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Don't it always seem to go 
that you don't know what you got 

till its gone 
they paved paradise 

and put up a parking lot 

Joni Mitchell 



ABSTRACT 

In the vicinity of Churchill, Manitoba dry heath tundra is restricted to 

elevated gravel deposits such as beach ridges and eskers. These sites have 

been utilized for gravel excavation as well as providing suitable sites for building 

and road construction. In the Churchill region 41 3.31 ha of open gravel have 

resulted from human activities, these scar the landscape and reduce the amount 

of undisturbed dry heath tundra (3752.49 ha). 

When left alone these gravel areas may remain devoid of vegetation for 

many decades. The path of succession is dependent on the sire of the 

disturbance and the resulting topography of the site. Redistribution of the 

overburden irnmediately following excavation can greatly improve the natural 

recovery of the site. Where the overburden is no longer available the site 

recovery may be greatly enhanced by fertilizer and seed application using 

Hedysarum mackenzii 

Moisture stress is an important Iimiting factor for tundra vegetation and 

revegetation success. Soil texture can greatly influence moisture holding 

capacity of a site. Snow cover can provide protection from desiccating winter 

winds and increased moisture in spring through melting. This will improve 

seedling survival and lead to increase vegetation cover. 
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CHAPTER 1 
GENERAL INTRODUCTION AND LITERATURE REVlEW 

1 :l INTRODUCTION 

Churchill, Manitoba (58' 47'N 94' 1 I 'W) is an accessible community in the 

subarctic that has been greatly effected by human activity. European settlement 

began in the 18th century with the building of Fort Prince of Wales, continuing 

with construction of the arrny base, rocket launch and construction of residential 

and commercial properties to the present day (Hochbaum 1970, Walker 1970). 

Usually gravel was required for the foundations of buildings and roads to protect 

the underlying permafrost (Ives 1970. Bliss 1970a, Sugden 1982, Bishop and 

Chapin 1989). Gravel has been excavated from beach ridges and from late 

glacial eskers in the vicinity of Churchill. This quarrying has caused 

considerable environmental damage and yet little has been done to alleviate it. 

Gravel excavation requires removal of overlying top sail and vegetation 

(the "overburden") to expose the underlying gravel (a regolith) and allow 

assessrnent of its quality and quantity (Bailey 1981 ). The overburden is 

frequently bumed or left as a heap adjacent to the open pit, and in some cases 

this top soi1 is sold (Bailey 1981 ). Skaller (1 981 ), Bradshaw (1 983) and Street 

(1985) have shown that damage due to quarrying can often be reduced by 

spreading the overburden ont0 the excavation site or the pit when gravel 

extraction has ended. Such treatment would be least expensive if undertaken 



immediately after excavation while heavy earth equiprnent is at the site. 

1:2 OBJECTIVES FOR OETERMINING RESTORATION STRATEGIES FOR 

THE CHURCHILL AREA 

In the vicinity of Churchill, revegetation of the disturbed gravel areas would be 

ecologically beneficial to the presentation and conservation of dry tundra. 

Enhancement of damaged ecosystems would benefit the local ecotourism 

industry. To determine which environmental limitations inhibit natural restoration 

in denuded areas, I designed a research project with four objectives: 

1. To map and estimate damage to dry tundra in the vicinity of Cape Churchill. 

2. To determine the sequence of natural succession in damaged dry tundra. 

3. To compare different revegetation strategies using permanent quadrats in 

selected gravel quarries. 

4. To recomrnend plant species which may be effective and appropriate in the 

restoration of damaged dry tundra, in the Churchill area. 

A more complete understanding of the natural processes occurring on disturbed 

dry tundra and the extent of damage will allow for the implementation of an 

appropriate restoration strategy for the area (Webber and Ives 1978. Bradshaw 

1984. Bradshaw 1987, Cargill and Chapin 1987, Forbes 1992b). 

1 :3 SUCCESSION 

Many successional sequences have been described for post perturbation 

events, for example; after volcanic eruption, island emergence, sand dune 

formations. glacial retreat and during old field succession (Rydin and Borgegard 



1991, Colinvaux 1993, Moral and Wood 1993, Whittaker 1993). Succession is 

defined as replacement of populations in a habitat through a regular progression 

to a stable state (Ricklefs 1990). Each stage or unit in succession is referred to 

as a seral stage (Clements 1928). There is usually a progressive increase in 

ecosystem complexity through the seral stages. This includes general increases 

in diversity, stability and uniformity between areas (Churchill and Hanson 1958). 

1 :3:1 MODELS OF SUCCESSION 

There have been three models of successional change described for 

grass/shrublands; facilitation, tolerance and inhibition (Connell and Slatyer 

1 977, Noble and Slatyer 1980, Cargill and Chapin 1987, Walker and Chapin 

1987. Smith 1992). 

In the "facilitation model", the habitat is modified by the plants and 

benefits those in the next stage (Connell and Slatyer 1977, Bradshaw 1987, 

Begon et al. 1990. Smith 1992). In this model, progression is contingent on - 
cornpletion of the previous seral stage, Le. a relay, fioristic pathway (Connell and 

Slatyer 1977, Noble and Slatyer 1980, Bradshaw 1987, Colinvaux 1993). The 

early arriving pioneers rnodify their environment making it more favourable to 

later species than for themselves (Connell and Slatyer 1977, Cargill and Chapin 

1987, Svoboda and Henry 1987, Begon et al. 1990, Colinvaux 1993, Smith 

1992). For example, the build up of organic matter by early arriving species may 

facilitate soi1 improvement and invasion by later colonizers (Connell and Slatyer 

1977, Colinvaux 1993). On some substrates, such as recently exposed glacial 



till, certain taxa such as Dryas spp., legumes and alders are able to fix nitrogen 

and therefore improve the soi1 nitrogen balance for later successional species 

(Bradshaw 1987, Svoboda and Henry 1987, Begon et a l  1990, Colinvaux 1993). 

In the "tolerance model", habitat modification by early colonizers has little 

direct effect on subsequent species composition (Connell and Slatyer 1977, 

Begon et al. 1990). The later colanizers are able to thrive because of their 

ability to exploit resources or survive should they become limiting regardless of 

the presence of the initial colonizers (Connell and Slatyer 1977, Noble and 

Slatyer 1980, Smith 1992). The resulting community will be made up of species 

able to compete for the resources more effjciently or exploit resources at levels 

that others cannot utilize (Connell and Slatyer 1977, Smith 1992). 

In the "inhibition model" the species which are most likely to invade an 

area first and prevent establishment by later invaders wiil dominate (Connell and 

Slatyer 1977, Begon et al. 1990, Smith 1992). Therefore, pioneer species rnay - 
inhibit establishment by cornpetitive exclusion and as a result rnaintain their own 

dominance in the area (Connell and Slatyer 1977, Noble and Slatyer 1980, 

Cargill and Chapin 1987). 

Succession involves large numbers of simultaneous processes; 

consequently, aspects of al1 three models may function at the same time in a 

given community (Cargill and Chapin 1987, Walker and Chapin 1987, Rydin and 

Borgegard 1991, Smith 1992). The way by which succession proceeds will be 

dependent on the life histories of the colonizing species, their ability to exploit 



the resources, environmental factors, competition and response to herbivory. 

Pickett et al. (1 987) have questioned the validity of retaining the concept of three 

distinct and contrasting mechanisms to describe succession. Instead, they 

prefer to analyse each example with an open mind with respect to the method by 

which it works. 

1 :3:2 TYPES OF SUCCESSION 

There are two types of succession; primary succession and secondary 

succession (Walker and Chapin 1987). "Prirnary succession" is defined as 

occurring on a substrate which had not previously supported a plant community 

(Begon et al. 1990, Smith 1992) and includes sites exposed by glacial retreat, 

emergent islands, sand dunes and lava flows (Begon et al. 1990, Rydin and 

Borgegard 1991, Bliss and Peterson 1992, Smith 1992). 

"Secondary succession" occurs at sites which have been influenced by 

earlier plant communities but, these communities have been partially destroyed 

and succession begins again from the point of disturbance (Clements 1928. 

Begon et al. 1990, Smith 1993). In secondary succession, the organic 

substrates contain dormant seeds and rootstocks which enhance the rate of 

revegetation recovery (Bradshaw 1987, Cargill and Chapin 1 987). Areas likely 

to undergo secondary succession include; abandoned fields, oil exploration 

sites, roadsides, vehicle tracks, areas of industrial development, tundra mud- 

flows, peat harvest sites, forest fire sites and railroad grades (McKendrick 1987. 

Salonen 1990, McFarland et al. 1990, DeSteven 1991, Bliss and Peterson 1992, 



Smith 1992). 

Borrow pits and gravel pads may undergo either primary or çecondary 

succession depending on the presence of propagules in the gravel substrates 

which contain little or no organic soi1 (Cargill and Chapin 1987, Kershaw and 

Kershaw 1987). The removal of al1 organic layers from over the gravel leaves 

substrates similar in nature to glacial till (Cargill and Chapin 1987, Colinvaux 

1993), i.e. in the Churchill region this consists of a mixture of finely ground 

bedrock and stones. 

Succession commences after a catastrophic perturbation or after a 

gradua1 environmental change in the pre-existing ecosystem. Catastrophic 

factors, such as fire. flood and human intervention, may set an area back to an 

earlier sera1 stage. This is known as "deflected succession" (Godwin 1929, 

Churchill and Hanson 1958). The direction of succession will remain constant 

as long as the conditions driving it rernain unchanged. The rate of succession is 

related to environmental influences, e.g. substrate and clirnate characteristics, 

availability of propaules and abundance of herbivores (Gleason 1927). 

1:3:3 CLIMAX 

Climax is the end point of succession when a community is stable, self 

replicating and, without major disturbance it will persist indefinitely (Sigafoos 

1951, Smith 1992). A climax community is often considered to have maximum 

diversity, productivity, soi1 maturity and stability compared to earlier seral stages 

(Whittaker 1953). The concept of climax has been much debated in the 



scientific comrnunity. It may be appropriate to think of succession as a 

movement toward a steady state or equilibrium situation which may never be 

completely attained (Smith 1992). The end result may be a fluctuation about an 

average cornmunity which dominates an area (Whittaker 1953). 

1 :4 TERMiNOLOGY/DEFINITIONS 

It may be useful to define sorne of the frequently used terms to avoid later 

misunderstanding. "Revegetation" is the re-establishment of plant cover on an 

area from which the original vegetation has been partially or completely (Cargill 

and Chapin 1987, McKendrick 1991). "Restoration", on the other hand, is 

concerned with retuming a disturbed area to its pre-disturbance state (Cargill 

and Chapin 1987, McKendrick 1991). Therefore, restoration would utilize local 

native plant species to achieve the natural plant community (Begon et al. 1990). 

"Rehabilitation" involves establishment of a plant community on an area that was 

previously unable to support plant life (McKendrick 1991 ). This is similar to 

"reclamation" in which an attempt is made to re-establish some kind of 

vegetation on a degraded area, transforming the area to sorne socially or 

economically useful condition (Bailey 1981, Bradshaw 1984). The type of 

vegetation used depends on the site characteristics as well as the economic 

costs and benefits (Bradshaw 1984). Abandoned grave1 pads, mine sites, drill 

pads, roadbeds and abandoned airfields make up many of the degraded or 

denuded areas in the arctic (Johnson 1987, Bishop and Chapin 1989). 



1:5 SOL AMENDMENTS AND SEED AVAILABILITY 

Exposed gravel in open pits is a severe habitat for plant colonization 

because of inadequate nutrient supply, extreme temperatures and low moisture 

holding capacity (Grossnickle and Reid 1984, Johnson 1987, Bishop and Chapin 

1989). Artificial modification of topography andfor changes to the substrate may 

make gravel pits more hospitable for colonization (Johnson 1987). Factors 

which limit colonization, include; low mil-rnoistu~e, low nutrient supply, absence 

of organic particles or finer grained mineral particles in the soil, and an 

inadequate seed bank or seed rain (Wilson 1966, Miller 1982, Bradshaw 1983, 

Bradshaw 1984, Shaver and Chapin 1986, Klokk and Ranning 1987, Amalds et 

al. 1987, Svoboda and Henry 1987, Runolfsson 1987, Bishop and Chapin 1989, 

Salonen 1990, Kohn and Stasovski 1990 ). 

1 :5: 1 NUTRIENT AVAILABILITY AND FERTlLlZER TREATMENTS 

Nitrogen and phosphorus are often lirniting in arctic soils (Wilson 1966, 

Haag 1974, Miller 1982, Shaver and Chapin 1986. Klokk and Rmning 1987, 

Truett and Kertell 1992). The application of NPK fertilizer to restore the nutrient 

balance in denuded sites has been undertaken in many studies with positive 

results (Chapin and Chapin 1980, Skriabin 1981, Bradshaw 1983, Gartner et al. 

1983, McKendrick 1991, Schoenholtz et al. 1992). Chapin and Chapin (1 980) 

applied two different fertilizer combinations a high nitrogen cornpound (20:lO:lO) 

and high phosphorous compound (8:32:16) at the rate of 444 kg ha-' to a 

vegetation-free organic mat in a tundra comrnunity dominated by Eriophorum 



vaginatum. Ten years after the initial disturbance and fertilizer application 

complete vegetation cover dominated by Carex spp. and E. vaginatum had 

become established (Chapin and Chapin 1 980). Gartner et al. (1 983) found 

that application of NPKfertilizer (25 g m** as NH,NO,, 25 g m-'P as P,O, and 32 

gm" K as K,O) enhanced recovery by stimulating growth of Carex sp. and grass 

seedlings on disturbed tundra sites. Schoenholtz et al. (1 992) applied inorganic 

N fertilizer for one growing season. The result was improved herbaceous 

biomass on mined soils thereby rninimizing soi1 erosion (Schoenholtz et al. 

1992). Phosphorus fertilizer improves native grass invasion and seedling 

establishment on barren areas (McKendrick 1987). After a 10 year period, 

McKendrick (1 987) found areas without phosphorus fertilizer treatment averaged 

65% canopy cover while fertilized areas had 100% canopy cover. Natural 

recovery of vegetation on disturbed grave1 sites occurred in the absence of 

fertilizer application, although the recovery rate was considerably slower than in - 
treated areas (Chapin and Chapin 1980, Skriabin 1981, McKendrick 1991 ). 

Alternatives to costly fertilizer application exist for augmenting the 

nutrients in soi1 on disturbed areas. Sewage sludge application and planting of 

species which fix nitrogen can be implemented to improve the nutrient balance 

of soi1 (Webber and Ives 1978, Bradshaw 1984, Olsen and Chong 1991). 

Acidified soils have been successfully revegetated using sewage sludge. 

At some sites biomass of vegetation quadrupled after five years (Seaker and 

Sopper 1984, Olsen and Chong 1991). In 1991,60% (1 8 million tonnes) of the 



sewage sludge produced in the UK was applied to agricultural soils to improve 

the nutnent and organic content of light textured soil (Chander and Brookes 

1991 ). The United States uses 48% of their five million dry metric tons of 

municipal sludge on agricultural lands for fertilizer and organic matter 

components (Seaker and Sopper 1984). This treatment is beneficial in 

agronomie applications as it improves soil structure, water holding capacity and 

bulk density and adds nitrogen, phosphorous, potassium, calcium, and organic 

matter which may be lacking in the soils (Seaker and Sopper 1984, Chander and 

Brookes 1991 ). In northern communities sewage sludge is readily available and 

would require only the cost of transport to disturbed areas. It may, therefore, be 

a more cost effective alternative compared to repeated fertilizer application. 

Species such as legurnes which naturally fix nitrogen could also be 

benefki l  to reclamation of disturbed areas in the north (Johnson 1987). It is 

important to note that raw soil does not possess the root nodule organism 

Rhizobium. Legume seeds therefore require inoculation with appropriate 

Rhizobium strains to be effective (Bradshaw 1984). Certain arctic species such 

as Dryas spp. and Hedysarum spp. are able to fix nitrogen (Skriabin 1981, 

Svoboda and Henry 1987). Incorporation of these species into a restoration 

strategy would greatly benefit the nutrient balance of the soil. 

Undisturbed areas adjacent to open grave1 pits can provide a seed source 

for natural recovery (Salonen and Setala 1992). Chapin and Chapin (1 980) 

successfully used fertilizer to increase seed production in adjacent undisturbed 



areas, with the result that the seed rain has significantly increased into the 

disturbed site. They found that flowering density in adjacent sites increased by 

25% after application of phosphorous and potassium. This resulted in the 

release of over 1000 seeds m-* with germination rates of about 50%. Propagule 

availability is a crucial feature in the natural colonization of denuded gravel. 

(Bradshaw 1983, 1984). 

1 5 2  WINTER DROUGHT AND SNOW COVER MANIPULATION 

Snow cover rnay provide important protection and moisture for the 

colonizing vegetation (Polunin 1951, McKay 1970, McKendrick 1991, Carlsson 

and Callaghan 1991 ). Ice crystals and strong winds cause abrasion and 

desiccation of plant parts exposed above the snow surface (Savile 1972, Bliss 

1981, Miller 1982, McGraw and Vavrek 1989, Scott et al. 1 993). Restoration of 

vegetation rnay be enhanced by trapping snow on open gravel areas to protect 

the pioneer vegetation during winter. This rnay be done by utilizing snow fences 
* 

on, or adjacent to denuded areas. Snow also provides important source of 

moisture (McKay 1970). Lack of spring moisture where snow cover is sparse 

rnay restrict establishment by colonizing vegetation (McKendrick 1987, Kohn and 

Stasovski 1990). Snow cover rnay also protect plants from damage caused by 

vehicie movement (Felix and Raynolds 1989a, Felix and Raynolds 1989b). 

Restricting arctic construction and exploration to the winter months rnay 

minimize damage to plant cover (Hemstock 1970, Felix and Raynolds 1989b. 

Felix et al. 1992. Hayhoe and Tarnocai 1993). Restiction of heavy traffic to 



winter roads serves to protect vegetation and permafrost from damage (Adam 

and Hernandez 1977). 

1 :5:3 SOlL TEXTURE AND ORGANIC MAlTER APPLICATIONS 

Removal of organic surface layers to facilitate gravel extraction is 

detrimental to future plant colonization in dry tundra sites. The lack of organic 

matter and soi1 particles results low moisture holding capability arid low levels of 

available nitrogen and phosphorous (Runolfsson 1987, Bishop and Chapin 

1989). The replacement of the organic matter is a primary goal of restoration 

(Johnson 1987). Pioneer vegetation fosters the accumulation of dead biomass 

and leaf Iitter which decays over time and so provides nutrients. This in turn 

increases the moisture holding capacity of the soi1 (Savile 1972, Freedman et al. 

1982, Chapin and Shaver 1989, Chambers et al. 1990). Usually the primary 

colonizers of disturbed gravel are cushion or mat forming species, such as Dryas 

integrifolia. Plants with these growth forms are able to accumulate organic - 
matter (McCarthy 1992). Since the natural accumulation of an organic layer in 

the soi1 is a slow process, its artificial enhancement increases the rate of 

vegetation recovery and reduce the risk of erosion (Cargill and Chapin 1987). 

During construction or gravel excavation the organic soi1 should be stockpiled for 

later replacement on the site (Bailey 1981, Gartner et al. 1983, Skaller 1981. 

Street 1985, Bradshaw 1983, 1984). Revegetation can be very costly in arctic 

areas where the overburden has not been stockpiled (Bradshaw 1983). 

Application of mulch on gravel areas has been ineffective since wind can easily 



rernove mulch where there is no vegetation to hold it in place (Chambers et al. 

1990). Planting grass in strips to induce organic accumulation on the gravel can 

enhance natural revegetation (Runolfsson 1 987). 

1 :5:4 SEED AVAILABILITY AND ENHANCEMENT OF SEED APPLICATION 

The majority of arctic and high subarctic plant species are capable of 

vegetative reproduction (Archibold 1984, Urbanska and Schültz 1986, Diemer 

and Prock 1993). Seed production is often limited by the small amount of 

available heat energy during the growing season (Urbanska and Schültz 1986, 

Diemer and Prock 1993). Seed production is also partly determined by the 

length and quality of consecutive growing seasons, hence a series of harsh 

years rnay result in decreased seed yields (Archibold 1984). Colonization of 

barren areas such as old gravel pits usually relies on the presence and proximity 

of a nearby seed source (Fridriksson 1987) or a viable seed bank (Archibold 

1984). 

The availability of seeds from the seed rain is determined by the proximity 

and composition of surrounding vegetation and the dispersa1 capabilities of the 

component species (Gorharn 1955, Bishop and Chapin 1989, Salonen 1990). 

Gravel areas may become totally dependent on incoming seed rain because of 

the absence of a seed bank in its overlying organic mat (Cargill and Chapin 

1987). Seeding a gravel area may improve the rate of revegetation (Hernandez 

1974). Southern plant species have been used to achieve an initial vegetation 

cover to prevent erosion during construction (Webber and Ives 1978, Chapin 



and Chapin 1980, Densmore and Holmes 1987). However the use of introduced 

southern species such as Poa pratensis var. Nuggett and Festuca rubra var. 

Arctared are thought to have more negative than positive effects on these grave1 

pads (Younkin and Martens 1987, Cargill and Chapin 1987, Densmore 1992, 

Forbes 1992a). Complete vegetation cover is reached very quickly, but invasion 

by native species is hampered by the thatch created once these species die 

(Younkin and Martens 1987). Native species should be selected since they are 

adapted to the local environment unlike the introduced southern species 

(Skriabin 1981, Elliott et al. 1987, Johnson 1987). Utilization of native arctic 

species in revegetation projects is increasing and companies commercially 

produce seeds to make them available to the public. 

1 :6 LIFE HISTORY CHARACTERISTICS 

Colonizing species (pioneers) characteristically produce large numbers of 

propagules, have efficient dispersa1 mechanisms, have dormant seeds, are able - 
to germinate in open areas and grow quickly (Gorham 1955, Connell and Slatyer 

1977, Bradshaw 1983, Rydin and Borgegard 1991, Tilman and Wedin 1991 ). 

These characteristics make early successional species superior colonizers to 

later successional species (Tilman and Wedin 1991 ). Colonizing species are 

often referred to as "weedy" species since they are able to survive harsh 

conditions and invade new areas (Salonen 1990, Forbes 1992~). Localized 

disturbances are essentially islands srirrounded by areas at later stages in 

development (Bradshaw 1983). These areas may provide propagules of certain 



colonizer species, although, the majority of plants invade from greater distances 

(Bradshaw 1983, Salonen 1990). The colonizing species that are present early 

in succession are replaced by later arriving species. Plants of these later 

successional species reproduce more eficiently by vegetative means, are often 

evergreen and either biemials or perennials (McKendrick 1 987, Salonen 1990. 

Tilman and Wedin 1991 ). 



CHAPTER 2 

GRAVEL EXTRACTION, LOSS OF DRY TUNDRA AND ITS 
RECOVERY POTENTIAL. 

2:l INTRODUCTION 

Little is known about the extent of disturbance which has resulted from 

gravel extraction in northern Manitoba. In the vicinity of C hurchiil, Manitoba 

much of this disturbance has been within the dry tundra ecosystem. There is a 

concern that the dry tundra ecosystem has become locally reduced, however, no 

data are available on the original extent of dry heath tundra or its recent 

damage. 

The first objective of this study was to map the extent of the dry tundra 

and to determine the degree to which it had been damaged. Such a map would 
a 

allow a quantitative estimation of human effects on dry tundra. It would provide 

information which may be useful ta future restoration or development plans. 

The second objective was to determine the recovery potential of the 

abandoned gravel excavation sites within the study area. The recovery potential 

is an estimation of how revegetation is affected by factors such as the size of the 

excavation, site aspect, abiotic factors, land use, vegetation cover, adjacent 

vegetation and topography. Once the extent of damage to dry tundra areas is 

known an understanding of the natural recovery process is needed to better 



determine what strategies for human intervention will be most effective. 

2:M THE GENERAL STUDY AREA AND SPEClFlC STUDY SITES 

The overall study area extends from the east shore of the Churchill 

estuary (58' 47'N, 94' 1 1 'W) for 26 km eastwards to the Churchill Northern Study 

Centre (C.N.S.C.) and from the shore of the Hudson Bay in the north to the 

launch road in the south (Fig 2.1). The area is considered to be an ecotone 

between the high subarctic and the low arctic vegetation zones (Bliss 1981 a). 

Low arctic tundra is characterised by a closed vegetation cover consisting 

of shnibs (e.g. Salix spp. and Betula glandulosa) in mesic areas; combinations of 

sedges and shrubs in hydric areas (e.g. Carex spp. and Salix spp. ), low shrubs 

(e.g. Ledum spp., Vaccinium spp., Empetrum nigrum, Rubus spp. and Salix 

spp.), and rosette, cushion and mat-forming plants on windswept uplands 

( Saxifraga spp., Lesquerella arctica and Dryas integnfolia) (Pol unin 1 95 1 , 

Barsdate and Alexander 1975, Bliss 1978, Bliss 1981 a, Bliss 1981 b, Sugden 

1982, Bliss and Matveyeva 1992). To the south there are islands of forest (high 

subarctic) which give way to open lichen woodlands (low subarctic) further to the 

south. The areas of my study were restricted to open tundra without forest 

cover, specifically the windswept uplands mentioned above, here after known as 

"dry tundra". Specific sites of interest to this study within the general study area 

were Cape Merry, Bluff 8, Akudlik, Fort Churchill/Airport, Site I and Site II. 

2: l : la CAPE MERRY SITE 

Cape Merry National Historic Park is located 3 km northwest of Churchill 



Figure 2.1 Map of the Churchill region showing the general study area. 
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town centre on the eastern peninsula at the mouth of the Churchill River (58" 

47'1 1 " N, 94" 1 1'35" W; Fig 2.1 ). It is a peninsula of exposed quartzite 

(precarnbrian) bedrock extending northward into Hudson Bay. Prior to 1967, 

vehicular access to the site was limited since there was no road. In 1967 an 

access road was constructed (Hochbaum 1970). To do this gravel was 

excavated from a large pit (1 -1 9 ha in area) on the south-west side of the new 

road. Currently the vegetation on this disturbed site is sparse and dominated by 

bryophytes and lichens, Dryas integrifoh (white mountain avens), Salix planifolia 

(Rat leaved willow) and Achiîlea nigrescens (yarrow). The opposite (Le. north- 

east) side of the road has remained relatively undisturbed (Hochbaum 1970). 

The heath community on the north-east side of the road is dominated by lichens, 

bryophytes, Rhododendron lapponicum (lapland rose-bay), Salk reticulata (snow 

willow), Equisetum variegafum (variegated horsetail) and Andromeda poiifoiia 

(bog rosemary). These two communities provide a sharp contrast and illustrate - 
the negative effects of gravel extraction in a tundra ecosystem. 

2:1 :l b BLUFF B 

The Bluff B site is an abandoned gravel pit located south of a bedrock 

outcrop at Half Way Point, 20 km east of Churchill on the coast of Hudson Bay 

(58" 46'05" N, 93" 51'00" W; Fig 2.1). The entire area south of Bluffs A and B 

has been extensively excavated, with 5.68 ha disturbed. Test pits were drilled to 

determine gravel potential in late 1930's. The area was later utilized by the US 

Army as a source of gravel for road construction between 1942 and 1944. 



Gravel was again removed site during the building of the NRC Rocket Range 

and its supply roads in 1957 (Johnson 1987, Dredge and Nixon 1992). 

The vegetation in Bluff B falls into four topographic zones (Fig 2.2); 

i. A mound of coarse gravel; 5 rn high, particle size >16 mm. The gravel 

was unstable and shifting. There was vegetation on the top of the hill and near 

its base but not on the sides. The vegetation was cornposed of Dryas 

integrifolia, Shepherdia canadensis (soa p bery ) and Salk planifolia (fl at-l eaved 

willow). 

ii. Scraper scars each with two ridges, less than 0.5 rn high with a trough 

between them). Two scars radiated from the mound in a north-west direction. 

The substrate in the trough was coarse grave! and sand (actual particle size; 

0.25 - 16 mm). The ridges were devoid of vegetation but the trough was 

vegetated with Dryas integrifolia, Shepherdia canadensis and Salix planifolia. 

a*. 

III. A depression, 0.5 m deep, surrounded by gravel ridges parallel to the 

access road and west of the gravel mound. The depression was moist and 

supported a willow community of Salix planifolia and Salix lanata (lime willow). 

iv. This vegetation zone was south of a bedrock outcrop (i.e. a bluff). 

The bluff provided some protection and also acted as a snow trap during the 

snow season. Snow-melt in the spring provided moisture which was then 

available for plant growth. Adjacent undisturbed areas supported a dry heath 

tundra community which included: lichen species, Dryas integnfolia, Empetrum 

nigrurn (black crowberry), Andromeda polifolia and Pyrola grandifolia (large- 
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flowered wintergreen). 

23  :1 c AKUDLlK 

Akudlik is an abandoned village site located 3 km south of the town of 

Churchill at the junction of the Kelsey Blvd. and Goose Creek Road (58' 44' N, 

94' 06' W; Fig 2.1). The original settlement was built by the Federai 

Government to house Inuit and administer the Northwest Territories. The 

buildings were iater abandoned and were removed by 1981 leaving a flat 

gravelly area devoid of buildings (except for two maintenance sheds). The 

remaining area was a flat grave! pad, dominated by coarse sand (particle size; 

0.25 mm) and strewn with debris. The vegetation in the area was dominated by 

Festuca brachyphylla (alpine fescue), Achillea nigrescens, Parnassia palustns 

(northern grass-of-Parnassus) and Gentiana propinqua (arctic gentian). 

2:l : l  d FORT CHURCHILUAIRPORT 

The Airport and Fort Churchill were constructed in 1942-44, and are - 
located 8 kilometres east of the town of Churchill on a quartzite ridge (58" 45' N, 

94" 04' W; [A] Fig 2.1 ) (Cheney & Brown Beckel 1955, Johnson 1987). The site 

served as a U.S. and Canadian Army training and experimental centre between 

1942 and 1964 (Johnson 1987). In 1964 the American military presence 

decreased while the Canadian Armed Forces maintained a small detachment of 

personnel a i  the base from 1970 until their withdrawal in 1980 (Johnson 1987). 

The base was officially closed in August 1980 and the buildings removed by 

1981 except for the airport and one service building (Johnson 1987). 



The study site was located on the north side of the launch road adjacent 

to one of the remaining buildings (now used as a Coast Guard building). The 

immediate area provided both undisturbed and disturbed plant communities. 

The area was Rat and delineated by roads into rectangular zones. The grave1 

substrate was hard packed and dominated by coarse and fine gravels (particle 

size 2 - 16 mm). The undisturbed plant community was dominated by 

Hedysarum mackenzii (wild sweet pea), Castilleja raupii (indian paintbrush), 

Taraxacum lacerum (Greenland dandelion), Epilobium angustifolium (fireweed), 

Salix planifolia, and Polygonum viv@arum (alpine bistort). The disturbed plant 

community was dominated by Eiymus arenanus (sea lime grass), Juncus 

arcticus (a rct ic ni s h ) . Dryas integrifoiia and Salix planifolia . 

2: 1 :2 CLIMATE OF THE STUDY AREA 

Churchill is located in the subarctic ecoclimatic region (Scott 1995) with a 

growing season of approximately 110 days, (Le. frost free days) (Dredge and 

Nixon 1992). Subarctic climates characteristically display cool, short summers 

and cold winters with little snowfall (Antevs 1928). Climate data were obtained 

from the Churchill Weather Station located at the airport and from the Winnipeg 

Climate Centre. The annual mean temperature for Churchill is -7.1 O C  

(calculated from data collected between 1943-90) (Fig 2.3). June, July, August 

and September are the only months which register mean daily temperatures 

above zero (Fig 2.3). The years during which the current study took place 

(1 992-1 994) had mean daily temperatures of -8, -7.6 and -6.7 O C ,  respectively 





(Fig 2.3). These low temperatures retard the decay of organic matter in the area 

and help account for thick peat deposits in the region (Dredge and Nixon 1992). 

