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ABSTRACT

Hypotheses of long-term natural revegetation following disturbances in Subarctic
Canada range from enhancement to degradation, In light of thesc postulates, responses of
Picea glauca-feathermoss vegetation to 40 year CANOL No. 1 Project disturbances were
investigated. A‘section of the CANOL Road, three borrow pits, two bladed slopes, and three
bladed trails were studied 40 Km southwest of Norman Wells, N.W.T. at Miley.ust 40 of the
CANOL Project corridor,

Disturbancc-induced changes in species composition were minimal, as all plant taxa on
the disturbances also occurred in the controls. The muior [loristic response was a shift in
plant growth form and species abundances.

The bladed trails exhibited only minor structural differences from the comro‘lys. With
the exception of a sparser tree cover, these sites had recovered. Vegetation on the other
disturbances had remained, to varying degrees, in‘ a "damaged" condition. This was evidenced
by lower species richness, simpler physiognomic structure, and lower piam cover. The road
disturbance exhibited the poorest recovery. All perturbed areas contained Picea glauca trees,
however, thus indicating restoration of woodlahd vegetation,

Observed plant community responses to the CANOL disturbances were related to
perturbation intensity and habitat quality. Generally, recovery was greatest on the low

magi itude disturbances, where associated habitat changes were minimal.
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1. INTRODUCTION

The CANOL NO. 1 Project traverses several Subarctic areas between Norman Wells,
N.W.T. and Whitehorse, Yukon. Associated perturbations include road, cleared
rights-of -way, and borrow pits. The Project was abandoned in 1945, and there were no
post-abandonment reclamation attempts. These disturbances, therefore, provide an exéellem
opportunity to study the long-term natural responses of Subafctic woodland vegetation 1o
human-induced disturbances.

Since the develdpmem of oil and gas reserves at Prudhoe Bay, Alaska in 1968,
hydrocarbon explorétion activities have become more widespread in the North (Haag 1974).
In Alaska the 800 km-long Trans Alaska Pipeline Sysiem has been in operation since the late
1970's. Gulf , Impéria] Qil Limited and Dome Petroleum have undertaken major exploration
| and drilling projects in the Beaufort Sea and Mackenzie Delta Region. One of the most
extensive hydrocarbon developments in Canada is in the Norman Wells area, where facilities
have been expanded. Arificial islands have been built in the Mackenzie River to support
wells, and a buried pipeline from Norman Wells to Zama City, Alberta has been constructed.

Although the Norman Wells Project represents an unusually large-scale operation for
the Western Canadian Subarctic, all phases of hydrocarbon development have occurred
elsewhere inroughout this region. These phases include explQration, extraction, refinement and
transport. Associated with each one of these activities is some f orm of ecdsystem disturbance.
Thousands of kilometers of seismic lines have been produced during exploration in the
Subarctic. This has resulted in thousands of hectares of deforested land, disturbed soils and,
in permafrost zones, thermokarst subsidence and crosion. The other developmental phases -
construction through to the operation of driliing rigs, refineries and roads - have also caused
extensive ecosystem disruption.

In Canada, all industrial developments must include an envuonmemal impact
assessment. Pred:cuons of project-induced changes to "valued" ecosystem components such as
endangered species and habitat, are an essenual component of this ecologxcally based

assessment (Beanlands and Duinker 1983). Unfortunately, knowledge of the ecologlcal



consequences of industrial perturbations on Subarctic ecosystems is limited. Perhaps the
long-term changes in Subarctic plant communities are least understood, as most predictions
are considered 10 be a "poorly quantified guess" (Van Cleve et al. 1983). Although this
Siluali\",,‘ﬁ& may be due to a lack of research, the prevalence of two conditions which
characterize the Subarctic, exacerbates the problem:

1) Revégetation following severe disturbances, such as those associated with oil
development,:is siow even on non-permafrost terrain (Mikola 1970, Bliss 1979). For example,
re-establishment of a Picea glauca trec canopy has been estimated by Bliss (1979) to require
200 vears, approximately 100 vears longer than for the more temperate closed-canopy Boreal
Forest (Gill 1973a and 1973b, Bliss 1979, Larsen 1980).

2) Subarctic plant communities on non- or deep permafTost sites appear to exhibit a
:relativel_vk wide range of responses to similar disturbances. Predictions of tong-term
revegetation have ranged from restoration or recovery (Mikola 1970, Viereck 1975) to the
development of physiognomic and floristic characteristics which differ substantially from the
pre-disturbance vegetation (Gill 1973b, Strang 1973). Gill (1973b) hypothesized that tﬁe
production of a more severe post-disturbance microclimate (colder and drier air and soils),
associated with clearcutting, may result in the conversion of Subarctic open-woodland t0 a
physiognomically simpler treeless tundra plant community. Other researchers working with
fire and seismic line construction disturbances have described warmer and more mesic soils
(Strang 1973, Petiapiece and Zoltai 1974, De Byle 1976). Strang (1973) predicted that these
more amenable bost-disturbance growth conditions would increase tree productivity and rates
of tree regeneration. These two hypotheses représent examples of post-disturbance Subarctic
plant community "degradation” and "enhancement " respectively. Others have contended that
the creation of enhanced or degraded vegetation is not permanent (Mikola 1970, Viereck
1975). They predicted that floristic and physiognomic differences among pre- and
post-disturbance plant comiunities will abate with time (Mikola 1970). This abatement

- period may last from decades to several hundred years (Wein and El-Bayoumi 1983).



Two sets of factors form the basis for all of these theories:

1) The responses of Subarctic plant communities are primarily determined by abiotic
characteristics of the post-disturbance environment (Mikola 1970, Gill 1973a and b, Strang
1973, Bliss 1979, Van Cleve et al. 1983). Soil temperature is the habitat factor considered to
be the most important in this regard (Haag 1974, Van Cleve and Yarie 1986). Soil moisture
and chemistry are two other important growth condition factors which mediate ecosystem
development (Van Cleve et al. 1983). For example, these three factors regulate nutrient
turnover and influence plant production rates, sced germination and establishment success.

2) Both the post-disturbance growth conditions and the recovery period are dependent
upon the nature of the perturbation (Bell ct al. 1974, Haag 1974, Peterman 1980, Vitousek
and White 1981). For example, soil temperature and moisture regimes are markedly different
from the pre-disturbed environment if a perturbation has been of sufficient magnitude to
reach the duff layer (Haag 1974, Sellers 1974); diurnal and annual ranges in soil temperature
are usually greater and soil moisture conditions drier (Zasada 1986). A less severe disturbance,
in which the LFH horizon is preserved, would result in fewer habitat changes.

‘ If these changes produce a more amenable habitat then, as Strang (1973) predicted, an
enhanced plant community may develop. If, on the other hand, a perturbation generated a
Jess favourable microclimate for plant growth, a degraded plant community may occur (Gill
1973b).

As well as controlling species composition, specieé abundances and physiognomy,
disturbances influence the revegetation response period. Generally, the time required for plant
community recovery lends to increase with perturbation magnitude (Kormakova and Webber
19380, Wein and El-Bayoumi 1983).

O:her disturbance variables which may affect the flora and/or physiognomy of a plant
community, and which are relevant 1o this thesis, are area, perimeter to area ratio, and the
sensitivity of the terrain to perturbation (Kurfurst 1973, Bell et al. 1974, Nyland 1977, White

1979, Peterman 1980, Van Cleve et al. 1983).



Purpose:

The purpose of this thesis is to determine whether disturbances associated with the
CANOL No. 1 Project have resulted in long-term (40 years) alterations‘ to Picea glauca-
dominated Subarctic plant corximunities. This thesis will also attempt to determine which
characteristics of both the initial disturbance and abiotic environment have inf luenced the
observed vegetation responses. To accomplish this purpose three objectives must be satisfied:

1) Measure the long-term (40 years) floristic responses ol Picea glauca-dominated
plant communities to disturbances associated with road, telephone and other rights-bf -way
construction. Floristic measures will encompass species composition and abundance, and
physiognomic structure.

2) Quantify disturbance regime and abiotic variables. The disturbance variables are
area, perimeter to area ratio, terrain sensitivity, intensity and severity. Soil moisture, soil
temperature, surface pH, and the % organic matter of the surface horizon are the abiotic
descriptors.

3) Evaluate the relationships among the floristic, disturbance and abiotic variables.



2. STUDY AREA

2.1 Location

Field research on the CANOL disturbances was conducted approximately 65 km
south-southwest of Norman Wells, Northwest Territories (mile post 40). The Dodo Valley
(64 05y N, 127 O14' w ~elevation 575 m asl), situated within the Mackenzie Mountains, is
an unglaciated river valley approximately 1/2 km wide at the site of the study. CANOL
disturbance types located here include several borrow pits, the roadbed and bladed trails
(Figure 2.1). Vegetation in this area is classified as Subarctic Forest (Rowe 1972). The site
falls within the zone of widespread discontinuous permafrost (Mackenzie River Basin Study
Report 1981). The climate is characterized by short, cool summers (average May to September
temperatures are 11 °c. with July temperatures averaging 16.2 0C), cold winters (mean
October to April temperatures is -18 OC) and low mean annual precipitation (approximately
275 mm) (Crowe 1970, Canadian Climate Program 1982). Geologically, this area consists
largely of calcareous Cambrian material (Anonymous 1958). Eutric Brunisols and Regosols

are the dominant soil types (CSSC 1977).

2.2 Geology

Dodo Valley is situated in the Mackenzie Fold Belt of the Cordilleran Orogeny
Geologic Province (Fremlin 1974). It lies within the Carcajou Ranges which are directly east
of the Canyon Ranges (Aitken and Cook 1974).

The Dodo Valley proper is characterized by surficial deposits of calcareous alluvium,
presumably of Quaternary and Modern age (Aitken and Cook 1974). 1t also contains bedrock
material eroded from the surrounding Carcajou Ranges by fluvial, hillwash and landslide
activities (Anonymous 1958).

The MacDougall Anticline forms the range east of the Dodo Valley. Four Formations
dominate the surficial geology of the section of the MacDougall Anticline, which lies directly

east of the study site.
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They arc:

1) the Saline River Formation, which dates to the Upper Cambrian. This Formation is
‘ characterizcd by thin-bedded dolomitic limestones of marine origin, shales, sandstones and
siltstoncs;

2) the Mount Cap Formation. It dates to the Lower and Middle Cambrian and it
composed of shale, thin-bedded limestone, sandstone, siltstonc and marinc material: |

3) an unnamed shale-limestone unit originating during the Proterozoic. Shales and
dolomite limestone make up this unit; |

4) the Upper and Lower Divisions of the Katherine Group, also of Proterozoic Age.
The Upper Division is comprised of quartzite, dolomites and shélcs, whereas the Lower
Division is dom‘inated by quartzite with minor shale and dolomitc components (Aitken and
Cook 1974).

The Upper Cambrian and Lower Ordovician Franklin Mountain Formation dominate
the surficial geology of the mountains immediately west of the study site. It is a thick, poorly
fossiliferous sequence of carbonate layers (Aitken and Cook 1974). This formation is
subdivided into 4 informal members on the basis of lithology and colour. Thesc members are
discontinuously distributed within any given stratigraphic section, and may, in some areas, be
unrecognizable. The Cherty Member is comprised of dolomite, chert and dusty quartz. The
Rhythmic Member contains from very fine to medium crystalline dolomite and marine
material. Dolomite, conglomeratic. stromatolitic, argillaccous. and shaly material as well as
some marine deposits compose the Cyclic Member, while the "Basal Red Beds" are basically
sandstone, ted shales. conglomerate dolomite, chert as well as marine and non-marine

material.

