecological (fish 

and wildlife habitat) features (Carr et al., 2000).   

 
A thorough review of reports available that document the history of BC Hydro revegetation 

programs reveal that successes have been primarily the result of a concise planning process.  

Effective planning that 1) elucidates the relevant ecological and social issues, 2) allows the 

development of appropriate plant materials for transplant or seeding, and 3) incorporates the 

findings of monitoring wherever financially supported, should be a fundamental project goal 

(Carr et al., 2000). 

 
Operational trials conducted as part of the BC Hydro revegetation programs have further 

elucidated and confirmed the recommendations of Allen and Klimas (1986) in terms of using 

woody riparian species.  Several species of willow (Salix spp.) and black cottonwood 

(Populus trichocarpa) collected locally or from nursery stock have been transplanted in early 

spring as cuttings (whips) at three BC Hydro reservoirs (Table 2). 

 

 

Field trials were assessments of initial establishment after 2 – 3 months and survival after 1 

to 2 years, reported as a percentage of the number outplanted (Carr and Moody, 1993; Carr 

and Moody, 1992; Carr, Moody, and Beer, 1999).  The results of these trials have 

demonstrated that most of the species that were planted enjoyed favourable success in 

becoming established, ranging from 66% to 98% overall survival (Carr and Moody, 1993; 

Carr and Moody, 1992; Carr et al., 1999). 



  23 

Table 2.  Woody species planted in BC Hydro revegetation program at three different reservoir 
settings for the period of 1991 – 1999.  Values in the Upper Campbell-Buttle column represent 
the numbers planted in April 1992/1993, respectively (modified from Carr et al., 2000). 

Species Reservoir Setting Outplanted 

Scientific Name Common Name Upper 
Arrow 

Upper 
Campbell- 

Buttle 
Carpenter 

Populus trichocarpa Black cottonwood * 0/1500  
Salix melanopsis or 

fluviatilis Columbia river willow * 825/1000  

Salix eriocephala ssp. 
ligulifolia 

 
‘Placer’ erect willow * 795/1500  

Salix sitchensis 
 ‘Plumas' sitka willow * 980/2000  

Salix lasiolepis 
 'Rogue' arroyo willow  1300/1000  

Salix lucida ssp. lasiandra 
or lasiandra 

'Nehalem' Pacific 
willow    

Salix hookeriana Hooker’s willow  1100/3000  
Salix babylonica Weeping willow   * 

Salix exigua or sessifolia Sandbar willow   * 
Salix lucida or 

lucida ssp. lasiandra or 
ssp. caudata 

Pacific willow   * 

 * Indicates the species has been planted in revegetation program to date 

 

 

In early April 1992, six species were tested at a wider elevation gradient (430 m – 436+ m) at 

four different sites (Carr and Moody, 1992).  Initial assessments suggested that Salix species 

were able to establish and thrive at elevations approximately 4 m below full pool (Carr et al., 

2000).  Many of the Salix plants were observed to reach heights of 1 m to 2 m, despite being 

inundated within the first month for over two months (Carr and Moody, 1992).  The only 

exception was Salix babylonica (Weeping willow) collected from local areas.  This is an 

exotic species which has naturalized in that region, and does not appear to not be well suited 

for such conditions (Carr and Moody, 1992; Brayshaw, 1996a).  Although outplanted 

willows did not survive unusually high water levels in subsequent years, Carr et al. (2000) 
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suggest that a natural encroachment of Salix spp. is taking place in the higher elevations of 

the reservoir. 

 
The revegetation program in the Upper Campbell/Buttle Lakes area was for the primary 

purpose of enhancing aesthetics of Strathcona Park following stump removal activities (Carr 

and Moody, 1993).  BC Hydro initiated this work in late March of 1992 when Salix spp. 

cuttings from local and nursery stock were transplanted in targeted areas near the mouth of 

Elk River (Table 2) (Carr and Moody, 1993).  Initial establishment was found to be high 

(above 71 %), particularly for the two species native to Strathcona Park, S. sitchensis (96 %) 

and S. hookeriana (97 %) (Carr and Moody, 1993).  The researchers also noted that the Salix 

spp. performed better when planted in substrates composed of finer textured soils (Carr and 

Moody, 1993).   

 

 

Based on the encouraging results in late March of 1993, cuttings of five species of Salix and 

P. trichocarpa were transplanted to sites along the east shore and islands of Upper Campbell 

Lake near to the park entrance (Carr and Moody, 1993).  Two large (15 m x 75 m) sheets of 

green jute netting were also incorporated into the trials as an immediate visual improvement 

and protection from wave action (Carr and Moody, 1993).  The revegetation project was 

considered to be successful in that Salix spp. and P. trichocarpa have been established on 

previously barren sites to a height of 1.5 m to 2+ m (Carr et al., 2000) and within 

approximately 1.5 m of full pool (Carr, unpublished proposal, 2003).  Carr (unpublished 

proposal, 2003) also pointed out that the sediment trapping effect of the established Salix spp. 

and P. trichocarpa are essential for the subsequent development of herbaceous communities 

in associated substrates. 
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Salix cuttings were harvested from upper shoreline elevations of Carpenter Lake (Lower 

Mainland/Southern Coastal Mountains Region) and then planted at three sites in April 1998 

(Carr et al., 1999).  These cuttings were tested at a variety of elevation ranges with different 

substrates and found to demonstrate a relatively high level of establishment (71% - 83%) 

overall (Carr et al., 1999).  In the second year of assessment, Carr et al. (2000) reported that 

greater than 65% had survived at elevations to within 2.5 m of full pool. 

 
Most recently, Carr (unpublished report, 2003) has emphasized the necessity of an adaptive 

management approach and appropriate research to support this framework for continued 

success of shoreline revegetation programs. In summary of their experience, a specific set of 

needs was identified for the ongoing improvement in shoreline revegetation using woody 

riparian species (Carr et al., 2000).  These issues are considered to be important aspects in 

framing the present research project and its continued development.  Each issue will be 

addressed in the following section. 

 
Plant Materials and Use in Revegetation 
 

 

Plant materials are generally characterized by the species, source, and form of the plant 

resources being used in the revegetation process.  Here it is used to capture a broad range of 

interrelated issues including species selection, form (e.g., seed, seedling, or vegetative 

cutting) including phenological state, age, sex, vigour, and measurement (e.g., container 

volume, caliper, length or height), source (location/genetics of parent stock and means of 

acquisition), methods of planting (e.g., equipment, timing, growth medium, or use of 

chemical treatments), and development of monitoring and maintenance.  The plant materials 
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component is particularly important for effective management of reservoir shoreline 

revegetation (Allen and Klimas, 1986; Carr et al., 2000) and the largest part of riparian 

revegetation projects (Manci, 1989). 

 

Basis for Species Selection 
 
Allen and Klimas (1986) described this step as the key to success, suggesting that an 

imperative factor is the ability of the plant to withstand periods of flooding and drying (Ogle, 

Hoag, and Scianna, 2000), discussed previously.  Other considerations that are critical to 

identifying the most appropriate species include: 1) observations of the species that compose 

adjacent or previous riparian communities (Fischenich, 2001; Flessner, 1997; Ogle et al., 

2000) 2) objectives of the revegetation program or design, including maintaining diversity 

(Huber and Brooks, 1993; Carlson, 1992), and 3) other environmental factors at the 

revegetation site (e.g., soils, erosion, wave action, herbivory, etc.) (Fischenich, 2001; 

Flessner, 1997).  Certain types of trees sharing characteristics of pioneer plants, such as 

willow (Salix), alder (Alnus), and popular (Populus), have been described as those that could 

withstand incomplete soil cover, short-term flooding or even continuously waterlogged soils 

(Schiechtl and Stern, 1997). 

 
A basic tenet of restoration ecology is the field observations of the riparian ecology of nearby 

sites, regularly presented as reference sites (Swetnam, Allen, and Betancourt, 1999).  It is a 

useful step for not only identifying species naturalized to the macroclimatic conditions 

(Flessner, 1997), but for gathering additional insight into successional patterns occurring in 

response to other internal or external site factors (Fischenich, 2001).  The biogeoclimatic 

ecosystem classification (BEC) system used in British Columbia is a functional reference for 
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defining the successional patterns one might identify according to a set of site characteristics 

in a particular zone (Green and Klinka, 1994).  The identification of indicator plants can be 

an efficient tool during the assessment of site characteristics (Klinka, Krajina, Ceska, and 

Scagel, 1989; Ringius, and Sims, 1997).  In conjunction with the use of reference sites or 

when no they longer exist, relevant historic documentation can be an alternate means to 

identifying the ecological dynamics of a site (Swetnam et al., 1999; The Wildlife Society, 

2002).  Successional patterns should be incorporated into the design of the revegetation in an 

attempt to match vegetation communities that might result from various species selections 

with the project objectives (Fischenich, 2001; Polster, 1999).   

 

 

Riparian ecosystems tend to be composed of a high diversity of vegetation species and types 

as the result of heightened frequency and intensity of disturbance along with a proximity to 

available water (Naiman and Décamps, 1997; Gregory, Swanson, McKee, and Cummins, 

1991; Stevens, Backhouse, and Eriksson, 1995; British Columbia Ministry of Forests, 1998).  

Therefore, ensuring a diversity of plant materials in revegetating riparian habitat is 

considered paramount for nearly all management objectives (BC MOF, 1998).  Carr et al. 

(2000) emphasized the continued use of willow and cottonwood, while suggesting that 

revegetation efforts expand to include the use of species such as red osier dogwood, hardhack 

(Spiraea douglasii) and others that are also flood tolerant.  Certain features of woody species 

provide ecological services that are considered desirable and can be enhanced in the design 

of riparian revegetation (Hoag and Short, 1992).  A wealth of experience in the field of 

riparian restoration has lead to fundamental observations about species selection that are 

relevant to revegetation of reservoir shorelines; selection of species that are rapid growing 
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(Dulohery, Kolka, and McKevlin, 2000), highly adaptable (Dulohery et al., 2000), and 

develop root structures that enable stability and the tapping of sediments (Flessner, 1997). 

 
A thorough analysis of environmental factors should precede the selection of revegetation 

species to identify those that are best suited to the conditions of the site.  The 

hydrogeomorphic processes of the drawdown zone can greatly modify the soil formation 

process.  Analysis of the physical, chemical, and biological characteristics of the soil is 

essential for identifying a revegetation strategy that can incorporate the range of tolerance of 

plant species or associations and the potential need for site preparation (Polster, 1999).  The 

terrain of the site is also critical to understand the potential impacts of erosion.    Potential 

impacts from wave action can be identified through combining information about soils, 

terrain, and fetch.  Sites subject to strong erosional forces require biotechnical considerations 

that inevitably employ certain species (e.g., willow and cottonwood) (BC MOF, 2001). 

 
The presence of wildlife should be identified prior to species selection, since herbivory can 

have a dramatic effect on the success of revegetation projects.  Information about the forage 

habits of the wildlife present can then be used to select plant species or means of protection 

that are anticipated to diminish the predicted impacts (Nyberg and Janz, 1990). 

 
The challenge is to integrate all of the factors to arrive at the optimal selection in species.  

Recognizing successional processes occurring in riparian habitats is essential for predicting 

the potential development of plant communities and inherent features (Fischenich, 2001).  In 

the drawdown zone setting, this concept is perhaps not equally as relevant as the unnatural 

dynamics of the system due to the hydrological limitations. 
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Plant Material Form 
 
Plant materials are propagated in a variety of forms and each has associated properties that 

should be evaluated according to the project objectives, species selection, and environmental 

conditions of the site.  Hydrological conditions in the drawdown zone generally discourage 

uniform germination of seed subsequently excluding seeding as a cost effective revegetation 

method except during periods of increased stability or at upper elevations.  However, seed 

collection for propagation of plant materials in the nursery may be required for propagating 

various species and preserving genetic diversity (Hoag and Landis, 1999).  Propagation 

issues of seed collection timing, source, and methods as well as germination discussed by 

Banerjee, Creasey, and Gertzen, (2001) and Rose, Chachulski, and Haase (1998) should be 

consulted. 

 
Seedlings grown in the nursery are produced in two basic stock types, bareroot6 and 

container7, which are described in detail by Hoag and Landis (1999).  Container stock is 

preferred over bareroot production because of more rapid production, ease of handling, and 

increased performance on sites that pose revegetation challenges (Hoag and Landis, 1999).  

Larger container stock is preferred over smaller plug stock due to its larger root mass and 

subsequently its ability to better withstand water level fluctuation (Hoag and Landis, 1999).  

Seedlings should generally be hardened off 8prior to outplanting, obviously healthy or 

disease free, one year old or older, and of sufficient caliper and height to survive the effects 

of flooding (Hoag and Landis, 1999).   

 

                                                 
6  a seedling stock type that has been grown without physical restriction to its roots 
7  a seedling stock type where the root mass is formed by the container it is grown within 

 

8  the process of gradually exposing the nursery grown plants to the climate conditions of the planting site 



  30 

Most riparian planting experience favours the use of dormant nonrooted cuttings in various 

sizes according to its use in the revegetation design (Hoag and Landis, 1999; DFO, nd).  A 

number of woody species will produce viable cuttings, but willow (Salix spp.), cottonwood 

(Populus spp.) and dogwood (Cornus spp.) are predominantly used for this type of 

propagation (Fischenich, 2001; Rose et al., 1998).  Semi-hardwood and softwood cuttings 

can also be used for propagation, although considered to be less successful, since the stored 

energy of dormancy to facilitate early growth, and they are more prone to dessication (Rose 

et al., 1998, Marchant and Sherlock, 1984).  A variety of recommendations when harvesting 

cuttings have resulted from extensive field trials, for detailed information (see Ogle et al., 

2000; Hoag and Landis, 1999; Crowder, 1995; Fischenich, 2001; Huber and Brooks, 1993; 

Hoag, Gibbs, and Young, 1992; Hoag and Short, 1992).  

 

Plant Material Sources 
 

 

Carr et al. (2000) raised the issue regarding the inherent challenges in the development of 

appropriate plant materials for projects of this scale.  The BC Hydro experience suggested 

that financial and logistic (timing and weather) ordeals associated with coordinating the 

collection and planting of local plants could be suitably met by the creation of a suitable 

nursery operation (Carr et al., 2000).  The nursery stock transplanted had been procured from 

US National Resources Conservation Service (NRCS) conservation nursery or Plant 

Materials Centers in Washington State (Carr and Moody, 1992; Carr et al., 2000).  The 

NRCS Plant Materials Program is designed to develop and transfer advanced plant science 

technology for conservation purposes (NRCS, 2001), including the release of cultivars such 
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as those that were used in these projects (Davis, Englert, and Kujawski, 2002; Carlson, 

1992). 