The mean number of sunshine hours for the study area exceeded 200 

between April and August for each year from 1943-1 990 and during this study 

(Fig 2.3). The Churchill weather station has recently become automated and the 

sunshine hour data has not been available since August 1994. 

Mean annual precipitation in Churchill is 400 mm (Dredge 1992). Monthly 

Precipitation is highest in August and September for each of the study years 

except 1993 (Fig 2.3). 1992 was considerably wetter during August and 

September (1 1 1 -4 and 121 .O mm respectively) than 1993 which had only 32.7 

mm and 48.0 mm for the same months (Fig. 2.3). The mean precipitation due to 

snowfall was greater for the months of October 1993 (39.8 cm) and November 

1994 (46.6 cm) than for the 1943-90 mean (Fig 2.3). 

Churchill has prevailing northwest winds which average 21 kmlhr with 
- 

extreme gust speeds up to 161 kmlhr (Table 2:l) (Dredge and Nixon 1992). The 

wind speed for the study years was more than double that of the 47 year 

average (Table 2:l). The strongest winds were seen in 1993, 47.78 km/h while 

1992 and 1994 were only slightly slower at 45.53 km/h and 45.94 km/h 

respectively (Table 2:l). These strong winds cornbined with low annual 

temperatures encourage freezing and account for the continuous permafrost in 

the area (Dredge and Nixon 1992). 



Table 2:l Mean annual wind speed data (+I- 1 SD) for the study years 1992, 
1993, 1994 and 1943-1 990 for the Churchill Airport, Churchill 
Manitoba. 

AVERAGE ANNUAL 
YEAR WlND SPEED kmlh 

Churchill is located within the zone of continuous permafrost (Fig. 

2.4)(Bliss 1978. Sugden 1982. Dredge and Nixon 1 992, Dredge 1 992. Scott 

1995). "Permafrost" is defined as perennially frozen ground, in which the 

temperature remains continuously below O O C  both in winter and summer 

(Polunin 1951, Pettapiece 1974, Brown 1977, John 1977, Tieszan 1978, Sugden 

1982, Strahler and Strahler 1987, Dredge 1992). The permafrost in the - 
Churchill region is approximately 80 m thick (Dredge 1992). In permafrost 

regions, the soil surface is subject to a seasonal thaw i.e. the "active laye? 

(Tieszan 1978, Sugden 1982). Soils in which the permafrost cornes to within 1-2 

m of the surface are referred to as cryosols and these are affected by vertical 

soil disturbances due to freezelthaw action known as cryoturbation (Pettapiece 

1974, Scott 1995). 

Vegetation insulates the underlying permafrost layer from the heat of 

sumrner and the cold of winter (Bliss 1970b, Walker 1970, Billings 1973, Sugden 
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Figure 2.4 Permafrost distribution in t h e  
Hudson Bay lowlands (Dredge and Nixon 



1982, Lawson 1986). Removal of the insulative vegetation will decrease the 

albedo or refiectance of the surface and increase soil temperatures in summer 

(Bliss 1970b, Rouse 1973, Webber and Ives 1978, Sugden 1982, Chambers et 

al. 1990). Removal of the insulative vegetation to expose an organic soi1 

decreases albedo, resulting in raised soi1 temperatures, increasing seasonal 

thaw depths and melting upper layers of permafrost (Johnson 1969, Rouse 

1973, McKendrick 1987, Forbes 1993, Emers et al. 1995) Decreasing albedo 

allows summer heat to be absorbed, deepening the active layer and melting 

more permafrost (Bliss 1 %'Ob, Billings 1973, Webber and Ives -l978, Sugden 

1982). Conversely, exposure of light coloured mineral soil increases albedo and 

decreases the depth of thaw and could result in an increase in permafrost 

thicknesses (McKendrick 1987, Forbes 1993). lncreasing the albedo of the soi1 

surface changes the depth of permafrost and causes the active layer to thin 

(MacKay 1970, Emers et al. 1995). Changes in the depth of the active layer can 
* 

cause cryoturbation andlor thermal erosion (i.e. thermokarst or a dumping or 

subsidence of the ground surface or erosion) (Johnson 1969. Bliss 1 970b, Ives 

1970, MacKay 1970, Sugden 1982, McKendrick 1987, Racine and Ahlstrand 

1991 ). Downward percolation in permafrost areas is impeded by the impervious 

permafrost layer. Drainage is, therefore, lateral or the soil becornes saturated 

(Hill and Tedrow 1961, Walker and Peters 1977, Sugden 1 982). 

Root systems of arctic plants cannot penetrate the underlying permafrost 

layer, they are restricted to the "active layer" which is usually the upper 25 cm of 



the soi1 (Bliss 1 970b, Bell and Bliss 1978, Billings et al. 1978, Tieszan 1978). 

The permafrost holds moisture and nutrients within it, thus they are not available 

to plants (Polunin 1951). Vegetation is dependent on nutrients and moisture in 

the active layer (Tieszan 1978). An increase in the depth of the active layer 

after vegetation removal may release nutrients, increase the rate of 

decomposition, mineralization and nutrient cycling rates (Haag 1974, Ulrich and 

Gersper 1978, Matthes-Sears et al. 1988). In addition a general change in the 

moisture regime within the area may occur and result in a shift from a dry zone 

to one with standing water. Dry tundra vegetation would be replaced by wet 

tundra plant communities (including bryophytes) (Forbes 1993). 

23 :3b GLACIAL HlSTORY 

The topography of the Churchill area has been greatly affected by 

glaciation. Glaciers scoured the bedrock in the area and deposited glacial till 

(Strahler and Strahler 1 987, Dredge - 1992). The thickness of till in the Churchill 

ares ranges from 5-20 m (Dredge 1992). Scouring, by rocks embedded in the 

glaciers, resulted in occasional smoothly rounded outcroppings of bedrock. 

These are covered with striations oriented in the direction of the ice movement 

(Johnson 1987, Strahler and Strahler 1987, Dredge 1992). 

The Canadian Shield and arctic archipelago were covered by the 

Laurentide glacier during the last glaciation of the Pleistocene epoch, the 

"Wisconsinan Glaciation" (Antevs 1928, John 1977). The Churchill area was 

completely ice covered for the entire Wisconsin Glacial period (Dredge and 



Nixon 1992). The Laurentide Glacier reached its maximum spread 18,000 

years ago. At that time Hudson Bay was its centre and covered by a depth of 

2700 m of ice (John 1977, Johnson 1987, Dredge and Nixon 1992). The sheet 

margins retreated to the Churchill area about 8000 years ago (Dredge 1992). 

As the Laurentide Glacier began to recede 13,000 years ago, lakes formed 

around its margin, one of which was Lake Agassiz (John 1977, Fenton et at. 

1983, Dredge and Nixon 1992). Lake Agassiz had a maximum area of 200,000 

square kilometres and survived for approxirnately 5000 years (Dredge 1992). 

Eight thousand years ago the ice mass which had blocked drainage into Hudson 

Bay melted and Lake Agassiz suddenly drained northwards (John 1977, Dredge 

1992). The Tyrell Sea flooded the Hudson Bay lowlands to a depth of 150 m 

and extended inland 100 km from the present coastline (Johnson 1987, Dredge 

1992). Advancing glaciers had depressed the landscape by their weight and the 

effect of glacial retreat is a rebounding of the depressed area (John 1977, . 
Johnson 1987). The coastline gradually receded to the present configuration of 

Hudson Bay as isostatic rebound occurred (John 1977, Fenton et al. 1983, 

Johnson 1987, Dredge 1992, Dredge and Nixon 1992). Churchill is located near 

the centre of the postglacial uplift which followed the rnelting of the Laurentide 

ice sheet (Scoggan, 1957, Tushingham 1992). The current rate of uplift is 

estimated to average 8-9 mm per year (Hansell et al. 1983, Tushingham 1992). 



2:2 METHODS 

2:2:1 MAPPING THE EXTENT OF UNDISTURBED TUNDRA AND TOTAL 

AREA OF GRAVEL EXCAVATION 

Maps were drawn up using 1 :50,000 topographic maps and aerial 

photographs. The topographic maps provided the physical features while the 

aerial photos were used to determine the vegetation zones and pit sizes. The 

areas of the dry and damaged tundra were then calculated using the Series 

5000, Geo station computer program. 

Figure 2:s and 2 6  were derived from 1992 aerial photographs by 

Manitoba Hydro. 1 ground truthed information in some of the vegetation zones to 

ensure accuracy. Many smaller grave1 excavation sites were not visible in the 

original photographs but I was able to incorporate them in the revised map (Fig. 

2.6). 

Base M a ~ s  

The base maps used were 1:50,000 land form maps. These were 

produced between 1958 and 1990, and show topographic features (Le. 

coastlines, lakes and roads). They provided the outlines for the maps onto 

which additional vegetation information was superimposed following digitization. 

Aerial Photos 

The black and white aerial photos were taken in 1993 for Manitoba Hydro 

(series MH93565402 line 1-17). Grave1 zones show up on aeriai photos as 

bright white (often square) areas which are clearly visible from the shades of 



grey which make up the vegetated areas. I made a tracing from these photos of 

the coastline, roads, ponds and pits in the area between the town and the 

C.N.S.C., this along with the aerial photos served as my guide map. 1 numbered 

al1 54 pits on this guide map. Then 1 visited each of the 54 pits to conf in that 

they were indeed abandoned gravel excavations or gravel pads. I amended the 

guide map to include some small sites which were not clear from the initial photo 

scan and numbered these as well. The photos were exarnined and the 

vegetation zones were drawn directly on to these photos. I added gravel 

excavation sites directly ont0 the photos and corrected some vegetation zone 

delineations. 

Diaitization 

The base maps were initially hand traced and then digitized. Vegetation 

zones were also digitized and superimposed onto the base maps. The computer 

program used to produce the map was Series 5000, Geostation supplied by 

Auto-trol Co. This cartography program also supplied locations (latitude and 

longitude) and areas (ha) for the different map zones. The prograrn is equipped 

with a data base which allows additional information to accompany map 

locations. 

Ground Truthing 

Ground truthing was undertaken during the summer of 1994 during which 

I visited each of the 54 gravel excavation sites. 

There was an error factor of 0.0025 ha in the area calculations of the 



program. This was due to distortions in the aerial photos which were not ortho- 

corrected prior to their digitization. 

2:2:1 a MAP ZONES 

Figure 2:6 has two zones designated; "Excavation" and "Developed 

Areas". This map was created to show the gravel pits since some of these are 

quite small and may not be visible when the additional zones are superimposed. 

Although these areas refer to underlying substrates and not vegetation 

composition, they are indicative of dry tundra areas. The marine aggregate and 

esker (non-marine) substrates and exposed bedrock areas correspond with dry 

tundra vegetation cover. 

There are seven zones delineated by Manitoba Hydro in Figure 2:5 that 1 

identified as supporting dry heath tundra: 

1 .Marine aggregate areas (Wa). These are areas of coastal glacio-marine 

depositions of sand and gravel and they make up eskers, kames, spit-bars and 

beaches. 

2.Marine aggregate - mineral soi1 areas (WdMs). These are moderately well 

drained sites which may include eskers, kames, raised beach ridges, beaches 

and spits over glacio-marine deposits of sand and gravel. 

3.Marine aggregate - organic sail areas (WdOs). These areas are imperfectly 

drained soils consisting of sand, silt, peat and fine grained glacio-marine 

deposits. These areas are ice rich and may be associated with fen, bog and 

peat polygon areas. 



4.Exposed bedrock areas (ER). These are massive granitic formations which 

may be associated with marine aggregates near the coast. Vegetation cover is 

sparse on exposed surfaces and dominated by lichens and mosses. Shnibs and 

isolated trees may be found in cracks or in depressions with mineral soil. 

5.Rock and aggregate complexes (RA). These are dominated by silt and clay 

with scattered rock and rubble present. Shrub vegetation and stunted trees and 

moss ground cover occur. They may be associated with bogs, fens or peat 

plateaus. 

6.Excavation areas (EX). are found throughout the marine aggregate complexes 

and are potential sources of sand and gravel at or near the surface. The sand 

deposits are often ice-poor but the finer grained glacio-marine deposits are ice- 

rich. 

7.Developed areas (DA). These are industrial or residentially developed areas. 

which include the town site. Fort Churchill, Akudlik and CNSC. 
* 

2:2:2 RECOVERY POTENTIAL 

Fifty abandoned gravel minor study sites, and the four major study sites 

(Cape Merry, Bluff 0, Fort Churchill and Akudlik) were examined between July 

and September 1994 (Fig. 2:s). The sites of interest were restricted to dry 

tundra communities; excavation sites within the forest were not considered in 

this study. All of the 54 sites were located adjacent to the launch road or to 

feeder roads (Fig. 2:5.2.6). 

The 50 minor study sites and the 4 major study sites were compared in 



order to determine the severity and extent of damage resulting from excavation. 

A subjective ranking scheme was derived by assigning numerical values to each 

of seven characteristics topography, vegetation cover, proximity of adjacent 

vegetation, size, aspect, particle size of aggregate, and usage (Table 2.2). The 

54 sites were then revisited and rankedlrated to determine their recovery 

potential and the extent of damaged dry tundra. 



Table 2 2  Features used in describing recovery potential of 50 minor and 4 
major gravel sites and their corresponding rank. 

fopography 
O - area with gravel mounds and scraper scan >5 rn deep 
1 - mounds and scraper scars 1 - 4 m 
2 - scraper scars and mounds behnreen 0.5 and 1 m 
3 - undulating topography 4 . 5  rn 
4 - abandoned area that has been levelled 

Size of site 
O - >?O ha 
1 - 5.1 - 9-9 ha 
2-1.1 - 5 h a  
3 - - 6 - 1  ha 
4 - < -5 ha 

Aspect 
O - north-facing 
4 - south-facing 
2 - east-facing , west-facing or flat 

Dominant particle sire 
O - cobbles (>6 cm) 
1 - coarse gravel (3-6 cm) 
2 - medium grave1 (1-3 cm) 
3 - fine gravel (0.2 - 0.8 cm) 
4 - coarse sand (<0.2 cm) 

Vegetation cover 
O - O - 19% (absent or sparse plant cover) 
1 - 20 - 39% vegetation cover 
2 - 40 - 59% vegetation cover - 
3 - 60 - 79% vegetation cover 
4 - ~ 8 0 %  or more vegetation cover 

Adjacent "appropriate" vegetation proximity 
O - no surrounding vegetation 
1 - appropriate seed source 20 m away 
2 - appropriate seed source 10 m away 
3 - appropriate seed source 5 m away 
4 - seed source immediately adjacent to disturbed area - <S rn 

Use 
O - site stiil being excavated 
1 - evidence of recent use (Le. fresh ATV trails) 
2 - evidence of lirnited or seasonal use 
3 - evidence of use minimal 
4 - site compIetely abandoned, no evidence of disturbance 



A - Topogaphy. The topography of individual sites is indirectly related to snow 

holding ability, moisture, wind speed and potential for erosion. Undulating 

topography results in uneven soi1 moisture and, therefore, variable moisture 

availability to plants (Matthes-Sears et al. 1988). The ridges remain exposed 

(snow free) during the harsh winter months and are subject to wind and 

increased evapotranspiration during the summer. They are unstable, subject to 

erosion if not protected by a vegetation mver, and are usually dry and nutrient 

poor. The topography of the 54 sites was deterrnined by physically walking 

through the area and noting the presence or absence of mounds, ridges or 

scraper scars. In cases were mounds and ridges were present a rough 

measurement was made on site with a metre stick. The corresponding ranking 

was then noted. 

B - Size. Abandoned excavation sites in the Churchill region Vary greatly in 

size. Gravel pads recover from the periphery towards their centres, therefore, - 
the size of the site will greatly effect recovery potential. The smaller the pit. the 

more "edge effect" and, generally the more quickly the area will recover 

(McKendrick 2987). Therefore, the size of a pit is important because it is related 

to the tirne required to completely revegetate the site. 

The size of the 54 sites was determined using the Geostation program. 

The pits sizes in hectares alang with the corresponding latitude and longitude 

was generated by the Geostation program during the course of map production. 

The ranking value was then determined. 



C - Aspect. Churchill experiences prevailing northwest winds hence areas 

facing this direction are subject to harsh conditions for the majority of the year. 

In the winter months such sites would be blown clear of a protective snow layer, 

and subject to needle ice abrasion and desiccating winds (Watson et al. 1970, 

Chambers et al. 1990, Carlsson and Callaghan 1991 ). Seeds require a stable 

surface with favourable conditions (moisture and warm temperatures) in which to 

germinate but areas subject to constant wind disturbance do no provide such 

"safe sites" (Sheldon 1974, Salonen 1987, Shurnway and Bertness 1992). Wind 

also effects horizontal movernent of seeds on the soil surface and effectively 

redistributes seeds (Chambers et al. 1991). Aspect of the 54 sites was 

estimated upon the visit to the site and visually estimating the site aspect. The 

appropriate ranking was then noted. 

D - Dominant Particle site. The size of aggregate particles will greatly affects 

the development of vegetation. A lack of organic material or fine particles in the 

soil results in low water holding capacity and low nutrient levels (Runolfsson 

1987). A mixture of sand, clay or peat in the soil column holds more water by 

cohesion (Salonen 1990, Chambers et al. 1991). Cohesion being the attraction 

of molecules to each other which in the soi1 column works with adhesion, the 

attraction of water molecules for solid surfaces (Brady 1984). The water is first 

attrached to the soi1 particle by adhesion creating a film of water around the soi1 

particle which can attract other water molecules by cohesion (Brady 1984). This 

combination of different particle sizes also helps to maintain organic layers at 



the surface (Salonen 1990, Chambers et al. 1991). This same ability of soi1 to 

hold rnoisture could also hold diaspores by cohesion and therefore decrease 

surface movement by wind of propagules off the site (Chambers et al. 1991). An 

estimate of the dominant particle size was detemined by physical examination 

of the aggregate on site with a ruler. The corresponding ranking was then 

noted. 

E - Vegetation cover. This criterion is an estimate of the amount of percentage 

vegetation cover at the site. Vegetation stabilizes substrates and provides a 

seed source. Plants may spread vegetatively on the site thus enhancing its 

recovery. Clumped, tufted, or rosette growth habits ameliorate the surrounding 

micro-environment and allow establishment of later colonizers (Sohlberg and 

Bliss 1987). Rosette vegetation present on the exposed grave1 also serves to 

stabilize the site and prevent erosion (Smith and Correia 1992). Cover was 

measured by taking a visual estimate of the vegetation cover on the site. The - 
corresponding ranking was then noted. 

F - Adjacent vegetation. The proxirnity of adjacent vegetation is important to 

recovery potential since it rnay provide a source of propagules and wind-blown 

organic matter (Chapin and Chapin 1980, Runolfsson 1987, Salonen 1987, 

Salonen 1990, Salonen and Setala 1992). Lack of surrounding vegetation 

decreases the numbers of potential propagules and rnay result in slow site 

colonization by vegetation (Salonen and Setala 1992). During visits to the 54 

sites the proximity of vegetation cover was noted. The distance was then paced 



off and the appropriate ranking was noted. 

G - Use. Continued disturbance (excavation or other human activity) inhibits 

recovery potential. The use of ail-terrain vehicles (ATVs) has increased greatly 

in arctic areas (Racine and Ahlstrand 1991 ) and this is evident in the Churchill 

region. A W s  can create a disturbance in the form of trails and alter the 

insulative layer and affect thaw patterns in permafrost areas even though they 

weigh less than 500 kg (Racine and Ahlstrand 1991 ). Vegetation development 

is generally inhibited in areas which remain under excavation or are used 

recreational!y, whereas sites that have been abandoned may have a better 

recovery potential. Values for this criterion were determined through 

observation (presence of fresh ATV tracks, shell casings, garbage and debris) 

and personal communication with local people. The appropriate ranking was 

then noted. 

Rankings were assigned to each of the 50 minor and 4 major study sites - 
for each variable (ranging from zero to four, least to most favourable conditions) 

(Table 2:2). Overall scores were then used to provide an estirnate of how 

"advanced" the recovery was. 

The age of the 50 minor study areas of the 54 grave1 sites were not 

incorporated into the subjective ranking mode1 because, photos exist only for the 

following years; 1930, 1951, 1961, 1969, 1972, 1986 and 1 991 (See Appendix 

2). Never the less it is clear from the available air photos, that the date of 

disturbance for almost al1 sites fell between 1951 and 1961. Too little 



information was available to include the date of excavation in the recovery 

potential model. The dates of disturbance are known for the four major study 

areas, however, the 50 minor study sites could not be dated. 



2:3 RESULTS 

2:3:1 MAP PRODUCTION 

Each of the seven vegetation zones was delineated on the map Figure 

2:5. The total area of undisturbed dry tundra was 3752.49 ha (1, 2 and 3). The 

disturbed area accounts for 41 12.31 ha (4 and 5) which is comprised of 

developed and excavation areas. The remaining 924.66 ha is naturally 

occurring rock and aggregate or exposed bedrock (6 and 7). This can be 

delineated according to substrate type: 

1 - marine aggregate - 1920.74 ha 

2 - marine aggregatelorganic soils - 1809.79 ha 

3 - marine aggregatelmineral soils - 21 -96 ha 

4 - developed areas - 237.52 ha 

[industrial (1 05.35 ha) and residential (1 32-17)] 

5 - excavated areas - 174.79 ha 

6 - rock and aggregate - 147.48 ha 

7 - exposed bedrock - 777.18 ha 

2:3:2 RECOVERY POTENTIAL 

The majority of the 54 sites examined ranged in size from 0.5-1 -1 ha; 15 

sites were 1.1-5 ha, 1 1 at 0.6-1.1 ha and 14 sites less than 0.5 ha in size (Table 

2:3) . Nineteen of the 54 sites (35%) had large mounds and scraper scars 

(Table 2:3). Plant cover ranged between 20 and 60% for 36 of the 54 sites 

(Table 2:3). The majority of sites (44) were immediately adjacent to undisturbed 



vegetation (Table 2:3). The aggregate was predominantly cobbles (22 sites), 

medium (1 3 sites) and coarse (17 sites) gravel (Table 2:3). Forty percent were 

no longer disturbed by human activity or excavation (Table 2:3). In general, the 

sites were eastlwest facing or Rat (25 out of 54 - 46%) (Table 23). 

The four major study sites were examined independently. Akudlik and 

Bluff B had the highest total score of 14 followed by Fort ChurchillfAirport (12) 

and Cape Merry (1 1) (Table 2:4). Akudlik and Fort ChurchillfAirport were level 

and had 80% cover or more (Table 2:4). Cape Merry and Bluff B both had 

gravel mounds and scrapper scars remaining on site (Table 2:4). Vegetation 

cover at Cape Merry and Bluff B was 20 and 40% respectively (Tabie 2:4). 

Cape Meny and Bluff B were both irnmediately adjacent to undisturbed 

vegetation the other two sites were not (Tabie 2:4). The particle size varied on 

al1 four 

coarse 

except 

sites with cobbles found at Cape Merry and Fort Churchill1 Airport, 

gravel at Bluff B and medium gravel at Akudlik (Table 2:4). Ali sites - 
Akudlik are no longer being excavated or disturbed (Table 2:4). Fort 

Churchill/Airport and Akudlik are the largest of the four sites (40 ha) followed 

by Bluff 6 (5.1 -9.9 ha) and Cape Merry being the smaliest at between 1.1 and 5 

ha (Table 2:4). Cape Merry and Fort ChurchilllAirport are north facing (Table 

2:4). 



Table 2.3 surnrnary of total number of site rankings 
for the seven categories in the subjective 
ranking mode1 (N=54) . 

Table 2.4 Subjective ranking summary for Fort ChurchilllAirport, 
Cape Merry, Bluff B and Akudlik. 

BEST WORST 

1 1 Cape Merry 1 Fort Churchill/ 1 Bluff B / Akudlik 1 

O 
19(351) 
8 (1 5%) 

3 (6 %) 
22 (41 Oh) 
11(20°h) 
7(13%) 
15 (28 %) 

1 
8(150/0) 
12 (22%) 

O 
27 (32 %) 
4(7%) 

7(13%) 
O 

Criteria 
Topography 

Vegetation cover 
Proximity of adjacent 

vegetation 
Particle size 

Use 
Sire 

Aspect 
Total 

Date of Disturbance 

2 
7(13%) 
11 (20%) 

5 (9 %) 
13 (24 %) 
6(11%) 
15(28%) 
25 (46 5%) 

3 
6 ( I l  %) 
13 (24 0/0) 

2 (4 %) 
2 (4 %) 

11(20%) 
11(20%) 

O 

C riteria 
Topography 

Vegetation cover 
Proximity of adjacent 

vegetation 
Particle sire 

Use 
Size 

Aspect 

O 
1 

4 
O 
4 
2 
O 

11 
1967 

4 
14 (25%) 
10 (19%) 

44 (81 %) 
O 

22 (41 %) 
14 (26 %) 
14 (26%) 

Airport 
4 
4 

O 
O 
4 
O 
O 

12 
1980 

O 
2 

4 
1 
4 
1 
2 

14 
1930 

4 
4 

O 
2 
2 
O 
2 

14 
1981 



2 4  DISCUSSION 

2:4:1 ESTIMATION OF TUNDRA AREA 

The areas of disturbance were dry and located adjacent ta roadways near 

the Hudson Bay coastline. The total disturbed area is not large (41 2.31 ha) 

considering that there is approxirnately 3752.49 ha of remaining undisturbed dry 

heath tundra, but, the disturbed areas are highly visible and easily accessible. 

Gravel extraction was not undertaken responsibly, this has set the tone for 

subsequent development that has continued to the present day. There is the 

concem that such disturbance will continue to be deemed acceptable, leading to 

further degradation to this ecosystem. 

The dry heath tundra ecosystem is rare in Manitoba. The dry tundra 

species found in Churchill, are locally abundant, but, many are on the rare 

species list for the province and should be protected and respected. Indeed. 27 

species on the rare plant list for Manitoba are known to occur only in the 

Churchill region (White and Johnson 1980). The Churchill area is unique and 

has a tourism based economy. Protection of the land should therefore be a high 

priority in the area. Reclamation of the grave1 areas would be a first step in the 

right direction. Another would be to set aside areas of dry tundra for protection 

sirnilar !O tall grass prairie reserves in southern Manitoba. In this way local 

people and tourists could be educated about the fragility of the tundra biome. 

2:4:% RECOVERY POTENTIAL 

Most of the disturbed sites fall into h o  topographical groups: i) undulating 



topography (35%), and ii) Rat, characteristic of grave1 pads (26%). Variable 

topography results in soi1 rnoisture variations on the site and can lead to soi1 

temperature variation and permafrost alteration (Matthes-Sears et al. 1988). It 

was believed that levelling a site would be more beneficial than leaving the 

undulating topography (Klokk and Ronning 1987). Levelling was considered to 

remove any problems that might affect vegetation recovery on site. This was 

evident in the four dated disturbances, two were levelled (Fort ChurchilllAirport 

and Akudlik) and had more plant cover than the two with undulating topography 

(Cape Meny and Bluff 6) (Table 2:4). 

The majority of sites were close to undisturbed vegetation. The latter can 

serve as a seed source for the disturbed area (Salonen 1990, Salonen and 

Setala 1992. Bliss and Grulke 1 988). However, if the microsite ont0 which the 

seeds fall is not suitable for germination, i.e. not a "safe site", the proximity to 

vegetation is irrelevant (Sheldon 1974, Salonen l987, Chambers et al. 1991 ). It 

is not known how far seeds can be transported from the parent plant. Bluff B 

and Cape Merry were immediately adjacent to undisturbed vegetation yet their 

plant cover was low compared with the other two sites which had no undisturbed 

vegetation surrounding them. Therefore, the presence of a seed source, 

immediately adjacent to a disturbance is not always the cantributing factor for 

vegetation recovery. 

The dominant particle sire of aggregate found on site will affect the ability 

of the soi1 to hold moisture and seeds. A disturbance may have large cobbles 



resulting in high porosity which results in inability of the soi1 to hold moisture or 

nutrients (Brady 1984). Macro-parosity is not beneficial to keeping the seeds in 

the upper level of the soi1 column where germination can occur. Examination of 

the 54 sites showed that large particle sire was the dominant character. The 

excavation which took place over time in the Churchill area may have removed 

al1 the small particulate gravel leaving behind the less desirable cobbles on site 

rnaking revegetation more dificult. In fact, incorporation of sand and clay on 

disturbed areas rnay be one way to positively affect recovery or: site. 

The majority of the sites visited were Rat or east or west facing which is 

neither an advantage nor a disadvantage. A north facing site is subject to harsh 

desiccating winds throughout the winter months, these will prevent any seedlings 

which may have established in the preceding spring from surviving into the 

following year. Disturbed areas have little or no plant cover following the initial 

disturbance. Therefore, the effects of the desiccating winds are compounded 

because there is no shelter for seedlings. Undisturbed north facing areas can 

provide shelter for seedlings with parent or nurse plants (Carlsson and 

Callaghan 1991 ). The north facing areas are often will be blown clear of snow 

which could provide a safe overwintering environment for seedlings. The south 

facing sites may be snow covered which gives thern a decided advantage over 

other sites. 

Continued use of the gravel areas in Churchill for industrial and 

recreational use compounds the initial disturbance. Although 40% of the sites 



.visited were no longer being disturbed the remainder were undergoing some 

continued disturbance (Table 2.3 and 2.4 ). Seed rain into an area which is 

continually being re-disturbed is not beneficial to revegetation since no "safe 

sites" are available. In addition seedlings which are subject to damage by ATVs 

or heavy equipment will likely not survive. 

The site of a disturbed site can also affect the recovery potential. In 

arctic areas seed production is an energetically costly undertaking and in most 

cases vegetative reproduction is the most frequent method of reproduction 

(Johnson 1969, Bliss 1971, Urbanska and Shultz 1986, Chambers et al. 1990. 

Sonesson and Callaghan 1991). Therefore, on a disturbed area the vegetation 

will re-invade the site clonally from the periphery in toward the centre 

(McKendrick 1987). On a small site peripheral invasion could easily cover it in a 

relatively short period. Vegetative reproduction in the arctic is slow and invasion 

of the disturbed area from the periphery may take decades. The sites examined 

showed that less than 46% were less than one hectare in area (Table 2.3 and 

2.4). Compaction of a gravel pad which supports a building may be of great 

importance. Once the building is removed the gravel is still compacted. The 

area may provide a uniform level surface, but, seeds andlor roots are unable to 

penetrate the compacted substrate. It is not known how many of the ievel sites, 

that I studied, once supported structures. 

Although the exact age of disturbances could not be determined the 

estimate was that most disturbance took place between 1951 and 1961 Le. 



between 46 and 36 years recovery time for rnost undated disturbances. 

A cornparison of recovery potential from each of the four major study sites 

showed that the length of time that the site has had to recover did not correlate 

with the overall score. The oldest site, in terms of abandonment, was not the 

one with the highest recovery potential. Cape Merry which was disturbed in 

1967 and had the lowest total score (1 l), while Akudlik was disturbed more 

recently and its total score was one of the highest out of al1 four locations (1 4) 

(Table 24). 

Individual aspects of the recovery potential model seem to be more 

important to recovery than the time factor alone. This rnay explain why certain 

sites ranked lower than expected. For instance there was abundant adjacent 

vegetation at the Cape Merry site but the particle size was so large that 

colonization was limited. Akudlik on the other hand had little or no adjacent 

vegetation but had a smaller particle size making it more favourable for 

colonization to occur than on other sites. Most seeds need to be in the upper 

few centimetres (or even millimetres) of the substrate to experience appropriate 

conditions for germination. Substrates with large particle size may result in 

seeds falling to depths in the soi1 column and thus make germination impossible. 

A mixture of sand in a substrate which also possesses large aggregate particles 

will help to keep seeds at a level which enhances germination. 



2:5 CONCLUSIONS 

1. Damage to the dry tundra in the Churchill region has been extensive. 

3752.49 ha of undisturbed dry tundra remain while 41 3.31 ha have been 

seriously damaged (i.e. 10% of the original). Attempts should be made ta 

restore these areas to enhance tourism potential. 

2. The recovery potential of the four major study areas was not linked to the 

time since the disturbance. The age of the sites was not correlate with the stage 

of recovery. A site that was disturbed sixty years ago might be no more 

advanced in recovery than a site disturbed sixteen years ago implying that, other 

factors limit the recovery on the sites. 