2.3 Glacial History
Dodo Valley is situated within Rutter's (1984) "Zone of Limited Glacial Activity ".‘
This valley was, in all probability, within the boundaries of an ice-free corridor for the entire

Wisconsin Era (75.000 to 10,000 BP). Its eastern boundary was the Keewatin sector of .the



Laurentide Tee sheet with many, often discrete alpine glaciers lying to the west (Prest 1984).
Westward expansion of the Laurentide Ice Sheet into Dodo Valley was probably blocked by
‘thc MacDougal Anticline and the Carcajou Range which includes Dodo, Sheep and Sugarloaf
Mountains which reach clevations of almost 1370 m. Instead, the ice sheel was dirceted
northward down the Mackenzie Valley towards the Beaufort Sca, and south ard southcast,
tending to follow the regional topographic trend (Rutter 1984).

Geomorphological cvidence supports the view that Dodo Valicy was unglaciated
during the Wisconsin, Convex slopes are mantied with felsenmere and grus deposits while tors
and scree slopes are extensive along the valley sides and within smaller tribuary valleys, Many

of these same valleys are v-shaped as well, with numerous interdigitating spurs.

2.4 Topography

Dodo Valley, with its high vertical walls and canyons, was cut along the hinge plane
of a monoclinal, synclinal bend (Aitken and Cook 1974) and this, combined with the
antiquity of these surfaces, probably accounts for the depth to which the valley has been cut.
Another possibility is that the valley was incised by meltwater originating with the melting of
Early and Mid-Pleistocene-aged glaciers wasting in the mountains west of Dodo Creek.

The moderately-sloped and well-rounded mountains which surround the study arca
are mantled by a veneer of geomorphologically active scree slopes, talus deposits, solifluction
lobes, sorted circles, block fields and block slopes. The morphology south of the study site is
characterized by castellated tors which rise above the steep scree slopes. At the base of this
tor-scree slope complex is a rocky-bottdmed lake. This lake drains into the Dodo Creek which
dissects the river valley floor. The valley bottom (elevatioﬁ 575 m) itself has a low gradient
and is 1.5 km long and attains a maximum width of approximately 450 m. Occasional small
(1m deep) creek terraces impose relatively minor topogfaphical fluctuations on an otherwise
flat valley bottom surface.

While the structural grain of the mountains is from northwest to southeast,~the main

portion of the Dodo Valley is oriented in a north-south direction. Maximum elevations of
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mountains abutting Dodo Valley range from 900 - 1122 m asl,

2.5 Drainage

The valley is drained by Dodo Creck, a tributary of the Carcajou River. The Carcajou
drains into the Mackenzic River Basin 15 km from the mouth of Dado Creck. Mountainous
topography combined with little or no vegetation cover has produced numerous gully-rivulet
systems that feed into the Dodo Creek. As a conscquence, infrequent (1wo cpisodes observed
in a 90 day period) but heavy rainshowers (approximatley 1.5 em/24 hr period) may produce
relatively rapid and large increases in Dodo Creek discharge and turbidity. Flow within
intermittent tributary creek beds has also occurred. In addition, a lake at the basc of a
tor-scree slope complex drains northward into the creck during the icc-melt and ice-free
periods. The contribution of this water source would probably be at its maximum during
spring-melt. The lake's surface arca decreased by 30% over a period from mid-Junc to July
7/1983. Cold water springs in the Salt Flats, the main valley arca, appear 1o contribute little
water volume to the creek, although they do produce a decidedly salty taste to the surface

water downstrcam.

2.6 Climate

Temperature is considered to be a major factor controlling plant productivity in the
Subarctic (Mikola 1970). The growing scason, which is limited to 3 10 4 months, is beset by
frequent killing frosts (Bluthgen 1970), and the 100 °c range between winter and summer
temperatures is larger than for any other global environment (Bluthgen 1970, Crowe 1970,
Mackénzie Rivér Basin Committee 1981). The growing season occurs between latc May and
early to mid-September (Burns 1973). A negative heat Balancc exists for the rest of the year;
insolation is restricted to diffuse light, cold arctic highs are the dominant air masses, and the
high albedos (80 to 90% of the visible light spectrum) of snow and ice reflect much of what
little radiation input there is during winter (Rouse 1978, Mackenzic River Basin Committee

1981).
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Much of the annual precipitation in the Subarctic falls as rain during the summer,
whm cyclones of warm, humid air creale unstable, showery weather (Bird 1972),

Mountainous regions are usually subjected 1o more precipitation than sunmmding
plains arcas, Orograpiic rainfall caused by the forced ascent of air masses und their
subsequent cooling, is the main reason for the increase (Strahler 1969). This form of rainfall
tends 1o decrease in intensity, both with latitude and altitde, however, Due 1o its geographic
location - a comparatively high latitude and clevation, and a location within the castern
ranges of the most inland mountain chain (the Mackenzies) of the Western Canadian
Subarctic - this form of rainfall probably contributes relatively litde additional precipitation
1o Dodo Valley. Localized convectional rainfall was periodically observed in Dodo and other
valleys of the Carcajou Ranges. This moisture source may be more important during the
growing scason than orographic rainfall. Winter precipitation is generally light (Crowe 1970)
because of the low absolute humidities created by cold temperatures (Sellers 1974). Although
average annual precipitation may be as low as 20 G, (Gill 1974), the climate is considered
effectively moist since there is littie evapotranspiration (Bluthgen 1970).

No record of climate exists for Dodo Valley. Norman wells (65 °17° N :md 126
948'W at an clevation of 64 m) and Fort Norman (64 O57* N and 125 ©00" W at an clevation
of 81 m) are the closest stations which have a long-term record of precipitation and
temperature (1943-1980 and 1931-1980 respectively) (Figure 2.2 and 2.3). The more level
topography and lower clevations incvitably have produced climates that differ from lhai of
Dodo Valley. For example, Burns (1973) estimated that in the vicinity of the study site
precipitation would be greater (approximately 10-20%) and mean annual temperature 2%cooler
than in Norman Wells and Fort Norman.

In gencral, the climate of Dodo Valley is typically Subarctic: the growing season is
relatively cool and moist, while the winters are long and cold. Based on available regional
climatic data (Figures 2.2 and 2.3), the growing season temperature would be about 11°C,

‘ although the mean July temperature may exceed 16°C. Extreme minimum temperatures for

the Norman Wells and Fort Norman climatic stations indicate that no month has been
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Figure 2.3: Fort Norman, N.W.'T.

Temperature and Precipitation Characteristics
(Adapted From: R.B. Crowe 1970, Canadian Climate Program 1982)
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frost-free since records began in 1931.

Total annual precipitation at the two climatic stations is Jess than 350mm (Figures 2.2
and 2.3). Greater than 60% of this total falls as rain dufing the May to September period.
Although evapotranspiraﬁon is relatively low, well- to excessively-drained sites and windsweﬁt

areas may still experience moisture deficits.

2.7 Soils

Subarctic soils are not as well developed as those in more temperate areas such as the
Boreal Forest. For example, Pawluk and Brewer (1975) noted a northward decrease in most
pedogenic processes, including podzolization. In comparison 1o the Boreal regioh, most soil
forming processes are weakly expressed (Pettapiece 1974). As a tesult a northwérd increase in
Bruniso!l and cryosol development is associated with a decline in Podsol production (Pettapiece
and Zoltai 1974). All soils at the study site developed from calcareous parent material.
Consequently, the pH in the upper mineral horizon is neutral to alkaline. This condition
would f avc;ur the establishment of calciphyte plant species, which are adapted to these
calcareous conditions. Three major soil groups were found in the study area. They WCre
Brunisols, Gleysols and Regosols.

Brunisols are imperfectly- to well-drained mineral soils which have developed under
the inflluence of varying types of forest, alpine or tundra vegetation. The processes of leaching
and weathering are weakly expressed in Brunisolic soils, and the resultant lack of significant
illuviation in the B horizon differentiates this soil group from the Podzols and Luvisols (CSSC
1977). Eutﬁc Brunisols, the only great group in the study atea, were largely confined to the
scree slope plant communities. They were moderately to excessively stony and well-drained.

Gleysols are pooriy -drained mineral soils, which have profiles that reflect the
influence of water- loggmg for significant: periods. Both Gleysol sub-groups, the Gleysols and
Humic-Gleysols were present, and situated on the elevated alluvial terrace in the study area.
Gleysols h.ive no Ah or a thin or weakly developed Ah horizon, whereas the Hhmic Gileysols

have well-developed Ah Horizons ovérlying gleyed B or C Horizons.
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Regosols are well- to imperfectly-drained miﬁeral soils with profile development too
weakly expressed to meet the requirements for classification in any other group (CSSC 1977).
They lack expression of a B Horizon, but may have a thin organic surface layer. There are
two sub-Groups: the Cumulic Regosols and the Orthic Regosols. The former have buried Ah
horizons separated by alluvium. Thesc occurred on the lowest alluvial terrace, which
supported a pure stand of white spruce. Orthic Regosols have no or thin organic layers with
no B Horizon. These soils were restric - “some disturbed sites and scree slopes.
Near-surface (< 1m) permafrost was not encountered in the study area. The influence of

thermokarst on post-disturbance recovery was, therefore, considered 10 be minimal.

2.8 Vegetation

The study area is located within the "Forest and Barren” region of the Boreal Forest
(Hosie 1979). This corresponds with Rowe's (1972) Subarctic Open-Canapied Woodland. The
principal tree species are Picea glauca (white spruce), Picea mariana (black spruce), Larix
laricina (larch), Populus tremuloides (trembling aspen) and Populus balsamifera (balsam
poplar) (Porsild 1945, Hosie 1979).

Subarctic forests are characterized by low density stands of relatively low height and
slow rates of growth. For example, Whittaker (1975) estimated that productivity in

1

woodlands range from 25,000-120,000 kg ha'zyr'1 to 40,000-200,000 kg hafzyr' for the

Boreal Forest. Moore and Vérspoor (1973) reported that biomass values for black spruce

stands in Northern Quebec ranged from 10,000 to 29,000 kg ha'1

in open-canopy woodlands
and from 78,000 to 163,000 kg ha'1 in closed-canopy forests. Trees in Subarctic stands were
reported to be up to 30% shorter for similarly aged Boreal Forest plant communities (Viereck
et al. 1983).

Common  understory taxa‘include Ledum groenlandicum , Vaccinium uliginosum, Dryas
integrifolia, Betula glandulosa and Salix spp. Feathermosses such as Hylocomium splendens

‘and Pleurozium schreberi as well as the reindeer lichen, Cladina mitis are abundant

non-vascular plant species.
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2.9 Disturbance Types
Four CANOL No. 1 Project disturbance types were investigated (Figure 2.1):
1) Road
2) Borrow Pits
3) Bladed Slopes
4) Bladed Trails.

Road

The Road ran in a north-northwest to south-southeast direction through the study
area (Plate 1). It had a low grade (10 slope), and was composed of aggregate material
removed from borrow pits. The original surface at the south end of the study site was
excavated and levelled, and then covered by a relatively thin layer of gravel (as little as 15 cm
thick). In contrast, construction of the road at the north end appeared (o have entailed
removal of above-ground vegetation followed by burial under a relatively thick layer of gravel

(thickness undetermined). -

Borrow Pits

The three borrow pitskhad level floors surrounded by steep slopes, and were classified
as SideHill Types. While the floors were compacted, the walls were composed of
unconsolidated gravel (Plates 2 to 4). All three pits were subjected to rafting of plant and soil
material from the upslope "undisturbed” terrain. This large-scale slumping appeared to be an

important factor in the natural revegetation of these pits.