   
Crowder and Darris (1999) have presented some general guidelines and considerations for 

establishing the production of hardwood cutting blocks (stooling or coppice beds9) that 

would be useful for those seeking to address this problem.  The use of cultivars versus local 

plant materials raises some interesting questions that are discussed by Carlson (1992) and the 

advantages and disadvantages of the latter option are briefly summarised here directly from 

that text (Table 3).  More recently, Fischenich (2001) provides an analysis of the issues 

requiring consideration in plant material acquisition from a more broad perspective. 

 
Table 3.  A Summary of the advantages and disadvantages of the use of native plant materials 
(text from Carlson, 1992, p. 10). 

Advantages Disadvantages 

Adapted plants will be established 
Local stands may be decadent with poor rooting 

percentages as wild collected stock often is not as healthy 
as nursery-grown material 

Local sources may be the only material 
of the species available 

Identification of dormant willows may be difficult, resulting 
in the collection of large amounts of non-sprouting material
Local sources may not be available in sufficient quantities, 

particularly in the size categories required The genetic integrity of local species 
populations is maintained  

(nearly guaranteed) Collection sites may be disturbed creating a problem in 
one area while trying to alleviate a problem in another 

 

The issues of using native plants for revegetation is one that is particularly prudent to park or 

protected area settings as is the case for this research project.  The location of the 

revegetation site is entirely within the Strathcona-Westmin Provincial Park (Figure 2).  This 

Class “B” park is designed to serve as the boundary for the mining activity at Myra Falls 

Operation (MFO) during an interim status.  As areas of the Class “B” park are no longer 

                                                 

 

9  describes a propagation method where a series of shrubs that are regularly pruned to provide new shoots for 
use as cuttings 
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needed, “they will be added progressively to Strathcona Provincial Park” (BC MELP, 1996, 

p. i).  Strathcona Park is the Class “A” Provincial Park that geographically surrounds 

Strathcona-Westmin Park and, although zoning attempts to reflect the “unique purpose” of 

this area the goal to “protect the natural resources and provide recreation opportunities” (BC 

MELP, 1996, p. i) continues to apply. 

 

Figure 2.  Location of Strathcona-Westmin Provincial Park, research area and surrounding 
area (modified from BC MELP, 1996). 

 

The use of vegetation materials that are native to the park setting when completing this 

project was, therefore, a high priority remaining consistent with both the BC Parks 

Conservation Program Policies (1999) and the MFO Decommissioning Plan (1992).  BC 
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Parks (1999, VM-15) clearly state within the Vegetation Management section that the 

Management for Restoration Policy is: 

 
“Restoration of natural ecosystem processes and major vegetative and landscaping projects 

within British Columbia’s park and ecological reserve system will use native plant species 

appropriate to the site and ecosystem.” 

 
The associated policy further states: 

 
“Local native plant species, their seeds, or vegetative parts will be used to revegetate 

damaged areas within protected areas. Provided that there is no adverse impact on the 

source, plant material for propagation will be derived from the vicinity.” (1999, VM-15) 

 
The MFO submission describing the plans for decommission echoes this policy by stating 

that one of the design objectives of the plan is “to return the land to native vegetation” (BC 

MELP, 1996, Appendix E). 

 
Marchant and Sherlock (1984) provide an excellent summary of many of the fundamental 

needs addressed in the previous sections, along with guidance specifically designed for the 

selection and propagation of native woody species in British Columbia. 

 

Planting Methodology 
 

 

Effective methods of planting are required to address problems of survival, cost, and 

development of cover for improvements in aesthetics, and habitat structure, as well as 

resistance to wind and wave breaking (Carr et al., 2000).  Improvements in planting 

methodology have an extensive history, generally considered to have originating with the use 
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of willow in areas of France and the Netherlands during the Middle Ages, and more recently 

developed in alpine areas of Central Europe (Schiechtl and Stern, 1997; Donat, 1995).   

 
Often referred to as bioengineering, pioneers like Hugo Schiechtl have both demonstrated 

and improved on the insight of these traditional practices of Europe in numerous volumes; 

these are only briefly addressed here.  Schiechtl (1980) suggested that reservoir shorelines 

where fluctuations of water levels do not vary more than 2 m could be stabilized by described 

methods; however, their assertion was that woody plants would not tolerate fluctuation 

ranges beyond this (Schiechtl and Stern, 1997; Schiechtl, 1980).  The authors further 

suggested that trees should be prepared for flooding by incrementally covering the base of 

the tree with pervious materials to stimulate the formation of adventitious roots (Schiechtl 

and Stern, 1997).  The covering material should be devoid of fine textured materials, applied 

over a long period (2 – 3 years) prior to flooding, and exceed the high water level (Schiechtl 

and Stern, 1997).     

 

 

Many of the biotechnical techniques developed in Europe have been adopted and refined for 

conditions of North America, particularly in the Pacific Northwest and Rocky Mountains 

Regions, where there is budding expertise both in Canada and the U.S.  The NRCS initiated 

research of revegetation techniques at American Falls Reservoir, Idaho in 1986.  This 

experiment and ongoing field-testing at other locations in the Intermountain West Region has 

provided a number of practical insights into the planting of dormant Salix spp., Populus spp., 

and Cornus spp. cuttings during revegetation works (see Hoag et al., 1992; Hoag and Short, 

1992; Hoag, 1994; NRCS, 1994; Hoag, Simonson, Cornforth, and St. John, 2001; Schaff, 

Pezeshki, and Shields, 2002).     
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A variety of tools have been employed in the planting of seedlings and cuttings. In British 

Columbia, the most common implement used has been the planting shovel, which has a 

thinner and longer blade.  In the Northwestern U.S. States a preferred device has been a 

shovel-like pick known as a hoedad; however, for the planting of cuttings some equipment 

advances have occurred in the previous ten years.  Generally a tool called a dibble stick can 

be used for creating the hole for the cutting, which has a very thin blade much like a punch 

variously attached to a shovel shaft and handle.  For larger scale plantings, a variety of power 

machinery have been developed to enable a more rapid and deeper creation of a planting 

hole, including auger, excavator and tractor attachments; and waterjets (see Hoag and Short, 

1992; Hoag, 1994; Hoag et al., 2001; Anonymous, 2002).   

 
In British Columbia, Polster (1999) has demonstrated that state-of-the-art biotechnical 

constructions incorporate natural succession and rely on the continued use of pioneering 

woody species to achieve success.  Bioengineering is considered to be evolving through the 

continuous improvement of planting methods and plant materials (Polster, 1999). The British 

Columbia Ministry of Forests (2001) has also offered a comprehensive set of specific 

bioengineering solutions to steep sloped surfaces that are likely to have useful applications in 

reservoir shoreline revegetation programs dealing with steeper slopes and erosion problems. 
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Monitoring and Maintenance 
 
Both Allen and Klimas (1986) and Carr et al. (2000) stressed the importance of monitoring, 

and recommended the development of formal long-term programs to allow revegetation 

performance to be quantitatively assessed.  Design of the monitoring program early in the 

project planning enables an adaptive management approach to be developed (Block, 

Franklin, Ward, Ganey, and White, 2001).  The monitoring program should be defined both 

temporally and spatially in such a way that it allows for the measurement of the changes 

associated with the revegetation activities (Block et al., 2001).  To use collected information 

to refine the revegetation strategy, a well-defined schedule must be developed to coordinate 

both the research and the adjustment activities.  A variety of parameters can be monitored, 

but the set of parameters selected should be based on 1) the value as an indicator of 

performance towards achieving the defined objective (Noss, 1999), 2) its easy replication and 

cost effectiveness, and 3) its comparability to similar information collected, whenever 

possible (Bradshaw, 1987). 

 
A critical aspect of a monitoring program is the collection of data prior to revegetation or at 

reference sites that allows the establishment of a baseline.  Changes observed can then be 

compared to the baseline to fully comprehend the qualitative or quantitative impact of the 

revegetation treatment. 
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RESEARCH SITE SETTING 

 

Location and History 

 
Buttle Lake is located near the geographic centre of Vancouver Island, British Columbia, 

Canada. The lake lies in a long “U” shaped valley in the mountainous terrain of Strathcona 

Provincial Park.  It is the largest of a chain of lakes in the Campbell River watershed, which 

has an area of 1404 km2.  Since 1958, Buttle and Upper Campbell Lake water levels have 

been regulated by the British Columbia Hydro and Power Authority (BC Hydro) at 

Strathcona Dam.  The lake has an area of 3094.81 ha with 75 km of shoreline.  The mean 

depth of the lake is 61.3 m and the maximum depth is 120.7 m.   

  

 

The site is accessed using Western Mines Road at the causeway where the highway crosses 

Thelwood Creek and consists of a shoreline area where Thelwood Creek enters at the 

southern terminus of Buttle Lake (49°31' N, 125°31'W); this presently includes a portion of 

the historic Price River delta (see Appendix A).  .  The historic delta and much of the present 

day floodplain were logged in 1957, prior to being flooded following construction of 

Strathcona Dam.  The following year, a forest fire burned much of the Thelwood Valley and 

was salvage logged (Brooks, 1989).  The focus of current revegetation activities is the area 

north of the causeway, which is typically flooded 20% of the year (Golder, 2001).  This area 

consists of a broad shallow bay to the northeast of the causeway (Figure 3) and a hummocky 

bay to the northwest divided by the present thalweg of Thelwood Creek.  Portions of the 

hummocks in the northwest remain above water even at full pool in the reservoir 

(approximately 222 m asl) forming small islands (Figure 4). 
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Figure 3.  Image of the shallow eastern bay with a few stumps and rock outcrops 
protruding from the shallow water of Buttle Lake.  Photograph taken by Rowland 
Atkins July 2000 with water levels at approximately 218.7 m. 
mate 

 regional climate of the watershed is characterized as maritime, dominated by wet, mild, 

ters; and cool, fairly dry, summers (Brooks, 1989; Loukas et al., 2002).  The nearest 

ther station is at the MFO (49°35' N, 125°36' W; 354 m), where records reveal that the 

ate is characterized by a relatively long growing season (early March to early November) 

h notably warm and dry summer periods (see Figure 5).  The prevailing winds blow 

theasterly during winter and northwesterly during summer.  
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Evening temperatures near the lake are cool due to catabatic10 winds that bring colder air 

from higher elevations (Brooks, 1989).  The high elevations accumulate significant 

snowpack between October and April, when lower elevations receive the majority of the 

annual rainfall (Loukas et al., 2002).  The snowpack melts throughout its accumulation 

period and then more rapidly to depletion from May to August (Loukas et al., 2002). 

 

                                                 
10  the downward movement of cool air associated with glaciers and snowpack of high elevations 

Figure 4.  Image of hummocky western bay depicting the formation of 'islands' that are 
composed of rock outcrops and remnant stumps.  Photograph taken by Rowland 
Atkins July 2000 at approximate water elevation of 218.7 m. 
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Figure 5.  Graph of average monthly precipitation and temperature as recorded at Myra Creek 
weather station for the period 1979-1994 (data from Environment Canada). 

 

Geology and Soils 
 
The parent materials of the site are fluvial deposits from the mid –Jurassic Island Intrusions 

Group in the form of intrusive igneous rocks (e.g., granite) and from the Sicker Group as 

extrusive igneous rocks (e.g., tuff11 and breccias12) (Muller, 1980). 

 
Jungen (1985) refers to the soils of the adjacent area as the Honeymoon soil association, 

which are characterized by the subgroup Duric Humo-Ferric Podzol described by the Soil 

Classification Working Group (1998).  McLennan and Veenstra (2001) described the soils as 

typically relict from past soil formations and becoming gleyed as consistent with the 

inundation pattern experienced in the drawdown zone. 

                                                 
11  rock composed of pyroclastic (formed in a volcanic eruption) fragments and ash;  
12  clastic (sedimentary composition of rock fragments) rock composed of particles more than 2 mm in diameter 
and marked by the angularity of its component grains and rock fragments. 
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Terrestrial Vegetation 
 
The lower elevations of Buttle Lake valley (220 m – 500 m) are characterized by terrestrial 

vegetation of the Coastal Western Hemlock very dry maritime (CWHxm2) subzone (Green 

and Klinka, 1994) (Figure 6).  Riparian ecosystems recently mapped by BC Hydro identified 

 

 
four lakeshore ecosystems (six including modifiers) associated with the Buttle Lake 

drawdown zone and observed elevation ranges (McLennan and Veenstra, 2001) (see Table 

4).  Golder (2001) identified two distinct habitat types referred to as Shoreline and Island that 

defined the habitats of the shallow sloped eastern bay and the steeper sloped hummocks of 

the western bay isolated from the shore when water levels are above 218.5 m, respectively.  

 

Figure 6.  A map of South Buttle Lake depicting the BEC subzones and variants 
associated with the dramatic elevation gradient (40 m contours) surrounding the lake. 
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Grass, sedge, and rush communities occupy the Shoreline habitat, while Island habitats are 

characterized by sparse, weedy vegetation (see Appendix E). 

 
Table 4.  A summary of the riparian ecosystems identified at corresponding elevation ranges of 
Buttle Lake (from McLennan and Veenstra, 2001, p. 19). 

Riparian Ecosystem Elevation Range (m) 
Submerged Lake Mudflats (MFs) Undetermined 

Mudflats (MF) Undetermined 

Spearwort Lakeflat (SL) 218 (estimate) – 219.17 

Hairgrass – Water Sedge (HS) 219.17 – 219.78 

Short Sitka Willow – Water Sedge (WSs) 219.78 – 220.52 

Tall Sitka – Water Sedge (WSt) 220.52 – 221.22 
 

Wildlife 
 
Several species of wildlife are known to occur in the region of the research area. The riparian 

areas of the Thelwood valley have been recognized as important to Roosevelt elk (Cervus 

elaphus roosevelti), Columbian black tailed deer (Odocoileus hemionus columbianus), and 

beaver (Castor canadensis) which is an uncommon species in the Park (BC MELP, 1996).  

The mouth of Thelwood Creek is used by several species of waterfowl such as Trumpeter 

Swans (Cygnus buccinator), mallard (Anas platyrhynchos), and Canada goose (Branta 

canadensis) (BC MELP, 1996).  Large carnivores/omnivores including black bear (Ursus 

americanus vancouveri), cougar (Felis concolor) and the Vancouver Island wolf (Canis 

lupus crassodon) are also known to traverse these areas (Brooks, 1989). 

 

Reservoir Operation 
 

 

The current operation of the reservoir based on the Campbell River Interim Flow 

Management Strategy results in the water levels varying between 214 m and a maximum 
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allowed level of 222 m asl (Campbell River Hydro/Fisheries Advisory Committee, 1997). 