3. The fifty minor excavation sites were in various stages of recovery with 

the dominant factor limiting revegetation being texture. The excavation removed 

the majority of the small particulate . matter. The resuit is a micro-topography 

which limits the safe sites available for seedlings to become established. 

Therefore, although, the majority of the sites were surrounded by undisturbed 

vegetation the incoming seed rain does not find appropriate sites on which to 

germinate. 



CHAPT ER 3 

Natural of succession in gravel pits at Churchill, 

Manitoba. 

311 INTRODUCTION 

In the excavation of gravel, a front-end loader is used to remove the 

overburden (overlying vegetation and organic layer) to expose the underlying 

gravel (Bailey 1981, Bradshaw 1983, Street 1985). The loader is then used to 

scrape the gravel into a mound ready for transporîation. Abandoned sites, have 

minimal soi1 development and are considered to be at the starting point of 

primary succession (Bradshaw 1983, Bradshaw 1987, Kershaw and Kershaw 

1987, Cargill and Chapin 1987). The speed of rehabilitation and recovery in 

cold stressed environmerits, such as the subarctic, are slower when the 
- 

vegetation and organic layer are removed (Webber and Ives 1978). Primary 

succession repeats itself if the disturbance, either natural churning of soi1 due to 

freeze-thaw regimes (Sigafoos 1 951 ), or anthropogenic (excavation or mining), 

continues- 

The objective of my study was to determine the rate and sequence of 

natural succession on four datable disturbed sites to climax dry tundra 

communities. This will provide information regarding the time frame required for 

the natural restoration of damaged terrain. Understanding the successional 



process as well as the pertinent edaphic conditions affecting the sites will lead to 

a restoration program rnight achieve enhanced rehabilitation (Bradshaw 1983, 

Bradshaw 1987, Cargill and Chapin 1987, Webber and Ives 1978, F orbes 1992). 

3113 SITE SELECTION 

Several disturbed sites were examinel and four of these were selected 

for study. The sites were; accessible by vehicle, located in dry heath tundra 

areas and dateable (1 935, 1967, 1980 and 1981 ). 

3:2 SITE DESCRIPTION 

3:2:1 Cape Merry 

Cape Merry National Historic Park is located 3 km northwest of Churchill 

town centre on the eastern peninsula at the rnouth of the Churchill River. The 

study site is a gravel pit located adjacent to the gravel road 0.5 km inside the 

Park entrance (58' 47' 11" N, 94' 1 1' 35" W). In 1967 gravel was excavated 

from a pit on the south-west side of the road to provide gravel for road 

construction, resulting in a 1.19 ha pit (Hochbaum 1969). The opposite (Le. 

northeast) side of the road has remained relatively undisturbed (Hochbaurn 

1969). At the present time, the pit is largely devoid of vegetation and contrasts 

with the undamaged substrate on the other side of the road, and with the dry 

heath tundra vegetation found within the park (detailed description in Chapt.2). 

3:2:2 Bluff B 

This site is an abandoned gravel pit located south of a bedrock outcrop at 

Half Way Point. 20 km east of Churchill on the coast of Hudson Bay (58' 46' 05" 



NI 93" 51' 00" W). The total area of the gravel pit at Bluff B is 5.65 ha. The 

present vegetation within the pit may be delineated into four vegetation zones; 

i. A gravel hill (0.5 m high). The gravel constituting the mound is unstable. 

There is vegetation on the top of the mound and near the base (detailed 

description in Chapt.2). ii.  A scraper scar (two ridges each less than 0.5 rn wide 

with a depression in the centre). Two such scars radiate out from the hill in a 

northwest direction. The ridges are devoid of vegetation but some vegetation is 

concentrated in the depression (detailed description in Chapt.2). 

iii. A depression (0.5 m deep), surrounded by gravel ridges. This area is parallel 

to the access road and west of the gravel mound community (detailed 

description in Chapt.2). It is moist and supports a thriving willow community. 

iv. An undisturbed ("controln) area supporting a dry heath tundra community. 

This vegetation zone is south of a rock bluff. The bluff provides some protection 

from north winds and acts as a snow trap which provides moisture in the spring 

(detailed description in Chapt.2). 

3:2:3 Akudlik 

This abandoned village site is 3 km south of the Town of Churchill at the 

junction of the Kelsey Blvd. and Goose Creek Road (58' 44' N, 94' 06' W). The 

site is a Rat gravzl pad and is currently strewn with debris and garbage. The 

area was abandoned by 1981 when al1 but three of the buildings were removed. 

Although this area is one of the largest sites, it afforded no undisturbed 

heath area for comparison. Adjacent plant communities on the north, east and 



south sides are wet sedge fens or lakes while to the west the terrain is forested. 

Neither of these communities reflect the vegetation cover that would have been 

removed to build the site (detailed description in Chapt.2). 

3:2:4 Fort ChurchilllAirport 

Fort Churchill was built in 1942 by the United States Air Force, 8 km east 

of the town on the quartzite ridge (58" 45' N, 94' 04' W) (Cheney and Brown 

Beckel 1955). The Fort was abandoned in 1980 at which time most buildings 

were removed. 

The study site was lowted near one of the remaining buildings (now used 

as a Coast Guard building). The irnrnediate area provided both undisturbed and 

disturbed plant communities (detailed description in Chapt.2). 



3:3 FIELD METHODS 

At each site, vegetation was surveyed within the disturbed as well as in 

the undisturbed "control" areas. Soil samples and temperatures were taken to 

determine edaphic conditions in both areas at each site. This information was 

used to illustrate differences between disturbed and undisturbed areas over 

time. The differences should help to detemine if a successional sequence 

exists in these areas. 

In 1992, ten soi1 sarnples (1 0 x 10 x 10 CM) were collected from randomly 

located 30 x 30 cm quadrats in each of the disturbed and adjacent undisturbed 

areas at each of the four study sites (after the method of Bishop and Chapin 

1989). Samples from disturbed and undisturbed sites were collected on the 

same day to ensure that comparable environmental conditions occurred during 

the collection of edaphic data. The sampling was repeated in 1993. Samples 

were placed in sealed plastic bags and immediately retumed to the laboratory at 

the Churchill Northern Studies Centre. Samples then underwent gravimetric 

water content analyses. The soi1 sarnples were air dried and sent to the 

University of Winnipeg for further testing; pH detenination in the 0.01 M CaCI,, 

dry sieving, pipette analysis for silt and clay and loss on ignition for organic 

matter and carbonate content. 

3:3:1 VEGETATION SURVEY 

A vegetation suwey was conducted at each of the four study sites (Cape 

Merry, Bluff B, Fort ChurchillfAirport and Akudlik). At each site, a 10 x 10 m 



study plot was placed in both undisturbed (control) and disturbed locations. 

Exceptions to this plan was the absence of suitable control sites at Akudlik and 

that the plot size was 15 x 15 m for the undisturbed plot at Fort Churchill/Airport. 

Within each 10 x 10 rn plot where 20 randomly located quadrats were placed. 

Percent cover values were recorded for each species inside of each quadrat. 

3:3:1:1 Correspondence Analysis and Discriminant Analysis 

Vegetation data for Cape Meny, Bluff B and Fort Churchill/Airport were 

used in the correspondence and discriminant analysis, to show statistically 

similarities and differences between the sites. The 1992 and 1993 data were 

combined to form one data set. Akudlik data were not included because they 

lacked the undisturbed component of the data set. The Bluff B data were limited 

to only two of the four areas (undisturbed and scraper scar areas) to correspond 

with the other sites. The scraper scar was considered to be the most 

representative of the four areas at Bluff B and also had similar topography to the - 
other disturbed sites at Cape Merry and Fort ChurchilVAirport. 

Correspondence and discriminant analyses were conducted separately 

for data from Bluff B. This included al1 four zones (hill. willow, scraper scar and 

undisturbed) since the areas were visually distinct. It was hypothesized that 

they would be statistically distinct and perhaps may relate to topographic, 

moisture differences or some other edaphic variation at the site. 

The data was analysed using Canonical Analysis with the data dom- 

weighted for rare species. All data was log transformed was log transformed 



Scatter plots were drawn for the results of both analyses. 

3:3:2 SOlL TEMPERATURE ANALYSlS 

Shade temperatures were taken within each quadrat at depths of 5 cm, 10 

cm and 15 cm July 1992 and 1993, using a soi1 temperature probe. The same 

probe was used in each of the twenty quadrats at each site. Soil temperatures 

at 10 and 15 cm could not be measured at Cape Merry and Fort ChurchillIAirport 

because of the presence of bedrock close to the surface. 

LABORATORY METHODS 

3:3:3 GRAVIMETRIC WATER CONTENT 

Gravimetric soi1 analysis was conducted on the fresh soi1 samples 

immediately upon their return to the laboratory at Churchill as outlined by Scott 

(1 993) and was simiiar to tests onducted by Bishop and Chapin (1 989). An 

accurately known weight of fresh soi1 (between 1 O - 20 g) was dried at 

105 - 11 0 O C  for 24 hours. The samples were then reweighed. The percent 

moisture content was then calculated using the formula: 

mass of rnoist sample - mass of oven dry sample X 100 
mass of oven dry sample 

Following this analysis the remainder of the soi1 samples were air dried. 

3:3:4 pH ANALYSE (The 0.01 M CaCI, method) 

The procedure for soi1 pH determination used in this study followed that of 

Scott (1 993) and Bishop and Chapin (1989). The pH of each 

determined by adding 20 ml of 0.01 M CaCI, to approximately 

57 

sample was 

10 gofsoil ina 



beaker. The suspension was stirred thoroughly, then allowed to stand for 20 

minutes before immersing the glass electrode and reading the pH from the 

metre. 

3:3:5 SOlL TEXTURE ANALYSIS (Dry sieving method) 

The 120 soi1 sarnples from disturbed gravel were sieved to separate 

coarse gravel (mesh #3/8, 15.9 mm), fine gravel (mesh #?O, 2 mm), coarse sand 

(mesh ffi0, 0.25 mm), fine sand (rnesh #270, 0.053 mm) and the silt and clay 

fractions using a sieve shaker for 15 minute durations following Scott (1 993). 

The undisturbed soils were not used in this analysis because I was interested in 

the size of cobbles making up the aggregate soi1 and how this would effect 

revegetation on the site. The undisturbed soils were relatively uniform in nature. 

The sieve sizes used for gravel soils would have been too large for the organic 

undisturbed soils. 

3:3:6 PIPETTE AANLYSIS FOR SiLT AND CLAY 

Twenty six of the 120 soi1 samples from disturbed sites had more than 5% 

silt and clay fraction by weight and therefore underwent pipette analysis 

following Scott (1 993). The percentage of silt and clay fractions in the original 

soi1 sample were determined by this formula; 

oven dry sample (g) - calgon (0.1 139 g) = sarnple alone (g) 

sample alone (g) x 50 = arnount of silt and clay in total suspension 

% weight of Silt and Clay fraction x % weight of silt and clay fraction 
in ~ i ~ e t t e  emeriment after seiving 

100 



3:3:7 LOSS ON IGNITION FOR ORGANIC AND CARBONATE CONTENT 

The procedure to detenine the amount of organic matter in soil samples 

followed that outlined by Scott (1 993) and was similar to tests conducted by 

Bishop and Chapin (1989). This was done by placing 5 g of oven dried soil into 

a crucible of a known weight. The sample was then placed in a muMe fumace 

and heated to 550 O C  for one hour and then reweighed. The organic matter 

content was calculated using the formula (the mass of the crucible has been 

subtracted from al1 values): 

% organic = oven drv mass - incinerated mass X 100 
matter oven dry mass 

After incineration, the samples were stored covered, until they were incinerated 

again to determine the amount of carbonates present. The procedure was then 

repeated at a temperature of 1,000 OC to determine the carbonate content of the 

sample, which is calculated using the following formulae: - 
% ignition loss = ianition loss lu) X 100 

mass of mineral soii (g) 

% carbonate = % loss on ianition 
content 0.44 



3:4 RESULTS 

3:4:1 VEGETATION SURVEY 

Disturbed areas at Cape Merry, Bluff B, and Fort ChurchilVAirport 

displayed less vegetation cover than undisturbed sites in both 1992 and 7 993 

(Fig. 3.1). The mean percent cover per quadrat in ail disturbed areas showed 

high variation indicative of the patchiness of the vegetation cover (Table 3.1). 

The undisturbed areas at Cape Merry and Fort Churchill/Airport showed 40 - 

80% vegetation cover (Fig. 3.1). Mean percent cover values per quadrat in the 

undisturbed areas at Cape Merry, Fort Churchill/Airport and Bluff B showed high 

variation (Table 3.1 ). The undisturbed area at Cape Merry was dominated by 

Rhododendron lapponicum, Vaccinium uliginosum, moss s p., and Salix reticulata 

(Table 3.1 ). Fort Churchill/Airport undisturbed was dominated by Salix planifolia. 

Taraxacum lacerum, Hedysarum mackenzii and Epilobium angustifoliurn (Table 

3.1 ) The undisturbed area at Bluff B showed less variation from 1992-1 993 than 

Cape Mery or Fort ChurchilllAirport (Fig. 3.1 ). Bluff B undisturbed was 

dorninated by Dryas integrifoia, Salix planifolia, Empetrum nigrum, lichen sp., 

Andromeda polifolia (Table 3.1 ). 

The disturbed area at Cape Merry was dominated by Dryas infegnfolia, Salix 

planifolia, Elymus arenanus (Table 3.1). The disturbed site at Akudlik had less 

than 40% vegetation cover dominated by Hedysarum mackenzii, Grass sp. and 

Festuca brachycarpa (Fig. 3.1 ). 

Comparing the four zones at Bluff B showed increased vegetation cover 



Mean perdent cover P r  quadrat of specles pressnt In more than 5 quadrats for the vegetatloti 
sunrey for dlsturbed and undlsturbed areas at Caps Metry, Bluff 8, Fott ChurchllVAlrpotî 
and Akudllk. (+/- ISO), N=20 (W denotes not pre8ent and X denotee Qrasancs In lass than 5 quadrab) 

Selix plsnihlla 
Sallx retlculats * 

Salix laneta 
Empetrum n l g m  
Andtumeda pol/fol/a 
C\rtystaphy!os mbm 
Rhododendron lapponicum 
VeccInium uliginosum 
Hedysawm mackenzll 
CestllIeja reupii 
T'sraxacum lacemm 
Shepherdle canadensis 
Equisefum arvense 
Plngulcule vulgeds 
Pucclnellla luclda 
Achlllee nlgrescena 
Pym18 granltlara 
Rubus chameemonrs 
Pamassla palustris 
Pofentilla pu/cheIIa 
Oxyfmpls campestris 
Sexlfraga tfcusp/date 
Elymus arenerius 
Tofieldia pusilla 
Juncus ~ ~ / C U S  
Festuce brachyphylla 
Grass sp, 
Moss sp. 
Lichen sp. 

Undlsturbeâ 
Cape Meny 

1.2 +/- 4.23 
NF 
11.55 +/- 12.3@ 
0.9 +/- 1.91 
1.18 +/- 2.07 
2.7 +/- 4.82 
1.3 cl- 2.68 
8.35 +/- 7.97 
3.0 +/- 6.63 
N/P 
NIP 
N/P 
NIP 
1.48 +/- 1.58 
0.58 +1- 0.67 
0.65 +/- 1.18 
NP 
NIP 
NIP 
X 
NIP 
NIP 
NIP 
NIP 
X 
NIP 
NIP 
NIP 
38.1 +/- 38.92 
2.93 +/- 3.50 

X 
X 
NIP 
3.65 +/- 7.31 
7.4 +/- 10.12 
X 
NIP 
X 
NIP 
NIP 
NIP 
X 
NIP 
NIP 
X 
NIP 
0.6 +/- 1 , l O  
NP 
NlP 
NIP 
NIP 
NI? 
NIP 
NIP 
NIP 
NIP 
NIP 
0.6 +/- 2.68 

9.9 +/- Z8.17 
X 
NIP 
X 
N P  
NIP 
NIP , 
NIP 
6.65 +/- 17.94 
6.13 +/- 8.37 
4.3 +/- 7.26 
NlP 
NIP 
1.9 +/- 4.61 
NIP 
0.5 +1- 0.93 
NIP 
0.95 +/- 1.20 
0.45 +/- 1.00 
X 
NIP 
NIP 
NIP 
NIP 
NIP 
NIP 
X 
2.8 +/- 4.27 

3.25 +/- 5.74 
NIP 
NP 
NP 
X 
NIP 
NIP 
NIP 
X 
NlP 
NIP 
X 
NIP 
NP 
NIP 
1.15 +/- 2.43 
NIP 
Nl? 
NP 
1.25 +/- 2.83 
NP 
NIP 
NIP 
NlP 
NIP 
NIP 
NIP 
2.88 +/- 4.80 

X 
N P  
NIP 
N P  
NIP 
NI+ 
NIP 
NIP 
NIP 
NlP 
NIP ' 
45.8 +l- 45.95 
NIP 
NIP 
NIP 
NlP 
NIP 
NIP 
NIP 
NIP 
NIP 
X 
X 
NIP 
NIP 
NIP 
NIP 
NIP 

6 12,3 +1- 13.7t 
17.1 +/-31.08 2.2 +/-6.11 
w X 
3.95 +/- 7.39 NP 
W NIP 
K NrP 
NP N F  
NIP NIP 
NIP NtP 
NIP NIP 
NIP NIP 
NIP NIP 
NIP X 
NIP NIP 
NIP NIP 
K NIP 
NP NI? 
N/P NI? , 

NP NIP 
NIP NiP 
X NP 
NP X 
NIP X 
NP X 
NIP NI? 
NIP NIP 
NIP NIP 
NlP NIP 
NIP 2.55 +/- 4.27 
N/P X 

=art Churchill 
'Al tport 

9,28 +/- 10.31 
4.65 +1- 8.71 
D.55 +/- 1.23 
1.75 +/- 4.61 
NIP 
N/P 
NIP 
NIP 
NIP 
D.65 +/- 1.81 
NIP 
K 
NIP 
K 
1.86 +1- 4.43 
NIP 
NIP 
NI? 
NIP 
X 
NIP 
NI? 
NI? 
NIP 
X 
3,9 +/- 8.90 
X 
NIP 
3.75 +/* 8.98 
N P  

6 
NIP 
K 
K 
NIP 
N P  
NIP 
NIP 
N/P 
7.35 +/- 19.30 
NIP 
NIP 
NIP 
NIP 
NIP 
3.85 +/- 6.24 
X 
NP 
NIP 
X 
X 
NiP 
NIP 
NIP 
X 
X 
NIP 
NIP 
9.55 +/- 23. l! 
NIP 
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on the Hill in 1992. The cover values were slightly higher than that of the 

undisturbed area (Fig. 3.1 ). However, in 1993, the three disturbed zones had 

lower cover values than that of the undisturbed area (Fig. 3.1 ). The hill section 

was dominated by Shepherdia canadensis (Table 3.1 ). The willow section was 

dominated by Salix planifolia and Salix lanata (Table 3.1 ). The scraper scar was 

dominated by Dryas infegrifolia, Shepherdia canadensis and Salix planifola 

(Table 3.1 ) 

3:4:4 :1 CORRESPONDENCE ANALYSIS AND DISCRIMINANT ANALYSIS 

A scatter plot waç drawn from the results of correspondence analysis 

(CA) (Fig. 3.2). ln this figure, the undisturbed areas for each of the study sites 

formed a triangular pattern. Quadrats for Bluff B appeared closest to the arigin 

whereas those of Cape Merry were located above and those for Fort 

ChurchilllAirport to the right of Bluff B (Fig. 3.2). The disturbed areas are 

scattered between these undisturbed communities. The disturbed area at Bluff 

B has a large number of points clustered close to the undisturbed area of Bluff 

B. Other points are associated with the Cape Merry undisturbed site. None of 

the disturbed Bluff B points are associated with Fort ChurchilVAirport 

undisturbed. Cape Merry disturbed plots form a band which extends from the 

origin of the scatter plot, near Bluff B undisturbed, and continues between the 

Airport and Cape Merry undisturbed areas. Finally, the Airport disturbed plots 

are closely associated with Bluff B undisturbed plots. Three are found 

associated with the parent comrnunity and one with Cape Merry undisturbed. 
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Figure 3.2. Correspondence analysis (CA) scatterplot (axis 1 vs. axis 2) for disturbed a d  
undisturbed plots in the Cape Merry (CM), Fort ChurcbilVAirpon (AIR), and Bluff B (BB) 
sites. (a) Plot Scores. symbol codes: O = CM undisturbed = = CM disturbed. O = AIR 
undisturbed. *= AIR disturbed, 0 = BB undisturbed, a = BB disturbed. (b) Species Biplot 
Scores. codes: Ap = Andromeda polifolia, Ar = Arctusraphylos rubra. Cr = Castilleja raupii. 
Di = Dryas integrifolia. Ea = Eiyrnris arenarius, Eg = Epilobium angusr~o~iwn, En = Empetnun 
nigrm. Gras = grass spp.. Hm = Hedysarurn mackenzii, la = Jmcus arcticus. Lich = lichen spp.. 
bloss = moss spp.. Pv = Polygonum viviparum. Eü = Rhododendron lapponicm. Sb = Salk  
brachycarp. Sc = Sheperdia canadensis. SI = Salk  lanam. Sp = Salk planifolia. Sr = Salk 
rericulata, Tl = Taraxacwn lacerum. Vu = Vaccinium uliginosum. For clarity, only the most 
common species are shown- 



Five of the disturbed airport plots are scattered beheen the Bluff B and Cape 

Merry undisturbed areas. 

The plant species associated with the three undisturbed communities in 

the correspondence analysis (Figure 3.2) were; 

B luff B; Shepherdia canadensis, Drys infegrifolia, "Lichen1', Empetrum nigrum 

and Andromeda polifolia. 

Cape Meny; Rhododendron lapponicum, Salix reticulafa, Vaccinium uliginosum, 

and Moss. 

Fort Churchill/Airport; Taraxacurn lacerum, Hedysarum mackenzii, Epilobium 

a ng ustifolium, Castileja ra upii, a n d Grass . 

A similar pattern emerged from the Bluff B data. The undisturbed area 

formed a tight cluster near the origin with the scraper scar being closest to it in a 

oval pattern (Figure 3.3). The willow and hill areas are at right angles to the 

undisturbed area with the hill area above and the willow to the left (Figure 3.3). 
- 

The vegetation associated with these areas was also similar to the overall 

pattern on the three sites. 

U nd i s t ur bed; Dryas in fegrifolia, Empefrurn nigrum, Vaccinium uliginosum. 

Lichen, Salix reticulata, Andromeda polifolia and Salix brachycarpa. 

Scraper scar and Hill; Shepherdia canadensis, Elymus arenanus and Epilobiurn 

ang ustifolium 

Willow; Salix planifolia, S. lanafa, and Moss. 

Discriminant analysis of al1 data for the three sites showed the 
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Figure 33. Correspondence analysis (CA) scatterplot (axis 1 vs. axis 2) for disturbed and 
undisturbed plots Bluff B (BB). (a) Plot Scores. symbol codes: O = BB undisturbed, 

= BB scraper scar (disturbed). i = BB willow (disturbed). = BB bill (disturbed). 
(b) Species Biplot Scores. codes: Ap = Andromeda polifolia. Di = Dryas inregrvofia, 
Ea = Efyrnus arenarius. Eg  = Epilobium angustifolium. En = Empernun nignun, 
Lich = lichen spp., Moss = moss spp.. Sb = Salk brachycarpa. Sc = Sheperdia cana den si^^ 
S1 = Salk lanara. Sp = Salk planif'olia, S r  = Salk reticulara. Vu  = Vacciniwn diginosm. 
For clarity. only the mosc cornmon species are shown. 



undisturbed communities to fom three distinct areas on the plot (Figure 3.4). 

The disturbed areas were distributed in between these. The disturbed and 

undisturbed areas at Bluff B were closely associated with each other. Cape 

Merry and Fort ChurchillJAirport disturbed sites were associated with each other 

but not with either undisturbed community. These two were closer to the Bluff B 

parent community. The analysis was done for the first four axes however the 

correlations of correspondence analysis axes with discriminant axes showed that 

the majority of the variation was accounted for by the first two axes (F ig. 3.4). 

The Chi-squared tests showed the undisturbed sites to be statistically different 

from one another (Fig. 3.4). 

Discriminant analysis resulted in a similar pattern for the Bluff B data 

(Figure. 3.5). The analysis was done for the first four axes however the majority 

of the variance is accounted for by the first two axes as shown by the 

correlations of correspondence analysis axes with discriminant axes. The four 

zones (undisturbed, willow, scraper scar and hill) were statisticall y different from 

one another as seen in the Chi-square tests (Fig. 3.5). 

3:4:2 TEMPERATURE 

The only site on which soi1 temperatures were taken at a depth of 15 cm 

was the undisturbed area at Cape Merry (Table 3.2). The disturbed area at 

Cape Merry and Fort Churchill/Airport were only taken to a depth of 5 cm, 

because rock was encountered at shallower depths. The remaining sites had 

soi1 depth taken to 10 cm (Table 3.2). 



MDA 1 (RZ = 0.845) 

Figure 3.4. Multiple discriminant analysis of disturbed (black symbols) and undisturbed 
(white symbols) plots at Cape Meny (CM. i), Fort ChurchilUAiqort (AIR.*) and Bluff B 
(BB. 0). based on scores h m  the fmt four correspondence analysis axes (see Figure 3.2). 
Symbols are positioned at the mean (cenûoid) of each of the six groups. Circles are 95% 
confidence intervals about the mean (closed circles for undisnirbed dashed circles for 
disturbed), Associated statistics are summarized beiow: 

1 .  Chi-Squared Tests with Successive D Lrcrimimr Axes Removed 

Axes x2 d f P 

2. Correlations of Correspondence Analysis Axes wirh Disen-m inant Axes 

Discriminant Axis 

CA Pais 1 2 3 4 



Figure 35. Multiple discriminant analysis of disairbcd (bIack poinu) and unundisairbed 
(white point) plots at Bluff B, based on scores h m  the first four correspondence analysis 
axes (see figure 3.3). Points are positioned at the maa (ceatmid) of each of the four groups. 
Circles are 95% confidence intervais about the mean. Associateci s u m y  statistics: - 

1. Chi-Squnrrd Tests with Successive Discriminant Axes Removed 

Axes x2 tif P 

2. Correlations of Correspondence Analysïr Axes with Discriminunt Axes 

Discriminant Axis 

CA Axis 1 2 3 



Table 3.2 Mean soi1 temperature at depth for Fort ChurchiIVAirport, Cape Merry, 
Bluff B and Akudlik. 

Site Mean Temperature (+/- 1 SD) 
Scm 1 Ocm 15cm 

Fort ChurchiWAirport undisturbed 12.03 (+/- 2.98) 9.80 (+/- 1.91) N/A 
Fort ChurchilVAirport disturbed 14.25 (+/- 4.00) NIA N/A 
Bluff B undisturbed 18.55 (+/- 2.56) 12.60 (+/- 2.16) NIA 
Bluff B scraper scar 17.30 (+/O 2.36) 14.30 (+/- 2.1 3) N/A 
Bluff B willow 18-1 5 (+/- 3.72) 16.00 (+/- 2.88) NIA 
Bluff B hill 18.45 (+/- 2.82) 15.05 (+/- 3.58) N/A 
Cape Meny undisturbed 12.80 (+/- 5.58) 7.90 (+/- 2.7) 5-67 (+/- 0.77) 
Cape Merry disturbed 14.30 (+/- 5.91) NIA N/A 
Akudlik disturbed 15.20 (+/- 4.48) 1 3.45 (+/- 3.46) NIA 



The soi1 temperature at Bluff B were the highest overall for 5cm depth 

followed by Akudlik (Table 3.2). Cape Meny and Fort ChurchillfAirport had the 

lowest temperatures (Table 3.2). The temperature at Cape Merry undisturbed 

decreased with depth from 12.8 O s . 5 8  at 5 cm to 5.67 O 0 .77  at 15 cm (Table 

3.2). In ail cases except Bluff B the temperature at 5 cm waç higher on the 

disturbed area than the undisturbed areas (Table 3.2). However, with Bluff 8 

this reversed at the 10 cm depth where the undisturbed area had the lowest 

temperature (Table 3.2). 

3:4:3 GRAVlMETRiC WATER CONTENT 

The mean moisture content for samples from disturbed areas was less 

than 10 % in 1992 and 1993, except for the willow area at Bluff B (Fig. 3.6). 

Variation in the disturbed areas (+/- 0.3- +1- 1.66) was unlike the vegetated 

areas (+/- 3.31 - +/- 172) (Fig. 3.6). Areas covered by vegetation had higher 

mean moisture contents, (29-500%) (Fig. 3.6). Moisture content overall was 

higher in 1993 than in 1992 (Fig. 3.6), as was precipitation. 

3:4:4 pH ANALYSE 

The pH of the disturbed areas at Akudlik, Bluff B and Cape Merry ranged 

from 6.8 to 7.2. Those at Fort ChurchilllAirport were 7.49 + 0.1 9 (Table 3.3). 

The undisturbed areas at Cape Merry and Bluff B were slightly acidic with a pH 

of 6.47 + 0.20 and 6.39 2 0.22, respectively (Table 3.3). The undisturbed area 

at the Fort Churchill/Airport is neutral at 6.82 2 0.16. 





Table 3.3 

Site 

Fort ChurchilVAirport undisturbed 
Fort ChurchiillAirport disturbed 
Bluff B undisturbed 
Bluff 6 scraper scar 
Bluff B willow 
Bluff B hill 
Cape Merry undisturbed 

Results of loss on ignition (percent carbonate and organic matter) 
and pH analysis for Fort ChurchilVAirport, Cape Merry, Bluff B and 
Akudlik. Data was combined for 1992 and 1993. 

N 1 Mean percent 
carbona!e (+!- W) 

20 i 43.89 (+/- 9.44) 

Cape Merry disturbed ' I 19 1 51.1 1 (+/- 14.89) 

pH (+/- 1 SD) 

5.86 (+/- 0.13) 
7.49 (+/- 0.1 9) 
6.39 (+/- 0.22) 
6.70(+/-0.33) 
6.70 (+/- 0.26) 
6.74 (+/- 0.34) 
6.47 (+/- 0.20) 

20 
20 
19 
20 
20 

7.02 (+/- 0.40) 0.96 (+/- 0.39) 

Mean percent organic 
matter (?II 1S!3 

16.90 (+/- 10.36) 
5.89 (+/- 12.08) 
34.53 (+/-18.54) 
1.26(+/-1.07) 
3.93 (+/- 2.89) 
1.83 (+/- 1.84) 

57.48 (+/- 9.77) 

40.62 (+/- 24.61) 
48.01 (+/- 40.01) 
52.1(+/-11.63) 
50.86 (+/- 7.96) 

44.44 (+/- 1 1 -55) 

Akudlik disturbed l 20 i 44.86 (+/- 10.9) 6.83 (+/- 0.1 8)l 1.40 (+/- 0.22) 

20 ; 103.03 (+1- 26.94) 



3:4:5 SOlL TEXTURE ANALYSIS 

Results were combined for the 1992 and 1993 samples. The majority of 

the soi1 samples at Cape Merry were dominated by coarse grave1 (Table 3.4). 

The remaining samples; Fort Churchill/Airport, Bluff B (willow, scraper scar, hill) 

and Akudlik were dominated by coarse sand (Table 3.4). Mean silt, clay and 

fine sand contents were less than 10% for al1 sites (Table 3.4). Akudlik had the 

highest mean percentage of fiiie sand (Table 3.4). 

3:4:6 PlPElTE ANALYSE FOR SlLT AND CLAY 

The 26 samples which undenvent pipette analysis were from Bluff B 

willow area (2), Akudlik (4) and the Airport (20). The mean amount of silt and 

clay in the original soi1 sampie for Fort ChurchWAirport was 6.23% + 5.23 (Table 

3.5). The samples from Akudlik and Bluff BNVillow section were well below this 

value with means of 1.14% + 0.40 and 2.90% + 2.37 respectively (Table 3.5). 