Bladéd Slopes

There were two bladed slopes located east of the road on the East Control talus slope
(Plates 5 and 6).

The larger of the two disturbances appeared to be a borrow pit, which was probably

abandoned during the initial stages of development. It was semi-circular in shape with the
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Plate 2.1 Road ‘
This disturbance bisected the East and West
Undisturbed Controls. Note the abundance of

Dryas drummondii in the road centre and tall

shrubs and trees on the road shoulders.
July 25, 1983 |
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Plate 2.2

Borrow Pit A

This disturbance was located in the East
Talus Control. Note the level floor, sods
on the unconsolidated walls, and the
sparse tree cover.

July 24, 1983
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Plate 2.3

Borrow Pit B
This disturbance was located in the East
Talus Control. Slope instability is

‘evidenced by the presence of sods and

clumps on the side walls.
July 24, 1983
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Plate 2.4 Borrow Pit F
This disturbance was located in the East
Talus Controi. ‘Note the shrub clumps and
sparse tree:layers.
July 24, 1983
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Plate 2.5 Bladed Slope D
This Disturbance was located on the East
Talus Control. Note the sparse plant
cover and the absence of trees and sods.
July 24, 1983
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Plate 2.6 Bladed Slope G
This disturbance was located in the East
Talus Control. Note the s'parse plant
cover and the absence of trees and sods.
July 25, 1983

2]



 straight axis parallel and adjacent to the road. This susrface had o well-defined border, and
there were no traces of the pre-disturbance LEH soil harizon, All woody species post-dated
1942, indizating that the disturbance was of sufficicnt imensity 10 have destroyed all above-
and below-ground woody plant parts. Although there was no evidence of large-scale slumping
from above the bladed slope, as was the case for the borrow pits (indicated by the woody
plant ages, and the absence of turf), translocation of organic material downslope from the
adjacent upslope undisturbed arca was obscrved during rainy periods. The spatial dimensions
of this surlace may be gradually increasing in an upslope direction as the organic mat is
undercut by erosional processes.

The second and smaller bladed slope was localed at the south end of the road on the
East Control (Figure 2.1). It was lincar in shape and paralleled the road. The origin of this
five m-wide perturbation was unclear, but may have been accidentaly produced as a result of
a bulldozer unintentionally scraping away the vegetation and organic mat as it graded the

road.

Bladed Trails
There were three bladed trails:

1. Telephone Right-of -Way;

2. Minor Right-of -Way;

3. Major Right-of -Way.

" The first two bladed trails were situated west of the Road, with the Telephone

Line intersecting the Road surface at the extreme south end. The Minor Right-of -Way
ended before reaching the Road. Both rights-of -way traversed a mixed white spruce-black
spruce-feathermoss woodland whose tree ages exceeded 400 yr. The Major Right-of -Way
was locatcd on a lower and, therefore, younger alluvial terrace west of the Road.
Vegetation was classified as white spruce - feathermoss woodland with tree ages exceeding

380 yr.



Plate 2.7 Telephone Right—of-Way
This disturbance was located on the West
Terrace Control (upper terrace). Note
the Picea glauca regeneration and the
well-developed shrub layers.
July 29, 1983
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Plate 2.8 Minor Right-of-Way
This disturbance was located on the West
Terrace Control (upper terrace). Note
the tree regeneration and exposed mineral
soil. |
July 28, 1983



Plate 2.9 Major Right-of-Way ‘
This disturbance was located in the West
Terrace Control (lower terrace) . Note
the absence of trees.
August 4, 1983 |
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Telephone Right-of-Way
The north-south oriented Telephone Right-of -Way contained telephone poles, few of

which remain standing (Plate 7). It was the longest and widest of the three bladed trails

in the study area, attaining a length of 665 m. It averaged 8.8 m in width,

Minor Right-of-Way
The Minor Right-of -Way occurred at a slight angle to the Telephone Line, and crossed it

approximately 300 m from the‘north end of the study site (Plate 8). It averaged 5.5 m in

width and was 530 m long.

Major Right-of-Way

The Major Right-of -Way, designated as such because it was 0.5 m wider on average than
the Minor Right-of -Way, 1an in a north-northwest to south-southeast direction, and was
425 m long and 6.0 m wide (Plate 9). It intersected a washed-out portion of the rbad,
approximately 100 m to the south end of the road surface. This bladed trail traversed a

white spruce stand, situated on a lower alluvial terrace, west of the Road.



3. METHODS

3.1 Site Selection

The Dodo Valley site, selected with the aid of aerial photographs (1:13,800, 1944 and
1:12,000 1974) and air reconnaissance, was chosen because of its uniform vegetation and the
relatively large number of disturbance types within close proximity.

The control vegetation consisted of riparian spruce-feathermoss and upland white
spruce-feathermoss classes, while disturbance types included road, borrow pit and bladed
trails. One additional disturbance type, termed Bladed Slopes, was observed in Dodo Valley.
These disturbances were irregular in shape, shallow (up to 10 cm below soil surface), and had

slopes comparable with that of the sntrounding terrain (14 © 017 0) (Section 2.9).
3.2 Field Methods

3.2.1 Transect Line Location

A preliminary survey of the southeast portion of Dodo Valley was conducted to
locate, identify and delineate perturbations associated with the CANOL No. 1 Project, and to
describe and map the adjacent control vegetation into sample areas of relative physiognomic
and floristic homogeneity (Figure 3.1).

The control vegetation and all disturbances which exceeded 200m in length, i.e. the
three bladed trails and road, were stratified to ensure an even distribution of sample plots
(Figure 3.1) (Gauch 1982). Each control stratum or stand was 50m wide by 100m long.
Stands lucated on the linear disfurbances were also 100m long, while the breadth was
determined by the width of the perturbation. The three borrow pits and two bladed slopes
were not stratified, thus each represented one stand.

A total of twenty-one control stands were produced. Thirteen bordered on to the
road,‘six on to the Major Right-of -Way, and two more were located in an intermittent

stream bed (Figure 3.1 and Table 3.1). There were twenty-four disturbance stands. The

27



28

Figure 3.1: . LOCAT/ON OF TRANSECT LINES(\), QUADRATS(s) AND SOIL PITSfo) ON CONTROLS AND
DISTURBANCES, MILEPOST 40, DODO VALLEY, NW.T (nottoscale)
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Telephone, Minor and Major Rights-of -Way and the Road were subdivided inito‘ five, four,
three and seven stands respectively. Each borrow pit and bladed slope provided oné stand, for
a total of five,

Vegetation sampling was performed within 340 nested quadrais, the majority of which
were pocitioned along randomly located transed lines (Figure 3.1). A total of 50 transect lines
were generated. Thirty-five crossed the Road, while the remaining 15 bisected the Major
Right-of -Way (Figure 3.1). Additional quadrats were located with the aid of a random
numbers table in the three Borrow Pits and Bladed Slope D. These latter quadrats were added

on the basis of Species-Area Curve results (Mueller-Dombois and Elienberg 1974).

3.2.2 Quadrat Location

The length of the transect line cutting across each disturbance was measured and
subdivided into sequentially numbered 2m-wide portions. Quadrats were then located on these
lines with the aid of a random numbers table (Figure 3.1). The undisturbed control vegetation
was treated similarily, although each S m interval was demarcated and numbered instead of
2m intervals used on the disturbances Tree parameters in the disturbances were also estimated
in 25 rn2 quadrats, although the positioning of each quadrat was determined by the shape and
orientation of the disturbance. Species area curves were employed to decide sampling intensity
and, hence, the number of quadrats per sampling area (Gauch 1982). Each transect line
contained 1 or 2 quadrats per sample area corresponding to disturbed and control sites,

respectively.

3.2.3 Vegetation Sampling
Estimates of the folowing characteristics were conducted within each nested quadrat:
1) % cbver and frequency of vascular and non-vascular plant species and -
2) stem density of all tree and erect shrub species.
Cover was estimated visually to the nearest percent (Mueller-Dombois and Ellenberg

1974, Gauch 1982). Frequency and percentage cover were estimated once during the growing



Table 3.1: Location and Number of Stands and Quadrats

in Controls and Disturbances

Milepost 40, Dodo Valley, N.W.T.

Location Stands Quadrats
East Talus Control 7 70
West Terrace Conﬁrol (Upper Terrace) 6 58
West Terrace Control (Lower Terrace) 6 60
Stream Bed‘Control 2 20
Subtotal 21 208
Borrow Pit A 1 8
Borrow Pit B 1 9
Borrow Pit F 1 7
Bladed Slope.D 1 8
Bladed Slope G : 1 5
Road 7 - 35
Telephone Line Right-of-Way 5 25
Minor Right-of-Way 4 20
Major Right-of-Way 3 15
Subtotal 24 132

TOTAL 45 340



Table 3.2: Quadrat Dimensions and Plant Species

Measurements on Disturbances and Controls

Milepost 40, Dodo Valley, N.W.T.

Quadrat Size (m) Plant Species Measurement
5X5 Tree Cover: (%)
Frequency (%) 2
Density (stems/m”)
Height (dm)
DBH (cm)
Age (years)
2X5 Understory Cover (%)
Vascular * Frequency (%)
1X1 Non-vascular Cover (%)
Frequency (%) 2
Erect Shrub Density (stems/m”)
Cover (%)

* Understory Vascular = Shrubs, Forbs, Pteridophytes,
Graminoids.
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season for all plant species in each control and disturbance vegetation sample. This intensive
vegetation survey commenced on July 18, 1983, after the deciduous plant species had fully
leafed out, (fully expanded with a leathery texture), and was completed on August 7, 1983,
Samples of vascular and non-vascular plant species were collected from areas outside
the quadrats, pressed, and taken to Edmonton for confirmation of provisional field
identifications. Vascular plant specimen verifications were completed by Linda Kershaw
according to Porsild and Cody's Flora of the Continental NW.T. (1980). Derck Johnson of
the Northern Forestry Centre, Edmonton, Alberta, verified the provisional non-vascular plant

taxa identifications.

Tree and Shrub Samples

The largest, and presumably oldest, trees and shrubs were sampled for aging from
éach stand. This was performed in order to determine mean and maximum ages of the oldest
individuals of species on the undisturbed controls and disturbances. These data were analyzed
1o determine:

1) the proportion of samples which survived disturbances;

2) the dates of colonization;

3) the source of woody plants - whether trees and/or shrubs were transported onto
the disturbances during or following construction.

A total of 157 shrub root crowns were collected and aged. An additional 209 samples,
including representatives of all four tree species identified in the study area, were also

harvested in the tree and shrub layers.

3.2.4 Environmental Factors
. Factors of the environment such as precipitation, soil moisture, soil temperature, soil

chemistry, physical properties of the soil, etc. contribute to vegetation responses o

disturbance.



Climate

Local air temperature was monitored daily with paired alcohol-mercury max-min
thermometers (i.¢. one max thermometer and one min thermometer) located in the middie
and at each end of the study site. They were shielded from direct sunlight with ventilated
white plastic containers.

Wedge-shaped rain gauges were located in open areas at a 1.5 m height within one m

of each max-min site, so that precipitation could be monitored daily.