The pattern of the drawdown activities allows BC Hydro to capture the high inflows 

associated with the freshet of May and the winter rains of November and December. The 

expected patterns of inundation at defined elevations of the drawdown zone are provided in 

Table 5.  The hydrograph describing the fluctuation patterns for the previous 40 years reveals 

the large amount of variability in the system, which is generally dictated more by demand for 

power than natural factors (see Appendix D).  The water continues to flow north and 

eastward through two other hydroelectric facilities until it reaches Discovery Passage via 

Campbell River (Figure 7). 

 

 

 

 

 

 

 

 

 
 

 
 

Figure 7.   Map of Campbell River hydroelectric system where 
the black dot represents the research area (from Hirst, 1991). 
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Table 5.  Average inundation frequency at defined elevations of Buttle Lake drawdown zone 
calculated for various annual periods (modified from Golder, 2001). 

Lake Water Elevation Period for Average 
Inundation Frequency (%) 214 m 216 m 218 m 220 m 222 m 

Annual 97 86 64 22 0 

June to September 100 99 88 37 0 

March 93 85 52 9 0 

April 91 67 41 6 0 

May 94 76 60 15 0 

June 100 96 81 45 0 

July 100 100 97 56 0 

August 100 100 96 21 0 

September 100 100 67 19 0 

October 100 66 32 10 0 
 

Fish and Aquatic Life 
 
Buttle Lake is characterized as oligotrophic or ultra-oligotrophic13 (Hatfield Consultants 

Ltd., 1982).  Western Mines Ltd. began depositing tailings via a submerged outfall near the 

mouth of Myra Creek in 1967.  Metal concentrations peaked in 1980/81 and the impacts to 

the aquatic system were thoroughly documented (Nordin, McKean, Boyd, Clark, Roch, and 

Deniseger, 1985).  The benthic fauna in south Buttle Lake was reported to have the lowest 

numbers of organisms and species, dominated by pollution resistant species (Kathman, 

1982).  Metal concentrations have since returned to background levels due to extensive 

changes in the water treatment system and overall operation of the Myra Falls mine (MFO) 

(St-Cyr, Cattaneo, Chassé, and Fraikin, 1997).  All classes of aquatic fauna have shown a 

positive response to these changes (St-Cyr et al., 1997).  

 

                                                 

 

13 low accumulated nutrient and high O2 content 
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Fish populations native to the lake include cutthroat trout, rainbow trout (Salmo gairdneri), 

Dolly Varden char (Salvelinus malma), stickleback (Gasterosteus aculeatus) and prickly 

sculpin (Cottus asper) (Hatfield Consultants Ltd., 1982; S. Rimmer, personal 

communication, 2002).  Anadromous14 salmonids do not have access to this area of the 

Campbell River system due to a major downstream waterfall (Hatfield Consultants Ltd., 

1982).   

 
Relatively limited information is available about the life histories of resident fish despite the 

extensive research of other portions of the aquatic environment (Hatfield Consultants Ltd., 

1982).  Inferences drawn from snorkel survey and gill netting for the previous 15 years by 

the Province of British Columbia will be useful in determining the species, age class, and 

activities occurring in south Butte Lake once compiled (P. Law, personal communication, 

2003). Generally it is known that cutthroat and rainbow trout spawning occurs approximately 

in February and June, respectively.  Thelwood Creek is used mainly as spawning and rearing 

habitat by non-anadromous salmonids (P. Law, personal communication, 2003).  

 
Terrestrial insects are an important food source for freshwater fish, including cutthroat trout, 

and the steeper shorelines are more conducive to the input of these organisms into aquatic 

food resources (Sinclair, 1965; Narver, 1975).  Stomach contents of cutthroat trout in nearby 

Great Central Lake revealed that insects like winged carpenter ants and cicada were 

extremely common (73% occurrence) (Narver, 1975).  

  
The limited structural features and vegetation in the littoral zone coupled with the fluctuating 

water levels of Buttle Lake diminishes its capacity as fish habitat (McMynn and Larkin, 

                                                 

 

14 describing fish that spend most of their life in salt water but migrate into freshwater tributaries to spawn 
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1953).  The rootmats of the remnant stumps appear to create potential cover for fish along the 

thalweg of Thelwood Creek during periods of low water; however, these areas are rapidly 

eroding without any live plants to bind the underlying substrates (Figure 8).  Stumps have 

been removed in a variety of shallow water locations at Buttle Lake for improvements to 

boater safety and aesthetics (MacKay, 1995).  Reef structures have also been created out of 

the removed stumps in the bay next to Ralph River campground.  An assessment of the 

associated fish use described improvements in primary and secondary production (i.e., 

periphyton and invertebrates) and cover (MacKay, 1995). 
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Figure 8.  Area within research site (Plantable Area 7) depicting eroding root mats and 
potential fish habitat improvement along Thelwood Creek thalweg.  Maximum 
elevation at the height of the berm embankment is approximately 219 m. 
ch improvements might explain the increased densities of all resident fish species in 

eper water, particularly juvenile fish (MacKay, 1995).  Cutthroat trout are known to feed 
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on smaller fish (Narver, 1975) and therefore such structures could have implications for fish 

production increases or could be limited to increased densities in the vicinity of these 

structures only.  
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MATERIALS AND METHODS 

 
The research design is based on the previous drawdown revegetation experiments where, 

following a detailed description of the site characteristics, test plots are employed to further 

examine potential effects of identified seedling growth factors.  The present design attempts 

to identify and control for factors that affect seedling growth, particularly those factors that 

are considered to have significant and inconsistent effects on the research subjects 

(seedlings).  Therefore the overall research design has a non-random nature in response to the 

applied research objectives and the finite amount of variability appropriate to the research 

area.   

 
A preliminary sampling of the soils at the site has been analyzed to identify potential effects 

that are beyond the experimental design.  Selection of the species and stock and the 

establishment of the research plots were performed with respect to the literature findings, the 

setting of the current research, and the research objectives. 

    

Soils Analysis 
 

 

In early April 2002, soil samples were collected from non-random locations within each of 

the Plantable Areas polygons previously identified by Golder (2001) (see Appendix B).  

These areas occurred between 219 m to 222 m (within three metres of full pool) and were 

considered to be potential locations for revegetation activities. A total of fifteen – 50 g soil 

samples were extracted from depths of 18 cm to 40 cm at various elevations between 218 m 

and 222 m.  These were sealed in freezer bags and kept cool in a small cooler.  Field analysis 
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of the collected soils was completed according to Field Manual for Describing Terrestrial 

Ecosystems (BC MELP, 1998b). 

 
Thirteen samples were analyzed by Norwest Labs for a variety of soil nutrient and quality 

parameters including concentrations of nitrate (NO3), ammonium (NH4), phosphorus (P), 

potassium (K), sulphate (SO4), calcium (Ca), and magnesium (Mg), pH, electroconductivity 

(EC), organic matter (OM), and total exchangeable cations (TEC; from the individual cation 

concentrations).   

  
The remaining two samples were analyzed by Aurora Laboratory Services Ltd. for a suite of 

metal concentrations to identify any possible contamination.  The metals tested were 

aluminum (Al), antimony (Sb), arsenic (As), barium (Ba), beryllium (Be), bismuth (Bi), 

cadmium (Cd), calcium (Ca), chromium (Cr), cobalt (Co), copper (Cu), iron (Fe), lead (Pb), 

lithium (Li), magnesium (Mg), manganese (Mn), mercury (Hg), molybdenum (Mo), nickel 

(Ni), phosphorus (P), potassium (K), selenium (Se), silver (Ag), strontium (Sr), thallium (Tl), 

tin (Sn), titanium (Ti), vanadium (V), and zinc (Zn). 

  
Discontinuous soil moisture testing was initiated in May 2002. Interim analysis of the results 

revealed malfunctions in the equipment being used and testing was therefore terminated in 

July 2002 until appropriate repairs could be a made. 

  

Species and Stock Selection 
 

 

The species selected in the present study were the result of a number of factors: 1) its current 

or previous (historic) presence at the research site or within the provincial park, 2) the 

general knowledge of flooding tolerance or ecology (habitat), 3) the timing, availability, and 
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size of planting stock, and 4) its conformation to the recommendations of the Government of 

British Columbia (BC MELP, 1998a). 

 
A species inventory summarizing previously identified vegetation in Strathcona Park 

(Brooks, 1989) provided a comprehensive list of native species.  Field observations of 

riparian species growing onsite or in adjacent areas identified species that have adapted to the 

conditions of the research area. The ecology of suitable native species was reviewed from 

multiple sources (see Pojar and MacKinnon, 1994; Brayshaw, 1996a; Brayshaw, 1996ab; 

Green and Klinka, 1994; Haeussler et al., 1990; Spear-Cooke, 1997; Kojima and Krajina, 

1975) to further refine the selection based on what has been observed about distribution and 

physiology.  Preliminary results of the soils analysis further refined the overall species 

selection process. 

  
This information then guided the process of determining the availability of plant materials 

from appropriate nursery sources.  The set of information that resulted was further evaluated 

against a range of factors such as costs (product, delivery, and planting), timing, seed or 

cutting source information (location and elevation), and seedling stock type.  Competing 

factors were assessed from a combination of interactions with the project sponsor, various 

nursery operators, and other contacts with extensive silvicultural experience.  Priorities were 

then assigned in the order found in Table 6. 

 

 

Twelve species were selected for planting, however six were then selected as research 

subjects based on inspections of the plant materials following delivery.  The species selected 

were those that had a relatively uniform and healthy stock type and in sufficient numbers to 

allow for statistical analysis.  Table 7 represents the summary of the species and stock 
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selection.  The remaining seedlings were randomly planted within the elevations above 219 

m and below 222 m. 

Table 6.  Summary of the species selection criteria for determining research subjects. 

Category Factor Rationale 

Timing The plant materials were required for the period of April to May 2002 

Costs The plug form of plant materials was determined to be the lowest planting 
costs familiar to sponsor and the most consistently available 

Seed or Cutting 
Source 

The source of the plant materials used for propagating the nursery stock was 
required to be from the coastal zone (preferably from Vancouver Island) and 

within the elevation zone of 100 m - 300 m above sea level. 

Seedling stock type The stock that had the greatest root volume have improved chances for 
survivorship in response to flooding effects 

Seedling stock type The stock with the largest available caliper or root collar diameter have 
greater food storage for dealing with flooding 

Costs The lowest cost materials available in the quantities desired were balanced 
with the most economic delivery options. 

 

Table 7.  Summary of the research species selected and rationale. 

Number 
Planted 

Stock 
Type Species Common 

Name Selection Factor(s) 

153 415D Thuja plicata western red 
cedar 

1. Previously present/dominant at site (stumps) 
2. Known to tolerate fluctuating seasonal flooding 
3. Common silvicultural species (conifer) 

144 512A Tsuga 
heterophylla 

western 
hemlock 

1. Present/dominant in BEC subzone adjacent to 
site  
2. Common silvicultural species 

162 415D Alnus rubra red alder 

1. Present in areas proximal to site and naturally 
regenerating within site boundaries 
2. Known to tolerate flooding  
3. Important nitrogen fixing properties 

123 412A Cornus 
stolonifera 

red osier 
dogwood 

1. Present in areas proximal to site and naturally 
regenerating within site boundaries  
2. Known to tolerate flooding 
3. Fruit bearing 

144 412A Salix 
sitchensis Sitka willow 

1. Present in areas proximal to site and naturally 
regenerating within site boundaries 
2. Known to tolerate flooding 
3. Sediment trapping properties (erosion control) 

141 412A Lonicera 
involucrata 

black 
twinberry 

1. Present in areas proximal to site and naturally 
regenerating within site boundaries 
2. Known to tolerate flooding; fruit bearing 
3. Not on BC Government recommended list 
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The plots were surveyed from two defined points on the causeway that were surveyed and 

marked by MFO survey staff for the research project in early May 2002.  The geographic 

location (Easting and Northing) and elevation (m asl) were determined for these points using 

Research Plots 
 
The research plots were designed to be 10 m along a contour and 1 m in width to ensure a 

reasonably uniform elevation to measure the impacts of flooding (Figure 9).  Three 

elevations of 218 m, 219 m, and 220 m were selected for the experiment, which were further 

divided into the two habitat types identified, Shoreline and Island.  All plots were located on 

south facing slopes or between 90º and 270º on a compass to control for the effect of aspect.   

 

Figure 9.  Image depicting the conceptual design of the research plots surveyed along the 
shoreline contour. 
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the mine grid for accurate reference. A Leica® T1600 total station with an attached DI5S 

 

e 

A total of 90 plots were surveyed and distributed within the three elevations and two habitat 

types according to Table 8.  The distribution was intended to reflect the proportional area of 

the habitat at that certain elevation; however, both the numbers of habitat and elevation plots 

were disproportionately distributed according to the applied interests of BC Parks.  The 

The plot locations were then added to the bathymetry AutoCAD® drawing following the 

conversion to an ArcView® Version 3.2a shapefile.  The result was a map of the research area 

that defined the locations of research plots by the lower corners of the rectangular plot (see 

Appendix C). 

distomat was used to survey the location and elevation of the lower western corner of the 

plot.  A 50 cm numbered cedar stake was driven into the ground at this location. The lower

eastern (opposite) corner was fixed by measuring a distance of 10 m and then surveying to 

the most similar elevation possible.  Another numbered stake was used to define this 

location.  In areas of relatively uniform slope, this second stake was used to define both th

lower eastern point and the lower western point of the next plot, creating a string of stakes 

along a contour. 

  

experimental design was modified to examine the flooding effects at a lower elevation of  

218 m, which was a full metre below the original design at an elevation gradient of 219 m to 

222 m.  There was also a desire to focus efforts on the Islands habitat area and more plots 

were therefore assigned to this habitat type than was proportional to the area. 
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Table 8.  Summary of research plot distribution. 

 

Habitat 
Elevation Island Shoreline 

 
Total 

218 Count 16 18 34 
 % within Elevation 47.06% 52.94% 100.00% 
 % of Total 17.20% 19.35% 36.56% 

219 Count 13 20 33 
 % within Elevation 39.39% 60.61% 100.00% 
 % of Total 13.98% 21.51% 35.48% 

220 Count 6 20 26 
% within Elevation 23.08% 76.92% 100.00% 

 % of Total 6.45% 21.51% 27.96% 
Total  

 Count 35 58 93 
 % within Elevation 37.63% 62.37% 100.00% 
 % of Total 37.63% 62.37% 100.00% 

 

Planting of the Research Plots 
 
In May 2002, three tree planters rotated the planting of the six species as efficiently as 

possible to create a random planting pattern within the research plots.  The planters used their 

professional judgement on the most appropriate planting microsite within the one- metre 

width band of the plot.  Ten seedlings were planted within the 10 m length of the plot, 

providing a 1 m spacing, as recommended by the government agencies.  A few plots were not 

planted where the planters did not identify the plots. 