The amount of clay remaining in suspension at time 7:27 was O for al1 but 9 

samples which averages 1.57% + 0.82 (Table 3.5). All of these 9 samples were 

from the Fort ChurchillIAirport. 



Table 3.4 Overall mean percent soi1 texture for disturbed areas at Fort Churchill/Airporî, Cape Merry, Bluff B and Akudlik. 
(1 992 and 1993 data combined +I- 1 SD) 

Silt and Clay 
Fine Sand 
Coarse Sand 
Fine Gravel 
Coarse Gravel 

Fort Churchilll 
Airpori 
N=20 

7.81 +/- 1,62 
7.37 +1- 1.84 
30.73 +/- 4.54 
25.95 +/- 5.50 
27.97 +/- 9.02 

Akudlik 

N=20 
3.86+1- 1.33 
9.29 +/- 2.93 
43.05 +/- 1 , l6  
21.1 1 +/- 5,25 
22,45 +/- 9.08 

Cape 1 Scraper Star 
Bluff B 

Willow 
N=lO 

4.03 +/- 3.87 
3,39+/- 2,03 

35.07 +/- 5.33 
26.1 1 +/- 6.65 
31.40 +/- 11.03 

~ i i l  
N=20 

1.63 +/- 1 .O5 
3.94 +/- 1,54 

36.79 +/- 11.62 
24.19 +/- 6.05 
33.65 +/- 12.86 

N=l9 
2.00 +/- 0.89 
2.29 +/- 1.28 
17.1 1 +/- 9.17 

35,19 +/- 12.16 
43.36 +/- 20.26 

N=19 
1.38 +/- 0.96 
3.47 +/- 3.1 2 
38.30 +/- 9.84 
18.93 +/- 5.62 
38.00 +/- 11.61 



Table 3.5 Mean percent silt and clay fractions and clay fractions (+/- 
1 SE) in the original soi1 ~amples. 

SlLT & CLAY CIAY 

S [TE n MEAN % S.E. MEAN % S.E- 

3:4:7 LOSS ON IGNITION FOR ORGANIC AND CARBONATE CONTENT 

Resuits were combined for the 1992 and 1993 samples. Average percent 

organic matter values were higher on the vegetated sites than the adjacent 

disturbed areas (Table 3.3). The vegetated areas had percent organic matter . 
values between 16 and 57% (Table 3.3). Cape Merry had the highest organic 

matter content at 57.48% 5 9.77 and Fort ChurchillIAirport with the lowest at 

16.90% + 10.36 (Table 3.3). 

The disturbed areas at the four sites had organic matter content between 

0.96% and 5.89% (Table 3.3). The organic content on these sites was very low, 

especially since standard deviations were high, the organic content at the Airport 

for example was 5.89 2 12.08 (Table 3.3). Akudlik was the only site with a low 

standard deviation (1 -40 2 0.22) (Table 3.3). 



Percent carbonate content was similar on the disturbed and undisturbed 

sites. The values ranged between 40 and 52% for al1 sites except Cape Meny 

(Table 3.3). Cape Merry had a large carbonate content at the disturbed site 

103.03% + 26.94 contrasted to the undisturbed area which was 51 -1 1 % + 14.89 

(Table 3.3). This high carbonate content of 103% at Cape Meny undisturbed 

may indicate the presence of dolomite (magnesium). Bluff B had a carbonate 

content of 48.01 % + 40.01 showing a large variation in the carbonate component 

of the soi1 (Table 3.3). 



3:5 DISCUSSION 

The objective of my study was to determine the rate and sequence of 

natural succession from an initial disturbance toward the climax dry tundra 

community, in the Churchill area. This will provide knowledge of the time frame 

in which damaged terrain would restore itself, if at all. 

Succession can be initiated by a disturbance in the community which 

results in a large scale removal of vegetation and the underlying aggregate 

(Connell and Slatyer 1977). This opening is then invaded by primary colonizing 

species and succession is initiated. 

Eventually a climax comrnunity is attained and may remain in an 

equilibrium state. In an arctic environment this theory may need modification. 

Under harsh environmental conditions the driving force is shifted from sera1 

stage replacement to species establishment and survival (Svoboda and Henry 

1987). A directional non-replacement mode1 of succession, in which colonizing 

species are not replaced by other invaders but continue to expand and fil1 the 

available space, may be at work in these areas (Svoboda and Henry 1987, Bliss 

and Peterson 1992). This would account for the presence of primary colonizing 

species in the later stages of succession, Le. Dryas integnfolia. Therefore, since 

the conditions are severely Iimiting in these areas the important factor in 

recovery is the establishment and survival of colonizing species. Over tirne 

these species may expand their hold on the disturbed area vegetatively, and 

when conditions allow seed will be produced. In this way the community will be 



maintained and expanded. 

A model was developed to show the forces at work in heath tundra 

disturbances (Fig. 3.7). The mode1 begins with heath tundra either wet or dry, 

the path followed through the model is dependent on the size of the disturbance. 

In the case of a small disturbance the area will cycle back to the original 

community. However, larger disturbances resulting in bare grave1 will lead to a 

pioneer community (Fig. 3.7). Over time the pioneer community rnay retum to 

either wet or dry tundra depending on the post disturbance physical composition 

on the site. Where this does not occur the pioneer comrnunity may lead to a 

transitional community (Fig. 3.7). Over time the transitionai comrnunity may 

revert to the original tundra comrnunity, however, in some cases, the transitional 

comrnunity will perpetuate itself as a stable "new comrnunityJJ with a different 

species composition. 

Small scale disturbance, Le. camp sites, small holes, small scale 

excavation or tracks, may recover from and retum to the parental community 

composition (Fig. 3.7). For this to occur the propagules required for 

recolonization should be available from the adjacent undisturbed area. 

Recovery is fast where the disturbance is small, because it is more likely that 

soi1 or organic matter containing propagules or subsurface rhizomes may rernain 

intact (Forbes 1992). The small area could also become recolonized by 

vegetative reproduction from plants surrounding the disturbance (McKendrick 

1 987). 



Figure: 3.7 Model of possible successional paths on disturbed areas of heath tundra 
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Large scale disturbances, i.e. abandoned grave1 pads and excavation 

sites, which result in alteration of the physical composition of the area, will lead 

to different recovery paths. The path followed will be dependent on the nurnber 

and type of propagules landing on the site, and the edaphic conditions. The 

propagules could come from adjacent areas which rnay be undisturbed parts of 

the predisturbance community or from different communities which may be some 

distance away. Seedling establishment will be dependent on the comrnunity 

makeup; if the area is moist then mesic species will prevail. Conversely, if the 

site is dry; xefic species will dominate. For example, a denuded upland region 

where the surface is lowered through excavation, would Iikely result in a post 

disturbance comrnunity which is hydric. The final community configuration 

depends on the physical composition of the site and availability of propagules. 

The physical composition of the area rnay be so drastically altered that a 

transitional community is perpetuated (Fig. 3.7). This may be a consequence of 
- 

the scale of the disturbance being so large that the adjacent areas provide no 

suitable propagules to enable the original cornmunity to reestablish. The 

transitional cornrnunity habitat is stressful and when the plants located there are 

able to produce viable seed they would perpetuate the transitional community 

(Svoboda and Henry 1987). The result is a "new community" composed of 

species different from the parent comrnunity. 

Prior to disturbance, the three areas; Cape Merry, Bluff B and Fort 

Churchill/Airport, had different species compositions (as seen in the discriminate 



analysis of the three sites). Cape Meny was disturbed in 1967, Bluff B in the 

1930's. lnitially the Fort Churchill site may not have been pristine. The Fort 

ChurchilllAirport location was disturbed when the base was built but not 

afterwards, therefore, it has a different history to that of Cape Merry and Bluff B 

which were originally pristine undisturbed sites. 

Fort Churchill was originally constructed in the 1950's at which time the 

entire site would have been excavated and covered by a gravel pad in 

preparation for building. Prior to construction the area was a bedrock outcrop. 

"the highest terrain in the region" (Cheney and Brown Beckel 1955). The 

vegetation cover prior to construction would have been similar to that at the 

undisturbed area at Bluff B, dominated by Empefrum nigrurn, Arctostaphyos 

rubra, bryophytes, lichens and Salk spp. (Cheney and Brown Beckel 1955). The 

site was moderately mesic. Standing water occurred throughout the summer in 

some areas due to impeded drainage and snow melt occurred early (Cheney 

and Brown Beckel 1955). The outcrop was not smooth and would trap snow in 

the crevices from depths of 5 - 120 cm (Cheney and Beckel 1955). Therefore, to 

build a base of the scale of Fort Churchill the area would have required 

extensive filling with gravel and leveling. 

The undisturbed study site had not been disturbed since the completion 

of the construction of Fort Churchill in 1942. During dernolition of the base some 

disturbance rnay have taken place but this is not documented. Consequently, 

this site was already a successional stage and not an equilibriurn community. 



The Fort ChurchilVAirport site was likely originally covered with heath 

vegetation and is now grave1 covered, xeric, level and dorninated by a weedy 

community. It is safe to assume that this vegetation will not return to the original 

undisturbed state, 

It became clear in examining the correspondence and discriminant 

analysis results that the three sites, Cape Merry, Bluff B and Fort 

Churchill/Airport, were not reacting in the same way to disturbance. Although 

the sites began as separate locations on the scatter diagram prior to 

disturbance, once the areas had been disturbed they did not automatically return 

to the predisturbance configuration. In fact, following disturbance the sites 

seemed to begin again from a common point and to deviate toward different end 

results based on the physical compositions of the areas. 

Once an area is disturbed it is unlikely that it will return to the 

predisturbance state. The physical conditions and micro topography of the area 

may be so altered that it will tend toward another composition. This is illustrated 

in the correspondence and discriminant aiialysis results (Fig. 3.2 and 3.4). Prior 

to disturbance the three cornmunities were distinct. However, following 

disturbance the recovery path was not toward the predisturbance parent 

community. The Bluff B disturbed site did in fact tend toward the parent 

community over time (Fig. 3.4). Cape Merry and Fort Churchill/Airport on the 

other hand tended to be more closely associated with Bluff B than their 

respective parent communities (Fig. 3.4). 



The apparently new transitional cornrnunity arising in the model at Fort 

ChurchilVAirport rnay be the result of changes to the physical composition of the 

site. Vegetation found at Fort Churchill would have to be adapted to the reduced 

moisture availability. lndeed the dominant species here are mesophytes 

( Ta raxacum lacerum, Hedysa rum mackenzii, Castilleja ra upii, Epilobium 

angustifolium and Solidago multiradiata) and xerophytic ( Rubus charnaeomorus 

and Eriophorum variegafum). Although other species rnay fall on the site in 

seed rain they would be unable to survive the harsh environment where as 

drought resistant species with a shallow root system are more able to exploit the 

area. 

The establishment of the herbaceous plants at Fort ChurchillIAirport may 

have inhibited the invasion by woody or shrub species (Rhododendron 

lapponicum, Shepherdia canadensis, Salix spp. and Betula glanulosa) due to 

decreased soi1 moisture (Densrnore 1992, Cooper and VanHaveren 1994). 

Studies of revegetation in arctic regions using seeded exotic grass species 

showed that native species were inhibited by the decreased moisture and 

available "safe sites" remaining following seeding (Cargill and Chapin 1987, 

Densmore 1992). Studies by Schoenholtz et al. (1 992) also showed inhibition of 

reforestation by a dense herbaceous cover. Therefore, the early establishment 

of the herbaceous species (Hedysarum mackenzii, Epilobium angustifolium and 

Taraxacum lacerum) on the Fort ChurchilliAirport site, combined with the harsh 

physical conditions may limit the advancement of woody species on the site. 



This would allow for the perpetuation and expansion of the transitional 

comrnunity at Fort ChurchilllAirport. 

Cape Merry and Bluff B differ from Fort ChurchilllAirport in one way which 

may be affecting the recovery on the three areas and account for the apparent 

"new community" which is perpetuating itself at the airport site. The airport was 

a level gravel pad which supported a building and therefore, becarne compacted 

over time due to the weight it supported. Cape Meny and Bluff 8 on the other 

hand were excavated which resulted in undulating topography. This may have 

involved heavy equipment but for a limited time so little compaction would have 

occurred. The ability of plants to survive in compacted soi1 may be limited. 

Grave1 is excavated and the best grade is used for the gravel pads which 

support the buildings. This may account for why the Airport and Akudlik sites 

had better vegetation cover. If sand were incorporated into the gravel pad there 

would be an increased moisture holding capacity due to decreased particle sire 

(Brady 1984). Bluff B and Cape Merry were excavated to provide gravel for 

pads and roads therefore, 1 assume that the gravel remaining on the sites was 

the gravel that could not be utilized. 

The forces at work on the Cape Merry and Bluff B sites would seem to be 

consistent with the facilitation model of succession. The primary colonizers 

which invade the sites improve them for later colonizers. The tussok and mat- 

forming plants for example collect organic rnatter and shelter seedlings acting as 

a nurse plant facilitating their establishment (Bliss 1971, Svoboda and Henry 



1987, McGraw and Vavrek 1989, Carlsson and Callaghan 1991 ). Dryas 

integrifolia, a woody mat-foming plant also has the ability to fix nitrogen which 

will help to improve the nutrient limits of the soi1 in areas it invades (Svoboda 

and Henry 1987). This influx of nitrogen will make the area more suitable for 

plants which cannot survive in nitrogen deficient areas. In this way the primary 

colonizers enhance the area for later colonizers and over time the community 

composition will shift toward that of the parent comrnunity. 

However, the Fort ChurchilllAirport site seerns to fit a directional non- 

replacement mode1 of succession. The transitional community will probably not 

lead to the previous cover of the parent community, but will perpetuate itself. 

The physical composition of the area has been so drastically altered that it can 

no longer support the parent community. It is anticipated that the pioneer 

species which are adapted to the harsh conditions of the site will continue to 

dominate and eventually produce a closed vegetation cover. 

Akudlik, although not included in the correspondence or discriminant 

analysis shows similar responses to disturbance as seen at the Fort 

Churchiil/Airport site. The two sites are similar in scale and soi1 composition. 

Akudlik like Fort Churchill was occupied by buildings and therefore subject to 

compaction. Soil texture was close to that of Fort ChurchilliAirport being 

dominated by coarse sand and fine gravel, with very little silt and clay (Figure 

3.7). The pH at Akudlik was neutral, as it was at the other disturbed areas 

except Fort Churchill which was slightly alkaline (Table 3.3). The percent 



carbonate found at Akudlik was similar to that of Fort Churchill/Airport as both 

soils had been derived from carbonate rocks (Table 3.3). The dominant species 

found at Akudlik was Hedysarum mackenzii which was also closely associated 

with Fort ChurchilllAirport through Correspondence Analysis (Figure 3.2). 

Based on this information it can be assurned that Akudlik would react in similar 

fashion to Fort Churchill/Airport in the model. That is to Say that the community 

established at Akudlik will be a transitional one which will expand itself over time 

into closed cover on the site. 

Successional theory assumes that given enough time the disturbed area 

will eventually achieve the "climax" state. The question then arises as to how 

much time is required? Vegetation cover on a disturbed area is thought to 

increase over time, therefore the older of the four dated sites should be more 

advanced in the recovery process than the others. However, Bluff 8, which is 

the oldest of the four sites, is not more advanced than the others. BlufF B has 
* 

had 67 years of recovery time and large areas of the site remain devoid of 

vegetation. Fort ChurchilllAirport on the other hand is relatively young being 

disturbed in 1981, yet this site has more consistent vegetation cover than Bluff 8 

(Fig. 3.1 and Table 3.1). Therefore, time is not the only factor to be considered 

in the successional process on denuded gravei areas, edaphic conditions must 

also be limiting the recovery. This would explain why different sites react 

differently over time. lndividual sites are effected by microclimate variation and 

site specific events such as frost heave which will result in site specific time 



frarnes for recovery. To impose a blanket time frame on all sites would be to 

overlook the individual variations present within the sites. 

In many models of succession emphasis is placed on competition as the 

limit on invading plant species (Svoboda and Henry 1987). In marginal arctic 

environments however, like polar deserts and denuded gravel areas, it is the 

stress of the environment which limits the plant invasion and survival (Svoboda 

and Henry 1987). A gravel area devoid of soil, nutrients and shelter is an 

inhospitable place for gemination and seedling survival. 

Arctic vegetation is influenced by sail moisture and factors which are 

linked to it such as nutrient availability, pH, texture and temperature (Tredrow 

and Cantlon 1958, Oberbauer and Dawson 1992, Truett and Kertell 1992, Taylor 

and Seastedt 1994). Seedling establishment and survival is greatly effected by 

reduced soi1 moisture (Bliss 1971). The undisturbed areas had on average 20 - 

80% more moisture holding capacity than the corresponding disturbed areas 

(Fig. 3.6). The undisturbed areas had a greater buildup of organic matter (16- 

57%) which resulted in increased moisture holding capacity (Table 3.3). The 

disturbed areas on the other hand had little or no organic matter buildup (1 -6%) 

which is reflected in their low moisture holding capacity of less than 10% (Fig. 

3.6, Table 3.3). 

The build up of organic matter in arctic regions is a slow process due to 

low soil temperatures (Pruitt 1978). The disturbed areas examined have little or 

no organic matter build up and exhibit the neutral pH expected from a limestone 



gravel. Therefore, as expected the undisturbed areas had higher organic 

matter content than the corresponding disturbed area (Table 3.3). However, the 

amount of time between disturbance and sampling did not result in the expected 

higher organic matter content. The oldest site, Bluff B (1930), had a higher 

organic matter content than the younger site Cape Meny (1967) and Akudlik 

(1981) (Table 3.3). Fort Churchill which is the youngest site had the highest 

organic matter content of al1 disturbed areas (Table 3.3). The standard deviation 

indicates that there is considerable variation in the data (5.89 +/- 12.08). 

However, Fort ChurchilliAirport is not like the other two sites, Bluff B and Cape 

Merry, since it is adjacent to a building. The presence of that building may 

greatly affect the composition of the site. The building will serve to trap snow, 

seeds and debris. 

The rnoisture holding capability of soi1 increases as the texture becomes 

finer (Brady 1984). Therefore, the smaller the particles the greater their ability to 

hold water increases (Brady 1984). Conversely, gravel substrates have a lower 

moisture and nutrient holding ability due to their larger particle size (Johnson 

1987, Chambers et al. 1990). Coarse textured substrate allows seeds to move 

vertically in the soi1 column away from appropriate germination sites (Chambers 

et al. 1991 ). The texture of the aggregate and soi1 found on the disturbed and 

undisturbed areas affects the soi1 moisture and nutrient holding capability (Brady 

1984, Runolfsson 1987). 

The Churchill region receives 400 mm of precipitation annually, making 



the ability of soi1 to hold moisture more important to plant establishment and 

survival (Dredge 1992). The disturbed areas at Bluff B, Cape Merry and Fort 

ChurchilllAirport were ail lower in moisture content than the corresponding 

undisturbed areas (Fig. 3.6). The silt and clay content in al1 samples was vefy 

low. Only three sites out of the seven (Bluff B, Willow section, Akudlik and Fort 

Churchill/Airport) had silt and clay fractions over 5% to qualiw them for this 

analysis. The lack of silt and clay limits the water holding and nutrient exchange 

capability of the s o t  

The gravirnetric moisture content analysis for 1992 and 1993 showed that 

Cape Merry had the highest moisture content over all. In 1992 moisture content 

on the undisturbed plots was 80.51 % with the least variation +1- 3.31 (Fig. 3.6). 

That would indicate that the undisturbed area was consistently moist overall. 

The high moisture content in 1993 of 497.83% was in part due to samples being 

taken following a rain Storm. This sample date was less than desirable but - 
unavoidable due to transportation restrictions. It is interesting to note that for 

the same day in 1993 the disturbed area moisture content was very low (3.16% 

+1- 0.73) (Fig. 3.6). The disturbed area moisture content in 1992 and 1993 is 

similar, below 5%, even though sampling in 1993 was done in the rain (Fig. 3.6). 

The aggregate found at Cape Merry was the coarsest overall dominated by 

coarse grave1 (Table 3.4). The highest organic rnatter content over al1 was at the 

undisturbed Cape Merry site, 57.48% (Table 3.3). These results show how 

efficient organic soils in the area c m  be at absorbing many times their dry 



weight in moisture (Brady 1984). The contrast shown at this site between 

texture and organic matter content illustrates the negative effects of excavation. 

Although this was interesting it was not usable in statistical analysis. Therefore, 

moisture content data was not utilized in correspondence analysis. 

Moisture content for the Bluff B undisturbed area shows high values 

(90%) but, there is considerably more variation (68.35) which would indicate 

the area is not consistently moist but patchy (Fig. 3.6). The disturbed area at 

Bluff B also had moisture content below 10% for 1992 and 1993 except the Bluff 

Blwillow site (Fig. 3.6). The Bluff B/willow site had more variation in the 

moisture content values (k17.55 in 1993) than did the other areas (Fig. 3.6). 

Therefore, the site was not consistently moister than the other areas but patchy 

(Fig. 3.6). 

Moisture content at Fort ChurchilllAirport undisturbed peaked in 1993 with 

63%, however the high variation (I 45.1 7) indicates the area to be patchy and - 
not consistently moist throughout (Fig. 3.6). The moisture content for both 

Akudlik and Fort Churchill/Airport disturbed were less than 10% for both 1992 

and 1993, with little variation indicating a consistently dry site (Fig. 3.6). Fort 

ChurchilVAirport disturbed on the other hand had the highest silt and clay 

fraction of al1 four disturbed sites (Table 3.4). This corresponded to increased 

moisture holding capacity on the disturbed area of 5-7%, however this was still 

lower than the undisturbed area at between 30 and 60% moisture capacity 

(Fig.3.6). The removal of the overburden greatly effected the moisture holding 



ability on the disturbed areas. 

Low soil temperature can limit the growth rate of plants due to decreased 

depth of thaw and reduced primary production (Bliss 1971, Kielland and Chapin 

1992, Nadelhoffer et al 1992, Truett and Kertell 1992). In areas with low soi1 

ternperatures, soi1 microbes will be ineffective at decamposing organic material 

and this will result in limited nutrient cycling (Haag 1974, Pruitt 1978. 

Nadelhoffer et al. 1992). 

The soil temperature data set collected for the Churchill study sites was 

incomplete due to problems probing ta depth in the hard rocky soil. In an effort 

to rninimize disturbance to the areas I did not dig holes to get temperature 

readings. Therefore, I can only draw general conclusions about the soi1 

temperature on the sites. The disturbed areas had less vegetation cover than 

the corresponding undisturbed areas this would translate in to differences in 

albedo on the sites. Vegetation serves to insulate the underlying soil and 

permafrost (Pruitt 1978, Webber and Ives 1978, Chambers et al. IWO). The 

reduced vegetation cover on disturbed areas allows for deeper penetration of 

heat to alter the soi1 temperature. The disturbed areas had higher day time soi1 

temperatures than the undisturbed areas (Table 3.2). Soii temperature analysis 

also showed decreased temperature with depth (Table 3.2) under disturbed and 

undisturbed conditions. These results are preliminary and require further study 

to draw concrete conclusions. 

Presence of carbonates indicates the availability of calcium and 



magnesium in the soi1 (Scott 1993). Calcium and magnesium dominate the 

available cation exchange sites on soi1 particles, limiting acids (hydrogen ions) in 

the soii, resulting in a neutral or alkaline pH which is the case for disturbed soils 

at Bluff B, Cape Meny and Fort ChurchilllAirport (Table 3.3). The disturbed 

areas at Bluff B and Cape Merry had a neutral soi1 pH, while the Fort 

ChurchWAirport site was slightly alkaline. The disturbed areas al1 exhibited a 

higher pH than that of the corresponding undisturbed areas (Table 3.3). The 

removal of the overburden not only removed the vegetation, seeds and soi1 

microbes but replaced the top soi1 with regolith which is more alkaline. 

The majority of subarctic plant species reproduce vegetatively since seed 

production is intermittent or limited due to environmental stress (Johnson 1969, 

Bliss 1971, Callaghan and Collins 1976, Marchand and Roach 1980, Diemer 

and Prock 1993, Douglas 1995). A source of invading propagules onto a 

disturbed site is primarily the adjacent undisturbed area although some species 

are capable of dispersal over large distances (Salonen 1987, Walker and 

Chapin 1987, Salonen and Setala 1992). This becomes especially important in 

cases where the soi1 seed bank is not present or has been removed. 

Buried seed tends to decrease northward (Leck 1980, McGraw and 

Vavrek 1989). It is often these buried seed banks which are composed of 

colonizing species which given a disturbance will recolonize the area (Leck 

1980). Seed bank studies in the Churchill area have indicated that heath, carex 

sedge and grave1 areas have little or no existing seed bank (Staniforth et al. "in 



pressn 1998 and McGraw and Vavrek 1989). Gravel excavation however 

removes the upper soi1 layer (overburden) effectively rernoving any existing seed 

bank which rnay exist. Studies of seed banks on the four sites (Cape Meny, Fort 

Churchill/Airport, Bluff B, and Akudlik) showed that the undisturbed areas had 

more seedlings geminating from seed bank samples than the disturbed areas 

(Staniforth et al. "in press" 1998). Thus supporting the idea that the seed bank 

was removed or diminished following excavation. 



36 CONCLUSlONS 

1. The surface layer is criticai to the recovery of a denuded area because it 

contains the organic component, nutrients, seeds and moisture holding 

properties necessary for site recovery. The removal of this layer results in a 

surface which is xeric, devoid of certain nutrients, microsites and not suitable for 

seedling germination or survival (Chambers et al. 1990). Therefore, 

conservation of the overburden on site following excavation will greatly enhance 

recovery after abandonment and respreading through, organic matter 

replacement and providing propagules for revegetation (McGraw and Vavrek 

1 989). 

2. Alteration of the microtopography on site can alter the successional path. The 

leveling of a site following excavation can enhance recovery by reducing 

microsite variation. 

3. Soil texture affects not only the ability of seeds to remain at the surface to 

facilitate germination success, but also, the moisture holding ability of the area. 

Moisture stress can greatly inhibit revegetation. Therefore, the texture of the 

aggregate on site will alter the successional path of the area by influencing the 

species able to survive on the site. 



CHAPTER 4 
HUMAN INTERVENTION IN THE REVEGETATION 

OF GRAVEL PlTS AT CHURCHILL, MB. 

Abandoned gravel pits are usually devoid of continuous vegetation cover. 

The original vegetation and the organic layer in the soi1 (the "overburden") have 

usually been removed or bumed (Bailey 1981). Such disturbed, stressed sites 

could be considered as the starting point for succession, Le. primary or 

secondary succession depending on the presence or absence of propagules in 

the soi1 (Bradshaw 1987, Cargill and Chapin 1987, Kershaw and Kershaw 1987, 

McKendrick 1987). 

The seed bank in a variety of sites in Churchill, Manitoba (Dryas 

integnfolia heath, wet bog, treeline) has been shown to be small or absent 

(Archibold 1984, McGraw and Vavrek 1989). The seed source is therefore, 

more or less limited to incorning seed rain from the surrounding vegetation 

(Salonen 1987, Salonen 1990). Seedling recruitment is dependent not only on 

the arriva1 of seeds at the site but also on the availability of suitable micro-sites 

where germination and establishment c m  take place (Chambers et al. 1991). In 

order to effectively revegetate an old gravel pit, attempts must be made to 

ensure; a) availability of seed and b) available micro-sites for successful 

germination and seedling establishment. 

Primary productivity in the arctic may be limited by lack of soil, 
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permafrost, low temperatures, short growing season, harsh winters, moisture 

stress and low nutfients (Warren Wilson 1966, Haag 1974, Chapin and Shaver 

1985, Krebs 1985, Salonen 1987, Oberbauer and Dawson 1992. Tenhunen et 

al. 1992, Truett and Kertell 1992). Therefore, colonizing species in gravel pits 

would not only have to resist the drïer conditions (physiological) in 1993 drought, 

but also be well adapted to the other harsh environmental factors described 

above. The excavation of gravel from a dry tundra site intensifies these 

limitations and. as a result, may cause the recovery on these areas to take 

centuries before a "climax" cornmunity is reached. The goal objective of this 

study was to attempt different revegetation strategies on two permanently 

established study areas. It was hoped that natural recovery would be enhanced 

by lessening the effects of the natural limitations on denuded gravel areas 

through these human interventions. 

4:2 DESCRIPTION OF STUDY AREAS - 
Two sites were chosen based on suitability, accessibility and proximity to 

the Churchill Northern Studies Centre. The two sites were similar in texture of 

aggregate. Site I was located 1 km west of the Churchill Northern Studies 

Center, at the west end of a 2 km access road north of the Launch Road (58 

44'56"N. 93 51'34"W) (Figure 25). This area had been utilized for gravel 

excavation between 1961 and 1972 and this had resulted in a large gravel area 

of 1.1 9 ha with several gravel mounds over 3 m high. The study area consisted 

of a topographically uniform surface of 30 m by 15 m which was achieved by the 



levelling of a gravel mound with a front-end loader in 1992 (see Klokk and 

Ronning 1987). The study area was devoid of vegetation in 1993 except at its 

southern periphery where the vegetation mnsisted of scattered plants of Dryas 

Nltegrifoia, Salix spp. and some bryophytes. The north side of the study area 

was bordered by a sedge-fen while the southern border was dominated by a 

willow-heath community. 

Site II was located 0.25 km west of the gate of the Churchill Research 

Range (presently the C.N.S.C.), 10 rn north of Launch Road (58 45'04"N, 93 

49'35"W). This area had also been used as a gravel pit and was abandoned 

prior to 1961. Site II was 3.78 ha in extent, and bounded by 3 m high gravel 

mounds. The 30 m by 15 m area which had been selected for study had been 

levelled in 1993, using a front-end loader. This gave a uniformly level surface, 

devoid of vegetation (see Klokk and Ronning 1987). Limited vegetation cover 

(D. integnfolia and Elymus arenarius) occurred at the periphery of the study - 
area. This was bordered by a willow-heath community except at its northern 

edge which was occupied by a sedge-fen. 



4:3 METHODS 

4:3: 1 Treatments 

Two study sites were established in 1992 and 1993, Site I was 

approximately 35 m by 15 rn and Site II was approximately 30 m by 16 m in each 

site thirty two, 2 x 2 rn plots, with a 1 rn buffer zone between each was laid out 

(see Chapin and Chapin 1980) (Figure 4.1 and 4.2). Treatments were randomly 

assigned to plots on each site. There were eight treatments. each replicated 4 

times at each study site. 

CONTROL-NON-SEEDED CONTROL-SEEDED 

FERTILIZER-NON-SEEDED FERTlLIZER-SEEDED 

PEAT-NON-SEEDED PEAT-SEEDED 

P€AT+FERTtLIZER-NON-SEEDED PEAT+FERTILIZER-SEEDED 

Ten centimetres of peat was applied to each of the 16 "peat plots" mixed 

into the gravel surface, and watered to prevent it from blowing away. - 
Fertilizer (NI 1 :Pl 2:K6) was applied to the 16 "fertilizer plots" plots. The 

fertilizer composition was 1.3% nitrate nitrogen. 3.5% ammoniacal nitrogen, 

6.2% urea nitrogen, 12% available phosphoric acid and 6% soluble potash. A 

"time-release fertilizer" coated for 6.2% slow release of nitrogen and 1.2% slow 

release of K,O, was used because earlier studies (Chambers et al. 1990) had 

shown that the gravel had allowed leaching of the normal fertilizer out of the 

system. 

at a rate 

Fertilizer was broadcast evenly on each fertilizer plot in early July 1993 

of 30 g m-2 which is comparable to studies by Shaver and Chapin 







(1986) who applied commercial fertilizer to tuçsock tundra at rates of 25 g m-2 

nitrogen, 25 g m2 phosphate and 31.6 g rn" potash. 

Peat and fertilizer were both applied in each of the 16 "peat and fertilizer" 

plots. The peat was first placed on the surface of the plot and mixed into the 

gravel, it was then watered. The fertilizer was broadcast onto the peat surface in 

a similar fashion to that which had been used on the gravel surfaces. 