Soil Climate

Soil moisture and temperature were measured along transect lines at 10 cm depth from
the surface at all sites. This standard depth allowed for comparisons of soil temperature and
moisture between sites. Soil moisture was measured using Soiltest fiberglass soil moisture
blocks, which also contained a thermister for temperature readings. A soiltest MC-300 series
soil moisture-temperature meter was used to take the readings. This meter was broken in early
July. As a consequence, a YSI probe was also used to measure soil temperatures at 10 cm
depth, while soil moisture was determined gravimetrically.

"Soil climate” was defined as the mean moisture and temperature values at 10cm
depth. Sampling for soil moisture commenced June 30, and for soil temperature on July 6.
Both of these soil characteristics were measured at least three times over the field season, in
each stand.

Soil climate values were grouped into Control (i.e. East Talus Control, West -- Upper
and Lower Terraces), Disturbance (Telephone Line, Minor and Major Rights-of-Way,
Road), or Disturbance type (Borrow Pits and Bladed Slopes), and‘ then averaged. The means
for each Control and Disturbance category were then used as soil temperature and moisture
indices for subseqr~nt non-parametric statistical analyses. The soils of the Streambed Control

were not described nor were any soil climate measurements obtained from them.
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Soils

Transect lines were randomly placed across each stratified vegetation sampling arca in |
a central location in order to describe relief. The relief was measured with an Abney level and
range pole at 10cm intervals.

With the exception of the borrow pits, one bladed surface, and the Streambed control,
one soil pit was dug in each stand and sampled at the end of the ficld season (Figure 3.1).
Two soil pits were dug in the borrdw pits, one on the floor, the other on the headwall, while
the large bladed surface was sampled at both the slope top and base. The streambed soils were
not described nor were any samples obtained from them. Horizons were described in terms of
thickness, colour, structure, stoniness, and rooting depths. Soil samples were collected on an
horizon basis from each site on the last two days of the field season and transported in plastic

bags to the laboratory for analyses.
3.3 Laboratory Analyses

3.3.1 Soil Analyses

Soil samples were numbered sequentially and then sub-divided into two portions for
subsequent physical and soil reaction (pH) analyses. Sub-samples for soil reaction were stored
at -27 °C, while the sub-samples for determinations of physical characteristics were air dried

and stored in paper bags.

Soil Reaction

Frozen samples were thawed and the moisture content determined gravimetrically
(McKeague 1978). Moisture content was expressed on an oven-dry weight basis. The pH of
the soil samples was measured with a combination electrode on a saturated soil paste

(Richards 1954).
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Physical Analyses

Soil physical properties were analyzed for organic matter content and particle size
distribution. Organic matter content was assessed using a modified Walkley -Black procedure
(McKeague 1978) and expressed as a percentage of the oven-dry weight. The hydrometer
method was used to estimate the particle size distribution of soil samples following digestion
of the organic matter fraction with HZOZ (McKeague 1978). Particle size determinations were
performed on all soil samples not classified as organic (i.c. less than 30%) according to the

C.S.8.C. (1977).

3.4 Disturbance Regime Variables
Each disturbance was described in terms of
1) spatial extent;
2) terrain sensitivity;

3) magnitude.

3.4.1 Spatial Extent
The spatial dimensions of each CANOL No. 1 Project disturbance were described. The

parameters were length, width, area, perimeter, and perimeter to area ratio.

3.4.2 Terrain Sensitivity

The terrain of the East and West Controls were classified for sensitivity 1o
disturbance. Kurfurst's (1973) model was used for this purpose (Appendix 1). His system
enabled classification of the terrain into one of six sensitivity units. Unit one represented the
most stable site. Terrain which contained characteristics of two units was assigned an
intermediate value. This procedure involved several steps:

1) The proportion of the total area occupied by each of the two terrain sensitivity

units was estimated;



2) The terrain was then classif ied with a two digit number, The spatially dominant
unit was listed first, for example: Unit 1 : Unit 2.

3) This value was converted into a single number by double weighting the first digit in
order 1o emphasize its dominance ¢.g.

i) Unit 1 : Unit 2 = 1:2

iy (1+1)/3 +2/3 = 1.3

3.4,3 Magnitude

Magnitude was composed of two clements, intensity and severity.

Intensity

An index value which ranged from 1, least intense, to 10, most intense, was assigned
to each disturbance. These values were based upon a model produced by Heginbottom (1973).
Iy ranked disturbing agents (e.g. bulldozer) and processes (2.g. compaction) in terms of the
intensity of their initial impact (Appendix 2). The model was modified to include agents and
processes associated with road construction and borrow pit development (Appendix 2).

The general categories of intensity depicted in Heginbottom's (1973) model are not
exact. They do, however, provide a rough approximation of the impacts that each

perturbation agent can inflict upon an ecosystem.

Severity
Disturbance Severity was calculated in two ways:
1) shrub density reduction;

2) microtopographical change.

1) shrub density reduction
L'sturbance severity on the vegetation was estimated by calculating the reduction in

erect shrub Jensities attributable to CANOL No. 1 Project disturbances. The greater the
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reduction, the more severe a disturbance, These values were expressed as % shrub destroyed.
No density values were available for the periods immediately preceding and following
CANOL construction. Shrub density reduction had to be estimated. Two factors were uscd: ‘
1) knowledge of construction practices and
2) shrub ages.
Calculation of shrub densities were as follows, Road, Borrow Pit and Bladed Slones were sites
of complete vegetation destruction, l’ost-dislurbancé densities were, therclore, cqual to zero,
Reductions in shrub density were 100%. Calculations for the bladed trails was more complex,
as not all shrubs were killed. A conversion factor, bascd upon the proportion of destroyed
shrubs was used:

1 - (No. of Samples Pre-dating 1942 / Total N) x 100

2) microtopographical change

The factor quantified in order to assess the severity of the periurbalion associated
with the CANOL Project to the soil was microtopographical chasige. This characteristic was
estimated to the nearest centimetre. It was a measure of the average ... 'ief between crests and
troughs within 2 m by 5 m quadrats. Four grades of microtopogr.:". were distinguished
(Table 3.3).

Microtopography for each sile was determined by converting the W, M, S, and E
codes for each quadrat to their respective midpoints (cm). The average value for cach
disturbance and ontrol was then calculated. Changes in microtopography were then estimated
by calculating the difference between the disturbance value and the appropriate control. The

greater the change in microtopography the more severe the disturbance. .

3.5 Data Manipulation and Analyses



Table 3.3:

Grades of Microtopography

Milepost 40, Dodo Valley, N.W,T,

Grade
Weak
Moderate
Severe

Extren

Symbol Relief {em)
W 0-5
B 6 - 25
s 26 = 50
B 51 = 100 %

Midpoint (om)

2.5
15.5
38.0
15.5

* Note: This height was the maximum observed

value.

B
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3.5.1 Floristic Data

Multivariate Analyses

A computer program, SEADYN (Department of Botany, University of Alberta) was
employed to convert the cover data for 340 species by quadrat matrices into 45 species by
stand matrices. This conversion produced an average cover value for each species in a stand.

These 45 matrices, representing the Control and Disturbance stands, were classified
using Two-Way Indicator Species:Analysis (TWINSPAN) and Detrended Corfespondence
Analysis (DECORANA) (Hill 1979a and 1979b). TWINSPAN is a Polythetic Divisive
Classification technique that polarizes the most dissimilar samples (i.e. species by stand
matrices). It does so by placing them at extreme ends of a classif ication table (Gauch 19382).
Hence, samples which are similar to one another in terms of species composition and
abundance, occur together in the table. Hierarchical relationships between the stands are
depicted with a dendrogram which also assists in stand comparisons.

DECORANA, an ordination technique, expresses mathematical relationships between
vegetation stands in terms of distance (Hill 1979b). These ordination scores for the 45 stands
were plotted in two-dimensional space. The scores were also used to test for non-parametric
statistical correlations with disturbance regime and abiotic variables.

These multivariate analyses were initially used to produce plant communities from the
21 control stands only. Following this, all 45 stands were analyzed. Disturbance stands which
were incorporated into a control plant community or cluster were considered "recovered” in
terms of species composition and/or abundances. Those which produced a separate cluster had
not recovered. Determination of which factor (species composition or abundance) was
primarily responsible for cluster formation was assessed using CLUSTAN (Wards Method).

This program uses a sequential, agglomerative, hierarchial multivariate analysis.
Analyses were performed with the data in two forms, "Raw" and "Standardized™. Stand
dissimilarity indices prc)duted from Raw data are primarily determined by species abundances,
while Standardized anélysis efnphasizeé species composition. The larger the index, the greater

-~
¥

the difference between the stands. Abundance data would, for example, be considered more
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important if the Raw data index was substantially larger than the value derived from standard

data.

Sgrensen’s Index of Floristic Similarity

Re-establishment of vegétation on CANOL disturbances w‘as assessed, in part, by
estimating the floristic similarities among disturbed and control communitics. Species
presence-absence data from the Control and Disturbed communities were compared by a
binary coefficient, Sérensen's Index.

Sérensen's Index was used for the purpose of comparing the species compositions of
disturbances with control plant communities. It was calculated as follows:

1IS=100(2C/(A +B))

where,

C= number of species éomfnon 10 both communities;

A= total number of species on control comimunity,

B= total number of species on disturbed community.

Plant Species Structure
The long-term effects of CANOL construction activities in Dodo Valley on plant
species structure were evaluated through determination of species richness (R) and calculation
of Simpson's Index of Dominance Concentration (C). Species richness is defined as the
number of species in a sample (Mueller- Dombois and Ellenberg 1974). Simpson's Index
estimates species equitability, and is based on species abundnnces (% cover) and composition
(Whittaker 1975); it is deemed to be a measure of how evenly abundance is distributed among

species (Whittaker 1975). It was calculated as follows:

2
5 2 2\ o,
C = o=
2 pl, E[Nl]

i=1

The letters are defined as follows: ™ = importance value for all species in the sample; n, =



importance values of S individual species; p; = relative importance values for these same
species.

The index attains a maximum value which approaches 0.99. This occurs if virtually all
of the cover is contributed by one taxon. A zero value is approached if all species have the
same cover (i.e. there is an even distribution of abundance). The value of C is primarily
determined by the dominant species (Whittaker 1975). The minimun value of C = 1/R,
where R = species richness.

All indices are sensitive 1o sampling intensity (Goodman 1975, Mueller-Dombois and
Ellenberg 1974). Sample intensity, which was based on the size of the area being surveyed and
complexity of the vegetation (i.e. spatial heterogeneity), sanped from five quadrats per stand
on the Bladed Trails and Road, to 10 quadrats per stand in the Controls. Floristic information
from five sub-samples (quadrats) were randomly selected from the total data set of each
stand. This was done in order to standardize sampling intensity prior to calculation of the
indices. Since the number of stands used to describe the vegetation for the Controls and
Disturbances ranged from one (¢.g. Borrow Pits) to twelve (e.g. West Side Undisturbed
Control), the mean R and C values per stand for each Comrql and Disturbance were also

calculated.

3.5.2 Trae Give Structure

Tree size structure diagrams were constructed for each control and for those
disturbances deemed to have relatively complex structures. These diagrams were based upon
the Diameter at Breast Height (DBH) values obtained from each tree that had attained a

minimum DBH of 1.5 cm and height of 2 m.



4. RESULTS - CONTROL AND DISTURBANCE CHARACTERISTICS
4.1 CONTROLS

4.1.1 Vegetation

Control vegetation stands were located east of the road on a relic talus slope, west of
the road on two different aged alluvial terraces, and in an intermittent stream bed. The stream
bed control was selected so that floristic comparisons could be made between natural and
CANOL No. 1 Perturbations. All other control stands were classified as undisturbed.