 
Experimental Design 
 
The design of the experiment was to capture to effect of flooding due to the reservoir water 

level fluctuation in the drawdown zone.  This was accomplished by planting seedlings within 

elevation contours or tiers that correspond to levels of inundation exposure that can be 
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calculated from the continuous water level monitoring at Strathcona Dam downstream and 

measuring the response of the seedling.  The design also allowed for the measurement of 

effects in the absence of inundation th espon  the known f rs of species,

elevation, and or habitat type.  The response of ing was  select 

measurements and observations that describe aspects of plant grow nd stress.  Th

resulting data set could then be sta nal  signific ts betwe

factor to elucidate relation ant to the development of a revegetation 

y. 

     

Seedling Growth Measurem

Each seedling was measured and assessed to establish a baseline immediately following 

 nearest tenth of a millimetre (e.g., 0.1 mm) were taken 

yo® 

 S. 

us, 

of the lowest branches rather than the 

tem, which was the remnant structure of the parent stock.   

 
tress following planting was qualitatively assessed and recorded in the following categories:  

1) general occurrence of stress (unattributable) (e.g., level of unexplained damage to seedling 

parts);  

2) herbivory (e.g., level of stems and leaves browsed; cleanly severed);  

at corr d to acto  

the seedl  based on field 

th a e 

tistically a yzed for ant effec en each 

ships that are relev

strateg

ent  
 

planting.  Caliper measurements to the

at the base of the seedling stem(s) as close to the soil surface as possible using a Mituto

calliper.  Height was measured to the nearest centimetre (cm) from the soil surface to the 

height of the tallest leaf using a metal ruler.  It should also be noted that seedlings of both

sitchensis and L. involucrata were propagated from small cuttings in the nursery and, th

there were challenges in determining what level the caliper should be measured at.  For 

consistency the measurements were taken at the base 

s

 

S
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3) insect damage (level of characteristic leaf or needle consumption patterns);  

4) bleaching or chlorosis (e.g., level of whitening or yellowing of needles or leaves); and  

5) dryness (e.g., level of wilting or browning of leaves or needles). 

   
Stress was determined using an arbitrary scale of eight qualifying terms (e.g., no effect, very 

minor, minor, significant, major, very major, severe, and extreme), which was found to be 

the easiest way to communicate these attributes between the researcher and the data recorder.  

Death of a seedling was recorded during the assessment and, subsequently, parameters of 

growth were not measured.  Each seedling was marked with a numbered metal tag on a 

twisted wire loop that was placed around the seedling allowing enough space as to not to 

terfere with the growth of the plant. 

  

 

d 

gs were divided into sample 

roups corresponding to three factors.  One factor was the six species of seedling that were 

selected for testing.  The other two factors were the two habitat types the seedlings were 

planted in and the three levels of the elevation factor that were being tested. The factorial 

statistical design, therefore, can be expressed as 6 X 2 X 3. 

in

The complete population of seedlings (885) were assessed and random plots were measured 

in mid June prior to anticipated flooding.  Seedlings were again measured and assessed in 

mid October 2002, during drawdown, and the approximate end of the growing season.  

  

Statistical Methods 

The experimental design encompassed a set of eight dependent variables (survivorship, 

caliper, height, general stress, herbivory, insect damage, bleaching or chlorosis, and observe

dryness) associated with seedling growth.  Individual seedlin

 

g
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The change in caliper (diameter) and height were each calculated by subtracting the baseline 

(May 2002) values from the corresponding October 2002 values then dividing the result by 

the baseline value (May 2002).  These results were expressed as a percent change in caliper 

e 

le 

es 

 

rs.  

orrections were made where input errors occurred.  

 crosstabs procedure was used to perform the non-parametric test calculations for 

identifying statistically significant relationship(s) (confidence of ≥ 95% or P ≤ 0.05) between 

seedling species, elevation, or habitat and survivorship.  A statistic known as the uncertainty 

coefficient value (U) (for nominal data) was used as a directional measure to identify the 

relative strength of significant effects (confidence of 95% or P ≤ 0.05).  The variables that 

were not being tested were controlled for (i.e., seedling species versus survivorship; control 

elevation and habitat) for each relationship being tested.  The same procedure was completed 

for the ordinal stress data (substituted for survivorship data) where the Somers’ d-value was 

and height by multiplying values by 100 percentages.  This calculation simplified the data 

treatment since only two complete data sets were collected for each measurement and the 

interest was the change resulting from the experimental design factors.  Elevations were 

assigned to each plant according to the research plot contour(s), which was identified by th

elevation of the surveyed plot markers.  Ordinal stress data was recoded to a numeric sca

for statistical purposes as was seedling species and habitat data, although the latter variabl

consisted of nominal data.   

  
All statistical analysis was performed using the SPSS® for Windows® Version 11.0 software 

run on Microsoft® Windows® XP Home Edition.  Scatter plots were constructed for each of

the data sets to identify any outliers that could be found to be the result of data input erro

C

  

 

A



  58 

used as the directional measure statistic to indicate both strength and direction of significant 

effects in cases of ordinal data sets (i.e., elevation).   

  

The percent change in caliper values data set was then processed using univariate tests of the 

General Linear Model® (GLM).  Full factorial modelling was used to identify all 

 

e comparisons among the estimated 

arginal means.  Strength and direction of effect was estimated using a calculation of 

estimated marginal means differences (±µ).  Marginal means were also plotted to visually 

analyze the identified effects.  This procedure was repeated for the percent change in height 

data set.   

Histograms with normal curves were plotted for both change in caliper (%) and change in 

height (%) data sets to assess the variability of the data sets.  A Kolmogorov-Smirnov test (Z 

value) was performed for each of the change in caliper and change in height data sets.  A 

scatter plot with a linear regression was used to identify any linear relationship between 

change in caliper and change in height measurements to determine the validity of using 

caliper or height as individual measurements representative of overall seedling growth. 

  

combinations of effects for each of the factor level combinations of experimental design (i.e.,

species, habitat, and elevation) during pairwise comparisons.  Significance of effects was 

identified through analysis of the F statistic at a confidence level of 95% or P ≤ 0.05. The F 

statistic was based on the linearly independent pairwis

 

m
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RESULTS 

 
oils 

 

Physical and Chemical Analysis 

 
and 

antity of coarse fragments as well as sand content was higher in the Island compared with 

the Shoreline habitat areas. This may be indicative of higher energy shorelines associated 

with the Island habitat as the result of higher fetch or wind exposure. 

  

S

 

Chemical soil properties were relatively similar between the two habitat types (Table 10 

11).  The physical properties of the soils observed in the field were consistent with the 

comparison of the chemical properties; the only exception being that both the size and 

qu

Table 9.  Soil analysis summary of macronutrients results. 

HABITAT NO3 NH4 P K SO4 Ca Mg Na 

Shoreline 1(1) 2(1) 11(7) 39(8) 3(1) 1546(867) 77.6(60.7) 24(5

 

EC OM TEC 

Island 

 

Island 3(3) 2(2) 9(6) 33(6) 3(1) 2427(1087) 82.6(31.2) 25(3) 
) 

*Values represent means (standard deviations) 

 
Table 10.  Summary of soil analysis mean values for Shoreline and Island habitats. 

HABITAT pH (ds/m) (%) BS (%) Ca (%) Mg (%) Na (%) K (%) (meq/100g)
6.8* 
(0.3) 

0.2 
(0.10 

7.1 
(4.1) 

78.5 
(23.5) 

72.7 
(23.5) 

4.3 
(0.8) 

0.8 
(0.5) 

0.7 
(0.5) 

15.8 
(5.2) 

Shoreline 6.6 
(0.2) 

0.1 
(0.0) 

6.2 
(4.7) 

76.5 
(18.9) 

68.1 
(15.9) 

5.9 
(4.4) 

1.2 
(0.7) 

1.2 
(0.9) 

11.5 
(5.6) 

*Values represent means (standard deviations) 
 
 
The physical and chemical characteristics of the soils were generally assessed according to 

the capacity to support seedling growth.  This assessment suggests that macronutrient 
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concentrations could be a major limitation to tree and shrub growth at the revegetation site.  

The poor concentrations of nitrogen (N) as nitrate (NO3) and ammonium (NH4), potassium 

ng with marginal concentrations of phosphorus (P) and sulphates (S) suggest that the 

ite may require fertilization to offset the potential effect of inadequate nutrients.   

he higher concentrations of Ca and Mg can be considered to be excess of these nutrients; 

ient 

in 

n (see Jungen et al., 

89; Klinka et al., 1981; Kojima and Krajina, 1975), although not directly comparable due 

to variations in analysis. 

  

n 

ow metal concentrations at the two locations sampled allayed most concerns about 

contamination, although concentrations of vanadium (V) (220 ppm), copper (Cu) (88 ppm) 

and chromium (Cr) (57 ppm he Shoreline habitat were considered of note

concentratio a m de an nv en ua uide r all 

land uses (1 · an lat  m nce on an  wer e the 

aximum recommended concentration for agriculture and residential land uses, but below 

(K), alo

s

 
T

however, it is not of significant concern due to limited documented cases of toxicity for these 

ions. The remainder of the soil features do not appear to be limiting to plant growth, 

particularly when compared to the impacts of flooding and the perhaps less so the defic

nutrients. Soil moisture results have not been reported based on the previous conclusion that 

the values were unreliable due to equipment error.  Overall, the soils were found to be with

the ranges of soil analyses conducted by other researchers in the regio

19

Analysis of Metals Contaminatio
 
L

) in t .  The 

n of v nadiu excee d the C adian E ironm tal Q lity G line fo

30 mg kg –1) d the ter two etal co ntrati s (Cu d Cr) e abov

m

 

the limits set for commercial and industrial settings (CCME, 2002).   
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Also of interest were the relatively high concentrations of iron (Fe) and manganese (Mn), 

which may have a negative affect on plant growth.  Generally, flooding of the soil decreases

the solubility of macronutrients and other ions; however, both Fe and Mn can be more readily

absorbed due to increased solubility (Kozlowski, 1997; Cronk and Fennessy, 2001)

 

 

.  These 

ns can have a variety of toxic effects on the physiology of plants when high concentrations 

of reduced forms are present in the soil (Cronk and Fennessy, 2001).   A more 

comprehensive sampling program, dependent on available resources, may illuminate the 

extent of these issues more clearly. 

   

Despite the conduciveness of the research setting to in-situ experimentation, the atypical 

hydrological conditions of 2002 significantly diminished the collection of data relevant to the 

principal design objective of capturing the effect of flooding on the growth of seedlings 

planted in the drawdown zone.  Nevertheless, the results of the data collected are considered 

relevant to the overall research question and are potentially even more instructive for the 

anagement of drawdown revegetation projects.  The following sections describe these 

findings in the context of the atypical environmental conditions. 

 

Climate and Hydrology 

 
al 

r levels (see Appendix 

).  The persistence of the low water levels were the result of a combination of a delayed 

io

Seedling Growth 
 

m

 

Atypical Reservoir Regime 

The lake was significantly drawn down for maintenance on Strathcona Dam during the initi

reconnaissance in early April 2002, resulting in exceedingly low wate

 

D
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freshet and the need to maintain minimum downstream flows set by the Campbell River 

Interim Flow Management Strategy (CRIFMS) (CRH/FAC, 1997). This condition provided a

view of the Thelwood Creek floodplain in its historic form with only the remnant stumps 

remaining from the original vegetation community.  The observation of many stumps 

measuring in excess of 1.5 m in diameter was a clear indication of how highly productive the 

riparian forest once was.  The exposed soft substrates of the mudflats were begi

desiccate and crack, while the seeds of a variety of plant species were quickly succeeding

these areas. 

 

nning to 

 

 
ower than normal amounts of precipitation at the research site were also recorded during 

2002 (Figure 10).  A summary of records from the Myra Creek weather station suggests that 

the climate has been progressively drier for the previous twenty-year period (1979 – 2002) 

(Figure 11).  The impacts or duration of this micro trend are unknown but warrant further 

investigation that could help to model the effect of this variability. 

 
n 

 2) the watershed 

ydrology is moving from a snow driven to a rain driven system (Loukas et al., 2002).  

0 – 2100) predicts that average increase of 3.5ºC with a 

relatively uniform distribution month to month and a 13% increase in precipitation. The 

reatest increase (50.9%) and decrease (-31.3%) was anticipated to occur in August and June, 

respectively (Loukas et al., 2002).  These predictions describe a fairly remote alteration in the 

environmental dynamics of the area. Dramatic changes which are heavily influenced by 

Climate Change 

L

A recent report predicts two significant trends for the Upper Campbell watershed based o

global climate models: 1) climate will get warmer and wetter, and

h

Future climate modelling (208

 

g
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disturbance and further alterations in hydrology or climate of the system could shift habit

characteristics out of the tolerable range of characteristic plant species. 

 

at 

 

Creek weather station for the period of 1979 - 2001 and compared to 
Figure 10.  A chart showing the average monthly amount of precipitation recorded at the Myra 

2002 actual values. (Data 
from MFO and Environment Canada) 
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Figure 11.  Mean annual precipitation observed at Myra Creek weather station for the period 
of 1979- 2002.  Trend line reveals decreasing average annual precipitation. (Data from MFO and 
Environment Canada) 

 

ay 2002 Monitoring Data 

arly May 2002 was a later than anticipated start date for the outplanting due to the logistics 

f acquiring materials and securing a planting contractor.  The outplanting experience was 

further complicated by warm and dry weather and followed by several days to weeks of 

similar conditions.  Moisture stress on the seedlings was observed during planting and 

subsequent assessment and measurement.  These effects were particularly noticeable in the 

afternoon when temperatures had risen to greater than 25ºC.  The location of the seedlings is 

summarized in Figure 12. 

Seedling Survivorship and Moisture Stress 
 

M
 
E

 

o
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Island Shoreline

Elevation Bars show counts
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Figure 12.  Seedling planted at Buttle Lake research site by species genus, elevation, and habitat 

 

n 

218 m 

g while planting.  The seedlings planted in the Shoreline habitat 

type. 