Half of the plots were seeded with a rnix of seeds of seven native species; 

Salix lanata S. planifdia 

Dryas inlegrifolia Saxifraga tricuspida ta 

Hedysarum mackenzii Oxyfropis campestris 

Juncus arcticus Elymus arenarius (rhizomes) 

The seeds had been collected locally in late August and early September 

1993 and applied fresh during the week of Septernber 3, 1993 . The sowing 

density was approxirnately 1000 seeds - of each of the seven species in each 2 x 

2 m plot. The seeds of each species were counted or weighed, mixed together 

and then broadcast ont0 each of the 32 "seeded plots" (1 6 plots per site). 

Thirty fresh rhizome cuttings of Eiymus arenarius were inserted to a depth 

of 4 cm within each of the seeded plots in 1993. Elymus arenanus appeared to 

have failed to produce viable seed, however vegetative reproduction was 

prolific. Germination studies conducted by myself in 1992 on E. arenatius seeds 

in Churchill resulted in mean germination rates of less than 2% (Firlotte 1992). 

Propagation necessitated the use of rhizome cuttings (Firlotte 7992) each of 



which was 5 8  cm long and included a node. Cuttings were planted 4 cm below 

the grave1 in five rows of six cuttings equidistant within each of the seeded plots. 

The 32 wntrol plots, (16 per site) had no seeds or cuttings artificially 

added. These senred as the "controls". 

Seedling establishment and rhizome shoots were monitored on the two 

sites during July and August 1993 and 1994. Ali seedlings and shoots were 

counted and their cover and species noted. The basal seedling diameters or 

spread were also measured using a ruler. 

The vegetation adjacent to each Study Site was surveyed using thirty 

quadrats arranged in a random block design. The species cover was noted 

within each of the quadrats. The purpose of this survey was to describe the 

makeup of the source of the potential seed rain in the area. In addition, these 

data provided information about the community that would have likely dominated 

the area had the disturbance never taken place. 

4:3:2 Snow Study 

Snow depth and its density were measured in February 1994 for Sites I 

and II. This was done by delineating a grid on the sites and then taking depth 

measurements at each two metre interval (95 at Site 1 and II). Snow cores were 

taken at four rnetre intervals (16 at Site 1 and 15 on Site 2). The cores were 

placed in plastic bags and returned to the Churchill Northern Study Center for 

weighing. The density measure was then calculated with this formula; 



D = (weight of sample in bag - 27.8 g)i(length of core x 11 -175) 

the resulting density value is in units of g/crn3 

17.8 g = the weight of the bag 

11 -1 75 = area of the coring cylinder (where ~1.886 cm) 

Snow Water Equivalent (SWE) was calculated using the following formula; 

SWE = mass of water 
11.175 



4:4 RESULTS 

4:4: 1 Treatments 

4:4: 1 : 1 Seedling Establishment 

In 1993 Site I had 184 seedlings compared with Site II with 6 seedlings 

(Table 4.1 and 4.2). However, in Site II at the end of the 1994 season 1504 

seedlings were recorded (Table 4.2). This was more than three times that of the 

420 seedlings at Site I for the same period (Table 4.1). 

The results of the 2-factor ANOVA showed that Site I and II differ in their 

response to the treatrnents (Fig. 4.3 and 4.4). Seeding was not beneficial at Site 

I but at Site II seeding was highly beneficial (Fig. 4.3 and 4.4). Peat treatments 

at Site I were not beneficial unless combined with fertilizer (Fig.4.3). However at 

Site II combined with seeding peat treatments were beneficial (Fig. 4.4). 

In 1993. al1 plots in Site I had seedlings except for the control-non-seeded 

and peat-seeded (Table 4.1). The total numbers of seedlings ranged from 2 to - 
109, with the largest seedling numbers occurring in fertilized-non-seeded plots 

(Table 4.1). The average seedling diameters for Site I in 1993 ranged from 0.53 

to 2.25 cm with the largest seedlings occurring in fertilized-non-seeded plots 

(Table 4.1). In 1994, al1 treatment plots had seedlings present. with seedling 

numbers ranging between 15 (peat+fertilizer-non-seeded plots) and 96 

(fertilizer-non-seeded plots) (Table 4.1). In 1994, the average seedling diarneter 

at Site 1, ranged from 1.38 cm on peat-seeded plots to 4.04 cm on fertilized-non- 

seeded plots (Table 4.1 ). 





Table 4.2 Total and mean seedling number by treatment on Site II during 1993 and 1994. 

Species found : Lesquella arclica (UI), Stellana sp.(SS). Hedysarum mackenzü (HM). Dryas integttiülia (Di). 
Draba cana (OC). Festuca brachycarpa (FB), Rumex occidentalis (RO).Uymus arenarius (UA). 
Saüx sp. (S), Grass (G) unknown dcot Xand Y. 

Treatment Year 

Peat 1 993 

1 994 

Peat Seeded 1 993 

1994 

Fertiliier 1 993 

1994 

Fertiliier Seeded 1993 

1994 

Peat + Fertilizer 1993 

1994 

Peat + Ferb'lüer 1993 
Seeded 

1 994 

Control 1 993 

1994 

Control Seeded 1993 

1994 

Mean seedling number 
per plot +/- 1 SD (N=4) 

0.00 

0.00 

0.00 

1 47.25 (+/-1 28.67) 

0.00 

25.50(+1-30.66) 

1 .O0 (+/-200) 

41 -75 (+/-20.47) 

0.25 ( + / - M O )  

18.50(+/-19.23) 

0.25 (+/-0.50) 

1 0275 (+/-37.52) 

0.00 

0.25(+/-0.50) 

0.00 

46-00 (+/-20.70) 

Species number 
per plot (species) 

O 

O 

O 

4 
(SS. HM. E9 ROI 

O 

6 
(LA. SS. HM. DC. OA. Gl 

Mean seedling diameter 
per plot (cm) 

0.00 

0.00 

0.00 

240 

0.00 

2 1  8 

4 

1 67 

1 

74 

1 

388 

O 

1 

O 

1 83 

6 
1504 

Total seedling 
number 

O 

O 

O 

589 

2 
(SS. DI) 

6 
(t4 SS. Di. HM. AN. OC) 

1 
(3 
9 

(LA. SS. HM. DC. RO) 
(EIA. G. S. YI 

1 
(G) 
9 

(LA. SS. HM. OC. ROI 
(€m. G. X vl 

O 

1 
(W 

O 

2 
(SS. HM) 

O 

102 

0.50 

2 1  O 

0.50 

1 9 9  

0.30 

228 

0.00 

7.50 

0.00 

225 

Total 1993 
Total 1994 

l 
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Control Peat Fertilizer Peat & Fertilizer 
Treatments 

Seeded --- Non Seeded 

Figure 4.3 Total seedling number in 1994 in seeded and 
non-seeded plots of the four treatrnents (control, peat, 
fertilizer and peat and fertilizer) at Site 1.  The associated 
statistics are surnmarized below. 

2-factor ANOVA (1st factor: seeded or not seeded, 2nd factor: 
treatments; control, ferfilirer. peat and pea t and fertilzer) conducted 
on the 1994 data, based on log transfomed data. 

d-f. S.S. mean square F-ratio probability 
Seeded or Not (S) 
Treatment (T) 
Interaction (SxT) 
Error 
Total 

1 0.375 0.375 1,840 0.1 87 n.s. 
3 2.475 0.825 4.048 0.018 
3 O. 879 0.293 1.438 0.256 n.s. 
24 4.892 0.204 
31 8.621 



Control Peat Fertilizer Peat & Fertiiizer 

Treatments 

Seeded - --- Non Seeded 

Figure 4.4 Total seedling nurnber in 1994 in seeded and 
non-seeded plots of the four treatments (control, peat, 
fertilizer and peat and fertilizer) at Site II. The associated 
statistics are summarized below. 

2-factor ANOVA (Ist Lctor: seeded or not seeded, 2nd factor: 
treatments; control. feriiiizer, peat and peat and fertfizer) conducted 

on the 7994 data, based on log fransfomed data. 

Seeded or Not (S) 
Treatment (T) 
Interaction (SxT) 
Error 
Total 

d.f. S.S. mean square F-ratio probability 
1 12.122 12.122 100.43 c 0.0001 
3 2.1 84 0.728 6.032 0.003 
3 3.181 1.060 8.786 0.004 
24 2.897 0.121 
31 20.384 



NOTE TO USERS 

Page(s) not included in the original manuscript are 
unavailable from the author or university. The manuscript 

was microfilmed as received. 



Table 4.3 Ranking of plot treaîments where 1 is the highest total seedling nurnber 
and 8 ts the lowest total seedling nurnber. 

r Site l Si te  II 
--- - -  - - -  

TOTAL SEEDLING TOTAL SEEDLING 
RANK TREATMENT -- --p.-p- - - -  NUWER 1SS3l199r1. RANK . REATMENT - NUMBER 199W1994 1 1 Ferolizernon-seeded 109196 1 Peat seeded 01589 

' 2 Fertiiizer seeded 62186 2 Peat+f ert seeded 0141 1 
3 Peat+Fert çeeded 2/81 3 Control seeded 01184 
4 Controlseeded 71 66 4 Fedlizer seeded 411 67 
5 Contrd non-seeded W32 5 Fertilizer non-seeded O11 02 
6 Peat seeded 0125 6 Peat+Fert non-seeded O / M  
7 Peat non-çaeded 0121 7 Conml non-seeded 011 
8 Peat+Fert non-seeded 0411 6 8 Peat non-seeded O10 



- P z % 
c a l -  = , C o  3 
O a. 
O u3 



Table 4.5 Cover and frequency values for species found in 
undisturbed vegetation adjacent to Site I 
and Site II (n=30 per site). 

Lichen 
Eiymus arenarius 
Poa sp. 
Carex sp. 
Tofieldia pusilla 
Salix lanata 
S. reticulata 
Betula glandulosa 
Polygonum sp. 
Stellaria longipies 
Dryas infegnfolia 
Rubus chamaemorus 
Empetrum nigrum 
Pyrola secunda 
4ndromeda polifolia 
4rcfostaphyios mbra 
ledurn decumbens 
'?hododendron lapponicurn 
Vaccinium uliginosum 
V. vitis-idaea 
=inguicula vulgaris 

Site l 
% Cover 
(+/- 1 SD) 

62.29 (+/- 35.31) 
20 

absent 
2.92 (+/- 2.72) 

1 (+I- O) 
absent 
absent 
absent 
absent 
absent 

24.42 (+/- 23.1 6) 
absent 

11.5 (+/- 11.1) 
1 (+/- 0)  

4 

absent 
13.43 (+/- 8.91 ) 
10.83 (+/- 5.81) 

absent 
- 1 

Frequency 
(n=30) 

28 
1 

absent 
13 
4 

absent 
absent 
absent 
absent 
absent 

24 
absent 

4 
3 
1 
18 

absent 
23 
6 

absent 
1 

Site H 
% Cover 
(+/- 1 SD) 

15.79 (+/- 12.8) 
absent 

6 -42 (+/- 4.1 4) 
7.5 (+/- 3.54) 

1 -5 (+/- 1 ) 
7.67 (+/- 6.35) 

1 
2 
0.5 
1 

3.59 (+/- 2.71) 
2.69 (+/- 2.31) 

35.26 (+/- 30.98) 
absent 

7.2 (+/- 4.76) 
18.33 (+/- 20.99) 
12.08 (+/- 9.54) 
7.1 9 (+/- 6.23) 
1 0.94 (+/- 9.62) 
1 -89 (+/- 1 -21 ) 

absent 

Frequency 
(n=30) 

28 
absent 

12 
2 
4 
3 
1 
1 
1 
1 

11 
8 

27 
absent 

5 
12 
25 
8 
8 
18 

absent 



mackenzi,. Hedysarum mackenzii was present in plots of al1 treatments except 

the unseeded con tro l . Lesquerelia arcfica. Steilafia longipes and Minuartia 

rubella were found in al1 treatments. Draba cana was found in al1 treatments 

except peat seeded. 

Fertilizercontroi and fertilizer-seeded plots displayed the greatest 

seedling species diversity with fourteen and thirteen species respectively (Table 

4.4). The lowest diversity was found in the control plots at Site Il with only 1 

species found and the peat treatrnent plots which had only 2 species present on 

Site I and no seedlings on Site II (Table 4.4). 

The adjacent undisturbed areas displayed a different species composition 

from that of the study plots. Of the twenty three seedling species found on the 

study plots only three were cornmon to the undisturbed areas; S. iongipies, O. 

infegdfoiia and E- arenarius (Table 4.5). 

Three of the seven seeded species were present in the emergent 
* 

seedling populations on the study sites. Hedysarum mackenzii had the highest 

number of seedlings at either site with 127 at Site I and 1209 at Site II by the 

end of 1994 (Table 4.6). Ail seedlings of H. mackenui at Site I were located on 

seeded plots (Table 4.6). Site II on the other hand had 1203 seedlings of H. 

mackenzii on the seeded plots and 6 on the unseeded plots (Table 4.6). The 

other two seeded species found were D. integnfolia and E. arenarius (Table 4.6). 

Dryas integnfolia was present at both Site I and II seeded plots with 2 seedlings 

respectively (Table 4.6). Elymus arenanus was present at Site II in the non- 



seeded and seeded plots with 3 and 1 seedlings respectively (Table 4.6). Plants 

of E. arenarios were also observed to be emerging onto the seeded plots in the 

summer of 1996 (Firlotte field observations). Observations also in the summer 

of 1995 and 1996 showed that in fact the seeds of Saxifraga tkuspidata had 

begun to gerrninate in large numbers on the seeded (plot 32) and non-seeded 

plots (16, 23, 27) at Site I (Firlotte field observations). 

Table 4.6 Numbers of seedlings of seeded species appearing at 
Sites 1 and II by the end of 1994. 

S pecies Site I Site I Site II Site II 
Seeded Non-Seeded Seeded Non-seeded 

- -  - - - - -  

Elymus arenarios 

Juncus arcticus 

Salix lanata 

S. planifolia 

Dryas in tegrifolia 

Saxifraga fricuspidata 

Hedysarum mackenzii 

Oxytropis campesfris 

4:4:2 Snow Study 

4:4:2:1 Snow Depth 

Snow depth varied greatly on Sites I and II. For Site 1, the mean snow 

depth was 16.30 cm 11 9.77 but snow depths ranged from O cm to 80 cm (Table 

4.7). The southeast end of Site I was almost blown free of snow but snow depth 

increased toward the southern side of the site which was in the lee of grave1 



Table 4.7 Mean snow depth, density and snow water equivala 
(SWE) for Site I and II in February 1994. 

Mean snow 

1 epth 

SWE mm b 
ran e mm CL 

SITE I SITE II 



0 2 4 6 8 10 1.2 1 4  16 18 20 22 2 4  

SNOW DEPTH (cm) 

Figure 4.5 Contour map showing snow depth (cm) 
'distribution on Site 1 .  





mounds and willow bushes (Figure 4.5). The deepest snow on Site I was 

located on its west side adjacent to a gravel mound (Figure 4.5). 

However, at the southwest corner of the Site 1, a depth of 80 cm waç 

found, there were no comparable depths found adjacent to this one unlike at the 

west side where the depths are similar and clustered together. This is seen in 

the contour map of the site (Figure 4.5). 1 believe this was a result of depth 

being taken over the edge of the plot. The site drops off on the east and south 

sides. Since in the winter it is very had to get ones bearings and I believe I may 

have misjudged the edge of the site. 

The mean snow depth for Site II was 43.95 cm 133.94 (Table 4.7). The 

snow depth increased from southeast to northwest, from 5 to 130 cm (Figure 

4:6). This site was surrounded by gravel mounds on three sides in a U-shape 

configuration. This succeçsfully trapped the snow on the site (Figure 4:6). The 

extreme west side of the site had the deepest snow (adjacent to gravel mounds) 

(Figure 4:6). The prevailing northwest wind in the area accounted for 

accumulations of snow on the lee or east sides of mounds (Figure 4:6). 

4:4:2:2 Snow Density 

The mean densities for snow on Site 1 and II in February 1994 were 0.43 

k0.l 0glcm3 and 0.33 +0.06glcm3, respectively (Table 4.7). The snow water 

equivalent (SWE) values were higher as snow depth increased, therefore, there 

was more water available for plants on Site II than Site I should other factors, 

such as drainage and evaporation have been similar. Site I had an average 



SWE of 62.34 mm 179.25 mm and ranged between 2.95 - 318.57 mm (Table 

4.7). At Site II the average SWE was 81.1 1 mm *52.00 mm and ranged between 

25.50 - 196.24 mm (Table 4.7). 



4:5 DISCUSSION 

The objective of the final part of this study was to determine whether it 

was possible to speed up the natural recovery by mitigating the physical 

limitations affecting denuded gravel areas in the Churchill region. The use of 

permanent study sites was beneficial in outlining these limitations as well as the 

means to overcome them. Ernergent seedlings and existing vegetation in the 

harsh climats of the tundra is limited by a number of physical factors; wind 

abrasion in winter, desiccating wind, reduced nutrient availability and moisture 

stress (Warren Wilson 1966, Haag 1974, Krebs 1985, Chapin and Shaver 1987, 

Salonen 1987, Oberbauer and Dawson 1992, Tenhunen et al 1992, Truett and 

Kertell 1992). There is no way, short of global warming, that we can increase 

temperatures in the arctic region. However, human intervention can alleviate 

moisture stress and nutrient lirnits on denuded gravel areas. 

Plants growing in undisturbed tundra, unlike those in open gravel pits are 

afforded some protection from wind by the vegetation and will benefit from 

accumulated organic litter (Muc 1977). Natural vegetation and its litter help to 

accumulate snow in winter and provide nutrients in summer. Suitable 

germination sites for incoming seed and protection from harsh wind may be 

provided by any standing vegetation. Standing vegetation may catch windborne 

seeds and also act as a seed source for their own seeds (Chambers et al. 1991). 

Gravel will not trap and accumulate leaf litter to the same extent as 

standing vegetation. Seeds landing in open gravel pits and any resulting 



Gravel will not trap and accumulate leaf litter to the same extent as 

standing vegetation. Seeds landing in open gravel pits and any resulting 

seedlings are unlikely ta be afforded protection from desiccating winds. The 

absence of the overburden means that the nutrient status of the substrate will be 

low. Suitable micro-sites for germination are Iimited due to the evaporation 

caused by desiccating wind at the surface of the gravel. In the curent study, an 

attempt was made to alleviate this problem by adding peat to the gravel 

subçtrate. The peat provides an organic layer which reduces water loss and the 

leaching of nutrients, this in turn facilitates germination of incoming seeds. 

Peat and grave1 surfaces are subject to disturbance by wind which can 

inhibit seeds from finding a safe site for germination (Salonen 1987). Seeds 

possessing appendages will have an advantage over naked seeds in this 

environment (Salonen 1987, Chambers et al. 1991). Seeds which were smooth 

and wind-dispersed would be at a disadvantage since they are not easily - 
trapped on gravel or peat surfaces (Spence 1990, Chambers et al. 1991 ). 

Crevices in gravel may not allow sufficient surface variation to trap and hold 

small, wind-born seeds. Small seeds would be easily blown away with dry peat. 

Furthermore, there is usually no leaf litter on gravel or open peat surfaces to trap 

wind dispersed seeds (Runolfsson 1987). 

Fertilizer application resulted in increased seedling establishment at both 

Sites. Fertilized-non-seeded plots on Site I had the highest mean seedling 

number per plot, species number and average seedling diameter over al1 (Table 



4.1). Adding fertilizer to the peat and the manual addition of seeds greatly 

enhanced the seedling numbers and the species diversity. This was evident at 

Site II where the peat+fertilizer-seeded resulted in a mean number of seedlings 

of 102.75 per plot (Table 4.2). 

Seeds tend to spread outward from parent plants. The objective for 

revegetation projects is to encourage growth and survival of potential parent 

plants in adjacent areas. This will lead ta the development of a future seed 

source. Application of seed resulted in higher seedling numbers for al1 

treatments except the fertilizer-non seeded treatment at Site 1. Seeding 

accounted for 61 % of the total nurnbers of seedlings at Site 1 and 88% of the 

total seedling number at Site Il. Hedysarum mackenzii seedlings contributed 

30% and 80% to the total number of seedlings at Sites 1 and II, respectively. 

The seven species seeded ont0 Sites I and II were chosen for their ability 

to improve the sites. Mat or cushion forming species, D. integrifoia and 

Saxifraga trkuspidafa, can trap organic debris and build up soil, thus making the 

area more suitable for secondary colonizers (Svoboda and Henry 1987). 

Cushion plants act as nurse plants for seedlings protecting them from the harsh 

climatic conditions (Bliss 1971, Svoboda and Henry 1987, McGraw and Vavrek 

1989, Carlsson and Callaghan 1991). Willow species were selected because 

they are also able to accumulate organic debris, provide leaf litter in the fall and 

to trap snow once established (Schaefer and Messier 1995). Plants with 

extensive roots or rhizomes like Elymus arenadus, stabilize shifting soi1 and 



make the area more suitable for plant species not adapted to physical 

disturbance. Legumes (e.g. Hedysarum mackenzi, having nitrogen fixing 

bacteria (Rhizobium) associated with their roots and will amend the soi1 around 

them with nitrogen compounds. In this way, legumes provide nitrogen 

compounds which are then available for other plants. There are species in the 

Churchill region which may be capable of nitrogen fixation, two legumes which 

are Hedysarum mackenzii, and OOxopis campestris and Dvas integdfolia 

(Cargill and Chapin 1987, Svoboda and Henry 1987 and Chapin and Bledsoe 

1992) 

The application of seeds of the legume H. mackenzii was successfui, 

showed the highest seed germination and seedling numbers (up ta 500 per plot) 

of the seven species which were applied as seed to the study plots. This 

species, however, did not occur naturally in the adjacent undisturbed areas or in 

the unseeded plots. Therefore, it is likely Iimited by its ability to disperse over 

distance, due in part to the large seeds (>2 mm) (Bishop and Chapin 1989). 

They have no wing to aid in wind dispersal. They must therefore rely on other 

vectors, (zoochory, geochory or hydrochory) for long distance dispersal. 

The variation in the response to the different treatments seen on the two 

sites was significant. Therefore, the sites themselves rnust differ at some 

fundamental level. Differences in the physical structure or composition of the 

two sites confounds the results of the treatments. The 

surrounding Site II provide shelter and help to mitigate 

U-shaped grave1 ridges 

the effects of desiccating 



winds. A decrease in the sumrner and winter winds on the site will decrease 

evapotranspiration. The same gravel ridges serve to trap snow in winter 

providing protection against desiccation and ice abrasion. Site I is open to these 

winds throughout the year. Therefore, the seedlings are subjected ta more 

desiccating winds than at Site II which may account for the improved seedling 

survival on this site. Indeed, the application of fertilizer was positive at both 

Sites. However, the combination of fertilizer, snow mver and shelter at Site II 

may account for the difference between the sites in overall seedling numbers. 

The nutrient status at Site I was the dominant lirniting factor since the 

fertilized treatrnents fared the best. Fertilizer treatments ranked first and second 

for Site I and fourth and fifth for Site II (Table 4:3). However, at Site II fertilizer 

seemed to have less importance than organic matter restoration. Peat seeded 

treatments ranked first at Site II and sixth at Site I (Table 4:3). Unfortunately 

there are no data for soi1 nutrients prior to the treatments. Site I is raised which 

rnay remove it from the source of water and nutrients more so than Site II which 

is located in slightly depressed area. The height of Site I also exposed it more 

than Site II to wind abrasion and desiccation. Site 11 was more sheltered in 

summer and more completely snow covered in winter. 

Snow cover was different on the two Sites. The crests of gravel ridges 

(eskers and beach ridges) in the Churchill area blow clear of snow but drifting 

occurs on their leeward sides (Cheney and Brown Beckel 1955, Billings and 

BIiss 1959). Site I and II showed drifting in the leeward sides of the ridges on 



the sites (Fig.4.3 and 4.4). Deep snow affords protection for plants in the harsh 

winter months, supplies meltwater in the spring but also decreases the length of 

the growing seasons (Polunin 1951, Krebs 1985, McKendrick 1991, Sonesson 

and Callaghan 1991, Schwarzenbach 1996). 

Site II had the greater snow depths of the two sites which rnay, in part, 

account for the higher seedling number (3 times that of Site 1) in 1994 and 

improved response to the seeded treatments. The increased snow cuver and 

depth resuited in more available water, reffected in the SWE for Site II of 81.11 

mm. In the spring the resuiting melt provides needed moisture for seedling 

establishment. The greater snow depth would afford more protection for 

seedlings on Site II than those exposed on Site 1. Increased snow depth can 

have a negative effect if the snow took longer to melt in the spring and reduced 

the already short growing season (Sonesson and Callaghan 1991, Schaefer and 

Messier 1995). This rnay have been the reason for no seedlings emerging on . 
Site II in the 1993 season- 

Wind increases the density of snow by altering the stellate configuration 

of the individual crystals into needles which, when blown together, resulted in a 

tighter fit and increased density of between 0.3 and 0.5 g/cm3 (Hare 1970, Pruitt 

1978). Undisturbed snow on the other hand had intact snow crystals and more 

air. The density in this case was between 0.05 and 0.3 glcm3 (Pruitt 1978). Site 

I was subjected to more wind action than Site II accounting for the higher snow 

density at this site (0.433 g/cm3) (Hare 1970). Site II was more sheltered and 



this resulted in densities of less than 0.3 g/cm3 (Hare 1970). None of the plots at 

Site Il had been exposed to wind action. Seedlings on these plots were al1 

covered with snow in winter and, therefore, protected from dessication, snow 

abrasion, intensely low temperatures and drought (Polunin 1951, Hare 1970. 

McKay 1970, Carlsson and Callaghan 1991, Kudo 1991 Oberbauer and Dawson 

1992, Schaefer and Messier 1995). Approximately half of Site I was blown clear 

of snow. and therefore exposed to wind damage, abrasion, intense chill and 

extreme drought (Hare 1970). 

Site II may have been Iimited by seed rain since seeding had such a 

marked effect there. The seeded treatments ranked in the top four places for 

Site II (Table 4:3). Seeding at Site I did not have such high numbers as at Site 

II, but still ranked highly overall (Table 4:3). The same grave1 ridges that afford 

this site protection from winds may also Iimit the seed rain onto the site by 

altering wind direction. This implies that there rnay have been little dispersal 

ont0 the site to date. On the other hand the required "safe sites" may not have 

existed until organic matter and fertilizer were applied. 

Non-seeded peat plots on both Site I and II had the lowest rank in Site II 

and second last at Site 1. Seedling establishment on bare peat was likely 

inhibited due to an organic cnist that forrned when the peat surface dried after 

rain (Sheldon 1974, Skaller 1981, Salonen 1987). Roots are not able to 

penetrate into the encrusted peat and conversely seedlings would be prevented 

from breaking through the crust from below (Bradshaw 1987). The encrusted, 



smooth peat surface prevented seed entrapment and wind action blew seeds 

across its surface (Chambers et al. 1991). In treatments where seeds were 

manually incorporated into the peat surface, the seedling nurnbers were rnuch 

higher than those of the peat plots where seedling establishment was left to a 

more natural process. 

Grave1 areas, unlike the smooth peat surface, have small crevices which 

trap seeds and provide micro-sites for germination and establishment. This was 

evident in the field where seedlings were seen growing behind large cobbles 

(s8cm diameter) and in depressions (Firlotte, field observation). The cobbles 

decreased the harshness of the micro-climate at the micro-site tevel- The 

control-unseeded and control-seeded plots had greater species richness than 

either the peat-non-seeded or the peat-seeded plots respectively for both sites. 

The control plots with their uneven surface may be able to trap seeds that would 

be blown off the smooth peat surface. 

Seeds may percolate down in the gravel column as a result of 

precipitation, physical disturbance or cryoturbation (Chambers et al. 1991 ). 

Small seeds, like those of Saxifraga spp., would easily fall through crevices in 

the gravel and become incorporated into a deeply located seed bank rather than 

gerrninate near the surface. Seeds of Hedysarum mackenzii are large enough to 

remain on or near the soi1 surface and this may account for the higher 

germination success of this species (e-g. 327 seedlings at plot 4, Site II). 

Seeds can be introduced to an arsa from the surrounding vegetation and 



by rneans of biological vectors such as geese and caribou (Bradshaw 1987). 

Willow catkins (Salix spp.) blown in from the surrounding area were seen on 

some plots along with goose droppings and caribou tracks on the study sites. 

Natural recolonization of open gravel areas appeared to be by vegetative 

spread from plants at the periphery of the disturbance or, from clumps of 

vegetation which may have survived the initial disturbance (McKendrick 1987). 

Sites I and II were surrounded by undisturbed tundra which served as a 

potential seed source. However, seedlings found in the study plots on Sites I 

and II were not of the same species as those seen in the adjacent undisturbed 

tundra. The seed source rnust have been frorn the site itself, an existing seed 

bank, or from long distance dispersal. Studies show seed banks do not exist in 

this area (McGraw and Vavrek 1989). Preliminary seed bank studies 

undertaken in 1993 showed that indeed there were no seeds present in the soi1 

samples from Site I (Staniforth unpublished data). Site II on the other hand, had - 
1 7 seedlings (1 6-Sagina nodosa, 1 -Solidago rnultiradiata) germinate from 10 x 

10 cm soi1 sarnples. This does not indicate that a significant number of seeds 

were present in the gravel. Such small numbers of seedlings will not result in 

closed vegetation cover on site especially since none of these species were 

found in the emergent seedling population. Therefore, I believe the source of 

the seedlings in the study plots was not the surrounding undisturbed tundra. 

S i nce Lesquerella arctica. Elymus arenabus and Stellaria longipes we re no t 

present adjacent to the plots, but were found in the ernergent seedling 



population. The undisturbed areas would be the source in cases of marginal 

invasion by means of vegetative spread. The undisturbed areas may provide 

the seed source for later colonkation once the site becomes modified by the 

initial colonizing species. The initial seed source must therefore be by long 

distance dispersal. 

Grazing by geese and the presence of caribou tracks were seen at Site 1 

and II. Site I was frequently visited by geese who grazed the site and left 

droppings. Geese and caribou can have a damaging effect on the emergent 

seedlings by grazing and trampling (McKendrick 1987, Henry and Gunn 1991 ). 

This was evident in the grazing damage done to seedlings at Site 1. Conversely, 

the geese and caribou will manure the site and thus supply nutrients and seeds 

which will increase plant production (Haag 1974, Schwarzenbach 1996). Geese 

will produce droppings once every four minutes while feeding, these droppings 

will enhance the available nitrogen on site and increase aboveground primary 
- 

production during the growing season (Bazely and Jefferies 1985, Jefferies et al 

1992). Caribou rnay introduce debris on their hooves to the area which can 

benefit the vegetation colonizing the area, similar to cases of muskox 

transporting debris on hooves and wool (Schwarzenbach 1996). The trampling 

by the caribou on the area may also help to "plant" or deposit the seeds below 

the soi1 surface, similar to the bison effects on prairie. Hoof prints can also 

serve as a micro-site to enhance germination (Harper et al. 1965). Evidence of 

this was not seen on the sites however over time these effects could become 



evident. 



4:6 CONCLUSIONS 

1. Fertilizer application at a rate of 30 g mQ to disturbed gravel areas improves 

vegetation recovery by an average of 300% (Site I - 96/32). 

2. Peat application alone can inhibit seedling establishment on disturbed gravel 

areas by 35% in the short term (Site I - 21/32). 

3. Seed application 250 seeds m'2 improved recovery on the gravel areas by 

206% at Site I and by 400% at Site II. 

4. In every treatment seed application improved recovery with the exception of 

one treatment at Site I (the fertilizer non-seeded treatment at Site I was slightly 

higher than the seeded treatment by I O  seedlings which is not significant). 

5. The combination of seed application (using Hedysarum mackenzb] and 

fertilizer addition greatly improved the recovery of denuded gravel areas in the 

Churchill region. 

6. Plants in undisturbed areas immediately adjacent to gravel pits generally did 
* 

not contribute to the population of emergent seedlings. A possible exception to 

th is was Dryas in tegrifdia. 