Control plant communities were selected primarily from TWINSPAN and
DECORANA analyses (Figures 4.1 and 4.2).

Stands located on the relic talus slope and in the intermittent stream bed produced two
distinctive clusters (Figures 4.1 and 4.2). Their designation as plant communities was,
therefore, straightforward. Classification of the stands on the two alluvial terraces was more
complex.

In spite of differences in surface age and soil type the vwo imperfectly- drained
terraces appeared to support similar vegetation. The dendrogram, however, strongly suggested
the presence of two plant communities. Each community was not confined to a single terrace,
however. In contrast, the ordination diagram indicated only one community.

'Other data supported the ordination results, thus f. avouring a single alluvial terrace
community: 1) evergreen and deciduous shrubs, feathermosses and reindeer lichens typified
the understory of both terraces; 2) tree ages were comparable. For example, Picea glauca
trees on the higher, and therefore, older terrace had maximum and average ages of 401 and
210 vears respectively (Appendix 3). Their counterparts on the lower terrace were 380 and 198
respectively; 3) plant species richness for the older (R=110) and younger (R=102) ‘terraces
were cldse in value; 4) eleven of the fifteen most abundant taxa were common 1o both
terraces; ) the Serensen's Index of Floristic‘ Similarity at 0.81 indicated a strong affinity

between the two controls; 6) There was no significant (p >> 0.05) difference in total plant
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Figure 4.1: Classification of West Terrace (1), East Tal"s (2) and Stream Bed (3)
1.400 Control Plant Communities, mile post 40, Dodo Vailey, N.W.T.

-
1.300 et
1.200d
1.1000
3
1.000. ﬁ)
0.900,
O.BOOL >
0.700]
w
v
3
-
o 0.600L
>
[=4
o
2 0.500
w ° -
0.400¢
0.300F
0.200°1
lIlLlllllllllJllllJlJ
DO 0 D ODOOQ00D O 0 >» ¥ > > > >
OmMoOoAa»MBbDAMANCWE=®WOOM®m > MO >» O
21 23 22 25 35 24 36 37 38 2039 40 2 4 3 S5 + 6 7. 4445
UT UT UT UT LT UT LT LT LT UTLT LT TSTS TS 7S TS V5 TS sB so
STANDS
Legend
Location Landform
AA-AG = East Talus DB-DG = West Terrace (Upper) UT = Upper Terrace TS = Talus Slope
IA-IB = Stream Bed GA-GF = West Terrace (Lower) LT = Lower Terrace SB = Stream Bed



00S gLy 06y  SZF 00V

GLE - 0S¢t

T SIXY

T T 4 T L]

cy UY

TOoI3UO) pPad wesaInls
(90ex13y ISMO]) TOXIUOD IsSn
(ese1my 1=ddn) 1oTIUOD ISEM

Shbh

0b-GE

SZ-QC

TOX3IU0D JISEI L-1
UuoT3IED] SIequON
puebol

2 06Z '§¢Z 002 SLL "0ST szt 001
T T L] T T ¥ L]

.

‘L MM “A3TTBA opcd

O 3500 5174 3¢ SpUEIS [OM3UCH JO 3014 UOTISUTDIO YN7E00ad ¢"y 9Mmbid

SL

001

Sch

0st

SsLt

00¢

7 STXY



cover: the upper terrace averaged 105% (n=58) while the lower one was 96% (n=60); 7)
DECORANA scores for the first three axes were not significantly different according to the
Mann-Whitney U Test (Sokal and Rohif 1981).

In summary, three control plant comrﬁunities were selected. The name assigned t0
cach community was based on the species which dominated the tree, shrub, herbaceous and
non-vascular strata. and on its Jocation, The three plant communities were:

1)East Talus -- Picea glauca/ Dryas integrifolia/Carex scirpoidea/ Cladina mitis
Control;

2)West Terrace -- Picea glauca/ Ledum groenlandicum/ Festuca altaica/ Hylocamium
splendens Control;

3)Suream Bed -- Populus balsamifera/ Dryas drummondii/ Epilobium
lati folium/ Campylium stellatum Control.

For brevity these three controls may be referred to as East Talus, West Terrace and

Stream Bed Controls throughout the thesis.

East Talus -+ Picea glauca/ Dryas integrifolia/ Carex scirpoidia/ Cladina mitis Control

The seven contiguous stands which comprised the East Talus Control were situated on
a 16° relic talus slope with a west-facing exposure (Plate 10). Generally, the vegetation
dominating this site was equivalent to the H ylocorﬁium splendens/ Picea glauca association
(Hettinger 1973), Gnarled white spruce and larch) Dryas/ Cetraria (Reid 1974) and the
sub-alpine Picea glauca/ Larix laricina/ Dryas integrifolia unit of Reid and Janz (1974).

The vegetation was characterized by open and mixed stands of Picea glauca, Picea
mariana and Larix laricina; cover of the tree stratum was 3%, total plant cover was 51% and
tree density was 119 stems ha'1 (Figure 4.3). The dominant Picea glauca trces exceeded 180
years (Appendix 3).

| The species rich (R =113) understory had well-developed medium shrub, dwarf shrub,
bryophyte and lichen strata. Abundant species in the understory shrub layers were Dryas

integrifolia, Betula glandulosa, Arctostaphylos uva-ursi, A. rubra, Potentilla fruticosa,



Plate 4.1

East Talus —-- Picea glauca/Dryas integrnifolia/

Canex scinpoddea/Cladina mitis  Control
Note the open-canopy Picea spp. layer and
steeply sloping, west facing terrain.
July 20, 1983
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Table 4.1

gast Talus Control--P{cca gfauca/

Pruas. integridolia/Carex scir-

poddea/Cladina mitds

Major Species Per Stratum

Milepost 40, Dodo Valley, N.W.T,

STRATUM SPDCIES % FREQUENCY % COVER
TREE P{cea glauca 75.00 2.90
N lanix Larnicina 24,00 0.50
(over 2m)
TALL SHRUB | Picea mariana 15.70 1.15
Picea glauca 82.90 0,65
(over Im) | ALuus erdspa 10.00 0.66
MEDIUM SHRUB Botufa alandufesa 77.00 3.32
Potent{lla frulicesa 93.00 1.19
(10am = Im) | paccindun ubiginosum 66.00 0.99
Rhiododendren Lappondcum 84.00 0.91
DWARF SHRUB | Druas integrifetia 97,00 6.87
Avctostaphylos uva-ursd 81.00 3.13
{0 = 9cm) Axctostaphubos Auba 91,00 1.35
Salix muntifiifelia 17.00 0.14
FORB
Broad leaf | Ancmone parviflona 85,70 0.28
herbaceous*| Hedusawwn alpiinur 31.40 0.23
Tofiefdia pusilla 54.30 0.14
Thatictruum alpinum 54.30 0.13
Graminoid Cazex 6C4"1}.‘L"4’ad‘10 87.10 1.85
ELimas Anncvatus 54.30 0.8]
Festuca altadca 40.00 0.32
Catamagaoside neafecta 27.10 0.23
NON-VASCULAR .
' Hilegemium splendent 32.06 2.8)
Bryoph) te R:Ll_lt&'du.ufl fw'gcsum 42.86 1.41
’.c;.lanuc(adu: uncinatu 27.14 0.82
Hypium banbeag (€ 24.29 0.70
Lichen Ciadina m{tis 82.60 6.77
Cotnanda 4slandica 62.90 1.18
31.40 0.7%

Cetranda ndvalds

*Includes pteridophyte species.




Figure 4.3

Tree Size Structure (DBH)

Fast Control—— Dodo Valley, HNLT.
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Vaccinium uliginosum and Rhododendron lapponicum (Table 4.1, Appendix 4), Common forb
species included Anemone parviflora, Hedysarum alpinum, To fieldia pusila, and Thalictrum
alpinum. The main scdges and grasses were Carex scirpoidea, Elymus innovatus, Festuca
altaica and Calamagrostis neglecta. Cladina mitis was the dominant non-vascular taxon, Other

abundant ground cover species were Hylocomium splendens and Cetraria islandica (Table 4.1).

West Terrace -- Picea glauca/ Ledum groenlandicum/ Festuca altaica/ Hylocomium splendens
Control

The West Terrace Control plant association was composed of twelve stands located on
1wo alluvial terraces (Plate 11). The vegetation was similar to Heuinger"s (1973) Picea glauca
low and high terrace associations, as well as, ihe Riparian spruce feathermoss unit (Wallace
1972). and the Picea glauca/ Hylocomium splendens association (Reid and Janz 1974).

Canopy cover of the West Terrace Association was over 6% and tree density was 180
stem ha'l. This control was classified as open canopied, but it was considerably more closed
than the East Talus Association which had 50% less canopy cover and a tree density of 120
siem ha™l (Figures 4.3 and 4.4).

Although the 94 vascular and 31 non-vascular plant species exceeded the East Talus
{otal by cleven (Appendix 4), the average number of species per quadrat were identical at 26.
Total plant cover at 100% was twice that of the East Talus Control. The tree, medium and
dwarf shrub layers, as well as the lichen and bryophyte strata, were well-developed in the
West Terrace Community.

This control had the most cbmplex tree size structure of all the sites (Figure 4.3). The
overstory was dominated by Picea glauca. Larix laricina and P. mariana occurred occasionally
jn hygric microsites of the upper terrace (Table 4.2)

In general, the shrub taxa on the West Control were more abundant than their
counterparts on the East Talus Control. Important shrub species were Ledum groenlandicum,
Vaccinium ulgt"nosum and Betula glandulosa. Arctostaphylos rubra, Salix myrtillifolia and

Vaccinium vitis-idaea were substantially more abundant on this control than the East, while



Plate 4.2 West Terrace —- Picea glauca/Lledum gnc-c»‘zﬁand&'cwn/
Festuca altadica/HylLocomium splendens  Control
Note the open canopy Picea spp. layer and level
terrain. The shrub layer is also well-developed.
July 31, 1983
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Tabile
Lestusaopleaden/tuluaendue
nfendeny
pader. gheciey Ler Stratur
Bllunat AL pedeNalleya T,
STRATUM SILTS \ FREQUENCY \ COVIR
THEE Piega glauca 95.0 0,40
larix taticina 22,0 4,40
(over am) Picea myaiana 21.0 0.70
TALL SHRUB | Afnud evdam 19.50 1.24
(over 1m) Salix arayensds 30,50 118
veptoe sirup] Ledur grccntanddewr 99,10 3.60
Vadedndur uldginesum 92.40 3.50
(10am = Im) | Betula glamduloss 75.40 3,10
Potentdtda fautdcesn 76.00 0.80
DWARF SHRUB | Arctestaplutes Aubaa 86.40 2,56
0~ 9 Daead uvtu‘q\r‘fm 72.00 2.12
( o) Vaccdndur. vetessddaea 86.10 1.42
Salin myngbligolda 5¢.80 1.24
FORB
proad leaf fqudsetur arvinse 38.10 1.37
herbaceous? Hu{umr.tu-r alpinum 37.30 0.45
Sauisurea angusiLfolia © 26.30 0.36
fquisetum scirpuides 47.50 0.28
Graminoid Fesfuca aftaica " 82,20 1.68
Caver sedspeddea 70.30 1.13
Caver mombsanacea 13.60 1.13
Edmas dmnvagud 41.50 0.43
NOL~VASCULAR
Bryopiiyte Hilocemium splendens 68.60 26.66
yopny Plewnoz4un Achtvbind 50.90 4.95
Rigtdd iun nugesur 59,30 4.12
N Puﬁgvrrg.w (Hlpu_c,'ur 20.30 l.61
Lichen Cladin nitis 70.40 12.5€
Cradina steflands 7.70 0.63
Cotranda ipfandica 23,70 0.42
Cetramda cueultata 27.10 0.38

*Includes pteriddophyte species,
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Dryas integrifolia was less common. The species-tich herb layer with 59 taxa was dominated
by graminoids. Festuca altaica, Carex scirpoidea and C. membranacea 7. 1ad high éovers
(Table 4.2). Equisetum arvense, a hotsetail species, common on river terraces all over the
Boreal and Subarctic zones, was the major forb.