 

June 2002 Monitoring Data 
 

 

The analysis of survivorship observed in mid June 2002 demonstrates that a weak effect on 

A. rubra (U = 0.076) and S. sitchensis (U = 0.054) resulted from the elevation that seedlings

were planted in the Shoreline habitat only. As well a significant but weak species effect o

June survivorship in each elevation, of the Shoreline habitat only, was also uncovered (

U = 0.040, 219 m U = 0.072, 220 m U = 0.044) (Figure 13).  These effects were measured 

prior to the anticipated higher reservoir levels customary of summer (see Appendix D) and 

may be a response to dryin
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would have been more prone to damage due to moisture stress since these areas were planted 

in the afternoon following the planting of the Island plots.  These few hours of being further 

exposed to the warm temperatures with uncovered roots may have caused additional stress.  

This effect may be due to the range of seedling vigour according to the plant stock of each 

species received, in addition to the physiology of the species. The root masses of the forestry 

sized seedlings (T. heterophylla, T. plicata, A. rubra, and C. stolonifera) were significantly 

larger and likely better able to withstand the dry conditions.  However, even A. rubra (219 m 

U = 0101, 220 m U = 0.209) revealed a habitat effect at these upper elevations By 

comparison, the Shoreline habitat contributed to the early demise of the smaller stock of L. 

involucrata (218 m U = 0.058, 219 m U = 0.268) and S. sitchensis (219 m U = 0.264, 220 m 

U = 0.107). 

 

Island Shoreline

alive
June Survivorship

Bars show percents

Alnus Cornus Lonicera Salix Thuja Tsuga

25%

75%

100%

P
nt

Alnus Cornus Lonicera Salix Thuja Tsuga

dead
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Seedling
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ë ë ë ë ë ë

Seedling  
Figure 13.  Percent survivorship of seedling in June 2002 as planted in each habitat. 
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October 2002 Monitoring Data 
 

Analysis of the October 2002 survivorship data revealed that the weak effect of elevation 

broadened within the Shoreline habitat to include T. heterophylla (U = 0.098), T. plicata (U =

0.101), A. ru

Lake reservoir water levels remained relatively low (below 218 m) through the 2002 growing 

season and did not inundate the seedlings planted in the research plots due to the insufficient 

capture of freshet to main typical summer levels.  Moisture stress appeared to have persisted 

for most of the surviving seedlings from June 2002 as the result of the characteristically 

warm summer period, southern aspect of the plots, and the prevailing afternoon north winds 

(personal observation)  (Figure 14).  

 

 

bra (U = 0.170), C. stolonifera (U = 0.077), and S. sitchensis (U = 0.058).  It is 

nticipated that this effect was a result of competition from the established grass and sedge 

community for limited resources (i.e., moisture) in the higher elevations of the Shoreline 

habitat.  Despite the lack of inundation and the warm weather, these areas flourished with a 

variety of grass, sedge, and rush species (see Appendix E).  Further analysis of the 

survivorship data depicts that habitat type had an effect on all species at the 219 m and 220 m 

elevations and not on those below with the exception of L. involucrata and C. stolonifera 

(Table 12).  Reasons why these species were not similarly impacted are unclear.     

 

a
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Figure 14.  Observed percentage of seedling survivorship by species in October 2002. 

 

 

 

 
Figure 15.  Pie charts depicting dryness observed for each species during 2002. 
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Figure 16.  Pie charts depicting bleaching (chlorosis) observed for each species during 2002. 

 
 
The results of the qualitative assessment of dryness (Figure 15) and bleaching/chlorosis 

 on these 

rought factors for A. rubra (Somers’ d = -0.521) and T. heterophylla (Somers’ d = -0.423), 

spectively in the Shoreline habitat.  The seedlings planted in the lowest elevation plots may 

be the minor exception to this potential drought effect since these plants have had access to 

the water table and, at times, saturated soils.  This is supported by a significant seedling-

species dependent effect on observed dryness in the lower elevations of the Island (218 m U 

= 0.165, 219 m U = 0.112) and Shoreline habitats (218 m U = 0.122), where certain species 

such as S. sitchensis and A. rubra would be expected to be able to access the water table 

better than others.  Similarly, the species effect on survivorship in October 2002 occurred at 

the lower elevations of both the Island (218 m U = 0.181) and Shoreline (218 m U = 0.039, 

219 m U = 0.022) habitats.  Bleaching or chlorosis was primarily observed in the coni r 

species and revealed an expected species-dependent effect (U = 0.064 to 0.180) at all 

elevations and in both habitat types.   

(Figure 16) revealed a strong negative effect (increased stress) of elevation increase

d

re

 

fe
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Select seedlings in the Island habitat area exhibited substantial growth where the soils were 

more loamy than sandy (personal observation) and therefore suspected to hold more 

moisture.  This may be further supported by the analysis of dryness measures in the two 

habitats where T. heterophylla (219 m U = 0.198), T. plicata (218 m U = 0.242, 219 m U = 

0.166), A. rubra (218 m U = 0.630, 219 m U = 0.103), and S. sitchensis (218 m U = 0.175, 

219 m U = 0.162) demonstrated a significant habitat effect on observed plant dryness at these 

lower elevations.  

 
Table 11.  Summary of the statistical analysis of the effect of habitat type on October 2002 
survivorship.  The uncertainty coefficient value (U) is a correlation test for nominal data based 

n the chi-square calculations where a significance value (P < 0.05) indicates a significant o
habitat effect.  

Elevation Seedling Species Uncertainty Coefficient Value Significance 

 Cornus stolonifera 0.069 0.026 
 0.060 0.039 Lonicera involucrata 
 Salix sitchensis 0.019 0.258 
 Thuja plicata 0.017 0.242 
 Tsuga heterophylla 0.003 0.665 

219 Alnus rubra 0.283 0.000 
Cornus stolonifera 

 Lonicera involucrata 0.383 0.000 

 Thuja plicata 0.144 0.001 

220 Alnus rubra 0.237 0.001 

 Lonicera involucrata 0.313 0.001 

 Thuja plicata 0.251 0.001 

*Approximate Significance taken as ~P < 0.05 
 

Approximate 

218 Alnus rubra 0.000 0.981 

 0.207 0.000 

 Salix sitchensis 0.181 0.000 

 Tsuga heterophylla 0.176 0.000 

 Cornus stolonifera 0.303 0.004 

 Salix sitchensis 0.219 0.001 

 Tsuga heterophylla 0.167 0.008 
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Caliper and Height Measurements 

An anticipated linear relationship between change in caliper (%) against the change in height 

 

Kolmogorov-Smirnov test (Z value) for both change in caliper (%) (Z = 3.519) and change in 

height ( .695) i cated that the d  distribution w l. 

 

(%) is presented in Figure 17.  However, the histograms plotted with normal curves and a

%) (Z = 2 ndi ata as not norma
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Figure 17.  Scatter plot depicting linear relationship between change in height and change in 
caliper. 

aliper 

The Gen inear M) subsequently re  that the average change in caliper 

alues were sig or elevations (F 3) and revealed esti

arginal means dif  between 218 m, and the upper elevations at 21 = 

epresentations of these trends are shown in Figure 

18.  Increasing elevation had an overall negative effect on seedling growth in both habitats, 

as revealed in the marginal means plot (see Appendix F).  A habitat effect (F = 19.793) was 

 

0.285) and 220m (±µ = 0.485).  Visual r
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found where the estimated marginal means of caliper change decrease moving from Island 

a. 

es in the lower 

elevations in the Island habitat.  A. rubra appears to have exhibited an advantage in rapid 

growth in terms of stem thickening, perhaps as the result of this species’ ability to fix 

nitrogen in these impoverished soils (Haeussler et al., 1990). 

 

(±µ = 0.295) to Shoreline. A species effect (F = 14.523) on caliper change was further 

defined by the greatest significant effect between A. rubra (±µ = 0.885) and T. heterophyll

Much of this fits with previously suggested ideas regarding superior access to water 

resources and less competition from established grass and sedge communiti
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Figure 18.  Bar charts depicting the change in caliper (%) measured for each species at three 
elevations and two habitats. 
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Height 
 
Analysis of the change in height data revealed similar negative effects with elevation 

increase (F = 6.512); in paired comparisons of 218 m to 219 m (±µ = 0.181) and 220 m (±µ = 

0.339).  Visual representations of these trends are shown in Figure 19. Significant habitat 

effects were not found; however, species effects were found to be significant for change in 

height in paired comparisons (F = 12.668).  Cornus stolonifera had the smallest increase in 

height, on average.  S. sitchensis demonstrated the greatest mean changes in height of all  
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Figure 19.  Bar charts depicting the changes in height (%) measured for each species at three 
elevations and two habitats. 
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species, topping T. plicata (±µ = 0.495), T. heterophylla (±µ = 0.328), and A. rubra (±µ = 

0.293).  Other significant mean differences between species included L. involucrata which, 

on average, grew more in height than T. plicata (±µ = 0.485), T. heterophylla (±µ = 0.318), 

and C. stolonifera (±µ = 0.981).  The remaining two significant differences observed were 

relative to C. stolonifera and based on the estimated marginal means of A. rubra (±µ = 0.699) 

and T. heterophylla (±µ = 0.663)(see Appendix G). 

 

utplanted.  These seedlings were different in form, as mentioned above, which may account 

for the significant differences between these species and the others.  Salix spp., in particular, 

are known for rapid growth, especially in the elongation of thin stems and branches.  Greater 

growth differences for S. sitchensis at the lower elevations is likely explained by its ability to 

access available water resources more rapidly than other species (Pojar and MacKinnon, 

1994). 

 
In the case of L. involucrata, its unique ability to develop many branches during growth 

(personal observation) could distort the values of height change observed.  Attempting to 

efficiently measure the major proportion of the greatly twisted branch height(s) and the 

resulting frequency of measurement and calculation increases the chance for error (personal 

observation).  This may also explain why this species had the greatest number and magnitude 

of disproportionate height to caliper ratios. 

 
C. stolonifera did not perform well relative to the other species in average height change, 

nce of herbivory damage discussed below, or , as with L. 

volucrata, may be a false effect related to numerous measurements and calculations from 

Species including S. sitchensis and L. involucrata were, on average, the shortest seedlings 

o

which could be the conseque

 

in
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multiple-stemmed seedlings.  C. stolonifera is also most commonly associated with rich soi

and therefore may exhibit stunting here from soil nutrient deficiencies. 

 

Herbivory 
 
Herbivory was recorded based on observations of cle

ls 

Seedling Damage 

anly broken stems and branches near the 

h 

g 

level of herbivory observed occurring in nearly all elevations 

e 

ry 

 identified for L. involucrata (U = 0.050) and S. 

itchensis (U = 0.036) in the Shoreline habitat only. Observations in the field would suggest 

e.  

tops of the seedling which were suspected to be the result of elk and deer browse.  Althoug

black bears were seen in the immediate area on a daily basis prior to planting, no other forms 

of herbivory were observed.  Black bears customarily move to higher elevations during early 

summer when temperatures rise and forage becomes available in the subalpine zone (B. 

Blackmun, personal communication, 2003). 

 
Analysis of the herbivory data and field observation confirm that there was a weak seedlin

species-dependent effect on the 

of both habitats (U range = 0.027 to 0.096); the exception being the 220 m elevation of th

Island habitat.  This weak effect may highlight an inability to distinguish levels of herbivo

in the conifer species as readily as the angiosperm species.  Similarly a weak habitat 

dependent effect was found for certain species at certain elevations: A. rubra at 218 m (U = 

0.088), L. involucrata at 219 m (U = 0.144), and S. sitchensis at 219 m (U = 0.054).  Limited 

weak effects of elevation on herbivory were

s

 

that the S. sitchensis and L. involucrata seedlings in the lower elevations of the Shoreline 

habitat might have been easier to locate, if not completely hidden by the grass and sedg
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This embodies a number of assumptions including that the herbivory was exclusively caused 

by ungulate species in the area and that the seedlings would be located by sight.   

 

Figure 20.  Pie charts depicting herbivory observed for each species during 2002 season. 

is 

 

 
 
The pie charts depict what was observed in the field (Figure 20) and are consistent with the 

literature, with the exception of the herbivory detection problems for conifers mentioned 

above.  The species of choice appeared to be C. stolonifera, followed by L. involucrata.  A. 

rubra and S. sitchensis experienced similar amounts of herbivory in this study which 

characterized as minor.  The species that would have been assumed to experience similar 

herbivory impacts as C. stolonifera is T. plicata, as it is known to be preferred forage for both 

elk and deer (Nyberg and Janz, 1990). 
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Insect Damage 
 

 
Figure 21.  Pie charts depicting insect damage observed for each species during 2002 season. 

The stress data that measured relative insect damage was also fairly inconclusive.  Insect 

amage was observed as leaves affected by patterns characteristic of consumption by insects.  

The results indicated that there was a weak species effect at the 218 m elevation of both 

habitats (Island U = 0.058, Shoreline U = 0.050) and at 220 m elevation of the Shoreline 

habitat (U = 0.030).  No other effects were measured and the results were inconclusive.  The 

species effect is believed to be the result of a similar issue as that with herbivory, in which 

the detection of insect damage was more identifiable in certain species.  The species 

primarily affected was A. rubra, which, interestingly, appeared to be impacted more than the 

individuals from the natural populations of A. rubra present.  This may indicate a 

characteristic of the nursery grown seedlings (e.g., higher initial nutrient concentrations than 

wild-grown plants) favoured by insects or and making them more susceptible to attack.  

  

 

 

d
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General Stress/Damage 
 

 
Figure 22.  Pie charts depicting general stress observed in each species during 2002 season. 

 
eaf or stem damage that could not be easily attributed to a defined cause or factor was 

The analysis of the results indicated a weak species effect at the low elevations of the Island 

habitat (2 077).  At these lower elevations, A. rub  U = 

0.243, 219 m U 0.103) and L. involucrata (218 m U = 0.099, 219 m U = 0.182) were found 

to be effected by habitat type whereas at the upper elevations C. stolonifera (220 m U = 

S. sitchensis U U  weaker 

habitat effect.  These results are difficult to interpret since the nature of the impacts is not 

known and its effect was uniformly more si  in the Island habitat.  Future 

assessments, including rotation of the order of the (Island versus Shoreline) habitat surveys 

will perhaps help to determine whether this effect is real or a consequence of sampling error.  

L

recorded using the same qualitative scale as used for other stressors  as shown in Figure 22.  

18 m U = 0.091, 219 m U = 0. ra (218 m

0.140) and  (219 m  = 0.054, 220 m  = 0.132) demonstrated a slightly

gnificant
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DISCUSSION AND RECOMMENDATIONS 

 
Plant Materials 
 

Species Evaluation 
 
The design of the experiment was primarily aimed at gaining insight on what planting 

methodologies using woody species are most suitable for the southern portions of Buttle 

Lake drawdown.  Two major elements of that insight were anticipated to be an understanding 

of which species of seedling planted performed best, and at what elevation range.  Without 

the flooding effects of the typical high water summers imposed by the reservoir management, 

is understanding could not be obtained from the collected data.  The results of this study, 

f the 

.  

ith 

th

 

nevertheless, support the conclusion that, in the absence of flooding effects, the growth o

majority of seedlings was limited by access to water resources during the growing season.  