7. Snow cover is important to seedling recovery because it provides protection 

from desiccating winter winds. Snow melt in spring can also provide much 

needed moisture. 



CHAPTER 5 

GENERAL CONCLUSIONS 

51 INTRODUCTION 

Little research has been done to compare appropriate species for 

restoration programs in northem Manitoba (Bailey 1981). The objective of this 

section of the study was to suggest the suitability of native plant species for 

potential restoration projects. This information would form the basis for 

recommendations for species selection for restoration of damaged dry tundra 

areas. Life history characters must be considered in the scheme. Rooting 

systems are important to site stabilization, nitrogen fixing capabilities are 

important to restoring the nutrient balance in the soil. The suitable species will 

then be combined with appropriate revegetation techniques (from Chapter 4) to 

produce a plan for revegetation following excavation or development. Future 

research prospects in the area of revegetation in the Churchill region will also be 

considered as well as the overall conclusions reached with this study. 



5 2  DISCUSSION 

Suitable revegetation species 

Hedysarum mackenzii stands out from my studies as the best species for 

use in revegetation of disturbed gravel areas. The numbers of seedlings 

achieved through one seed application of 250 seeds m2 was over 1000 

seedlings per site. Considering the ease of seed collection this seems to be an 

ideal species for a revegetation program. 

Hedysarum mackenzii did not require seed scarification to achieve high 

germination. The other legume Oxyfropis campestris, included in the seedling 

trials, failed to produce any seedlings during the study period. This species rnay 

have benefited frorn scarification which rnay make it a suitable species. Further 

study is required to ascertain this. 

Hedysarum mackenzii is a legume with nitrogen fixing capabilities. This 

makes it beneficial for improving the soi1 nutrient balance. This arneloration of 

the site should make the area more hospitable for later colonizing species. 

Elymus arenanus with an extensive rhizome may prove to be beneficial as 

a revegetation species for substrate stabilization (Fridriksson 1987). The limited 

seed production may be overcorne by utilizing rhizome cuttings and a rooting 

hormone to prornote root growth. The transplanting of clurnps of E. arenanus, 

which would then spread out via the rhizomes, ont0 disturbed areas form 

established populations may also prove beneficial. 

Lesquerella arcfica was found in large nurnbers on permanent study Site I 



(99 seedlings), although seeds of this species were never applied to the plots. 

Due to its high numbers this rnay be a species worth investigating for future 

revegetation programs. The seedlings ability to survive in the harsh wind blown 

conditions found on Site I and spread providing ground caver which may over 

time accumulate organic matter make it a potential species for revegetation 

programs. 

Suitable revegetation techniques 

Levelling the area following excavation will also be beneficial to 

revegetation. The undulating wind-swept topography characteristic of 

excavation sites leads to a patchy vegetation cover and sail moisture variation 

(Klokk and Ronning 1987, Matthes-Sears et al. 1988). Levelling will remove the 

tendency for seeds to cluster in one area and allow for a more complete 

restoration of vegetation on site (Klokk and Ronning 1987). 

Snow management may become important once seedlings are 

established. Snow cover throughout the harsh winters will protect the fragile 

seedlings from desiccating winds which could inhibit their continued growth. 

Deep snow cover is not required since it could shorten the growing season 

however, a rnoderate snow cover, as seen on Site If, improves the survivorship 

d seedlings until they can trap their own protective snow cover. The 

manipulation of snow cover could be achieved through the use of seasonal snow 

fencing. 

Restoration of organic soi1 would be the first priority for future excavation 



projects (McGraw 1980, Johnson 1987). The overburden can be stockpiled and 

upon cornpletion of gravel removal it can be redistributed on the area (Street 

1985). The redistribution of organic matter on disturbed areas will lead to 

improved recovery tirne. 

Fertilizer application was found to greatly enhance seedling 

establishment on gravel areas. The nutrient shortage on denuded gravel areas 

seemed to be the major limitation to seedling establishment. A single fertilizer 

application considerably enhanced the vegetation recovery. Fertilizer 

application combined with seed application may also irnprove revegetation on 

denuded gravel areas. 

Providing shelter to denuded gravel areas to mitigate the negative effects 

of wind maybe beneficial to site recovery. Shelter in the form of ternporary 

fencing or the planting of a shrub (willow) border around gravel areas may serve 

to trap snow and decrease wind. The accumulation of snow will provide 
L 

protection and moisture. Decreasing the effects of summer winds on the 

denuded gravel area rnay decrease evapotranspiration and improve seedling 

survival 

Future research 

-seed bank 

Studies are required to understand the existing seed bank in the Churchill 

tegion. The threat of major development in the area creates the need for an 

understanding of the soi1 seed banks. Increased knowledge can only assist in 



the formulation of appropriate management and revegetation programs for 

grave1 excavation and revegetation sites. 

-seed rain 

The adjacent undisturbed areas are assumed to be the source of seed rain ont0 

disturbed areas. Studies should be undertaken to determine if this assumption 

is correct. Studies are needed also to ascertain the amount of incoming seed 

rain and the species involved and their germination requirernents. The distance 

which seeds are transported from parent plants is unknown and would benefit 

future restoration programs 

- Further study on seed production in adjacent undisturbed areas. The 

application of fertilizer on these areas to increase seed production and 

therefore, enhance recovery of the disturbed area could be a source of future 

research projects. 

-snow cover and distribution - 
Due to the desiccating winter winds in the area and extensive movement of snow 

by wind a more detailed study of snow cover should be undertaken in the 

disturbed areas of Churchill. 

-snow management 

The town is about to ernbark on a major beautifkation scheme. Knowledge of 

snow cover and its benefit to vegetation would be beneficial to this scheme. The 

town has tried in vain to establish grass (Red Fescue) in the square. Snow 

cover throughout the winter will probably be a great benefit to keeping this 



fragile southem species alive from season to season. Studies utilizing snow 

fencing to manage snow cover could be undertaken in this situation. 

-shelter belts 

Utilizing native shmb borders to serve as snow traps and to decrease the 

desiccating winds may prove beneficial to revegetation strategies. Further study 

is needed to detemine if this will indeed have a positive effect of revegetation 

on grave1 areas. 



5:3 CONCLUSIONS 

1. The maps produced in Chapter 2 outlined the extent of disturbance in dry 

tundra areas at 10% (412.31 ha) with 3752.49 ha remaining undisturbed. The 

disturbed areas are high profile sites adjacent to roads. Considering that the 

economy of Churchill is focussed on tourism, restoration of these areas would be 

beneficial to the overall economy of the area. On a provincial level the dry 

tundra ecosystem is rare and should be protected from further disturbance. 

Conservation of this biome through reclamation of these disturbed sites would 

be a positive step. 

2. Soil texture is an important deteminant to the seedling survival due to its 

effects on moisture holding capabilities. Alteration of soi1 texture could 

therefore, enhance site recovery. Introduction of smaller soi1 particles and 

organic micelles, either silt, clay or fine sand and peat to denuded sites could 

improve restoration by increasing moisture holding capacity 

3. The microtopography remaining on the disturbed area will effect the 

successional path of the site. A site with undulating topography will result in 

patchy vegetation cover due to varied moisture regimes and snow cover. The 

levelling of the abandoned excavation sites will alleviate these rnicrotopographic 

variations and result in a closed cover over time. 

4. Fertilizer application will improve revegetation on abandoned excavation sites. 

Such sites are nutrient Iimited due to the removal of the overburden. Fertilizer 

application serves ta help restore the nutrients to the site and increases the 



potential for vegetation growth. 

5. Seed application increases recovery of disturbed sites. Adequate seed 

application ensures that propagules are reaching the site in high numbers. The 

seed application in this study irnproved recovery by 206% over mntrol plots. 

Seed application combined with the other treatments (ferîilizer, peat and peat 

and fertilizer combined) resulted in improved recovery in al1 but one instance. 

6. Peat application alone inhibited recovery by 35%. The surface layer of the 

peat became cnist like which inhibited penetration by seeds. The smooth 

surface resulted in horizontal movement of seeds and debris which Iimited 

colonization of these sites. 

7. Snow cover can enhance seedling survival by protecting them frorn 

desiccating winds. Snow cover c m  also be a moisture source in the spring 

following the melt. 

The Town of Churchill is about to implement a beautification strategy in 

which local species are being transplanted onto the town site. These wiil 

provide a showcase of the local vegetation. I was consulted on species 

collection and assisted in choosing appropriate species as well as logistical 

methods for their safe rernoval and transplantation. These projects should begin 

in the summer of 1998 with education and culminate the foilowing season with 

the planting on the site. Indeed, this is a positive step for the town toward an 

improved town profile. 



Appendix 2 :  List of Plants encountered during the course of this study at 
Churchill, Manitoba. 

Achillea nigrescens 
Andromeda polifolia 
Androsace septentrionalis 
Anemone multifida 
A rctostaph ylos alpina 
A rctostaphylos rub ra 
Astragalus alpinus 
Betula gla ndulosa 
Carex sp. 
Castilma fa upii 
CerastÏum aipinurn 
Dryas in tegmCoia 
Elymus arenanus 
Empetrurn nigrum 
Epilobium angusfifolium 
Epilo bium la fifolbm 
Equisefum arvense 
Equisetum variegatum 
Eup h rasia a rctica 
Festuca brach yp hylia 
Gentiana propinqua 
Heysarum mackenzii 
Hordeum jubatum 
Juncus arcticus 
Ledum decumbens 
Lesquerella arctica 
Lichen sp. 
Meiandriurn aRne 
Min uartia rubella 
Moss sp. 
Oxytropis campestris 
Pa rnassia palustns 
Pinguicula vulga ris 
Plygonum vivaparum 
Poa sp. 
Pofentilla pulchella 
Puccinellia lucida 
Pyrola grandiffora 
Pyrola secunda 
Rhododendron lapponicum 



Rubus chamaemorus 
Rumex occidentalis 
Sagina nodosa 
Salix brachycarpa 
Salix candida 
Saiix ianata 
Salix planifo/a 
Salix reticulata 
Saxifraga oppositifoa 
Saxifraga tmspida fa 
Shepherdia canadensis 
Solidago mulfiradiata 
Spergularfa manna 
Stellana longipes 
Taraxacum lacerum 
Tofieldja pusilla 
T&etum spicatum 
Vaccinium uliginosum 
Vaccinium vifis-ida ea 



Appendix 2: Description of available aerial photos, from 1930 - 1991, of the 
Churchill study area. 

1930 - (A2671-74) This photo was taken prior to the initiation of any excavation 

except for sites across river at Fort Prince of Wales. This is a base line photo as 

it shows the coast on which old Fort Churchill was to be placed. The town site is 

outside the area of this photo. 

1951 - (A1 1022-71) This photo shows the Churchill River estuary region 

including the Cape Merry peninsulî and the town site. This is a base line photo 

for the pits used as a source of grave1 for the tom-site. All of these pits except 

those of the Cape Merry site where under excavation by this date. This would 

indicate that excavation had begun at site 28 within the 21 year interval since 

the iast photos had been taken. No precise date can be deterrnined. 

1961 - (A1 7406-96fA17406-98) These two photos show the town site and Fort 

Churchill location, eastward to the CNSC site. These photographs serve as a 

base line for everything east of the airport. It is known (personal camrnunication 

with townspeople) that the sites in the eastern zone were under excavation long 

before 1961, however a precise date cannot be determined. 

1969 - (A21072-lines 4-7) This secies of air photos, include Fort Churchill, 

Akudlik and Cape Merry. This is the first evidence of excavation at Cape Merry, 

however excavation initiation date for that site is known to be 1967. This is the 

base line photograph for the Akudlik site. The date that this site was abandoned 

is also known (1 981 ). 

1972 - (A22955) This series shows the entire 26 km study area. AH sites had 

been disturbed prior to this date. 

1986 - (MB86035) Cape Merry which is known to have been excavated in 1967 

is the only site included in this series. 

1991 - (MB91010) These were the most recent photos available ta me. They 

showed the entire 26 km study area from the town-site to the CNSC buildings. 

These air photos served as an outline for the recovery potential guide map. 



Appendœ 3: Percent cover data colleded in 1992 (quadrats 1-1 0) and 1 993 (quadrats 1 1 -20) for the four study areas 
a. 6lUff 6 . b. Cape Meny, c. Fort Churchill /Airport and d. Akudlüc Data was cdEected bath with in the 
dsturbed area and undisturbed area at each site (except at Akudlik where anly d k b r k d  areas were 
found) Bluff 8 distrubed areas were d~ded into three plant cornmunities hill. willow and scraper scar. 

Salk reticulate 
Salir lanata 
Salk bmchycarpe 
Casîilleja raupii 
Epilobium angusiribliurn 
Astragalus aiphus 
Hedparurn mackenuï 
Stellaria longipes 
F esluca brechyphylla 
Oxytopis campestns 
EmpeCnrm nigrum 
Uyms amnatfus 
Shepheda canadenss 
Taraxacum lacemm 
Andmrneda polif~lia 
Vaccinium uliginosum 
Vecunium vitas-idaea 
Pyrola grandionr 
Patnassia plusbis 
Pucwneliia lucida 
Aitystephvros rubm 
&&hg8 bicuspidata 
Equiseturn anrense 
Tofieldia pusrila 
Potentilla pkhel la 
Pinguiqu/a wIgaris 
Rhododendron lapponicun 
Rubus chamaemorus 
Ceradium alpinum 
Achiilea nigrescens 
Gentiane propinqua 
Juncus arciicus 
Sagina nodosa 
Androsace septentrionalis 
Hordeum jubeîum 
Euphmsia arcti-ca 
Speigulanà manna 
Serula glandulosa 
S-ga oppositiiolia 
Camx sp. 
Potenb'lla sp. 
Grass sp. 
Moss sp. 
Lichen sp. 

O 0 0  0 0 0 0 0 0 1 0  
0 0 0  4 1 t 3 0 1 0 0  a 
0 0 0  0 0 0 0 0 0  a 
O 0 0  0 0 0 0 0 0  2 
O 0 0  0 0 0 0 0 0  a 
O 0 0  0 0 0 0 0 0  a 
O 0 0  0 0 0 0 0 0  a 
O 0 0  0 0 0 0 0 0  a 
O 0 0  0 0 0 0 0 0 0  
O 0 0  O O O O O O Q  
O 0 0  0 0 0 0 0 0  a 
1 0 0 0  0 0 0 0 0 0  a 
O 0 0  0 0 0 0 0 0  a 
3 0 0  0 0 0 0 0 0  O 
B O 0  0 0 0 0 0 0 0  
1 7 0 0  O 0 1 5 5 6 0  O 
1 0 0  0 0 0 0 0 0  1 
O 0 0  0 0 0 0 0 0  O 
0 0 1  0 0 0 0 0 0 0  
O 0 0  0 0 - 0 0 0 0  O 
O 0 4  0 2 0 0 0 0  O 
0 0 0  O 0 0 0 0 0  6 
O 0 0  3 0 0 0 0 0 0 . 5  
O 0 0  0 0 0 0 0 0  O 
O 0 0  0 0 0 0 0 0  O 
O 0 0  0 0 0 0 0 0  O 
O 0 0  0 0 0 0 0 0  O 
O 0 0  0 0 0 0 0 0  O 
O 0 0  0 0 0 0 0 0  O 
O 0 0  0 0 0 0 0 0  O 
O 0 0  0 0 0 0 0 0  O 
O 0 0  0 0 0 0 0 0  O 
O 0 0  0 0 0 0 0 0  O 
O 0 0  0 0 0 0 0 0  O 
O 0 0  0 0 0 0 0 0  O 
O 0 0  0 0 0 0 0 0  O 
O 0 0  0 0 0 0 0 0  @ 
O 0 0  0 0 0 0 0 0  O 
O 0 0  0 0 0 0 0 0  O 
O 0 0  0 0 0 0 0 0  O 
O 0 0  0 0 0 0 0 0  O 
O 0 0  0 0 0 0 0 0  O  
O 0 0  0 0 0 0 0 0 0  
O 0 0  0 0 0 0 0 0  O  
O 2 6  3 1 2 7 6 1 6 2 1 6  



la. Bluff 8 - hill I I 

saüx kticuiata 
SadLir lanata 
Sa& bmchycatpa 
CasMeja raupis 
EMabium angusiifoibum 
Asbagalus aipinus 
Hedysamm mackenzü 
Stedaria langipes 

; Festuca brachyphyla 
Oxytopis campestris 
Empeûum nignrm 
Elymus amnanüs 
Shepheda canadensis 
Tarax8cum lacemm 
Andmmeda pobiofa 

i Vacclluum ufiginosum 
1 Varoiuum vitas-idaea 
Pymla granaHom 
Pamassia paIusbLE 
PucanMa luüda 
~ p h y r o s  

i s a m g a  tricuspidata 
Equkeîum arvense 
Todeida psPa 
Potenüüa pulcheta 
PinguEqura wlge~is 

1 Rhododendmn lappanicum 
Rubus chamaemoms 
Cerasbum alpnurn 
Achdlea nigrescens 
Gentiana pmpinqua 
Juncus arcüêus 
Sagina nodosa 
Andmace seplenMona& 
Hordeum jubaîum 
Euphresia a d c a  
Spergulaia marriia 
Betule gîandu/osa 
Saxdhga oppsbïbfia 
Cantx sp. 
Potenüüa sp. 
Grass sp. 
Muss sp. 
Lichen sp. 

O 0 0  O 0  O  I O 
O 0 0  O 0  O  O O O  
O 0 0  O 0  O  O O 
O 0 0  O 0  O  O O  

O 0 0  O 0  O  O  O  O 
O 0 0  O 0  O  O O 

0 0 0  O 0  O O  O  O 
O 0 0  O 0  O O  O  O  
O 0 0  O 0  O  O  O 

0 0 0  O 0  O  O  O 
1 0 0 0  O 0  O  7 O O 
1 0 0  O 0  O  O O 

1 0 0 0 0 1 0 0  4 1 W 1 W 1 0 0 1 0 0  
O 0 0  0 0  O O  O  
O 0 0  O 0  O O  O 
O 0 0  O 0  O O  O O 
0 0 0  O 0  O O  O O 
O 0 0  O 0  O  O O O 
O 0 0  O 0  O  O  O O 
O 0 0  O 0  O O  O 
O 0 0  O 0  O O O 
O 0 0  O 0  2 O O 
O 0 0  O O û  O O 
O 0 0  O 0  O  O O 
0 0 0  O 0  O  O O 
O 0 0  O 0  O  O O 
O 0 0  O 0  O O O O 
O 0 0  O 0  O O O 
O 0 0  O 0  O O O  O 
0 0 0  O 0  O  O O O 
O 0 0  O 0  O  O  O 
O 0 0  O 0  O  O  O 
O 0 0  O 0  O O O 
O 0 0  O 0  O O O 
O 0 0  O 0  O  O O 
O 0 0  O 0  O O O 
O 0 0  O 0  O O O 
O 0 0  O 0  O  O  O 
C O 0  O 0  O O O O 
O 0 0  O 0  O O G O 
O 0 0  O 0  O O O O 
O 0 0  O 0  O O O 
O 0 0  O 0  O O O 
O 0 0  O 0  O O O 

0 0 ' 4 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0  O1 

0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 G 0 0 0 0  

0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 1  

0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 2 0 0  

0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0  

0 0 0 0 0 0 0 0 0 0 0  
0 0 1 0 0 0 0 0 0 0 0 2  

8 0 9 0 1 4  O 7 2 6  O O 8 0 1 5  O  
0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0  

0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 u 0 0  
0 0 0 2 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0  

0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 4 0 1 0 0 1 0  
0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0  

0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0  

0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0  

0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0  

0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0  

0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 2 0 1 0 ,  



Appendix 3: continueci 

la. B I U ~  B - wi~aw I I 

S& @anha 7 O O 1 2  5 O O O O O 1 2  O 1 2 3 8 0  0 8 0 1 0 0  
Sadr reticulata 0  o o o o o o  o o o o o o o o o o  0 
SanX lanata 1 2 1 0  8 0 4 0 4 1 2 0 0 0 0 8 3 0 0 0 0 0  O 
Saiix brachycarpa 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  O 
Castiüeja raupP O 0 0  0 0 0 0 0 0  0 0 0 0 0 0 0 0  O 0  O 
Epaobium angustifoik~m O 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  O 
Asaggalus aipinus 
Hedysamm mackenzü 
Stefaria Iongtpes O 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  O 

O 0 0  0 0 0 0 0 0  0 0 0 0 0 0 0 0  O 0  O 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  O 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  O 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  O 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  O 
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0  O 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  O 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  O 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  O 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  O 

O O O O O O 1  O O O 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  O 
O < ~ ~ O O O O O O O O O O O O O  0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  O 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  O 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  O 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  O 

O O O O O O O O O O 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  O 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  O 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  O 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  O 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  O 

0 0 0 0 0 0 0 0 0 0  O 
O O O O O O O O O O 

0 0 0 0 0 0 0 0 0 0  O 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  O 
O O O O O O O O O G O O O O O O  O 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  O 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  O 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  O 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  O 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  O 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  O 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  O 

O 0 0  
Qmus arenarius O 0 0  
ShepherQa canadensis 1 0 0 0  
Taraxacum lacemm I O 0 0  
Andromeda # t W a  O 0 0  
Va&iium udginosurn 
Vaccinium vitasikiaea 
Pyrda grandMora 
Pamassia pdusûis 

O 0 0  
O 0 0  
O 0 0  
O 0 0  

Pucüneiüa lucide 0.5 00 .5  O O 00 .5  2 2 O 
Attystaphflos ~ b r a  O 
samhga tncuspidata O 

' Eqmelum amnse 
Todelda pusle 

1 PotenMa pulchelia 
P*iguiqula vulgank 
~hododendmnla~~nicum 
I Rubus chamaemorus 
Cerasüum alpinum 

Gentiana pmpinqua 
Juncus arebcus 
Sagina nodosa 
Andmsaceseptenbionaiçs 
Hordeum jubafurn 
Euphrasa arcZiCa 
Spergularia marine 
Behrla glandulasa 
Sanitaga opposdMa 
Carex sp. 
Potenbila sp. 
Grass sp. 
Moss sp. 
Lichen sp. 

O 0 0  
O 0 0  
O 0 0  
0 0 0  
O O O O O O O O O O 
O 0 0  
O 0 0  
O 0 0  
O 0 0  
0 0 0  
0 0 0  O 0 0 0 0 0  
O O O O O O O O O O 
O 0 0  O 0 0 0 0 0  
O 0 0  
O 0 0  
O 0 0  
O 0 0  
O 0 0  
O 0 0  
O 0 0  
O 0 0  
O 0 0  



Appendiw 3: continue 

a. Bluff 8 - scraper scar 

Sabx kticufata 
Sa6x lanata 
Sabx brachycarpa 
Casliaeja mu@ 
Epüobium angusbibdum 
Astregaius a[unus 
Hedysarum mackenzâ 
Srelana longpes 
Feshrca brachyphyüa 
O ~ o p i S  campestris 
Empetrum nigrum 
Eiymus arenarius 
Sheptteda canadensis 
Tamacum lacemm 
Andrumeda poBfoCa 
Vacanium uGginosum 
Vaccinium vitas-idaea 
Pyda grandinota 
Parna- palusnis 
PuccineBSa lucide 
Artysîaphyios mbra 
Saxifraga tncuspaata 
Equisehrm arvense 
Todeida pusDa 
PotenMa pulcheda 
Pinguiquia vulgans 
Rhododendron lapponicum 
Rubus chamaemoms 
Cera&urn atpnum 
Achi7ea nigrescens 
Genbana pmpnqua 
Juncus arcticus 
Sagina nodosa 
Androsace septentnonaüs 
Honleum jubatum 
Euphrash arctica 
Spergulana marina 
Betula giandulw 
Sam'fraga opposMWa 
Carex sp. 
Patenblle sp. 
Grass çp. 
Mcss sp. 
Lichen sp. 

O 0 0  o s  O 0 0 1  G 
O O O O 3 0  O 0  O 3  C 
O 0 0  O 0  0 0 0 0 0  
O 0 0  O 0  0 0 0 0 0  
O 0 0  O 0  o o o o a  
O 0 0  O 0  o o o o a  
O 0 0  O 0  0 0 0 0 C  
O 0 0  O 0  O O O O O  
O 0 0  O 0  O O O O C  
O 0 0  O 0  O O O O G  
0 0 . 5  O O O 0 . 1 0  O 0  a 
O 0 0  O 0  0 0 0 0 0  
0 0 0  0 0  o o o o a  
O O 9 5  O O O 0  O 0 2 7  
0 0 0  0 0  o o o o a  
0 0 0  0 0  o o o o a  
O 0 0  0 0  O O O O ~  
O 0 0  O 0  o o o o a  
O 0 0  O 0  o o o o a  
O 0 0  O 0  o o o o a  
O 0 0  O 0  O O O O O  
O 0 0  O 0  0 0 0 0 0  
O O O O O -  O 0  O 0  O 
O 0 0  O 0  o o o o a  
O 0 0  O 0  0 0 0 0 0  
O 0 0  O 0  0 0 0 0 0  
O 0 0  O 0  0 0 0 0 0  
O 0 0  O 0  0 0 0 0 0  
0 0 0  O 0  0 0 0 0 0  
0 0 0  O 0  0 0 0 0 0  
O 0 0  O 0  G O 0 0 0  
O 0 0  O 0  0 0 0 0 0  
O 0 0  O 0  0 0 0 0 0  
O 0 0  0 0  0 0 0 0 0  
O 0 0  O 0  0 0 0 0 0  
O 0 0  O 0  0 0 0 0 0  
O 0 0  O 0  0 0 0 0 0  
O 0 0  O 0  0 0 0 0 0  
O 0 0  O 0  0 0 0 0 0  
O 0 0  0 0  0 0 0 0  O 
0 0 0  O 0  0 0 0 0 0  
O 0 0  O 0  0 0 0 0 0  
O 0 0  O 0  0 0 0 0 0  
O 0 0  O 0  0 0 0 0 0  
O 0 1  0 1  0 0 0 0 0  



b. Cape Merry - undisturbec 

Salk reliculata 
Sali% lanata 
Sa& brachycBIpa 
Castüieja tau@ 
Eprtobium engusti/dium 
Asbagalus alpmus 
Hedysanrm mackemii 
SteUaria longipes 
Festuca brachyphyî/a 
Oxytopis camposbis 
Ernpebum nigmm 
mus arena- 
Shepherdie canadensis 
Taraxacum lacmm 
Andmede poiIdia 
Vaccinium uliginosum 
Vaccinium Mas-idesa 
Pyda  grandilkm 
Pamassia pelusttis 
Puccinellia lucida 
Afipt~phflOS ~ b a  
Saxhiga bricuspldata 
Equiseîum arvense 
Tofieidia pusrIla 
Patenîjila pulchella 
Pinguiqua vulgark 
Rhododendron lapponicum 
Rubus chamaemonrs 
Cmstïum alpinum 
Achüiea nigrescens 
Gen2iana propinqua 
Juncus arcticus 
Segrna nodosa 
hdr0sac8 S-%~~&~&BIK 
Hordeum jubahrm 
EuphresSIa arctica 
Spergufaria marina 
Betula glsnduiasa 
Saxifrega opposiWoIia 
carex sp. 
Pdeniiila sp. 
Grass rp.  
Mobh 8P. 
Lichen SP. 



[b. Cape Meny - disturbed 1 1 

~ a r i x  @anriasa 
Sadx mticulata 
Saix Ianafa 
Sadx brachycarpa 
CasnBeja raupi 
Epdabrùm anguslaoaum 
Asmgalus alprnus 
Hedysanrrn mackenzü 
SteRaria longspes 
Festuca brachyphyira 
OxytopiS campesbis 
Empeîrum nignrm 
Dymus arenarius 
Shephetcüa canadensis 
Taraxacum lacemm 
Androtneda pobao6e 
Vacunium ulçgnosum 
Vacanium witasdaea 
Pyrola grandMora 
Pamasga paîuslris 
Pucainedaa lucida 
Adystaphylos ~ b m  
SaMfraga tricuspideta 
Equisetum arvense 
Tofielda puWa 
Potenlaa pulchela 
RngwquIa wlgaris 
Rhododendron lapponicum 
Rubus charnaemorus 
Cerasüum alpinum 
Achïüea nigrescens 
Gentiana propinqua 
Juncus adcus 
Sagina nodasa 
Androsace septenûianak 
Hordeum juhatum 
Euphmia arcbia 
Spergularia marina 
Betula glirnduka 
SaMItaga appoYoïbIa 
Carex S . .  
PotenMa $p. 
Grass sp. 
Mosç sp. 
Lichen sp. 

O 0 1 6 0 0  
O 0  5 0 0  
0 0 0 0 0  
O 0  O O G  
O 0  O 0 0  
0 0 0 1 0  
O 0  O 0 0  
5 0 0 0 0  
O 0  1 0 0  
0 0 0 1 0  
0 0 0 0 0  
0 0 0 0 0  
2 0 0  O 0 0  
1 0 0 0 0  
0 0 0 0 0  
O 0  1 0 0  
0 0 0 0 0  
0 0 0 0 0  
O 0  O 0 0  
O 0  O 0 0  
O 0  O 0 0  
0 0 0 0 0  
0 0 0 0 8  
O 0  O 0 0  
O 0  O 0 0  
7 0  0 0 0  
0 0 0 0 0  
0 0 0 0 0  
0 0 0 0 0  
O 0  O 0 0  
O 0  O 0 0  
O 0  O 0 0  
O 0  O 0 0  
0 0 0 0 0  
0 0 0 0 0  
O 0  O 0 0  
O 0  O 0 0  
O 0  O 0 0  
O 0  O 0 0  
0 0 0 0 0  
0 0 0 0 0  
O 0  O 0 0  
O 0  0 0 0  
O 0  O 0 0  
O 0  O 0 0  



I c. Fart ChurchilYAirwn 1 

! Salk pianifalia 
1 Salu reticulata 
! Salk lanata 
I Salk brachycarpa 
f Castilleja raupii 
1 Epilobium angustüalium 
! Asbagalus alpinus 
/ Hedysamm mackermi 
! Stellaria tongtpes 
i k ~ t u c a  brachyphy/fa 
i Oxytapis campestns 
i Empemim nigrum 

Andromeda polima 
Vamnium uliginosum 
Vaccinium wU+idac. 
PyroIa grandiflm 
Pamassia palusois 
Puccinellia lucida 
Artystaphylos mbra 
Saxmga brcuspictata 
Egohturn awense 
Tafieldia pusrlla 
PotcnûIIa pulchala 
Pinguiquia vulgaris 
Rhododendron lappotwcun 
Rubus chrnaem- 
Cerastium alpinum 

t Achülea ni&@scens 
Gentiana propinqua 
Juncus arcticus 
Sagina nodosa 
Androsace s e p r e ~ n a l k  
Hordeum jubatum 
Euphrasia arctica 
Spergularia marina 
Betula gfandulasa 
Saxifraga opposibfolia 
Carex sp. 
Pdentiü8 sp. 
Grass sp. 
Moss sp. 
Lichen sp. 