The lichen stratum of the West Terrace Control had a comparable numi:: “. + secies
as the East Talus (14 and 13 respectively), but a much lower frequency (77% and »6%). Mean
cover was higher on the West Control by over 4%, however. Cladina mitis, which was again
the dominant lichen, accounted for the difference.

Total bryvophyte cover was over 6.5 times greater on the West Control-than the East.
This layer was the best-developed, as its 17 taxa attained 100% frequency and a total cover of
46%. The two most abundant taxa were Hylocomium splendens and Pleurozium schreberi
(Table 4.2). Hylocemium splendens had ten times the cover on the West compared with the

East Control. Rhytidium rugosum, a calciphyte taxon, was also common.

Stream Bed -- ’ Populus balsamifera/ Dryas drummondii/ E pilobium lati folium/ Campylium
stellatum Control

The vegetation was poorly developed in this control (Pléte 12). Only 48 species were
identified and, with the exception of the dwarf shrub stratum, no layer had a cover lotal
éreater than 2.5%.

The sparse tree layer was composed of Populus balsamifera and Picea glauca trees
(Table 4.3). These species were also present in the equally sparse tall shrub.stratum
(Appendix 4). Salix alaxensis was the principal taxon of this layer. Medium shrubs were also
sporadically disuributed, and low in cover. One taxon; Shepherdia canadensis, dominated. The
well-developed dwarf shrub stratum contained eight species, had 100% frequency and a cover
of 35%. This layer and the plant community as a whole were dominated by Dryas
drummondu Empetrum nzgrum Arctostaphylos rubra and A. wva-ursi were also present.

The ublqunous (frequencx = 75%) and relatively numerous (R=13) forb specxes had::

a combined cover of only 2.3%, with Eptlobzum latifolium and Hedysarum borecle the two






Plate 4.3

Stream Bed -—- Populus bafsamifcra/Dryas drummendili/
Epdlobium Latigolium/Campylium stellaium Control

Note the sparse Populus balsamifera tree layer

and extensive Dryas spp. mat.
August 8, 1983
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Table 4.3:

Stream Bed Control-Popufus

batsamifera/Dryas drummonddid/
Epibobium Latd folium/Campyliunm

stellatum

Major Species Per Stratum
Milepost 40, Dodo Valley, N.W.T.

STRATUM SPECIES ¥ FREQUENCY % COVER
TREE Populus balsamifera 60.00 0.74
({over 2m) Picea glauca 55.00 0.31
TALL SHRUB - | Salix alaxcnsds 60.00 0.76
(over 1m) Alnus endspa 15.00 0.08
MEDIUM SHRUB Shephead{a canadensds 28,00 0.38
(10cm ~ 1m)
DRARF SHRUB | e drammond id 100.00 35.30
(0 ~ 9am)
FORB
Broad leaf EpilLobiuwn Latifolium 55.00 1.16
herbaceous*| Hedusatum boucale 55.00 0.91
- -
Graminoid Trdsetum spicatum 85.00 0.80
Efiamus Annovatus 25.00 0.41
RON-VASCULAR
Bryoghyte
Campybium stellatum 15.00 €.53
Lichen Nene N/A R/A

*Includes pteridophyte species.
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most abundant species. Graminoids were sparse but well-distributed throughout the
community. Trisetum spicatum and Elymus innovatus were the major taxa (Table 4.3).

There were no lichens, and bryophytes were sporadic. Two principal bryophytes were
calciphytes: Campylium stellatum and Ditrichum flexicaule. Bryum spp. were also relatively
abundant.

Of interest was the prominence of Dryas drummondii, Alnus crispa and Shepherdia
canadensis, which are nitrogen-fixing shrubs (Appendix 4). With the addition of two
legumes, Heysarum alpinum and H. boreale, the total nlant cover accounted for by
nitrogen-fixers was 87%. This suggested that the stream bed was a relatively nutrient poor

site.

4.1.2 Soils

East Talus -- Picea glauca/ Dryas integrifolia/ Carex scirpoidea/ Cladina mitis
Control

The East Talus Control was located on a 16° fossil scree slope. Eutric Brunisofs were
the major soil type, although Cumulic Regosols were also present (Appendix 5). These latter

soils developed at sites where slope movements buried organic horizons.

Eutric Brunisols:

Due in part to the variable microtopography, LFH horizons ranged in thickness from
0 to SO cm. Surface soil Teaction also exhibited marked variation, ranging from medium acid
(pH of 5.9) in Stand C, to mildly alkaline (7.7) in Stahd F. The pH values increased with
depth at all sites, with reaction generally ranging from mildly to moderately alkaline (7.7 to
8.1) (Appendix 5).

Soil structure was poorly developed with most horizons rated as amorphous or weakly
granular. Several horizons at depth (50 cm) exhibited weak, fine, blocky structure. This was
due t0 the localized pockets of soil with comparatively high clay contents (35 to 40%). All

soils were moderately (50% by volume), to excessively stony (75 to 90%), with angular and
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sub-angular forms ranging in size from 2 10 40 ¢cm. The soil matrix was gencrally

fine-textured, as silt loams and clay loams predominated. This fine texture may have reduced
infiltration rates sufficiently enough to have produced f aint gleying characteristics at the B-C
horizon boundary. Soil colours here were very dark gray brown to gray, with chromas of 2or

jess. Faint mottling was infrequently observed.

West Terrace -- Picea glauca/ Ledum groenlandicum/ Festuca/ Hylocomium splendens Control
The V.est Terrace Control encompassed two alluvial terraces. Orthic Gleysols
dominated the higher terrace, while gleved Cumulic Regosols characterized the soils of the

lower onc. Eutric Brunisols occupicd relatively small portions of both terraces.

Orthic Gleysols (Upper Terrace):

The dominance of Orthic Gleysols on the older terrace indicated that the soils of this
terrace had been saturated with water and affected by reducing conditions for extended
pcriods of time during the year (CSSC 1977). LFH thicknesses varied considerably, from 2 cm
in Stand G to 70 cm in Stand F. Generally speaking, the LFH grew shallower from north to
south, and as the Road was approached (i.e. from east 1o west). The thickest organic
horizons were located in the northwest section of the terrace. The parcm material was
primarily calcareous alluvium, with a reaction of 7.8 in the Ck horizon. Surface layers were
acidic (6.0 to 6.5). With the exception of clay lenses, which were medium sub-angular blocky,
structure was weakly developed or amorphous (Appendix 5). Soil texture was dominated by
sandy loams and clay loams. Although the surface was frec of stones and gravel, sub-angular
to rounded 1 to 50 cm stones usually occupied 90 % of the substrate by volume within 20 to
30 cm of the mineral surface. Gleying was prominant and evidenced by many coarse, distinct
mottles, gray and grayish brown soil colours, and chroma values of 2 or less. These
characteristics were frequently observed in the upper mineral horizon. This indicated that a

relatively high and persistent water table has been present.
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Gleyed Cumulic Regosols (Lower Terrace)

Periodic flooding deposited alluvium onto the soil surface of the younger terrace, and
produced a profile with buried Ah and H horizons (Table 5.9). In addition, surface LFH
lavers were cither absent or thin (7 cm), and mottling was evident. ..s a result, gleyed
Cum-lic Regosols typified the soil of the younger terrace. This soil type is characteristic of
floodplain and alluvial fan soils (Tarnocai 1973).

Organic horizons were thin (less than 7 cm), but had a slight increase in depth
lowards the northwest. Soil structure was poorly developed, as most horizons were amorphous
or weakly granular. Texture was relatively coarse as sandy loams and loamy sands
predominated. Rounded 10 sub-angular 3 to 30 cm stones displayed considerable spatial
variability, in terms of their location in the profile. The top of the stony layer below the
mineral surface ranged in depth from 15 to 72 cm. Soil surface reaction appeared strongly
influenced by organic matter. as pH ranged from 6.2 to 8.0. Slightly acid reactions occurred in

Ah horizons, while more basic reactions were characteristic of B horizons,

Futric Brunisol (Lower Terrace):

One stand, GB, was underlain by an Eutric Brunisol soil (Appendix 5). The wavy
LFH horizon was from 10 to 20 cm thick, and contained visibly abundant mycorrhiza, the
only stand to do so. Soil reaction in this layer was extremely acid (pH 4.5), almost 1.5 units
lower than any other soil Teaction tested. The abundance of mycorrhiza and the acidic surface
horizon indicate that this particular soil may have escaped flooding, high water table
conditions or other f)erturbations which typified the developmental history of all the other
soils. An excessively stony loamy sand Bg horizon (80 to 90 % by volume) characterized the
surface mineral horizon. The rounded to sub-angular stones were up to 25 cm in diameter. A

mildly alkaline soil reaction of 7.7 was in sharp contrast to the LFH horizon.



Soil Climate

The upper terrace of the West Terrace Control was significantly cooler and wetter (p
< 0.05) than cither the lower terrace or the East Talus Control (Table 4.18). This terrace had
a mean temperature of 5.1°C, while moistprc averaged 170%. A significantly warmer and dricr
soil climate (p < 0.05) characterized the lower terrace, as its mean temperature and moisture
values were 7.2°C and 53%. respectively. When the values for both terraces were combined,
the West Terrace Control, had a relatively cool and moist $0il climate. The average
temperature was 6.1°C while moisture content was 105%.

Of the undisturbed controls, the East Talus soils were the warmest at 8.9°C (p <
0.05). Soil moisture at 81% was not statistically different from the West Side Undisturbed
Control (both terraces), which averaged 105%. It was significantly (p < 0.05) dricr than the
upper terrace, however.

To summarize, soil climates of the Undisturbed Controls were classified as:

1) hyeric and cool-- Picea glauca/ Ledum groenlandicum/ Festuca
altaica/ H ylocbmium splendens West Terrace Control (Upper Terrace),

2) sub-hygric and cool-- Picea glauca/ Ledum groenlandicum/ Festuca
altaica/ Hylocomium splendens West Terrace Control (both terraces);

3) Mesic and moderately warm-- Picea glauca/ Dryas integri folia/ Carex
scirpoidea/ Cladina mitis East Side Talus Control; and Picea glauca/ Ledum
groenlandicum/ Festuca altaica/ Hylocomium splendens -- West Terrace Control (Lower

Terrace).
4.2 DISTURBANCES
4.2.1 Disturbance Regime Variables

CANOL No. 1 Project perturbations at milepost 40, Dodo Valley, N.W.T. were

described and/or classified semi-qualitatively, according to four disturbance regime variables:



1) spatial extent;

2) terrain sensitivity; |

3) intensity:

4) severity.
Spaiinl Extent

The spatial dimensions of each CANOL No. 1 Project disturbance were described in
terms of length, width, arca, perimeter, and perimeter Lo arca ratio (Table 4.4). The road and
bladed trails were lincar disturbances which occupied relatively large areas (2550 10 3855 mz.
Lengths ranged from 425 m (Major Right-of -Way) to 704 m (Road). while mean Maximum
widths reached 8.8 m (Telephone Right-of -Way). Bladed Slope G was also a linear
perturbation, but of smaller dimensions, as its area of 250 m? was at least ten Limes jowCr
than the other lincar disturbances. Regardless of actual arca occupied. these disturbapce lypes
had moderately large perimeter:area values of 0.23 1o 0.44, and. hence, may have had 2
greater tendency to resemble the surrounding vegetation (Bell et al. 1974).