Other stress factors were also identified and were demonstrated to have contributed via 

significant, albeit weak effects on seedling growth and survival. 

  
Observations of the ecological dynamics provided useful insight into the nature of the 

drawdown zone at various locations in Buttle Lake.  Many of these locations are sparsely 

vegetated, but there is a variety of species found both at the boundary and within this zone

The majority of these species are described as pioneer species that are associated w

disturbed sites and exhibit the rapid growth and tolerance of environmental extremes 

characteristic of this general grouping. 
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Salix 
 
There are few woody species in comparison to the herbaceous varieties that have established 

in the drawdown zone of Buttle Lake.  The most prevalent of these is Salix sitchensis, or 

Sitka willow, which was identified in a variety forms and microhabitats discontinuously 

roughout the research site and the eastern shoreline of the lake.  From a low prostrate shrub 

to a small tree 8 m in height, this plant has been found growing on stumps to rubble beaches.  

Its tenacity may be derived from both its ability to withstand the effects of periodic flooding, 

as well as more drought-like conditions.  The success of plant growth in response to flooding 

is not confined to its ability to adapt to hypoxic soil conditions, but rather it must also be 

equipped to respond to aerobic conditions once restored (Crawford, 1996). 

   

 the vicinity of the research 

ea, and inhabiting the drawdown zone.  Fewer individuals and microhabitats have been 

observed with these Salix species in the drawdown zone of Buttle Lake.  The reasons for this 

are not clear but suggest that the more limited range of tolerance may be responsible for their 

more limited distribution. 

 

Alnus 

Another species that is commonly found in the drawdown habitat is Alnus rubra or red alder.  

This species most certainly demonstrates the rapid growth characteristic of pioneer plants; it 

th

It should be added that a plant’s success in the revegetation strategy would depend ultimately 

on its abilities to withstand both flooding and recovery but, soon thereafter, the potential 

impacts of limited water resources or other unrelated stresses.  Two other willow species, 

Salix hookeriana and Salix lasiandra, have been identified within

ar
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has a well-documented tolerance for flooding although generally not considered as tolerant as 

members of the Salix genus.  Perhaps most impressive is its ability to propagate rapidly 

through both seed and vegetatively as an early successional species (Peterson, Ahrens, and 

Peterson, 1996).  The low water levels and exposed shoreline demonstrated this clearly, 

where a multitude of seedlings quickly regenerated wherever parent stock of alder was 

nearby.   

 

at 

aeussler et al., 

90).  It will be most interesting to observe how the natural colonization of A. rubra 

seedlings will respond to more typical water levels and the associated impacts of flooding, 

once this resumes.  It will also be of interest to more fully assess the performance of A. rubra 

in comparison to the A. crispa ssp. sinuata. 

 

Cornus 

Cornus stolonifera or red osier dogwood was identified in the upper elevations (220 m – 223 

m) of the drawdown zone and has been discussed as a suitable species to evaluate for 

revegetation by other researchers.  Two other members of the genus Cornus, C. nuttalli and 

C. canadensis appear to be quite plentiful in the adjacent upland habitat.  The findings 

resented here along with a more recent site visit reveals that its preference as forage by 

ungulates in the area may warrant limiting its use in future revegetation work.  Unless the 

objective of the project is to provide sources of browse for these species or it can be 

Mature Alnus crispa ssp. sinuata or Sitka alder were identified at the borders of other 

drawdown sites and was planted extensively as part of the revegetation program discussed 

here.  The nitrogen fixing abilities of Alnus species provide a critical ecological service th

potentially mitigates the soil fertility issues identified in the soils analysis (H

19

 

 

p



  82 

protected from the impacts of herbivory using screens or other devices, this species should be 

used in limited quantities.  Its apparent scarcity in the lower elevations of the drawdown 

is cause for further investigation, particularly its relationship to soil conditions.  

 

zone 

Lonicera 

Lonicera involucrata or black twinberry was only identified once in the drawdown zone and 

was considered to be a vigourous mature specimen.  It was found growing on the east side of 

 

It is not a species that is customarily used for revegetation work in this region, which may be 

the result of its negative response to handling, unique form, or potentially poisonous berries.  

It was chosen for testing here for the above reasons, which were seen as an opportunity to 

support either increased or continued limited application.  This species may assist in meeting 

g criteria set forth by the provincial government (BC MELP, 1998a) that suggests 

e use of a minimum of 50% fruit-bearing species.  Unfortunately, there are few species 

identified as fruit-bearing native trees and shrubs that can tolerate periodic flooding (e.g., 

Malus fusca, C. stolonifera, and Rubus spectabilis).  It is therefore of interest to identify 

other potential species such as L. involucrata which is not currently on the recommended 

species list (BC MELP, 1998a).   

  

one of the hummocks of the Islands habitat in rubbly substrates.  The seedlings planted

required careful handling revealing the brittle nature of the young wood, especially at the 

nodes.  It was found to be slow growing and, as mentioned previously, in a highly twisted 

branching form.   

 

the plantin

 

th
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Thuja and Tsuga 
 
Another criteria recommended for riparian revegetation in British Columbia is the use of at 

least 10% but not more than 25% of the total planting stock as conifer species.  This is a 

r work in the drawdown zone where only Thuja plicata (western red cedar) and 

lar to 

 of 

nce for flooding is expected to slow or eliminate its continued 

stablishment once a more typical regime returns.  

 

 

 

ies 

ticola (western white pine), Pinus contorta var. contorta 

hore pine), or Picea sitchensis (Sitka spruce) should be considered as plant materials for 

revegetation of the upper elevations of the drawdown zone in limited quantities. 

challenge fo

Tsuga heterophylla (western hemlock) are listed as tolerant of wet soil growth conditions.  

Pseudotsuga menziesii or Douglas-fir was observed throughout the exposed areas of the 

drawdown during the periods of low water levels as newly regenerating seedlings.  Simi

A. rubra, P. menziesii is considered a pioneer that regenerates quickly to invade disturbed 

areas.  Although its preference for drier site conditions was suitable for the growing season

2002, its low tolera

e

T. heterophylla is a dominant species in many of the ecosystems adjacent to the site and has 

demonstrated its ability to establish in the upper elevations of the drawdown zone.  It is not

considered to be tolerant of long periods of saturated soil conditions particularly during 

growing temperatures (Walters et al., 1980; Minore, 1968).  Therefore, it is anticipated that 

its success in the fluctuating hydrology of the Buttle Lake shoreline will be limited at best

despite its performance during atypical conditions of 2002.  It was primarily planted as a 

reference species that would perhaps illustrate the flooding tolerance of the other test spec

through comparison.  In accordance with the planting criteria, T. heterophylla or alternate 

conifer species such as Pinus mon

 

(s
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Alternatively, T. plicata is expected to have success in upper elevations of the drawdown 

zone due to its documented ability to withstand periodic flooding.  The greater challenge for 

T. plicata seedlings in getting established may be the impacts of herbivory, which were 

observed at the site.  Similar to the C. stolonifera, T. plicata is a preferred forage material for 

both Roosevelt elk and Columbian black tailed deer.  The young shoots are particularly 

favoured by these ungulates, and the seedling top or leader, therefore, must be protected 

ensure continued growth.  Several protective devices have been designed to address this 

problem and many are considered to be successful based on extensive trials and experience 

(Conner, Inabinette, and Brantley, 2000).  The enclosed environment of the shelter may also 

create a greenhouse effect that can accelerate seedling growth (Conner et al., 2000).  The cost 

of obtaining, installing, and maintaining these shelters are the major deterrents to their use; 

 

o 

 impacts 

 

however, in this setting, the relatively easy site access for maintenance activities and 

consideration of the provincial recommendations may justify the protection of the T. plicata 

seedlings. 

 

Other Species 

A number of other native tree and shrub seedling species have been planted in the upper 

elevations of the drawdown zone as part of the revegetation program, both in the spring and 

fall of 2002 (see Appendix E).  Many of these seedlings planted in the spring 2002 appear t

have been similarly impacted by a possible the lack of adequate moisture described in 

previous section(s). This indicates that the selected research plots are representative 

indicators of the larger plantation and environmental conditions at the site.  These
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were surely enhanced by the planting of species that are generally adapted to moist, flood-

ing 

r 

One area of interest will be any information that reveals species or planting methods that 

might improve performance in the Shoreline habitat where established grass and sedge 

communities are a source of potential competition.  There is a possibility that these flood 

tolerant herbaceous species may help to facilitate the growth of woody plant species that can 

access the more-aerated rhizosphere15 associated with these wetland plants, during periods of 

inundation (Cronk and Fennessy, 2001).   

  
ther interests will include experimenting with species that have been identified by the study 

able for planting in the drawdown zone.  The use of Myrica gale or sweet 

rials 

 ability 

                                                

prone habitats.   However, a relatively moderate percentage (greater than 50%) that were 

visible above 219 m have endured this and the inundation effects of high water levels 

through the winter of 2002-2003.  A more complete assessment of the survivorship is be

conducted in May 2003, approximately one year from the date of the original planting.  It is 

anticipated that this assessment will reveal some of the major causes of injury or death fo

these seedlings and provide insight on the environmental dynamics and planting 

methodologies requiring further research.   

 

O

as potentially suit

gale, specifically, looks to be well suited to future works that may address the screening 

issues around the remnant stump materials.  Myrica gale is another species that has nitrogen-

fixing abilities and has been recently identified at a shoreline site nearby.  This species is 

grown in limited quantities in commercial nurseries that specialize in native plant mate

and consequentially requires advance arrangements.  Its suitability is derived from its

 

 
15 the subsurface region of the soil that surrounds the roots 
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to withstand long periods of flooding, which could be facilitated by the upward growth of i

roots toward the more aerated surface soils during inundation (Jackson, 1990). 

 

ts 

The use of a diverse collection of species and plant materials addresses one aspect of an 

ecological sustainability approach that is supported by the literature (Manci, 1989).  

Although the heightened variability in environmental conditions observed at this site is 

recognized as a limiting factor for many species and seedling growth in general, the diversity 

of species planted should better enable an evaluation of which species are best suited to 

establishment in this dynamic ecosystem. 

Another area that is relevant to the development of the revegetation strategy is the planting of 

herbaceous species. Once the woody materials can establish and begin to trap sediment, the 

herbaceous species can then be established through a variety of methods such as seeding, 

transplant and other bioengineered solutions (Carr, unpublished proposal, 2003).  

Alternatively, a natural re-establishment of herbaceous species might be facilitated by a 

young, growing tree canopy, which emphasizes the importance of monitoring natural 

 

program.  This project was endowed with the benefits of a highly experienced planting crew 

  

 

succession in future studies.  This component of the revegetation plan has been thoroughly 

covered in an unpublished report by this author submitted for completion of a Diploma in 

Restoration of Natural Systems at the University of Victoria in spring 2003. 

 

Planting Methods 

Challenges associated with the climate and hydrology variables have emphasized the 

importance of ensuring the highest standards possible in the planting phase of a revegetation 
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that maintained keen interest and knowledge of both the plant materials and natural 

conditions associated with the frequently difficult terrain (e.g., sorted angular rock) of the 

lanting site. The regular planting shovel used widely in British Columbia was the most 

commonly used tool in the project; however, a dibble with shovel handle appeared to be best 

suited to the more recent planting of willow cuttings.   

  

o 

idespread application based on the limited nature 

 the soils analysis conducted in 2002 (Fischenich, 2001). 

 

Monitoring 

Relevant temporal and spatial scales must be at the foundation of a monitoring program 

design.  These investigations should attempt to incorporate the standard practices of other 

research efforts to enhance the transfer of information, seek to identify indicators that 

accurately measure the performance of achieving the stated objective(s), and be both 

reasonable and relevant to the research setting of the project. 

eally, ecological monitoring is most effective with more regular and long-term 

99).  However, a realistic approach endeavours to be equally as 

ditions, 

 

p

The application of fertilizer has been considered and should be revisited based on the results 

of the monitoring over the next two years.  Soil testing should be conducted again prior t

either the use of fertilizer tabs or a more w

of

 

Monitoring Schedule 
 
Id

investigations (Noss, 19

 

effective in monitoring according to a schedule that is most appropriate to the site con

the researcher, and the project funding.  A monitoring schedule is proposed (see Appendix H)

that allows for the timely collection of information, and periodic reporting to drive an 
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adaptive management approach.  This aspect has been identified as fundamental by t

with insight gained from many years of reservoir revegetation experience (Allen and Klimas, 

1986; Carr et al., 2000).  This schedule is framed within the ongoing support of the applie

research component, emphasizing that continual support of the annual monitoring pattern, 

wherever possible, is needed. 

hose 

d 

Monitoring Standards 

The monitoring program should establish standards of practice that are recognizable by other 

researchers in the field and provide the greatest possibility for an exchange of the 

information.  Such standards currently exist at the provincial, national, and international level 

5).  The requirements of these standards should be both appropriate to the 

bilities of the researcher and assistance, research equipment, and funding.  The British 

Columbia provincial standards (see BC MELP, 1998b; HMC, 1996) were utilized for the 

limited ecological investigations in 2002 that sought to establish a baseline.  A review of the 

Terrestrial Vegetation Biodiversity Monitoring Protocols of the Ecological Monitoring and 

Assessment Network (EMAN) suggest that these protocols would be equally as suitable (see 

Roberts-Pichette and Gillespie, 1999).  Future research activities should incorporate this 

ent of a more comprehensive investigation of natural 

 

nd 

 

 

(Freedman, 199

a

information into the developm

 

succession. 

 

Photopoint Monitoring 

The use of pictures to show temporal changes is becoming more widely applied as a tool for 

environmental management.  Documenting landscape changes over seasonal, annual, a
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longer time periods enable a wide audience an opportunity to rapidly recognize the 

successional patterns visible in nature.  By systematically recording these reference images in 

a uniform way, the altered elements become more readily familiar and tangible. 

  
Three photopoint monitoring stations have been established at the Buttle Lake revegetation 

research site as an important component of the overall monitoring program.  The intention is 

to catalogue both the natural successional and restorative changes that are occurring, and 

escribe any improvements to the aesthetics of the site.  Additional photopoint stations and 

the maintenance of the existing ones should be considered as part of the multiyear research 

program.    