O 0 0  O 0  0 0 0 0 1 7 / 8 0 0 9 0 0 1 1 0 0  O  O 0  
O 0 0  O 0  O 7 3 3 1 0 0 0 0  O 0  O 0 0 0  0 0 :  
O 0 0  O 0  0 0 0 0 0 / 0 0  O 0  O 0 0 0  0 0 :  
O  O 0  O 2 0  O 0 4 0  0 1 0 0  0 0 2 0 0 0  O  0 2 '  
6 O  O  16 O O  80.5 O O  2 1 4  O  7 O  O  9 2 3  9 2 8 1  
7 1 1  6 O 1 4  12 O  O  6 511017 6 O  O  O  9  O  2 0: 
O 2 0  2 0  0 0 0 0 0 ~ 0 0 2 0 0  O 0 0 0  O 6  
5 1 4 2  5 0  0 0 0 3  0 3  O 0  0 0 0 0 8 0 i 8  
O 0 0  O 0  O O O O O 3 / O O  0 0  0 0 0 0  0 0 .  
0 0 0  O 0  0 0 0 6  O 0  O 0  O 0 0  O  6 0 1  
0 0 0  O 0  O 0 0 0  O 0  O 0  O 0 0 0  0 0 ;  
O 0 0  O 0  
O 0 0  O 0  O 0 0 0  
O 0 0  O 0  O 0 0 0  y 0 0  O 0  O 0 0  O  0 0 '  
2  3 1 8  3 0  0 1 5 3 0 0 0  O 4  4 2 8 0 1 3  2 0 1  
O 0 0  O 0  0 0 0 0 0 ~ 0 0  O 0  0 0 0 0  0 0 .  
O 0 0  O 0  0 0 0 0 0 0 0  
O 0 0  O 0  0 0 0 0 0 0 0  
O 0 0  O 0  0 0 0 0 0 1 2  
O 0 0  O 0  0 0 0 0 0 0 0  

O 0  O 0 0  O  0 0 ;  
O 0  O 0 0  O  0 0 '  
O 0  O 0 1  4  1 0  
O 0  0 0 0 0  O 0  

O 0 0  O 0  0 0 0 0  O 0  O 0  0 0 0  O  0 0 '  
O 0 0  O 0  0 0 0 0 : / 0 0  O 0  O 0 0  O O O !  
0 0 0  O 0  0 0 0 0 0 0 0  
O 0 0  O 2 ~ O O O O u O O  
0 0 0  O 0  0 0 0 0 0 0 0  
0 0 0  O 0  0 0 0 0 0 0 0  
O 0 0  2 0  0 1 2 0 0 0 3  
0 0 0  O 0  0 0 0 0 0 0 0  
1 O 0  O 4  4 0 0 0 2 4 0  

0 . 5 0 0  1 0  O 0 0 1 4 0 0 0  
3 0 1  0 0 . 5 0 . 5 0 0 3 0 0 0  
O 0 0  O 0  0 0 0 0 0 0 0  
O 0 0  O 0  O 0 0 0 0 0 0  
O 0 0  O 0  0 0 0 0 0 0 0  
O 0 0  O 0  0 0 0 1 0 0 0  
O 0 0  O 0  0 0 0 0 0 0 0  
O 0 0  2 0  0 0 0 0 0 0 0  
0 0 0  O 0  O 0 0 0 0 0 0  
O 0 0  0 0  0 0 0 0 0 0 0  
O 0 0  O 0  0 0 0 0 0 0 0  
O 0 0  O 0  O 0 0 0 0 0 0  
O 0 0  O 0  0 0 0 0 0 0 0  
O 0 0  O 0  0 0 0 0  

O 0  0 0 0 0  o o i  
O 0  O 0 0 0  0 0 1  
O 0  O 0 0 0  0 0 :  
O 0  0 0 0  1 0 0 ;  
O 0  O 0 2 0  7 O 3 I  
O 0  O 0 0 0  O 0 1  
O 1  2 0 0  8 0 0 ,  
0 0  O 0 0  O  O O !  
O 1  O 0 0 0  1 0 :  
O 0  O 2 0 0  0 0 :  
O 0  0 0 0 0  0 0 ;  
O 0  O 0 0  O  0 0 ;  
O 0  O 0 0 0  0 0 1  
O 0  O 0 0 0  0 0 1  
O 0  O 0 0 0  0 0 ;  
O 1 3  1 0 0 0  O O i  
O 0  O 0 0 0  0 0 :  
O 0  O 0 0 0  O 0 1  
O 0  0 0 0 0  O O i  
O 0  O 0 0  O  0 0 1  

0 2 0  10 O  0 9 0 0  O  10 
1 3 0 2 1 3 0  D o  0 0 6 0  O ; /  
O 0 0  O 0  O 0  O 0 0 0  0 0 ;  



1 c. Fort ChurchilVAirport 
- disîurbed 

1 Species 
Dryas integnlWB 

' Sa& pfanllbde 
SenX reticulaîa 
S& ianale 
Sa& brachycarpa 
C a m j a  raupü 
Epilobium angusühium 
AsCragalus alpnus 
Heciysamm meckenzi 
SteIaria longipes 
Festuca brachyphyrle 
Oxytopis campesbis 
Empeburnngnrm 
Dymus arenarius 
Shepheda canadensis 
Taraxecum lacerum 
Anahmeda poL;lbCa 
Vacaiiiurn u&ginosum 
V8ccniium vitasklaea 
Pymîa granMora 
PamasSa palusbîs 
PuccrireOB luclda 
ArQ1st8phyias mbra 
Sa-ga ~ s p ' d a t a  
Eqtrrreîum amnse 
T0dûld8 pu* 
Potenüûa pulchele 
tinguïqula vu/satis 
Rhododendron lapponicum 
Rubus chamaemorus 
Cerasbum al'num 
AcMea nigrescens 
Gentiana propinqua 
Juncus amiicus 
Sagina nodosa 
Androsace seplentnonah 
Hom'eum jubatum 
Euphrasa arcOca 
Spergulana marina 
&tufa giandubsa 
Saxiîiaga opposlilbCa 
Carex sp. 
Potenola sp. 
Grass sp. 
Moss sp. 
üchen sp. 

1 O 0  0 2  O 0 0 2  5 0 0 1 0 0 0 0 0 0  
O 0 0  O 0  0 0 0 0 0 0 3 0 0 0 8 0 4 3 6  
0 0 0  O 0  0 0 0 0 0 2 0 0 0 1 1 1 0 0 0 0  
O 0 0  O 0  0 0 0 0  0 0 0 0 0 0 0 0  O 0  
O 0 0  O 0  O 0 0 0  0 0 0 0 0 0 0 0 0 0  
O 0 0  O 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0  
O 0 1  O 0  1 0 0 8  O 0 0 0 0 0 2 1  O 0  
O 0 0  O 0  O 0 0 0  0 0 0 0 0 0 0 0 0  
O 0 0  O 0  O 0 0 0  0 0 4 0 0 0 0 0 0 0  
O 0 0  O 0  O 0 0 0  0 0 0 0 0 0 0 0  O 0  
O 0 0  O 0  O 0 0 0  0 0 0 0 0 0 0 0 0 0  
3 1 7 0  O 0  O 0 0 0  0 0 0 0 0 0 0 0  O 0  
O O 0  O 0  O 0 0 0  0 0 0 0 0 0 0 0  O 0  
0 0 0  O 0  O 0 0 0  0 0 0 1 0 0 0 2 0 0  
O 0 0  O 0  O 0 0 0  0 0 0 0 0 0 0 0  O 0  
O 0 0  O 0  O 0 0 0  0 0 0 0 0 0 0 0 0 0  
O 0 0  O 0  O 0 0 0  0 0 0 0 0 0 0 0  O 0  
O 0 0  O 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0  
O 0 0  O 0  O 0 0 0  0 0 0 0 0 0 0 0 0 0  
O 0 0  O 0  O 0 0 0  0 0 0 0 0 0 0 0 0 0  
O 0 0  O 0  O 0 0 0  0 0 0 0 0 0 0 0 0 0  
O 0 0  O 0  O 0 0 0  0 0 0 0 0 0 0 0 0 0  
0 0 0  0 0 - 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
2 0 0 0 . 5 0  O 0 0 0  2 0 0 0 0 0 0 0  O 0  
0 0 1  O 0  0 0 0 0  0 0 0 0 0 0 0 1  O 0  
1 1 . 5  O  O 1 O  1 0 . 5 0  00.1 3 2 0  1 O  1 O  4 O 
O 0 0  O 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0  
O 0 0  O 0  O O û O  0 0 0 0 0 0 0 0 0 0  
O 0 0  O 0  0 0 0 0  0 0 0 0 0 0 0 0 0 0  
O O 0  O 0  O 0 0 0  0 0 0 0 0 0 0 0  O 0  
O 0 0  O 0  O 0 0 0  0 0 0 0 0 0 0 0  O 0  
O 0 0  O 0  O 0 0 0  0 2 0 1 3 5 0 3 1 0 2 3 0  
O 0 0  O 0  O 0 0 0  0 0 1 0 0 0 0 0 0 0  
O 0 0  O 0  O 0 0 0  0 0 0 0 0 0 0 0 0 0  
O 0 0  O 0  O 0 0 0  0 0 0 0 0 0 0 0  O 0  
O 0 0  O 0  O 0 0 0  0 0 0 0 0 0 0 0  O 0  
O 0 0  O 0  O 0 0 0  0 0 0 0 0 0 0 0  O 0  
O 0 0  O 0  0 0 0 0  0 0 0 0 0 0 0 0  O 0  
0 0 0  O 0  O 0 0 0  0 0 0 0 0 0 0 0 0 0  
6 0 0  O 0  0 0 0 0  0 0 0 0 0 0 0 0 0 0  
0 0 0  O 0  O 0 0 0  0 0 0 0 0 0 0 0 0 0  
O 0 0  O 0  O 0 0 0  0 0 0 0 0 0 0 0  O 0  
O 0 0  O 0  O 0 0 0  O 1 7 8 0 4 0 6 5 2 0  
O O 0  O 0  O 0 0 0  0 0 0 0 0 0 0 0  O 0  



0 0 0 0 0 0 0 0  0 0 0  
O O O O O O O I S  O O ~  
0 0 0 0 0 0 0 0  o o a  
O S O O O O O ~ O  o o a  
o o o o o o o o  o o a  
0 0 0 0 0 0 0 0  o o a  
o o o o o o o o  o o a  
O O O O O O O ~  o s a  
o o o o o o o o  i o a  
0 3 5 0 1 1 0 3 0  O 3 7  
O O O O O O Q O  o o a  
0 0 0 0 0 0 0 0  0 0 0  
0 0 0 0 0 0 0 0  0 0 0  
0 0 0 0 0 0 0 0  0 0 0  
0 0 0 0 0 0 0 0  O 0 0  
0 0 0 0 0 0 0 0  O 0 0  
0 0 0 0 0 0 0 0  0 0 0  
o o o o o o o o  o o a  
0 1 0 0 0 0 4 1  O 0 0  
0 0 0 0 0 0 0 0  O O Q  

1 8 0 0 0 0 0 0 0  0 0 0  
0 0 0 0 0 0 0 0  O 0 0  
0 0 0 0 0 0 0 0  0 0 0  
0 0 0 0 0 0 0 0  O 0 0  
O O O O O O o o  0 0 0  
0 0 2 0 1 O 0 0  0 1 2  
O O O O O O O O  0 0 0  
0 0 0 0 0 0 0 0  O 0 0  
0 0 0 0 0 0 0 0  0 0 0  
0 0 0 0 0 0 0 0  0 0 0  
0 0 1 0 0 1 5 8 0  0 0  
1 1  1  O O 1 0 3  O O O 1 2  
0 2 0 0 0 0 0 ~  0 3 0  
0 0 0 0 8 0 0 0  2 0 0  
0 0 0 0 0 0 0 0  0 0 0  
O o o Q o o o o  0 0 0  
0 0 0 0 0 0 0 0  O 0 0  
0 0 0 0 0 0 0 0  0 0 0  
0 0 0 0 0 0 0 0  O 0 0  
0 0 0 0 0 0 0 0  O 0 0  
0 0 0 0 0 0 0 0  O 0 0  
0 0 0 0 0 0 0 0  O 0 0  
0 0 0 0 0 0 0 0  O 0 0  
~ T O O O O 0 1 e o  0 0 0  
0 0 0 0 0 0 0 0  0 0 0  



URBED 
67.31 
11.25 
0.78 
7.67 

21.17 
28.38 
12.33 
5.61 

46.18 
33.75 
26.13 

10.6 
I 88 

45.3 t 
14.38 

I 
I 89.18 

168.62 
I 215.48 

49.51 
I 81.77 

r- ,Oiy 8- - TlÙdunl wirlyrk 
-1 W SILT W FINE %CONISE %FINE %COMISE 

km lOan pH L C U Y  W D  BAND ORAVEL GRAVEL 
141 10 6.5 1.16 3.10 40.74 17.01 37.27 



d. CUtudlik - DISTURBED Loss on Igniîion 
GravlmeMc MC ? 

Quadrat % MOLSTURE %CARBONATE h 
1 3.33 50.377537 

&ORGANE 
AATTER 

1.70696 
1 38959 
1 Al546 
0.07448 
1.09925 
1 -21 51 
1.23977 
1.02751 
1.68334 
1.44863 
1.88483 
1.641 96 
1 ,52 188 
1.53173 
1 37763 
1,53732 
1.43133 
1.33448 
1.27958 
1.38099 

remperalure 
(al depth) 



201 7.87 28.708585 
:. Fort ChurdrlVHrpoct . UNDCSTURBED 

1 50.85 38.588352 
2 28.17 32.601 108 
3 0.03 31.631832 
4 33.33 42.653529 
5 17,17 39.g99765 
6 13,55 33.S6112 
7 105.9 52,122216 
8 65.52 44.977809 
O 7.85 34.01 6675 

1 O 4.49 35.62284 
11 87.8 37.704340 
12 1a.88 58.1 87774 
13 21.16 36.390741 
14 37.85 48.281918 
15 45.87 54.882328 
16 37.26 56.27W8 
17 125 44.768609 
18 64.85 50.878883 
18 30.07 63.388288 
20 28.06 41 . m m 2  





uum 
iLCoARBE 
BAND 

42.2 
35. t 

23.04 
41.02 
42.72 
41,63 
50.1 

04.03 
36,8 

3û24 
31,12 
54.04 

1 ,es 
3û.69 
56.4 

49.43 
37.35 
25.78 
36.03 
43.17 

JFWE I(COAR8E 
;RAVEL GRAVE1 , 

18.81 33.84 
28 32.51 
20 51.8 

90.42 22.64 
22.2 28.18 
34.5 15.01 

21.44 21.24 
28.81 19.82 
1727 30.02 
27.1 39.63 

2833 3û.52 
10.26 41 
39.33 9.2 
2534 $0.26 
25.5 7.07 
20.6 26,82 
17.1 41.28 

l7,B2 51.83 
20 38.34 

21.51 %,81 





Appendix 5: Pipeüe extractions at time O and time 7 : 2 '  
fbr Akudlik (Ak), BlufF 6 - w i i  (BBw) and 

Time O 
Sampte 

Ak1 
Ak2 
Ak 3 
Ak4 
BBW 1 
88w 2 
AIR 1 
AIR 2 
AIR 3 
AiR 4 
AIR 5 
AIR 6 
AîR 7 
AIR 8 
AIR 9 
AIR 10 
CUR 11 
AIR 12 
N R  13 
AIR 14 
AIR 15 
U R  16 
AIR 17 
AiR 18 
AIR 19 
AIR 20 

Tlme 7:27 
Sample 

Ak 1 
Mc2 
9 k 3  
9k 4 
BBw 1 
3Bw2 
UR 1 
UR 2 
4iR 3 
UR 4 
41R 5 
41R 6 
UR 7 
UR 8 
WR 9 
UR 10 
UR 11 
UR 12 
UR 13 
91R 14 
9lR 15 
91R 16 
UR 17 
UR 18 
4IR 19 
UR 20 

Fort ChurchiiVAirport (AIR). 

ample wt (g) 

0,103 
0.112 
0.1 1 

0.1 O7 
0.097 
0.113. 
0.098 1 
0.092 
0.104 
0,106 
0.114 
0.08 
0.069 
0.091 
-0.88 
0.119 

O 
0.119 
0.119 
0.117 
0.1 17 
0.115 
0.1 19 
0.1*19 
0.1 17 
0.1 12 

sample - calgon 
(O. 1 1 399) wt (g) 

0.003 
0.0037 
0 . m 7  
0.036 

0.0025 
0.0074 
0.0051 
0 . m  
0.01 62 
0.01 27 
O.OZL4 
0.0095 
0.01 3 
0.09 
0.007 

0.01 72 
0.0443 
0.01 28 
0.01 13 
0,008 

0.01 04 
0-01 21 
0.01 83 
0-01 16 
0.0206 
0.043 

ample - calgon 
[O. 1 1 3.99) wt (q) 



Appendix 6: Snow depth, density and snow water 
equivalent (SWE) for Site I and Site II 

_Site I 
Point 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
Y4 
15 
16 

Sample weight 
O 

45.4 
356 

22.5 
150.3 
54.8 
32.9 

75 
21.6 
19.1 
3.8 

146.2 
46.5 
9.5 

40.9 
3.3 

86.9 

Depth 
Icm) 

9 
60.5 

5 
33 
12 

12.5 
12 
6 
3 
1 

24 
12 
2 

8.5 
0.5 
21 

Depth 
O 

6 
8 

11 
20.5 

26 
14 
16 
18 
22 
25 

25.5 
37 

53.5 
59 
42 

Density 
(g/crn3) 

0.451 4 
0.5266 
0.4027 
0.4076 
0.4087 
0.2355 
0.5593 
0.3221 
0.5697 

0.34 
0.5451 
0.3468 
0.4251 
0.4306 
0.5906 
0.3703 

Density 
(g/cm3) 

0.4295 
0.31 88 
0.31 24 
0.261 9 
0.3724 
0.3554 
0.3087 
0.3445 
0.3958 
0.3053 
0.3481 
0.31 71 
0.3668 
0.31 7 

0.1 585 

SWE 
&!!EL 

25.771 8 
25.5034 
34.3624 
53.691 3 
96.8233 
49.7539 
49.396 

62.01 34 
87.0694 
76.331 1 
88.7696 

1 17.31 54 
f 96.2416 
1 87.0246 
66.5772 



Appendix 7: Total seedling numben in 1993 and 1994 at Site I and II in the four treatments 
(Contol. PeatFertilizer and Peat and Fertilizer) in seeded and non-seeded trials. 

SITE 1 
CONTROL SEEDED 

1993 1994 
S pecieslplot 7 13 19 25 TOTAL 7 13 19 25 TOTAL 
Lesquerella arctica 6 8 3 
Stellaria sp 2 2 
Minuartia rubella 1 5 2 
Dryas integnfolia 
Hedysarum mackenzii 
Equisetum arvense 
Achillea nigrescens 
Draba cana 
Festuca brachyphylla 
Epilobium angustifolium 
Androsace septentrionalis 
Melandnum affine 
Trisetum spicatum 
Cerastium alpinum 
Rumex occidental is 
Elyrnus arenadus 
Grass 
Sp.X 
Sp.Y 
TOTAL 

SITE II 
CONTROL SEEDED 

S pecieslplot 
Lesquerella arctica 
Stellaria sp 
Minuartia rubella 
Dryas integrifolia 
Hedysarum mackenzii 
Equisetum arvense 
Achillea nigrescens 
Draba cana 
F estuca brachyphylla 
Epilobiurn angustifolium 
Androsace septentrionalis 
Melandnum affine 
Trisetum spicatum 
Cerastium alpinurn 
Rumex occidentalis 
EIymus arenarius 
Grass 
Sp.X 
Sp.Y 
TOTAL 

1993 1994 
5 13 18 32 TOTAL 5 13 18 32TOTAL 

1 



Appendix 7: wntinued 

SITE 1 1993 
CONTROL NON-SEEDED 

S pecieslplot 
Lesquerella arctica 
Stellaria sp 
Minuartia rubella 
Dryas integrifolia 
Hedysanim mackenzii 
Equisetum amense 
Achillea nigrescens 
Draba cana 
Festuca brachyphylla 
Epilobium angustifolium 
Androsace septentrionalis 
Melandriurn affine 
Trisetum spicatum 
Cerastium alpinum 
Rumex occidentalis 
Elymus arenarius 
Grass 
Sp.X 
Sp.Y 
TOTAL 

SITE II 
CONTROL NON-SEEDED 

Speciesiplot 
Lesquerella arctica 
Stellaria sp 
Minuartia rubella 
Dryas integrifolia 
Hedysanim mackenzii 
Equisetum arvense 
Achillea nigrescens 
Draba cana 
Festuca brachyphylIa 
Epilobium angustifoliurn 
Androsace septentrionalis 
Melandrium affine 
Tnsetum spicatum 
Cerastiurn alpinurn 
Rumex occidentalis 
Elymus arenarius 
Grass 
Sp.X 
Sp.Y 
TOTAL 

1993 
10 15 18 29 TOTAL 18 29 TOTAL 

7 3 

1993 
12 15 - 2 2  27 TOTAL 22 27 TOTAL 



Appendix 7: continueci 

SlTE 1 
FERTlLlZER SEEDED 

S pecieslplot 
Lesquerella arctica 
Stellaria sp 
Minuartia rubella 
Dryas integrifolia 
Hedysarum mackenzii 
Equisetum arvense 
Achillea nigrescens 
Draba cana 
Festuca brachyphylla 
Epilobium angustifoliurn 
Androsace septentrionalis 
Melandnum affine 
Triseturn spicatum 
Cerastium alpinum 
Rumex occidentalis 
Elymus arenarius 
Grass 
Sp.X 
sp-Y 
TOTAL 

SlTE II 
FERTlLlZER SEEDED 

S pecieslplot 
Lesquerella arctica 
Stellaria sp 
Minuartia rubella 
Dryas integrifolia 
Hedysarum mackenzii 
Equisetum arvense 
Achillea nigrescens 
Draba cana 
Festuca brachyphylla 
Epilobium angustifolium 
Androsace septentnonalis 
Melandrium afiine 
Tn'setum spicatum 
Cerastium alpinum 
Rumex occidentalis 
Elymus arenarius 
Grass 
Sp.X 
Sp.Y 
TOTAL 

1993 1994 
11 21 30 32 TOTAL 11 21 30 32 TOTAL 
2 5 1 1 6 1 

12 14 8 10 6 7 1 6  
1 1 6 11 1 

1993 1994 
3 9 24 30 TOTAL 3 9 24 30 TOTAL - 4 

3 21 5 4 



Appendix 7: continued 

SITE 1 
FERTILIZER NON-SEEDED 

Species/plot 
Lesquerella arctica 
Stellana sp 
Minuartia rubella 
Dryas integrifolia 
Hedysarurn mackenzii 
Equisetum arvense 
Achillea nigrescens 
Draba cana 
Festuca brachyphylla 
Epilobium angustifoliurn 
Androsace septentrionalis 
Melandrium affine 
Trisetum spicatum 
Cerastiurn alpinum 
Rumex occidentalis 
Elymus arenafius 
Grass 
Sp.X 
S p.Y 
TOTAL 

SITE Il 
FERTILIZER NON-SEEDED 

S pecies/plot 
Lesquerella arctica 
Stellaria sp 
Minuartia rubella 
Dryas integrifolia 
Hedysarurn mackenzii 
Equisetum arvense 
Achillea nigrescens 
Draba cana 
Festuca brachyphyll a 
Epilobium angustifolium 
Androsace septentrionalis 
Melandrium affme 
Trisetum spicatum 
Cerastium alpinum 
Rumex occidentalis 
Elymus arenarius 
Grass 
Sp.X 
Sp.Y 
TOTAL 

1993 
6 16 23 27 TOTAL 
2 1 7  
5 26 11 6 
4 2 1 10 

27 TOTAL 
8 

2 

5 
2 
1 

1 

1 

1993 
7 21 26 28 TOTAL . 28 TOTAL 

66 



Appendix 7: wntinued 

SITE 1 1993 
PEAT SEEDED 

Speciesfplot 
Lesquerella ardica 
Stellaria sp 
Minuartia rubella 
Dryas integrifolia 
Hedysarum rnackenzii 
Equisetum awense 
Achillea nigrescens 
Draba cana 
Festuca brachyphylla 
Epilobium angustifolium 
And rosace septentrionalis 
Melandrium affine 
Trisetum spicatum 
Cerastium alpinum 
Rumex occidentalis 
Elymus arenarius 
Grass 
Sp.X 
S p*Y 
TOTAL 

SITE II 
PEAT SEEDED 

Species/plot 
Lesquerella arctica 
Stellaria sp 
Minuartia rubella 
Dryas integrifolia 
Hedysarurn mackenzii 
Equisetum arvense 
Achillea nigrescens 
Draba cana 
Festuca brachyphylla 
Epilobium angustifolium 
Androsace septentrionalis 
Melandrium affine 
Trisetum spicatum 
Cerastium alpinum 
Rumex occidentalis 
Elymus arenarius 
Grass 
Sp*X 
Sp.Y 
TOTAL 

1993 1994 
2 4 1 19 TOTAL 2 4 11 19TOTAL 



Appendix 7: continued 

SITE 1 
PEAT NON-SEEDED 

S pecieslplot 
Lesquerella arctica 
Stellaria sp 
Minuartia nibella 
Dryas integrifolia 
Hedysarum mackenzii 
Equisetum arvense 
Achillea nigrescens 
Draba cana 
Festuca brachyphylla 
Epilo bium angustifoliurn 
Androsace septentrionalis 
Melandrium affine 
Trisetum spicaturn 
Cerastium alpinum 
Rumex occidentalis 
Elymus arenarius 
Grass 
Sp.X 
Sp.Y 
TOTAL 

SITE II 
PEAT NON-SEEDED 

Species/plot 
Lesquerella arctica 
Stellaria sp 
Minuartia rubella 
Dryas integrifolia 
Hedysamm mackenzii 
Equisetum arvense 
Achillea nigrescens 
Draba cana 
Festuca brachyphylla 
Epilobium angust~folium 
Androsace septentrionafis 
Melandrium affine 
Trisetum spicatum 
Cerastium alpinum 
Rumex occidentalis 
Elyrnus arenarius 
Grass 
Sp.X 
Sp.Y 
TOTAL 

1993 1994 
f 5 22 26 TOTAL 1 5 22 26 TOTAL 

18 1 1 

1993 1994 
1 8 10 16 TOTAL 1 8 10 16 TOTAL - 



Appendix 7: continued 

SITE 1 
PEAT NON-SEEDED 

Specieslplot 
Lesquerella arctica 
Stellaria sp 
Minuartia rubella 
Dryas integrifolia 
Hedysarurn rnackenzii 
Equisetum arvense 
Achillea nigrescens 
Draba cana 
Festuca brachyphylla 
Epilobium angustifoIium 
Androsace septentrionalis 
Melandiium affine 
Trisetum spicaturn 
Cerastium alpinum 
Rurnex occidentalis 
Elyrnus arenarius 
Grass 
Sp.X 
Sp*Y 
TOTAL 

SITE II 
PEAT NON-SEEDED 

S pecieslplot 
Lesquerella arctica 
Stellaria sp 
Minuartia ru bella 
Dryas integrifolia 
Hedysarurn rnackenzii 
Equisetum arvense 
Achillea nigrescens 
Draba cana 
Festuca brachyphylla 
Epilobium angusti'folium 
Androsace septentrionalis 
Melandrium affine 
Trisetum spicatum 
Cerastium alpinum 
Rurnex occidentalis 
Elymus arenarius 
Grass 
S p.X 
Sp.Y 
TOTAL 

1993 1994 
1 5 22 26 TOTAL 1 5 22 26 TOTAL 

18 1 1 



Appendix 7: continued 

SITE 1 
PEAT AND FERTILIZER SEEDED 

1993 SUM 
S pecieslplot 8 14 24 31 
Lesquerella arctica 1 
Stellana sp 
Minuartia rubella 
Dryas integ nfolia 
Hedysanim rnackenzii O O 0 0  
Equisetum arvense 
Achillea nigrescens 
Draba cana 
Festuca brachyphylla 
Epilobium angustifolium 
Androsace septentrional is 
Melandrium affine 
Trisetum spicatum 
Cerastium alpinum 
Rumex occidentalis 
Elymus arenarius 
Grass O O 1 0  
S p.X 
Sp.Y 
TOTAL 1 O 1 0  

1994 TOTAL 
8 14 24 31 
7 3 1 
3 

3 1 
2 

O 3 7 28 22 60 

SITE II 
PEAT AND FERTILIZ ER SEEDED 

1993 1994 
S pecieslplot 6 14 17 29 TOTAL 6 14 17 29TOTAL 
Lesquerella arctica 4 3 2 
Stellaria sp 4 14 1 3 6  
Minuartia rubella 
Dryas integn'folia 
Hedysarum mackenzii O 137 61 101 13 31 2 
~ ~ u i s e t u m  arvense 
Achillea nigrescens 
Draba cana 
Festuca brachyphylla 
Epilobium angustifoliurn 
Androsace septentrionalis 
Melandrium affine 
Trisetum spicatum 
Cerastium alpinum 
Rumex occidentalis 
Elymus arenanus 
Grass 
Sp.X 
Sp.Y 
TOTAL 



Appendix 7: continued 

SITE 1 
PEAT AND FERTILEER NON-SEEDED 

1993 1994 
Specieslplot 2 9 12 28 TOTAL 2 9 12 28 TOTAL 
Lesquerella amka 1 1 5  3 
Stellaria sp 
Minuartia rubella 
Dryas integ nfolia 
Hedysarum mackenzii 
Equisetum arvense 
Achillea nigrescens 
Draba cana 
Festuca brachyphylla 
Epilobium angustifolium 
Andmsace septentrionalis 
Melandrium affine 
Trisetum spicatum 
Cerastiurn alpinum 
Rumex occidentalis 
EIymus arenanus 
Grass 
Sp.X 
Sp.Y 
TOTAL O O O 4 4 1 5  O 10 16 

S I E  II 
PEAT AND FERTILIZER NON-SEEDED 

1993 1994 
S peciedplot 20 23 25 31 TOTAL 20 23 25 31 TOTAL 
Lesquerella arctica . f 1 
Stellaria sp 33 1 23 
Minuania rubella 
Dryas integnfolia 
Hedysarurn mackenzii O 1 1  
Equiseturn arvense 
Achillea nigrescens 
Draba cana 2 
Festuca brachyphylla 
Epilobium angustifolium 
Androsace sepientrionalis 
Melandrium affme 
Trisetum spicaturn 
Cerastiurn alpinum 
Rumex occidentalis 
EIymus arenanus 
Grass 
Sp.X 
Salix sp. 
Sp.Y 
TOTAL 



REFERENCES 

Adam, KM. and Hemandez, H. 1977. Snow and ice roads: Ability to support 
traffic and effects on vegetation. Arctic 30(1): 1 3-27. 

Antevs, E. 1928. The last glaciation. Arnerican Geographical Society. New York. 
292pp. 

Archibold, O.W. 1984. A cornparison of seed resewes in arctic, subarctic and 
alpine soils. Canadian Field Nataturalist. 98(3):337-344. 

Amalds, O., Aradottir, A.L. and Thorsteinsson, 1. 1987. The nature of denuded 
areas in Iceland. Arctic and Alpine Research. 19(4):518-525 

Bailey, B.D. 1981. A guide to rehabilitation planning for pit mining regions. MLA 
Thesis. University of Manitoba. 

Bazely, D. R. and Jefferies, R.L. 1985. Goose faeces: A source of nitrogen for 
plant growth in a grazed salt marsh. Journal of Applied Ecology. 22693- 
703. 

Barsdate, R. J. and Alexander, V. 1975. The nitrogen balance of arctic tundra: 
pathways, rates, and environmental implications. Journal of 
Environmental Quality 4(1) 1 1 1-1 1 7. 

Bell, K.L. and Bliss, L.C. 1978. Root growth in a polar semidesert environment. 
Cananadian Journal of Botany 562470-2490. 

Begon, M., Harper, J.L. and Townsend, C.R. 1990. Ecology; individuals, 
populations and communities. Blackwell Scientific Publications. Boston. 

Biliings, W.D. and Bliss, L.C. 1959. An alpine snowbank environment and its 
effects on vegetation, plant development, and productivity. Ecology. 
40(3)388-397. 

Billings, W.D. 1973. Arctic and alpine vegetations: similarities, differences, and 
susceptibility to disturbance. Bioscience 23(12):697-704. 

Billings, W.D., Peterson, K.M. and Shaver, GR. 1978. Growth, turnover, and 
respiration rates of roots and tillers in tundra graminoids. In: Vegetation 
and Production Ecology of an Alaskan Arctic Tundra. Tieszen, L. (ed.) 
Ecological Studies 29. Springer-Verlag. New York. p.415-434. 



Bishop, S.C. and Chapin, F.S. 1989. Patterns of natural revegetation on 
abandoned grave1 pads in arctic Alaska. Journal of Applied Ewlogy 
26: 1073-1 081. 