The Borrow Pits and Bladed Slopes were, with the exception of Bladed SloPe D.
smaller surfaces than their linearly-shaped counterparts. Areas ranged from 523 t0 1460 m?,
Howevcr, because these sites were more circular in shape, the perimeter to area raligg were

considerably smaller (0.12 10 0.16).

Terrain Sensitivity

The two control sites, the East Control and the West Control, were classified
according to Kurfurst's (1973) system (Appendix 1). Their values were 1.7and 1.3
respectively, indicating that the former was more sensitive.

The Terrain Sensitivity rankings for each disturbance ranged from 1.0 on the Major

Right-of -Way to 1.7 for all perturbations located on the East Control (Table 4.5).

. Intensity



Table 4.4: Spatial Dimensions of the CANOL Disturbances

Milepost 40, Dodo Valley, N.W.T,

Disturbance Length width Arga Perimeter Perimeteyz
(m) (m) (m”) (m) Area Ratio

1. Road 704 7.3 5139.2  1442.60 0.28

2. Borrow Pit A 34 267 725.7 101.51 0.14

3. Borrow Pit B 27% 23" 522.9 84.46 0.16

4. Borrow Pit F 20% 30Y  659.8 86.137 0.13

5a Bladed Slope D 80* 217 1460.5 175.77 0.12

5b Bladed Slope G 50 5.0  250.0 110.00 0.44

6. Telephone R.O.W. 665 8.8 5855.5  1348.30 0.23

7. Minor R.O.W. 530 5.5  2915.0 1071.00 0.37

8. Major R.O.W. 425 6.0  2550.0 862.00 0.34

* length parallel to the road.
+ Maximum distance from the road.



Table 4.5: Terrain Sensitivity Ratings for Controls

and Disturbances

Milepost 40, Dodo Valley, N.W.T.

Location Terrain Sensitivity Indexl
‘Borrow Pits 1.7
Bladed Slopes 1.7
Road 1.5
Telephone Line‘Right-of—Way 1.3
Minor Right-of-Way 1.3
Major Right-of-Way 1.0

1. Modified from Kurfurst (1973).
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A modificd Heginbottom (1973) Model was used in order to assign itensiey var
for cach perturbation (Appendix 2), The intensity of the CANOL disturbances ranged from 6
(shallow bulldozing associated with bladed trail development) to 10 (the most intensive class,
which was attributed to road construction) (Table 4.6).

Road construction disturbances were considered the most intense. because the
vegetation and soil profile was completely removed and the road surface was compacted.
Although all plant material was destroyed. and the soil profile excavated to a greater depth
than with the road, the magnitude of the borrow pit construction was considered less imcnsq
because compaction was limited to only a portion of the surface (i.c. the borrow pit floor)
and the soil profiles near the borrow pit edges were only partially destroved. It was classified
as a9.

The relative shallowness of the bulldozing on the bladed slopes, in comparison 10 the
borrow pits. resulted in these surfaces being placed in intensity class 8.

‘ Only a portion of the LFH and A mincral horizons were removed during bladed trail
construction. As well, not all vegetation was destroyed, as some shrub species situated on dw
rights-of -way pre-dated 1942. The intensity of these disturbances was considered moderatc

(i.e. class 6).

Severity

Disturbance severity is related to intensity. This is not a direct cause-cffect
relationship, as Higginbottom (1973) implied, however. Other factors such as terrain
sensitivity, seasonality, vegetation characicristics (e.g. age, physiognomic structure) also
influence the severity that a disturbance of given intensity will have. For example, bladed trail
construction on a tree-dominated system will undergo a greater degree of physiognomic

structure simplification than will right-of -way devclopment on a shrub-dominated site (Haag
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Table 4.6: Intensity of CANOL Disturbances
Milepost 40, Dodo valley, N.W.T.

P st

Location pisturbance Intensity1
Borrow Pit A 9
Borrow Pit B 9
Borrow Pit F 9
Bladed Slope D 8
Bladed Slope G 8
Road 10
Telephone Line Right-of-Way 6
Minor Right-of-Way 6
Major Right-of-%ay 6

st R I e e

1. Modified from Heginbottom (1973},
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1974).
Disturbance severlty was quantified through caleulation of the degree of:
1) physiognomic structure simplilication and

2) microtopographical change

4.2.2 Vegetation

Plant community development on the CANOL. disturbance sites ranged from poor 10
good. Most sites were characlerized by a sparse of absent tree stratum. Non-vascular plants
were only itpportant on the bladed trails. Shrubs tended 1o proliferate on alt disturbances,
with some specics such as Bewla glondulosa, Ledum groenlandicum, Dryas drummondil, D.
integrifolia and Salix spp., frequently exceeding control values. All species identificd on the
disturbances were also present in the two undisturbed controls. Complete lloras are listed in

Avpendix 6,

Borrow Pit A

Borrow Pit A was dominated by shrub and graminoid species as they accounted for
over 87% of the plant cover and almosp half of the 53 species (Table 4.8). Trees were rare.
Picea glauca and Picea mariana occurred in 25% of the plots, had a combined cover of 0.2%.
and a density of only 40 stems ha ™.

All three shrub strata contained a relatively large number of abundant species. The tall
shrub stratum was dominated by Salix alaxensis and S. arbusculoides (Tablc 4.8). Potentilla
fruticosa and Betulg glandulosa, which had exiensive covers on all sites, composed 60% of the
medium shrub cover in Borrow Pit A. Dwarf Shrubs were the most extensive. Dryas
integrifolia appeared to be well-adapted to the borrow pit growth conditions as its 7.9% cover
was the highest among all species. Arctostaphylos uva-ursi and A. rubra also contributed to a
widespread mat of surface vegetation. All three taxa werc abundant in adjoining East Talus

Control vegetation,



Yable 4.7: Shrub Destruction and Microtopographical

Change on Controls and CANOL No. 1 Project

Disturbances

Milepost 40, Dodo Valley, N.W.T.

Location Shrub Destr'n1 (%) Micro.2 Change
East Talus Control 0 0
ﬁest Terrace Control 0 0
Borrow Pit A 100 10
Borrow Pit B 100 _ 22
rrow Pit F 100 ‘ 30
Bladed Slope D | 100 12
Bladed Slope G 100 27
Road ‘ 100 43
Telephone Line R.O.W. 35 18
Minor P.O.W. 73 42
Major R.O.W. 19 32

1. Abbreviation for "Destruction."
2. Abbreviation for "Microtopographical."



Table 4.8: Borrow Pit A, Dodo Valley, N.W.T.

Major Species Per Stratum

STRATUM SPECIES % FREQUENCY A COVER
TREE
(over 2m) Picea maniana 12.5 0.1
Picea glauca 12, 0.1
TALL SHRUB
(over m) Salix alaxensis 75.0 S.9
Salix arbuscuboides 75.0 3.3
MEDIUM SHRUB
( { 100.0 2.4
(10cn - 1m) Potentilia gruticosa
Betufa glandulosa 87.5 2.3
DWARF SHRUB
(0 - 9am) Dryas integrifolia 100.0 7.9
Mctostaphylos uva-ursi 62.5 3.0
FORB .
Broad leaf Hedysanum alpinum 50.0 0.6
herbaceous®! Anemone parviflona 50.0 0.3
Graminoid Canex scdinpodidea 87.5 4.9
ELymus innovaltus 87.5 1.6
Calamaghoatis neglecta 37.8 0.3
NON-VASCULAR .
Bryophyte Dnepanocladus uneinafus 62.5 2.0
Rhytiddum nugosum 50.0 1.5
Bayum 4pp. 25.¢ 1.0
Lichen None, N/A N/A

* Includes pteridophyte specics.
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The species-rich forb stratum (R = 18) had a total cover of only 1.7% and was
dominated by a legume, Hedysarum a/pinum. Graminoids, however, with a total cover of 7%,
were abundant.Carex scirpoidea and Elymus innovatus were the major species.

Lichens were absent in Borrow Pit A, while the bryophytes were sparse with a cover
of 5.2%. D}epanocladus uncinatus, Rhytid;'um rugczum, and Bryum spp., all typical of rocky

habitats, were the major species.

~ Borrow Pit B

Borrow Pit B had the most species-rich (R = 69) and abundant (cover = 66%)
vegetation of the three borrow pits (Appendix 6). Thefe were no trees, although Picea glauca
and Populus balsamifera were common in the shrub layers (Table 4.9). Picea mariana and
Larix laricing were present but rare.

Of ‘the vegetation cover, 80% occurred in the shrub strata. As was the case for most
sites, only onc or lwo species dominated each laye?. Alnus crispa and Salix alaxensis
combined to produce an extensive all shrub straturi «with a mean cover of 26%. The medium
shrub laver was less well-developed (cover = 6.3%). Its principal specics were Betula
glandulosa and Potentilla fruticosa. D: yas integrifolia was clearly the most abundant species in
the dwarf shrub stratum, and for the community as a whole (Table 4.9). Salix myrtillifolia
was zlso important in this layer. The prominent road-colenizing species, Dryas drummondii,
however, had a cover of only 0.01%, and, presumably was unadapted to the unstable and
unconsolidated stony borrow pit walls, or unable to cope with the shade of the well-developed
tall and medium shrub layers.

Hedysarum glpinum and Equisetum arvense dominated the extensive forb layer (Table
4.9). The 26 species accounted for over 7% of the vegetation cover.

Graminoids were also extensive, but their overall cover was moderate at 3.0%. Carex
scirpoidea and Elymus innovatus, both of which can tolerate a wide range of growth

conditions, were the major species.



Table 4.9: Lorrow Pit B, Dodo Valley, N.W.T.

Madjor Species Por Stratum

oy

STRATUM SPECIES % FREQUENCY % COVER
TREE None. N/A N/A
{over 2m)
TALL SHRUB
{over i) Alnus crispa 77.8 11.6
Salix alaxensis 886.9 9.8
MEDIUM SHRUB | Betufa glandufosa 88.9 3.}
(1Cam - dm) 4 potontitla fruticosa 100.0 1.5
ngwgsm}us Dryas integrifolia 100.0 16.8
(G - 9cm R I .
Salix mptdlifolia 44.4 2.3
FORB ,
Broad Jeaf | Hedysarum alpinum 55.6 0.8
herbaceous®! pouisetum arvense 55.6 0.5
Graminoid Carex scinpoidea 77.8 1.
Egymus {nnovatus 66.7 0.
Carex membranacea 11.1 0.2
NON-VASCULAR .
Bryophyte Drepanocladus uncinafus 66.7 2.1
Rhytidium augosum 77.8 1.7
Thtad (um- abdedtum 44.4 0.8
Lichen Ceadina venticillata 1.1 0.001

* Includes pteridophyte species,
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The non-vascular layer was typified by an almost complete absence of lichens
(Appendix 6). Bryophytes were also sparse. Three calciphytes, Drepanocladus uncinatus,
Rhytidium rugosum and Thuidium abietinum were the principal species on the calcareous

substrate.