    

Indicators of Seedling Performance 

The data from caliper and height measurement is proposed as the optimal indicators of 

seedling growth in response to the research site conditions.  The intended use of this 

quantitative set of data is ideally to be plotted against the quantified inundation pattern 

(timing, depth, and duration) of the Buttle Lake drawdown zone according to the elevation of 

the planted seedling.  In the absence of the inundation effect, the data sets continue to serve 

the role of measuring the growth response of the seedling in a more qualitative fashion.   

 
ce of collecting and analyzing the data has formed the judgement that the caliper 

easurement is more reliable than height, regardless of environmental conditions.  Two 

atterns of growth between species and the impact of herbivory 

et 

d

 

The experien

m

reasons are that the varied p

 

appeared to diminished the function of this measurement as an accurate representation of the 

seedling’s ability to grow, at least in a cursory perspective.  The height measurement data s
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is a useful descriptor though and should continue to be monitored and measured as a

parameter of growth. 

 

 

Both the change in caliper and height data sets did not have normal distributions. The data 

ll 

o SPSS®); however, non-parametric (rank correlation coefficient) analysis may 

ve to be more appropriate.  As the research proceeds, these procedures should be 

Similar experiments have commonly used biomass as the primary measure of growth, but 

this requires the harvesting of the plant thus ending the plant’s growth and future 

measurement opportunity.  These activities can clearly be seen as contrary to the applied 

objectives of the research.  A description of alternate methods, such as a calculation of 

seedling biomass from caliper and height measurements could not be located.  

 
lthough soil moisture data collected was not considered reliable due to problems with the 

equipment, it is a particularly important measurement in the absence of inundation.  The 

future collection of soil moisture data should be both reviewed and completed along with the 

assessment and measurement procedures in the research plots if feasible.  Qualitative 

assessments may have to be expanded or refined according to observations in the field, 

sets were transformed using the logarithmic function to normalize the distribution for the 

variation requirements of ANOVA testing.  The new values revealed an improvement in 

distribution of log caliper change (Z = 1.702) and log of height change (Z = 1.580), but sti

considered outside of the variation assumption.  The General Linear Model® (GLM) 

univariate analysis is considered to be reliable even in the absence of normal distribution 

(according t

pro

reviewed to determine their effectiveness. 

    

 

A
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specifically to capture the phenology16 of the seedlings as they mature.  The monitorin

the planted materials o

g of 

utside of the research plots should be used to both refine and 

ccentuate the research findings.  The fall 2002 planting should also be assessed to gather 

more information on the general performance of various species and other planting methods 

(elevations, associations, and microsites).  A set of assessment criteria should be developed 

to more effectively document the experience of various planting methodologies. 

  
 

g 

 such as the improvement of Roosevelt elk forage 

he Thelwood Valley.  These performance measures must be regularly reviewed for their 

efficacy concurrently with research findings. 

 

Other measurements exist beyond the scope of this research project that may be useful for 

evaluating how effectively site objectives are achieved.  Measurements of changes to both 

 

ent 
                                                

a

Performance measures should be developed to incorporate existing measurements and

provide information on the ability of the site revegetation management activities to 

accomplish the stated objectives.  These performance measures should be developed in 

coordination with research and other activities, or be adapted from existing monitorin

programs that have similar ecological goals

in t

Site-Specific Objectives for Further Research 
 

fish habitat and aesthetics should be modelled to define the objectives more concretely.  The

modelling should be a simple procedure that attempts to outline the existing condition 

(baseline) of the objectives, current or planned monitoring programs, and potential 

performance measures.  Modelling has been initiated through discussions with 

representatives from a variety of relevant perspectives (e.g. Government of BC, Governm

 

 
16 the timing and other aspects of periodic events, such as flowering in plants, in accordance with the effect of 
climate or other environmental factors 
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of Canada, and BC Hydro) to scope relevant issues.  These perspectives need to be 

incorporated more formally, along with defining criteria, through ongoing consultati

stakeholder representatives from the Government of British Columbia, BC Hydro, Boliden

the academic community, and the public.  A number of programs both within British 

Columbia and elsewhere rely on this clarification to improve both the monitoring and 

ultimately the performance of their activities (e.g., Water Use Planning, Watershe

on with 

, 

d-Based 

sh Sustainability Planning, Bridge-Coastal Fish & Wildlife Restoration Program). 

   

Fish Habitat Creation or Enhancement 

The effects of the revegetation efforts at south Buttle Lake on fish habitat have not been 

measured as part of the experimental design.  A vast amount of research has been conducted 

on the aquatic life of Buttle Lake demonstrating that improvements in water quality have had 

a recognizable effect on the overall health of the system (St-Cyr et al., 1997). The creation or 

enhancement of fish habitat is considered an important element to support potential fish 

t 

  

d 

 and fish 

mmary of 

.  

Fi

 

population increases. 

 
Habitat use of the resident fish populations have not been clearly defined.  The developmen

of a baseline of fish habitat or fish activities in the research area has been initiated through 

consultation with the representatives of the B.C. Ministry of Water, Land, and Air Protection.

A wealth of information exists in the database files from over 10 years of snorkelling an

netting observations collected by the B.C. Ministry responsible for protection of fish

habitat (currently the B.C. Ministry of Water, Land and Air Protection).  The su

these files may reveal more insight into the use of the littoral zone of Buttle Lake by the 

 

resident salmonids, prickly stickleback and sculpin (P. Law, personal communication, 2003)
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The increased densities of fish at the reef structures created with the remnant stumps

that improvements in structure or complexity enhances fish habitat, predominantly for 

juvenile fish (MacKay, 1995). 

  

 suggest 

Mature woody vegetation at or near water’s edge is a similar improvement to cover and 

structural complexity.  Revegetation should also result in improvements in the microclimate 

of the littoral zone, nutrients contributed to the aquatic and littoral zone, and habitats 

available for terrestrial and aquatic insects and other invertebrates (Golder, 2001).  These 

effects could be measured in terms of fish habitat as the observed change in density or 

umber of both individuals and species, as part on the current monitoring program of the 

provincial government. Baseline measurements of these parameters need to be developed that 

could be potentially established from the existing database and data collected in the near 

future.   

  
t 

ature, surveys of insect or invertebrate populations).  However, these 

arameters, as reported by Compass Resources et al. (2000) may not be as revealing as direct 

measurements of fish activities, habitats, or populations (e.g., density and number). 

 

Aesthetic Improvements 

Review of the limited literature on aesthetics reveals that new concepts of aesthetics are 

emerging and attempting to address concerns with ecological function and structure (Parsons 

and Daniel, 2002).  These new concepts include a shift in the evaluation of landscape 

aesthetics away from a purely visual/perceptual basis to methods that recognize elements of 

n

Specific measures that quantify parameter changes should also be developed (e.g., nutrien

analysis, water temper

p
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ecological understanding.  Aesthetics is a secondary objective in this study and some of the 

issues of ecological aesthetics are addressed through the focus on the primary objective

creation and enhancement of ec

 of 

ologically-sustainable fish habitat.  Ecological aesthetics 

uld likely be enhanced by educating observers (e.g., signage) about the ecological 

dynamics of past, present, or future activities that have modified the landscape of south 

Buttle Lake. 

  

ed the 

C MELP, 1993).  Aesthetics improvements of the viewshed17 of the Thelwood 

reek Bridge viewing area should address the visual impact of the drawdown zone, which is 

in the foreground of the views north.  The revegetation of the drawdown zone is intended to 

diminish the visual salience18 of the remnant stumps as the growth of woody vegetation 

begins to screen these elements from view.  The Island habitat of the western bay is the most 

visually impacted by the presence of stumps at visible elevations.  The effect of the screening 

is anticipated to develop the intactness19 and unity20 of the overall visual experience while 

ot degrading the vividness of the Buttle Lake valley in the background.   

co

The aesthetic concern associated with the drawdown zone has been clearly defined; the 

combination of sparse vegetation, debris from flooding and remnant stumps has degrad

visual quality (Strathcona Provincial Park Advisory Committee, 1988; Carr et al., 2000). 

Based on the understanding of the park visitor through previous surveys conducted by BC 

Parks it can be expected that an improvement in the scenic value of south Buttle Lake is 

desired (B

C

n

 

                                                 
17 total visible area from a single observer position, or the total visible area from multiple observer positions 

 the degree to which an object, feature, or condition is noticeable or prominent in a landscape scene 
19 the integrity of visual order in the natural and human modified landscape, and the extent to which the 

20 the degree to which the visual resources of the landscape join together to form a coherent, harmonious visual 

18

landscape is free from visual encroachment 

pattern 
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Measurement of these improvements can thus be accomplished by establishing the baseline 

of the visual salience of the remnant stumps and then subsequently comparing the salience 

within a relevant time frame (Federal Highway Administration, 1988).  The baseline and 

subsequent measures should employ photopoint monitoring methods to compare, document 

and illustrate and the effect of revegetation.  Using the measurements of change in height for 

the Islands habitat at the 219 m elevation contour, it can be estimated that, by 2005, 

 

Direct revegetation of the stumps not found within the Plantable Areas but visible at 

elevations above 218 m should be reviewed in 2003.  The suggested method is to create a 

cavity in the stump where a seedling and soil material could be planted and then to secure 

these materials by suitable means (i.e., stapled chicken wire or Vexar®) (B. Simmons, 

personal communication, 2002).  Species selected for this revegetation method should be 

very tolerant of flooding due to the elevations of the stumps (e.g., Myrica Gale).  Similar 

methods of aesthetic improvement assessment, as described above, should be employed for 

such revegetation efforts.  

 

 

surviving seedlings should be approximately 50 cm to 100 cm.  The initial effects of 

screening stumps within the Plantable Areas polygons should be occurring by that stage and 

an assessment of this process, at that time, would allow a better estimate of the timeline of

continued benefits or the need for alternate strategies (i.e., revegetation methods or stump 

removal). 
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Ecological Sustainability 
 

as 

e 

 

ay as to balance or harmonize the most significant factors for as long as 

nceivably possible.  A recent technical review produced by The Wildlife Society (2002) 

examines Performance Measures for Ecosystem Management and Ecological Sustainability 

in great depth and provided the major conceptual framework that the following discussion is 

based.   

 

s in question (The Wildlife Society, 2002).  The environmental 

ynamics are customarily resolved through comparison to comprehensive studies of 

reference sites over long periods of time.  This research identifies the characteristic 

interaction between the biotic and abiotic components of the site or series of sites.   

Ecological sustainability is an idealized goal of environmental management which must be 

accomplished within the context of spheres of influence that are commonly characterized 

ecological, social, and economic (The Wildlife Society, 2002).  An understanding of the key 

factors within these spheres of influence allows an environmental management strategy to 

evolve that addresses concerns and related objectives.  This is an inherently subjectiv

process that further seeks to prioritize a set of recognized interests, often based on a 

combination of the degree of concern and available knowledge and resources to address the 

problem (National Research Council, 2002).  The sustainability aspect of environmental 

management is therefore centered on the challenge of planning and implementing activities

in such a w

co

Ecological sustainability requires an ability to support and encourage the natural dynamic 

state of ecosystems and their associated functions, in perpetuity.  This ability implies an 

understanding of the environmental dynamics and the composition, structure, function, and 

processes of the ecosystem

 

d
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The biogeoclimatic zone classification (BEC) system used in British Columbia represents a 

 

f 

 

The functions of ecosystems are customarily identified through observations of the 

interactions of composition and structure.  Functions often dictate what composition and 

structure will be observed within an ecosystem and are determined by an understanding of 

both biological (e.g., photosynthesis) and physical processes (e.g., sedimentation)(The 

Wildlife Society, 2002).   

 

e.g., succession) changes that occur in that setting.  These processes are often 

amed within a “historical range of variability” (The Wildlife Society, 2002, p. 4) that 

estimates whether the type of disturbance is representative of what the ecosystem has 

experienced in previous period of time.  The Wildlife Society (2002) states that this period of 

time should be characterized by relatively consistent conditions so that it can be used to 

characterize the magnitude, frequency, and intensity of present disturbance events or 

patterns. 

 

method of synthesizing the systematic collection of information about observed 

environmental dynamics.  The BEC system demonstrates that this information can be used to

effectively estimate the composition of indicative plant species of the ecosystems found in 

certain geographic locations (within BC) (Green and Klinka, 1994).  Further examination o

species composition can aid in describing the three-dimensional form or structure of the

ecosystem.   

 

Ecosystem processes refer to the disturbance regimes of both catastrophic (e.g., flood) and 

gradual (

 

fr
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Ecological changes that result from environmental management practices or lack thereof can 

only be effectively measured through the application of an appropriate monitoring program.  

The information gathered from these activities must effectively describe these changes by 

identifying variables that are directly related to the ecosystem composition, structure, 

function, and processes.  Variables are considered useful indicators when measurements can 

be correlated with anticipated and observed ecosystem changes (Noss, 1999). 

 
erstanding, performance measures can be defined to provide an assessment of 

e relative sustainability of environmental management practices.  These performance 

measures can be defined at varying levels of ecosystem organization from the genetic to 

species to ecosystem to landscape scales (The Wildlife Society, 2002).  A wide variety of 

measurements can be made that vary according to the hierarchical level being examined and 

can be filtered to refine a manageable set of performance criteria.   

 
cosystems that experience disturbance outside of the historical range of variability are 

considered highly modified.  For highly modified ecosystems like the drawdown zone of 

Buttle Lake, a set of performance criteria should be correspondingly modified to fit both the 

environmental goals of the immediate area and the surrounding landscape.  The Wildlife 

Society (2002) suggests that these modified areas can be managed as a matrix that are within 

or envelope more natural ecosystems.  This matrix can beneficially function by providing 

habitat for native species, passage between natural areas (corridors), and ecosystem 

components that might facilitate recovery from disturbances (The Wildlife Society, 2002).  

Performance measures should therefore assess whether the current environmental 

management practices support similarly defined goals and objectives under the modified 

With this und

th

 

E
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disturbance regime.  Thus, the sustainability of these practices can be assessed according to 

the ability to achieve these objectives for the duration of ecosystem modification without 

requiring continuous input.
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CONCLUSION 

This study has examined the
 

 extensive field of information relevant to the research question 

of what methods of revegetation will best ensure that ecological sustainability of drawdown 

zones as they relate to the creation or enhancement of fish habitat and improved aesthetics.    

By organizing the fundamental ecological functions and processes in a dialogue of what is 

known and what is needed, the complexity of the research question has been simplified.  This 

has been a formidable task, given the experimental challenges encountered and the wide 

arena in which relevant current and previous findings are found.  Based on this experience, a 

better appreciation of the guidance offered by past and current practitioners has evolved.   