Bliss, LX. 1970a. OiI and the ecology of the arctic. In The Tundra Environment. 
Edited by Bliss, LX., Pruitt, JR. W.O., Hemstock, R A ,  Hare, F K ,  Ives, 
J.D., McKay, G.A Symposium of the Royal Society of Canada (Section 
III). Winnipeg, June 311 970. Fourth serieslvolurne VII. Transactions of the 
Royal Society. p. 1 -1 2. 

Bliss, L.C. 1970b. Primary production within arctic tundra ecosystems. ICUN 
Publications New Series #16. In: Fuller, W.A. and Kevan P.G. (eds.) 
Proceedings of the conference on productivity and wnsewation in 
northern circumpolar lands. Edmonton Alta. October 1969. International 
Union of Conservation of Nature and Natural Resources. Morges, 
Switzerland. p.77-85. 

Bliss L.C. 1971. Arctic and alpine plant life cycles. Annual Revue of Ecololgy 
21405438. 

Bliss, L.C. 1978. Vegetation and revegetation within permafrost terrain. In 
proceedings of the third international conference on permafrost. Volume 
2. July 10-1 3. Edmonton Alberta. National Research Council of Canada. 
Ottawa. p.31-50. 

Bliss, L.C. 1981 a. North American and Scandinavian tundras and polar deserts. 
In Bliss, L.C., Heal, O.W. and Moore, J. J. (eds.) Tundra Ecosystems: A 
comparative analysis. Carnb~idge University Press. Cambridge. p.8-25. 

Bliss, L.C. 1981 b. Introduction. In :Tundra Ecosystems: A comparative analysis. 
Bliss, L.C., Heal, O.W. and Moore, J.J. (eds.) Cambridge University 
Press. Cambridge. p.3. 

Bliss, L.C. and Gnilke, NE. 1988. Revegetation in the high arctic: Its role in 
reclammation of surface disturbance. In :Northern environmental 
disturbance. Kershaw, P. (ed.) Boreal Institute of Northern Studies, 
University of Alberta, Edmonton. Occasional Publication 14:43-55. 

Bliss, L.C. and Matveyeva, N.V. 1 992. Circumpolar arctic vegetation. ln: Arctic 
Ecosystems in a Changing Climate. An Ecophysiological Perspective. 
Edited by Chapin, F.S., Jefferies, R.L., Reynolds, J.F., Shaver, G.R., 
Svoboda, J. and Chu, E.W. Academic Press. San Diego. p.5989. 



Bliss, L.C. and Peterson, KM. 1992. Plant succession, cornpetition, and the 
physiological constraints of species in the arctic. In: Arctic Ecosysterns in 
a Changing Climate. An Ecophysiological Perspective. Edited by Chapin, 
F.S., Jefferies, R.L., Reynolds, J.F., Shaver, G.R., Svoboda, J. and Chu, 
E.W.. Academic Press. San Diego. 

Bradshaw, A.D. 1983. The reconstruction of ecosystems. Journal of Applied 
Ecology 20: 1-1 7. 

Bradshaw, A.D. 1984. Ecological principles and land reclamation practice. 
Landscape Planning 1 1 :35-48. 

Bradshaw, A.D. 1987. The reclarnmation of derelict land and the ecology of 
ecosystems. ln: Restoration Ecology: a synthetic approach to ecological 
research. Edited by W.R. Jordon, M.E. Gilpen and J.D. Aber. 

Brady, N.C. 1984. The nature and properties of soils.9th ed. Macmillan 
Publishing Co. New York. 

Brown, R.J.E. 1977. Permafrost investigations on Truelove Lowland. in: 
Truelove lowland, Devon Island, Canada: A High Arctic Ecosystem. 
Edited by Bliss, L.C. The University of Alberta Press. Edmonton. p.1 5-30. 

Callaghan, T.V. and Collins, N.J. 1976. Strategies of growth and population 
dynamics of tundra plants. Oikos. 27:383-388. 

Chambers, J-C., MacMahon, J.A. and Haefner, J.H. 1991. Seed entrapment in 
alpine ecosystems: Effects of soi1 particle size and diaspore morphology. 
E c o ~ o ~ ~ .  72(5): 1668-1 677. 

Chambers, J-C., MacMahon, J.A. and Brown, R.W. 1990. Alpine seedling 
establishment: The influence of disturbance type. Ecology. 71 (4):l323- 
1341. 

Chander, K. and Brookes, P.C. 1991. Effects of heavy metals from past 
applications of sewage sludge on microbial biomass and organic matter 
accumulation in a sandy loam and silty loam U.K. soil. Journal of Soil 
Biology and Biochemistry. 23(10):927-932. 



Chapin, D.M. and Bledsoe, C.S. 1992. Nitrogen fixation in arctic plant 
communities. in: Arctic Ecosystems in a Changing Climate. An 
Ecophysiological Perspective. Edited by Chapin, F.S., Jefferies, R.L., 
Reynolds, J.F., Shaver, GR., Svoboda, J. and Chu, E.W. Acadeniic 
Press. San Diego. 

Chapin III, F.S. and Chapin, M.C. 1980. Revegetation of an arctic disturbed site 
by native tundra species. Journal of Applied Ecology 17:449-456. 

Chapin, F.S. and Shaver, G.R. 1985. Individualistic growth response of tundra 
plant species to environmental manipulations in the field. Ecology 
66(2): 564-576. 

Chapin F.S. and Shaver G.R. 1989. Differences in growth and nutrient use 
among arctic plant growth foms. Functional Ecology 37380. 

Cargill, S.M. and Chapin, F.S. 1987. Application of successional theory to 
tundra restoration: a review. Arctic and Alpine Research. 19(4):366-372. 

Carlsson, B.A. and Callaghan, T.V. 1991. Positive plant interactions in tundra 
vegetation and the importance of shelter. Journal of Ecology 79:973-983. 

Cheney, T.A. and Brown Beckel, D.K. 1955. An environmental analysis of the 
Fort C hurchill, Manitoba Reg ion. A contract with: Waterways Experiment 
Station, US. Corps of Engineers. Vicksburg, Mississippi. and School of 
Civil Engineering, Cornell University. Ithaca, New York. Project No. DA- 
22-079-mg-1 40. Ithaca, New York. 

Churchill, E.D. and Hanson, H.C. 1958. The concept of climax in arctic and 
alpine vegetation. Botanical Revue. 24: 127-1 91. 

Clements, F.E. 1928. Plant Succession and Indicators. The H.W. Wilson 
Company. New York. 

Colinvaux, P. 1993. Ecology 2. John Wiley and Sons, Inc. New York. 

Connell, J.H. and Slatyer, R.O. 1977. Mechanisms of succession in natural 
communities and their role in community stability and organization. The 
American Naturalist. 1 1 l(982): 1 1 19-1 144. 

Cooper, D.J. and VanHaveren, B.P. 1994. Establishing felt-leaved wiilow from 
seed to restore Alaskan, U.S.A., floodplains. Arctic and Alpine Research. 
26(1):42-45. 



Densmore, R-V. 1992. Succession on an Alaskan tundra disturbance with and 
without assisted revegetation with grass. Arctic and Alpine Research. 
24(3):238-243. 

Densmore, R-V. and Holmes, KW. 1987. Assisted revegetation in Denali 
National Park, Alaska, U S A  Arctic and Alpine Res. 19(4):544-548. 

DeSteven, D. 1991. Experiments on mechanisms of tree establishment in old- 
field succession: seedling ernergence. Ecology 72(3)1066-1075. 

Diemer, M. and Prock, S. 1993. Estimates of alpine seed bank size in two central 
european and one Scandinavian subarctic plant communities. Arctic and 
Alpine Research. ZS(3): 1 94-200. 

Douglas, D.A. 1995. Seed germination, seedling demography, and growth of 
Salix setchelliana on glacial river grave1 bars in Alaska. Canadian Journal 
of Botony. 73:673-679. 

Dredge, L.A. 1992. Field guide to the Churchill region, Manitoba. Geological 
Survey of Canada. Miscellaneous report 53. Canada Communication 
Group. Ottawa. 52pp. 

Dredge, LA. and Nixon, F.M. 1992. Glacial and environmental geology of 
northeastern Manitoba. Geological Survey of Canada. Memoir 432. 
Canada communication group. Ottawa. 80pp. 

Elliott, CL., McKendrick J.D. and Helm, D. 1987. Plant biomass, cover, and 
survival of species used for stripmine reclamation in south-central Alaska, 
U.S.A. Arctic and Alpine Res. l9(4):572-577. 

Emers, M., Jorgenson, J.C. and Raynolds, MX. 1995. Response of arctic tundra 
plant comrnunities ta winter vehicle disturbance. Canadian Journal of 
Botany 73:905-917. 

Felix, N.A. and Raynolds, M.K. 1989. The role of snow cover in limiting surface 
disturbance caused by winter seismic exploration. Arctic. 42(1):62-65. 

Felix, N.A., Raynolds, M.K, Jorgenson, J-C. and DuBois, K.E. 1992. Resistance 
and resilience of tundra plant communities to disturbance by winter 
seismic vehicles. Arctic and Alpine Research. 24(1):69-77. 



Fenton, M.M., Moran, SR., Teller, J.T. and Clayton, L. 1983. Quaternary 
stratigraphy and history in the southern part of the Lake Agassiz basin. ln: 
Glacial Lake Agassiz. Edited by Teller, J.T. and Clayton. L. University of 
Toronto Press. Toronto. 453pp. 

Firlotte, N. 1992. Revegetation of disturbed areas of tundra using native plant 
species in the Churchill Area, MB. Undergraduate Thesis. University of 
Winnipeg. 64pp. 

Forbes, B.C. 1992a. Tundra disturbance studies. 1: long-term effects of vehicles 
on species richness and biomass. Environmental Conservation. 1 9(1):48- 
58, 

Forbes, B.C. 1 992b. History, ecoiogy and biogeography of anthropogenic 
disturbance along the upper Steese Highway, interior Alaska. Journal of 
Northern Sciences 4: 1 -1 5. 

Forbes, B.C. 1992c. Tundra disturbance studies. II. Plant growth forms of hurnan 
disturbed ground in the Canadian far north. Musk-Ox 39:164-173. 

Forbes, B.C. 1993. Aspects of natural recovery of soils, hydrology and 
vegetation at an abandoned high arctic settlement, BaffÏn Island. Canada. 
In: Proceedings of the sixth international conference on permafrost. Vol. 
1. South China University of Technology Press. p. 176-1 8. 

Freedman, B., Hill, N., Svoboda, J. and Henry, G. 1982. Seed banks and 
seedling occurrence in a high Arctic oasis at Alexandria Fjord, Ellesmere 
Island, Canada. Canadian Journal of Botany 60:2112-2118. 

Fridriksson, S. 1987. Plant colonization of a volcanic island, Surtsey, Iceland. 
Arctic and Alpine Research. 19(4):425-431. 

Gartner, B.L., Chapin, F.S. and Shaver, G.R. 198% Demographic patterns of 
seedling establishment and growth of native graminoids in an Alaskan 
tundra disturbance. Journal of Applied Ecology 20:965-980. 

Gleason, H.A. 1927. Further views on the succession-concept. Ecology 8(3)299- 
326. 

Godwin 1929. The sub-climax and deflected succession. Journal of Ecology 
1 7: 144-1 47. 

Gorham, E. 1955. Vegetation and the alignment of environmental forces. 
E c o ~ o ~ ~  36(3):514-515. 



Grossnickle and Reid 1984. The influence of reclammation practices on the 
microclimate of a high-elevation mine site, and their effect on water 
relation patterns of Pinus contorta seedlings. Reclammation and 
Revegetation Research. 3:31-48. 

Haag, R.W. 1974. Nutrient limitations to plant production in two tundra 
communities. Canadian Journal of Botany. 52:103-116. 

Hansell, R.I.C., Scott, P.A., Staniforth, R. and Svoboda, J. 1983. Permafrost 
developement in the intertidal zone at Churchill, Manitoba: A possible 
mechanism for accelerated beach uplift. Arctic. 36(Z): 1 98-203. 

Hare, F.K 1970. The tundra climate. in: The tundra Environment. A symposium 
of Section III of the Royal Society of Canada.Fourth Series. Volume VI!. 
Edifed by Bliss, L.C., Pniitt, W.O., Hemstock, R.A., Hare, F.K, Ives, J.D. 
and McKay, G.A.. p.32-38 

Harper, J.L., Williams, J.T. and Sagar, G.R. 1965. The behavior of seeds in soil. 
1. The heterogeneity of soi1 surfaces and its role in detemining the 
establishment of plants from seed. Journal of Ecology 53:273-286. 

Hayhoe, H. and Tarnocai, C. 1993. Effect of site disturbance in the soil thermal 
regime near Fort Simpson, Northwest Territories, Canada. Arctic and 
Alpine Research 25(1):37-44. 

Hemstock, R.A. 1970. lndustry and the arctic environment. ln The Tundra 
Environment A symposium of section I I 1  of the Royal Society of Canada. 
Section III Winnipeg, June 311 970. Fourth series Volume VII. Edifed by 
Bliss L.C., Pruitt, JR. W.O., Hemstock, R.A., Hare, F.K, Ives, J.D., 
McKay, G.A. Transactions of the Royal Society. p.26-31. 

Henry, G.H.R. and Gunn A. 1991. Recovery of tundra vegetation after 
overgrazing by caribou in arctic Canada. Arctic. 44(1)38-42. 

Hemandez, H. 1974. Possible effects on vegetation of the proposed gas pipeline 
from Prudhoe Bay, Alaska and the Mackenzie Delta, to Alberta. Pages 
37-68 In: Research Reports, Vol. N of Environmental impact assessrnent 
of the portion of the Mackenzie gas pipeline from Alaska ta Alberta. 
Environmental Protection Board, Winnipeg, Manitoba. 

Hill, D.E. and Tedrow, J.C. F. 1961. Weathering and soi1 formation in the arctic 
environment. American Journal of Science 259:84-101. 



Hochbaum, H.A. 1970. Churchill - Pattern for the Mure? In: Proceedings of the 
conference on productivity and conservation in northem cirwmpolar 
lands. Edited by Fuller, W.A. and Kevan P.G. lCUN Paper No. 29. 
Publications New Series #16. Edmonton Alta. October 1969. International 
Union of Conservation of Nature and Natural Resources. Marges, 
Switzerland. p.269-271. 

Huston, M. and Smith, T. 1987. Plant succession: Life history and cornpetition. 
American Naturalist 130: 168-1 98. 

Ives, J. D. 1 970. Arctic tundra: How fragile? A geomorphologist's point of view. In 
The Tundra Environment. Edited by Bliss L. C., Pniitt,. W.O., Hemstock, 
RA., Hare, F. K, Ives, J. D., McKay, G.A. Symposium of the Royal Society 
of Canada.Section III Winnipeg, June 311 970. Fourth series Volume VII. 
Transactions of the Royal Society. p.3942. 

Jefferies, R.L., Svoboda, J., Henry, G., Raillard, M. and Ruess, R. 1992. Tundra 
grazing systems and climatic change. ln: Arctic Ecosystems in a 
Changing Climate. An Ecophysiological Perspective. Edited by Chapin, 
F.S., Jefferies, R.L., Reynolds, J.F., Shaver, G.R., Svoboda, J. and Chu, 
E.W. Academic Press. San Diego. 

John, B.S. 1977. The ice age: past and present. William Collins Sons and Co 
Ltd. London. 254pp. 

Johnson, L.A. 1987. Management of northem gravel sites for successful 
reclamation: A review. Arctic and Alpine Research 1 9(4):530-536. 

Johnson, K.L. 1987. Wildflowers i f  Churchill and the Hudson Bay region. 
Manitoba Museum of Man and Nature. Winnipeg. 

Johnson, P.L. 1969. Arctic plants, ecosystems and strategies. Arctic 22(3):341- 
355. 

Kershaw, P.G. and Kershaw, L. J. 1987. Successful plant colonizers an 
disturbances in tundra areas of northwestem Canada. Arctic and Alpine 
Research. 19(4):451-460. 

Kielland and Chapin 1992. Nutient absorption and accumulation in arctic plants. 
ln: Arctic Ecosystems in a Changing Climate. An Ecophysiological 
Perspective. Edited by Chapin, F.S., Jefferies, R. L., Reynolds, J.F., 
Shaver, G.R., Svoboda, J. and Chu. €.W. Academic Press. San Diego. 
p.321-335. 



Wokk, T. and Ranning, 0.1. 1987. Revegetation experiments at Ny-Alesund, 
Spitsbergen, Svalbard. Arctic and Alpine Research 19(4):549553. 

Kohn, L.M. and Stasovski, E. 1990. The mywrrhizal status of plants at 
Alexandria Fiord, Ellesmere island, Canada: A high arctic site. Mywlogia. 
82(1):23-35. 

Krebs C.J. 1985. Ecology - The experimental analysis of distribution and 
abundance. 3rd Ed. Harper and Row. New York. 800pp. 

Kudo, G. 1991. Effects of snow-free period on the phenology of alpine plants 
inhabiting snow patches. Arctic and Alpine Research 23(4):436-443. 

Lawson, D.E. 1986. Response of permafrost terrain to disturbance: A synthesis 
of observations Rom northem Alaska, U.S.A. Arctic and Alpine Res. 
18(1):1-17. 

Leck, M.A. 1980. Germination in Barrow, Alaska, tundra soi1 cores. Arctic and 
Alpine Research. 12(3):343349. 

MacKay, J.R. 1970. Disturbances to the tundra and forest tundra environment of 
the western Arctic. Canadian Geotechnical Journal 71420432. 

Matthes-Sears, U., Matthes-Sears, W.C., Hastings, S.J. and Oechel, W.C. 1 988. 
The effects of topography and nutrient status on the biomass, vegetative 
characteristics, and gas exchange of two deciduous shrubs on an arctic 
tundra slope. Arctic and Alpine Research. 20(3):342351. 

* 

Marchand, P.J. and Roach, D.A. 1980. Reproductive strategies of pioneering 
alpine species: seed production, dispersal, and germination. Arctic and 
Alpine Research. 12(2): 1 37-1 46. 

McCarthy, D.P. 1992. Dating with cushion plants : establishment of a Silene 
acaulis growth curve in the Canadian Rockies. Arctic and Alpine 
Research 24(1):50-55. 

McFarland, M.L., Ueckert, D.N., Hartmann, S. and Hons, F.M. 1990. 
Transplanting shnibs for revegetation of salt-affected soils. Landscape 
and Urban Planning 19:377-381. 

McGraw, J.B. and Vavrek, M.C. 1989. The role of buried viable seeds in arctic 
and alpine plant communities. In: Ecology of Soii Seedbanks. Edited by 
M.A. Leck; V.T. Parker and R.L. Simpson Acadernic Press. San Diego. 



McGraw, J.B. 1980. Seed bank size and distribution of seeds in cuttongrass 
tussock tundra, Eagle Creek, Alaska. Canadian Journal of Botany. 
58(15):i 607-161 1. 

McKay, G.A. 1970. Climate: A critical factor in the tundra. In: The tundra 
Environment. A symposium of Section III of the Royal Society of Canada. 
Edited by Bliss, L.C., Pruitt, W.O., Hemstock, R.A, Hare, F.K, Ives, J.D. 
and McKay, GA.  Fourai Series. Volume VII. p.43-50 

McKendrick, J.D. 1991. Arctic tundra rehabilitation-Observations of progress 
and benefits to Alaska. Agroborealis. 23(1):29-40. 

McKendrick, J.D. 1987. Plant succession on disturbed sites, north slope, Alaska, 
U.S.A. Arctic and Alpine Research. 1 9(4):554-565. 

Miller, P.C. 1982. Environmental and vegetational variation across a snow 
accumulation area in rnontane tundra in central Alaska. Holarctic Ecology. 
5:85-98. 

Moral, $3. D. and Wood, D.M. 1993. Early primary succession on barren volcanic 
plain at Mount St. Helens, Washington. American Journal of Botany 
80(9):981-991. 

Muc, M. 1977. Ecology and primary production of Sedge-moss meadow 
communities, Truelove Lowland. In: Truelove Lowland, Devon Island, 
Canada: A high arctic ecosystern. Edited by Bliss, L.C. The University of 
Alberta Press. Edmonton. p. 157-1 84 

œ 

Nadelhoffer, KJ., Giblin, A.E., Shaver, G.R. and Linkins, A.E. 1992. Microbial 
processes and plant nutrient availibility in arctic soils. In: Arctic 
ecosystems in a changing climate. An ecophysiological perspective. 
Edited by Chapin, F.S., Jefferies, R.L., Reynolds, J.F., Shaver, GR., 
Svoboda, J. and Chu, E.W. Academic Press. San Diego. 

Noble, I.R. and Slatyer, R.O. 1980. The use of vital attributes to predict 
successional changes in plant communities subject to recurrent 
disturbances. Vegetatio 435-21. 

Oberbauer, S.F. and Dawson, T.E. 1992. Water relations of arctic vascular 
plants. In: Arctic ecosystems in a changing climate. An ecophysiological 
perspective. Edited by Chapin, F. S., Jefferies, R. L., Reynolds, J.F., 
Shaver, G.R., Svoboda, J. and Chu, E.W. Academic Press. San Diego. 



Olsen, F.J. and Chong, S.K 1991. Reclamation of acid mal refuse. Landscape 
and Urban Planning. 20:309-313. 

Pettapiece, W.W. 1974. Soil environments in the Canadian subarctic. ln: 
Quatemary Environments Symposium. Edited by Mahaney, W.C. 
Department of Geography York University Atkinson College. Toronto. 
p.29-31. 

Pickett, S.T.A-, S.L. Collins and J.J. Amesto. 1987. Models, mechanisms and 
pathways of succession. The Botanical Review. 53(3):335-371. 

Polunin, N. 1951. The real arctic: Suggestions for its delimitation, subdivision 
and characterization. Journal of Ecology. 39:308-315. 

Pniitt, W.O. 1978. Boreal Ecology. The lnstitute of biology's studies in biology. 
No. 91 .The Camelot Press Ltd. Southampton. 

Racine, C.H. and Ahlstrand, G.M. 1991. Thaw response of tussock-shrub tundra 
to experimental all-terrain vehicle disturbances in southcentral Alaska. 
Arctic 44(1):3137. 

Ricklefs, RE. 1990. Ecology. 3d Edition. W.H. Freeman and Company. New 
York. 

Rouse, W.R. 1973. The microclimatology of different terrain units in the Hudson 
Bay lowland. In: Proceedings: Symposium on the physical environment of 
the Hudson Bay lowland. Maich 1973, University of Guelph, Guelph. 

Runolfsson, S. 1987. Land reclamation in Iceland. Arctic and Alpine Research. 
19(4):514-517. 

Rydin, H. and Borgegard, S. 1991. Plant characteristics over a century of 
primary succession on islands: Lake Hjalmaren. Ecology 72(3)lO89-llOl. 

Salonen, V. 1987. Relationship between the seed rain and the establishment of 
vegetation in two areas abandoned after peat harvesting. Holoarctic 
E ~ l o g y .  10:171-174. 

Salonen, V. 1990. Early plant succession in two abandoned wtsver peatland 
areas. Holoarctic Ecology. 13:217-223. 

Salonen, V. and Setala, A. 1992. Plant colonization of bare peat surface - 
relative importance of seed availability and soil. Ecography 151 99-204. 



Savile, D.H.O. 1972. Arctic adaptations in plants. Monograph No.6. Research 
Branch. Canada Department of Agriculture. Ottawa. 

Scoggan, H. J. 1957. Flora of Manitoba. The Minister of Northem Affairs and 
National Resources. Ottawa. 

Scott, G.A. J. 1 995. Canada's Vegetation: A World Perspective. McGill-Queen's 
University Press. Montreal. 361 pp. 

Scott, G.A. J. 1993. Soils and vegetation: A laboratory manual for the geography 
of soils and vegetation. Crystal Futures Inc. Dept. of Geography, 
University of Winnipeg, Winnipeg. 

Scott, P.A., Hansell, R.I.C. and Erickson, W.R. 1993. Influences of wind and 
snow on northem tree-line environments at Churchill, Manitoba, Canada. 
Arctic. M(4) : 3 1 6323. 

Schoenholtz, S.H., Burger, J.B. and Kreh, R.E. 1992. Fertilizer and organic 
amendment effects on mine spoil properties and revegetation success. 
Journal of the Soil Science Society of America. 56: 1 177-1 184. 

Schaefer, J.A. and Messier, F. 1995. Scaledependant correlations of arctic 
vegetation and snow cover. Arctic and Alpine Research. 27(4):38-43. 

Schwarrenbach, F. H. 1996. Revegetation of an airstrip and dirt roads in central 
East Greenland. Arctic 49(2): 194-1 99. 

Seaker, E.M. and Sopper, W.E. 1984. Reclarnation of bituminous strip mine spoil 
banks with municipal sewage sludge. Reclamation and Revegetation 
Research. 3:87-100. 

Shaver, G.R. and Chapin F.S. 1986. Effect of fertilizer on production and 
biomass of tussock tundra, Alaska, U.S.A. Arctic and Alpine Research 
1 8(3):261-268. 

Sheldon, J-C. 1974. The behavior of seeds in soil. III. The influence of seed 
morphology and the behavior of seedlings on the establishment of plants 
from surface-lying seeds. Journal of Ecology 62:47ô6. 

Shumway, S.W. and Bertness, M.D. 1992. Salt stress limitation of seedling 
recruitment in a salt marsh plant community. Oecologia. 92:490-497. 

Sigafoos, R.S. 1 951. Soil instability in tundra vegetation. The Ohio Journal of 
Science. 51 (6):28+l-298. 



Skaller, P.M. 1981. Vegetation management by minimal intervention : working 
with succession. Landscape Planning. 8:149-174. 

Skriabin, S.2 1981. Studying the revegetation of tundra landsmpes affected by 
industrial activities in the northem Yenisey River area. Drafi translation 
760. Cold Region Research Engineering Laboratory. 

Smith, R. 1. 1992. Elements of Ecology. 3rd Edition. Harper Collins Publishers. 
New York. 

Smith, G. F. and Correia, R. l.de S. 1992. Establishment of Aloe greatheadii var. 
davyana from seed for use in reclamation trials. Landscape and Urban 
Planning. 23:47-54. 

Sohl berg, E.H. and Bliss, L.C. 1987. Responses of Ranunculus sabinei and 
Papaver radicatum to removal of the moss layer in a high arctic meadow. 
Canadian Journal of Botany 65: 1224-1 228. 

Sonesson, M. and Callaghan, T.V. 1991. Strategies of survival oin plants of the 
Fennoscandian tundra. Arctic 44(2)95-105. 

Spence, J.R. 1990. Seed rain in grassland, herbfield, snowbank and fellfield in 
the alpine zone, Craigiebum Range, South Island, New Zealand. New 
Zealand Joumal of Botany 28:439450. 

Street, E.A. 1985. Evaluation procedures for restored land. Environmental 
Geochemistry and Health. 7(2):56-63. 

Strahler, A.N., Strahler, A.H. 1 987. Modem physical geography. 3rd ed. John 
Wiley and Sons. New York. 

Sugden, D. 1982. Arctic and Antarctic. A modem geographical synthesis. Barnes 
and Noble Books. Totowa, New Jersey. 

Svoboda, J. and Henry, G.H.R. 1987. Succession in marginal arctic 
environments. Arctic and Alpine Research. 19(4):373-384. 

Taylor, R.V. and Seastedt, T.R. 1994. Short- and long-terni patterns of soi1 
moisture in alpine tundra. Arctic and Alpine Research. 26(1):14-20. 



Tenhunen, J.D., Lange, O.L., Hahn, S., Siegwolf, R. and Oberbauer, S.F. 1992 
The ecosystern role of Poikilohydric tundra plants. pp.213-237. ln: Arctic 
Ecosystems in a Changing Climate. An Ecophysiological Perspective. 
Edited by Chapin, F.S., Jefferies, R.L., Reynolds, J.F., Shaver, G.R., 
Svoboda, J. and Chu, E.W. Academic Press. San Diego. 

Tieszen, L.L. 1978. Introduction. In: Vegetation and Production Ecology of an 
Alaskan Arctic Tundra. Edited by Tieszen, L. Ecological Studies 29. 
Springer-Verlag. New York. p.3-17. 

Tilrnan, D. and Wedin, D. 1991. Dynarnics of nitrogen cornpetition between 
successional grasses. Eco logy. 72(3)1038-1049. 

Tredrow, J.C.F. and Cantlon, J-C. 1958. Concepts of soi1 formation and 
classification in arctic regions. Arctic. 1 1 : 166-79. 

Truett, J.C. and Kertell, K 1992. Tundra disturbance and ecosystem production: 
Implications for impact assessment. Environmental Management. 
1 6(4):485-459. 

Tushingham, A.M. 1 992. Observations of postglacial uplift at Churchill, 
Manitoba. Can J. Earth Sci. 29:2418-2425. 

Ulrich, A. and Gersper, P.L. 1978. Plant nutrient limitations of tundra plant 
growth. In: Vegetation and Production Ecology of an Alaskan Arctic 
Tundra. Edifed by Tieszen, L. Ecological Studies 29. Springer-Verlag. 
New York. p.455-481. - 

Urbanska, KM. and Schultz, S. 1986. Reproduction by seed in alpine plants and 
revegetation research above timberline. Botanica Helvetica. 96(1):4340. 

Walker, B.D. and Peters, T.W. 1977. Soils of Tmelove lowland and plateau. ln: 
Truelove lowland, Devon Island, Canada: A High Arctic Ecosystem. 
Edited by Bliss, L.C. The University of Alberta Press. Edmonton. p.31-62. 

Walker, L.R. and Chapin F.S. 1 987. Interactions among processes controlling 
successional change. Oikos. 50(1): 131 -1 35 

Walker, J. 1970. The influence of man on vegetation at Churchill. in: 
Proceedings of the conference on productivity and conservation in 
northern circumpolar lands. Paper No. 28. ICUN Publications New Series 
#16. Edmonton Alta. October 1969. Edited by Fuller, W.A. and Kevan 
P.G. International Union of Conservation of Nature and Natural 
Resources. ~orges,  Switzerland. p.266-269. 



Warren Wilson, J. 1966. An analysis of plant growth and its control in arctic 
environments. Annals of Botany. 30(119):383-402. 

Watson, A., Bayfield, N. and Moyes, S.M. 1970. Research on human pressures 
on scottish mountain tundra soils and anirnals. In: Proceedings of the 
conference on productivity and conservation in northern circurnpolar 
lands. Edited &y Fuller, W.A. and Kevan P.G. ICUN Publications New 
Series #16. Edmonton Alta. October 1969. International Union of 
Conservation of Nature and Natunl Resources. Morges, Switzerland. 
p.256-266. 

Webber, P.J. and Ives, J.D. 1978. Damage and recovery of tundra vegetation. 
Environmental Conservation. 5(3): 1 71 -1 82. 

Whittaker, R.H. 1953. A consideration of climax theory: the climax as a 
population and pattern. Ecological Monographs. 23(1):41-78. 

Whittaker, R. J. 1 993. Plant population patterns in a glacier foreland succession: 
pioneer herbs and latercoloniu'ng shrubs. Ecography. 16: 1 1 7-1 36. 

White, D.J. and Johnson, K.L. 1980. The rare vascular plants of Manitoba. 
Syllogeus. No.27. National Museums of Canada. Ottawa. 77pp 

Wilson, W. 1966. An analysis of plant growth and its control in arctic 
environments. Annals of Botany. 30(119):383-402. 

Younkin, W.E. and Martens, H.E. 1987. Long terrn success of seeded species 
and their influence on native species invasion at abandoned rig site A-01 
Caribou Hills, N.W.T., Canada. Arctic and Alpine Research. l9(4):566- 
571. 







SECOND MERIDIAN EAST 

I + -------- RGE. 21 
T---  ------ 

I I 
t 

t 
i 1 

I 1 

I . -  sr I 

RCE. 1 













SECOND MERIDIAN EAST 









IMAGE EVALUATION 
TEST TARGET (QA-3) 

APPLIED - 2 IMAGE. lnc = 1653 East Main Street - -. , ,, Rochester. NY 14609 USA -- --= Phone: 71 6A82-0300 -- -- - - Fax: 71 6t288-5989 

a 1993. Applied image. Inc. All Rights Reserved 