 
The summary of the information available to date has highlighted a resounding wealth of 

knowledge that is presently limited by its lack of congruence and overly focused nature.  The 

study of the responses of plants to highly modified conditions is considered important to the 

advance of the literature.  As Rodriguez-Iturbe (2000) has suggested, the description of these 

dynamics is crucial to the interdisciplinary development of fields such as ecophysiology and 

ecohydrology.  These fields are emerging as valuable pursuits in addressing the applied 

challenges of dramatic ecological modifications such as those anticipated from global climate 

change. 

 
Research Conclusions 
 
The findings of this study were supportive of field observations, which described 

characteristics of drawdown vegetation including outplanted seedlings responding to 

moisture stress.  This moisture stress was the result of low reservoir levels according to an 
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atypical regime in 2002.  Stress was significantly higher in the Shoreline versus the Island 

habitat type due to competition with existing vegetation communities.  Increases in growth 

Species effects were diverse and complex, allowing for only preliminary conclusions about 

the performance of species.  Field observations of S. sitchensis growing in numerous 

locations at lower elevations of the drawdown zone suggest that it should perform better than 

most in this setting.  The literature strongly supports the use of dormant cuttings for Salix 

spp. and a number of guidelines can be found in the review of those collected findings.   A 

Species such as C. stolonifera and T. plicata have characteristics that are important to 

recommendations of the provincial government and appear to be ecologically suited to these 

site conditions.  However, the impacts of forage by elk and deer were demonstrated to have 

an effect on their performance and it is recommended that the use of browse protectors be 

reviewed. 

All seedlings planted to date should be monitored according to a schedule recommended in 

 and 

ented 

 

and decrease in stress were associated with the lower elevations in the design and contrasted 

what would be expected under the more typical flooded hydrological regime of the research 

setting.   

 

growing field of technical and mechanical advances in the tools used for planting has also 

been acknowledged in the thesis and should be periodically reviewed in accordance with the 

ongoing monitoring and identified future needs.  

 

 

 

this study.  These findings should serve to augment the future experimental results

conclusions.  Revegetation strategies as part of the overall program should be implem

as early as possible to address habitat compensation timelines and an adaptive management



  101 

approach.  Monitoring of those sites that are not revegetated is an important reference 

(baseline) to evaluate the performance of unique strategies. 

 
The experimental design was robust enough to withstand unpredictable environmental 

conditions (very low water levels) and still provide useful insight.  Some concerns with the 

measurements and methods have been discussed in previous sections and should be reviewed 

•        plot distribution between the factors and the remaining plant numbers subsequent to 

survivorship impacts;  

• resolving the issues of comparisons between experimental findings within the study and 

the assessment of the concurrent revegetation program 

 
 

sues that have emerged through this research process related to environmental management 

are as follows:  

 

nition of value of field-based observations by colleagues working in the 

laboratories of plant physiology and ecohydrological modelling research; 

problems related to the revegetation of drawdown zones; 

        nd, 

as the larger study continues.  Particular experimental design concerns are: 

  

•        mathematical manipulation of height and caliper data into a measure of seedling biomass 

or growth, and incorporation of a value for phenological assessments; and 

        

 
Environmental Management Issues

Is

•        the importance of the primary relationship between geology, hydrology, and climate as 

the platform from which to study ecological problems, including the mutual 

recog

•

 

        the significance of an adaptive management approach in addressing complex ecological 

• the necessity of defining the objectives of the environmental management strategy a

consequently, the establishment of a baseline to measure performance; 
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•        the value of ecological monitoring for gaining insight into natural processes and the

associated need for a clear definition of the temporal a

 

nd spatial scale; and 

•        the critical need for improving communication between researchers, management, 

  

wdown zone 

vironment is highly dynamic and poses formidable challenges to restorative activities.  The 

opportunities for learning and implementing technology that comes from both well-

of thi owing 

under riparian vegetation. 

 

 
“The riparian zone is an essential part of the [lake]21 system and  

 
97, p. 116) 

                                                

consultants, contractors, government agencies, and the public whenever possible. 

With these themes in mind, and application of findings from this study and the overall 

project, future managers and researchers should be readily equipped to design a revegetation 

strategy that ensures maximized success.  As illustrated in this study, the dra

en

established cultural practices and state-of-the-art sources are vast in this setting.  At the close 

s chapter it is only fitting to suggest that we are only at the beginning of a gr

standing of the physiology, function, and importance of 

 

 
 
 

 

an emblem of the artistic soul of human beings” 

(Leopold, 19

 

 
21 the word river has been substituted with lake for purposes relevant to the thesis setting 
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n aerial photograph of south Buttle Lake depicting the research site area.  
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APPENDIX A 

A
Photograph taken in August 1980 where approximate water level was 218.8 m asl

phic Data, 1979).  

  

 

 

 
 

 
 

 
 

 

 
 

 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 
 

 
 



 B-1

APPENDIX B 

 
Map depicting plantable areas and rock cover polygons with corresponding a
calculations (from Golder, 2001). (Approximate scale 1:500)   
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APPENDIX C 

 
Map depicting research site and survey locations that define the lower corners of 
research plots. Created in ArcView® Version 3.2a (Approximat

the 
e scale 1:400) 
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APPENDIX D 

 
A landscape view of the hydrograph of water levels as recorded at Strathcona Dam for 
the period 1963 – 2002 (data from BC Hydro). 
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APPENDIX E 

 
A species list for plants identified at approximate elevation range, levels of occurrence, 
and habitat type in 2002 (See notes below). 
 

Habitat Type Elevation  
Range Occurrence Scientific Name Common Name 

TREE SPECIES 
Gymnosperms 

Island/Shoreline 221+ 3*s Tsuga heterophylla western hemlock 
Island/Shoreline 220+ 1*s Thuja plicata  western red cedar 
Island/Shoreline 221+ 2 Pseudotsuga menziesii  Douglas fir 

Angiosperms 
Shoreline/Island 219+ 3*s+f Alnus rubra  red alder 

Shoreline 221- 225 2*s+f Acer macrophyllum  big leaf maple 
Shoreline 219 - 222 1*s+f Alnus crispa ssp. sinuata  sitka alder 

    * Crataegus douglasii  black hawthorn 
    * Populus trichocarpa  black cottonwood 
    * Malus fusca  Pacific crab apple 
    * Rhamnus purshiana  cascara 

SHRUB SPECIES 
Island/Shoreline 219 - 223 4*s+f Salix sitchensis Sitka willow 
Island/Shoreline 219 - 221 1*s+f Salix hookeriana  Hooker willow 

Shoreline 219 - 220 1*s Spiraea douglasii hardhack 
Island/Shoreline 219 - 221 1*s Physocarpus capitatus Pacific ninebark 
Island/Shoreline  220 - 223  1*s+f Cornus stolonifera  red osier dogwood 
Island/Shoreline 220 - 223 1*f Rosa nutkana Nootka rose 

Island 220+ 1*s+f Lonicera involucrata black twinberry  
Island/Shoreline 221+ 2*f Vaccinium parvifolium red huckleberry 
Island/Shoreline 221+ 1*f Vaccinium membranaceum black huckleberry  

    *f Vaccinium ovalifolium oval-leaved blueberry 
    *f Sambucus racemosa red elderberry 
    *f Salix lasiandra  Pacific willow 
    *s+f Rubus spectabilis salmonberry 
    *f Rubus leucodermis black raspberry 
    *f Symphoricarpos albus snowberry 
    *f Oemlaria cerasiformis Indian Plum 
    *f Sambucus cerulea blue elderberry 

Island/Shoreline 220+ 2 Rubus ursinus trailing blackberry 
Island 221+ 1 Mahonia aquifolium tall Oregon grape 

Shoreline/Island 223+ 1 Acer glabrum Douglas maple 
Island 223+ 1 Cytisus scoparius Scotch broom 
Island 221+ 1 Gaultheria shallon salal 

Island/Shoreline 220 - 225 1 Amelanchier alnifolia Saskatoon  
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Habitat Type Elevation 
Range Occurrence Scientific Name Common Name 

GRASS SPECIES 

Shoreline/Island 218 - 220 3/2 
Deschampsia cespitosa ssp. 

beringensis tufted hairgrass  
Shoreline 218 - 222 2 Alopecurus sp. foxtail sp. (timothy) 
Shoreline 219 - 222 2 Agrostis aequivalvis Alaska bentgrass  

Island/Shoreline 219 - 221 1 Poa sp. bluegrass species 
Island/Shoreline 219 - 221 1 Poa sp. bluegrass species 
Island/Shoreline 219 - 221 1 Poa sp. bluegrass species 

Island 219 - 221   Holcus lanatus common velvet-grass
SEDGE SPECIES 

Shoreline 217 - 222 3 Carex kelloggii (Carex lenticularis) Kellogg's sedge 
Shoreline 217 - 222 2 Carex rostrata beaked Sedge  
Shoreline 217 - 220 2 Carex limosa shore sedge 

Island 218 - 220 1 Carex anthoxanthea yellow-flowered sedge
RUSH SPECIES 

Shoreline 217 - 219 2 Juncus effusus L. soft rush 
Shoreline 217 - 220 3 Juncus ensifolius dagger leaved rush 
Shoreline 217 - 220 2 Juncus drummondii  Drummond's rush 
Shoreline 217 - 220 1 Juncus sp.   

AMPHIBIOUS SPECIES 

Shoreline/Island 215 -221 4 Ranunculus flammula  
lesser spearwort 

(creeping) 

Shoreline/Island 215 -221 4 Myosotis laxa 
small-flowered forget-

me-not 
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Habitat Type Elevation 
Range Occurrence Scientific Name Common Name 

HERBACEOUS SPECIES 
Shoreline/Island 218 - 221 3 Rumex crispus curled dock  

Shoreline 220 - 222 2 Taraxacum officinale dandelion 
Shoreline 219 - 222 1 Cirsium edule edible thistle 
Shoreline 219 - 222 1 Cirsium vulgare bull thistle 
Shoreline 219 - 221 1 Polygonum sp.  smartweed 
Shoreline 219 - 221 1 Arnica amplexicaulis streambank arnica  
Shoreline 218 - 220 1 Galium trifidum small bedstraw 
Shoreline 218 - 220 1 Prunella vulgaris self-heal 

Shoreline/Island 219 - 221 1 Epilobium brachycarpum tall annual willow-herb 
Island/Shoreline 219 - 221 2 Mentha arvensis field mint 
Island/Shoreline 219 - 221 2 Hypochaeris glabra smooth cat’s ear 

Island 219 - 221 2 Epilobium angustifolium fireweed 
Island 219 - 223 1 Crepis capillaris smooth hawksbeard 
Island 218 - 219 2 Polygonum minimum  leafy dwarf knotweed 
Island 218 - 219 1 Epilobium ciliatum purple-leaved willowherb
Island 218 - 219 1 Rorippa curvisilqua western yellow cress 
Island 220 - 221 1 Hypericum perforatum common St. John’s wort
Island 220 - 221 1 Saxifraga occidentalis western saxifrage 
Island 220 - 223 2 Anaphalis margaritacea pearly everlasting 

Island 220 - 223 1 Hieracium albiflorum 
white-flowered 

hawkweed 
Island 220 - 223 1 Leucanthemum vulgare oxeye daisy 
Island 220+ 1 Equisetum arvense common horsetail 
Island 220+ 1 Lactuca muralis wall lettuce  
Island 220+ 1 Fragaria vesca woodland strawberry 
Island 221+ 2 Polystichum munitum sword fern 

MOSS SPECIES 
Shoreline 219+ 3 Pleurozium schreberi big red stem moss 
Shoreline 219+ 3 Polytrichum piliferum awned haircap moss 

 
Notes:  

i. * Marked cells in the Occurrence field indicate species that were planted in 2002 as 
seedlings both in spring (s), in fall (f), and in both seasons (s+f). 

ii. Cells shaded grey indicate species that were planted at the site in 2002, but were not 
identified in the immediate area, although all species planted are considered native 
according to a species list in Brooks (1989). 

iii. Elevation ranges are approximations of the elevations (m) that these species were 
observed. Occurrences are relative measures of occurrence observed in 2002 (1 = rare or 
< 1 %, 2  = somewhat rare or < 5 %, 3 = common or < 10%, 4 = more common or < 20 
%, 5 = very common or < 40%, 6 = abundant or < 80%) 



APPENDIX F 

 
Charts of estimated marginal means for change in seedling caliper measured in 2002 
for each species at each elevation and for each habitat.  Scale of y-axis is in percent. 
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APPENDIX G 

 
Charts of estimated marginal means for change in seedling height measured in 2002 
for each species at each elevation of each habitat.  Scale for y-axis is in percent. 
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APPENDIX H 

 
Proposed ecological monitoring schedule for research site and experimental plots 

2003 – 2005 
 

Timing General Procedure(s) 

May 2003 

Assessment and measurement of research plot plants 
Assessment of other seedlings planted (May 2002 and October 2002) 
Assessment of areas planted 
Photopoint monitoring 

June 2003 

Assessment and measurement of research plot plants 
Preliminary assessment of April 2003 planting  
Design of ecological monitoring plots and collection of information required 
(vegetation, terrain, soils, hydrology, etc.) 
Photopoint monitoring 

July 2003 
Assessment of ecological monitoring plots (plant identification, collection of 
seed for propagation) 
Photopoint monitoring 

August 2003 
Assessment of ecological monitoring plots (plant identification, collection of 
seed for propagation) 
Photopoint monitoring 

October 2003 
Assessment and measurement of research plot plants 
Assessment of April 2003 planting (cuttings) and other seedlings planted 
Photopoint monitoring 

November 2003 

Report findings to research supervisor and sponsor 
Review planting methodologies, monitoring program, and strategies for 
2004 
Secure plant materials if required (for 2004 or 2005) 

March – April 2004 Completion of any scheduled planting 

May 2004 

Assessment and measurement of research plot plants 
Assessment of other materials planted, including estimation of total area 
planted 
Photopoint monitoring 

June 2004 
Assessment and measurement of research plot plants 
Assessment of ecological monitoring plots 
Photopoint monitoring 

July 2004 Assessment of ecological monitoring plots 
Photopoint monitoring 

August 2004 Assessment of ecological monitoring plots 
Photopoint monitoring 

October 2004 

Transfer of monitoring responsibilities to sponsor (training) 
Assessment and measurement of research plot plants 
Assessment of other materials planted, including estimation of total area 
planted 
Photopoint monitoring 

November 2004 

Report findings to research supervisor and sponsor 
Review planting methodologies, monitoring program, and future strategies 
Consultation with government agencies regarding performance in 
achieving objectives of aesthetics and fish habitat 
Secure plant materials if required (for 2005 or 2006) 

 

 