Borrow Pit F

In spite of low overall abundance Borrow Pit F vegetation was considered
well-developed (Table 4.10). Borrow Pit F contained 56 spccies, each stratum was moderately
1o extensively distributed, and tree density reached 130 stems haz, In addijtion, the
non-vascular layers were abundant and accounted for over 25% of the vegetative cover. Troes
were relatively common with a 57% frequency and a 3.9% cover. Populus balsamifera. Picea
glauca and Larix laricina were all present. |

Maximum ages (Appendix ) indicated that some trees were introduced 10 the pit B
“rafting" from above the headwall. A Picea glauca specime i} vears old, while one
Larix laricina exceeded 60 vears. This form of borrow pit x:s 0 # .l i.e. rafting had
undoubtedly assisted tree establishment.

Both ta™ 4 medium shrub strata were well distributed, but moderately sparse (Table
4.10). Salix alaxensis was the major tall shrub species, [ ollowed by immature Populus
balsamifera and Picea glauca. As was the case for most sites, the principal medium shrubs
were Betula glandulosa and Potentilla fruticosa .

Two evergreens, Dryas integrifolia and Arctostaphylos uva-ursi, accounted for
three-quarters of the dwarf shrub stratum cover. In fact, seven r7 the eight Species were
evergreen with Salix myrtillifolia the lone exception.

Even though each growth form achieved 100% frequency, forb and graminoid covers
were telatively low. Equisetum arvense and Hedysarum alpinum wete the dominant forbs.
Sedges accounted for 95% of the graminoid cover. The presence of Carex vaginata as the
major species indicated that drainage on the borrow pit floor was poor. Carex scirpoidea,

which also may inhabit wet areas, and Carex microglochin were the other important



Table 4.10: Borrow Pit Fy Dodo Valley, N.W.T.

Major Species Per: Stratum

STRATIM SPECIES A FREQUENCY $ COVER
TREE Larar fardicina 14.3 0.5
fouwr 2m) Picea glauca 57.1 0.4

Pepulus balsamdfesa 2K.5 0.2
TALL SHRUB
{over 1m)
Salix alaxensis 100,0 3.9
Populus batsamidera 33.0 0.6
P{cea glauca 33.0 0.4
MEDIWUM SHRUB | g, 0,00 glandubosa 85.7 .3
{10cm = 1m) s , ;
Potentilla gruticosa 100.0 0.7
DNARF SHRUB :
(0 - 9cm) Dryas integrdfolia 100.0 6.
Arctostaphylos utv-undl 42.9 1.
FORB
Broad leaf ,
herbaceouse| Equisetum arvense 14,2 0.3
Hedyaarum alpinum 42.9 0.2
Graminoid Carex vaginata 42.9 0.6
Carex microglochin 57.1 0.4
Carex scinpoidea 42,9 0.3
NON-VASCULAR
Bryophyte Prepanocladus uncdnatus 57.1 6.6
Hypnun bamberg i 28.6 0.1
Thuddeum abde thuun 42,9 0.1
Lichen Chadina mitis 14.3 1.1
Ctad wa stebrancs 14.3 0.4

* Includes pteridophyte species,

7
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graminoids (Table 4.10).

Seven lichen species identified in the borrow pit contributed over 5% of the plant
cover total. Cladina mitis and C. alpestris were the major taxa. Their low frequencies suggest
that their picsence may be attributed ,in part, to raflting. |

Drepanocladus uncinatus was the most abundant and well-distributed non-vascular

specics in the borrow pit (Table 4.10 and Appendix 6), while all other bryophytes were rare.

Bladed Slope D

The vegetation on this bladed slope had only a moderate cover of 33.8%. It was
composed of 31 vascular and S non-vascular plant species (Appendix 6). The community was
poorly developed. There were no tree or lichen strata, and the moss, graminoid, and forb
covers were relatively low. Development in the shrub strata was only moderately better {Table
4,11).

Populus balsamifera was the most abundant species in the tall shrub stratum, followed
by Salix alaxensis and Alnus crispa. Larix laricina and Picea glauca were also present (Table
4.11). With the exception of Picea glauca, deciduous species do.uinated the medium shrub
layer. Important taxa were Betula glandulosa. Populus balsamifera, and Shepherdia
canadensis. In contrast, two-thirds of the dwarfl shrub cover was evergreen. Dryas integrijfolia
and D. drummondii were dominant. i .c relatively high cover of D. drummondii (7.8%)
appeared to be related to the openness of the overstory and the compacted nature of the soil
surface.

Forbs were ubiquitous. but sparse. Hedysarum alpinum was the most abundant taxon,
with a frequency of 63% and a cover of 0.9%. The graminoid layer was also sporadic with
Elymus innovatus achieving the highest cover at only 0.3%.

While there were five bryophyte species, lichens were absent. Once again

Drepanocladus uncinatus was the dominant non-vascular plant (Table 4.11).

Bladed Slope G



Table 4,111 Bliged Surface Dy D0dO Valley

NAMLT,

v~

tum

Major Species Per Stra

] )JSE’QU[NCY L COVLR

}._..._

! FORB

Broad leat Hedusam alpinum 02,5
herbaceous® .
rerbace Habenntl oppe L LLegeial 12.5
RN RN edadindid .-‘-5--—-¢~—\.-—hw---~—--~—~-~- P LU -
Graminoid ELymus dnnevatyd 37.5
Canex vag (naga 12.5
Frsbica altaica 25.0
e
NON-VASCULAR .
Bryophyte Drepanocladus uncanatud 50.
Ditrnichun, ftexicauge 25,
Lichen None. N/A

STRATUM sprcles . i WLR |
TREE None. N/A N/A
{over 2m)
S N ]
TALL SHRUB
{over i Foguded o tadmoaond 62.5 2.8
Sy abtwiet 47.5 1.6
At Om il 12.5 0.4
MEDIUM SHRUDB |- Retua ¢ landulosa 62,5 2.4
(10w - 1m) Populus balsumd{cra 50,0 1.3
Pecea glauca 87.5 1.0
Coemrendig elnaionsds 25.0 0.8
WARF SHRUB , .
D s fateqrdifolda 75.0 8.6
(0 = 9am) . ..
Tayas Jrummonddd 75.0 7.8

0.9
0.4

B L LT R T

0.3
0.3
0.1

0.9
0.1

e e Pnrcs e

N/A

* Includes pteridophyte .species.
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This linear disturbance was, botanically, the lcast developed site. Although a specics
richness of 56 was comparable with other communities, total cover was only 22.2%. In
addition there was no tree stratum, and shrub density was relatively low at 18.2 stem m'2.
Even shrub cover was sparsc, sefative to other sites, at 15.8%.

Salix alaxensis and Populus balsamifera were the prominent tall shrubs in a
well-distributed, but meager lé)'cr (Table 4.12). Medium shrubs were more common, but also
sparse. Betula glandulosa and Potentilla fruticosa contributed about 50% of this laver's cover
while Picea mariana and Picea glauca were scattered throughout this stratum.

Dwar{ shrut species fmvc tended to be the most successiul colonizers of the CANOL
disturbances. This bladed slope was no exception, as this growth form accounted for
approximately 50% of the total cover, Evergreens dominated and constituted seven of the
eight species. Dryas integri folia and D. drummondii achicved the highest covers (Table 6.10).
Two forb species, Senecio lugens and Anemone parviflora were well-distributed throughout
this site but, typically, managed only low covers.

Carex scirpoidea, a1 2.6% cover, was considered abundant on this disturbance but it
exhibited a clumped distribution (Appendix 6). Other important graminoids in this moderately
well-developed layer were C. microglochin and C. vaginata.

Although five lichens were identified, this layer had a cover of only 0.1%. Bryophytes
were slightly more abundant, but were also scattered throughout the stand. Rhytidium

rugosum and Drepanocladus uncinatus were the major taxa.

Road
The Road vegetation was typified by well-developed tall and dwarf shrub strata. All

other Jayers exhibited moderate 10 poor development. A total of 27 trees: 22 Populus

1

balsamifera and 5 Picea glauca, were counted for a density of 80 stem ha™". The presence of

2

P. glauca in the tree layer and its high density of 3.46 stem m” in the shrub strata indicated

excellent tree Tegeneration, as this value exceeded tl:at of controls.



Table 4,108

Bladed Surfacw G, Dodo Valley, N.W.T,

Mijor Spwcics Per Stratum

STRATUM SPECILS \ FRLQUENCY S CWLR
Lo e e ]
TREE “Nong N A N/A
(over 2m)

et
TALL SHRUB | Safix alaxcnsis 50,0 0.9
fover Li Populus baliamifena 200 0.8
Salix aabusculodides 00,0 0.2
Satea glauea 20.0 0.2
MLEDIUM SHRUB
(10 an - 1m) | Betula glandulosa 100,0 0.6
Potentilla §ruticosa 100,0 0.5

DNARF SHRUB | 9y 124 integnifolia 100.0 8.0
10 - Sam} yas drumnondid 80,0 2.2
FORB

Broad leaf e ed e U 80,0

herbaccouse| MY (uﬂl'_u :
Anemene panviglona 100,0
Gramineid Carex scirpoidea 40,0 2.6
Carex microglochin 40,0 0.7
Canex vaj<{nata 40,0 0.¢
NON-VASCULAR
Bryophyte Rhytidium nugosum 25,0 0.8
prepanocladus uncinatusd 40,0 0.4
Lichen Dactylina arctica 20,0 0.1
Cetrania nivalis 20,0 0.02
Cladonia veaticddiata 20,0 0.02

* Includes pteridophyte. species,
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The tall shrub stratum was composed of six speeies, had a 77% frequency, and a cover
of 11.6%, thus accounting for 17% of the total vegetation, Populus balsamifera and Salix
alaxensis dominated this layer, and combined 10 produce 82% of the tall shrub cover (Table
4,13).

Twelve species occupied the medium shrub layer, only four less than on the adjacent
East and West Controls. The abundance of this stratum was far less substantial, however. as
mean cover was just over 4%, Salix brachycarpa, 2 common sand dunc and gravel bar species.,
and Potentilla fruticosa were the most abundant taxa (Table 4.13).

The dwarf shrub stratum was again the best developed layer. Dryas drummondii, a
shade-intolerant gravel bar specics was ubiquitous on the road, constituting almost 63% of the
plant cover. D. integrifolia, was also an important species.

The species rich (R =34) and exiensive (frequency = 93%) forb stratum had a cover
of only 2.6%. Equisetum arvense, Epilobium latifolium. and Oxytropis campestris were key
forb species, however, the graminoid, lichen, 2nd brvophyte layers were sparse as no species

achieved a cover greater than 1%.

Telephone Line Right-of-Way

Vegetation on this bladed trail was abundant, as mean plant cover was 108%.
Physiognomically, the Telephone Line Right-of-Way had well-developed medium and dwarf
shrub, graminoid, lichen and bryophyte layers. All five were relatively species-rich, had high

2 for the erect

frequencies ( 76% or greater), and cover values, Stem densities of 74.6/m
shrubs also indicated a wéll-developed shrub stratum. Picea glauca and Larix laricina were
the major tree species in a moderately well-developed tree layer (Table 4.14 and Figure 4.5).

Tall shrubs were sparsely distributed, contributed only 5% of the total cover and
formed the most species-poor understory stratum (R=6). Salix alaxensis was the‘ dominant
shrub in this layer (Table 4.14).

Three evergreen and eight deciduous species composed the medium shrub layer. Both

spruce tree species were also present, but had low covers: . Picea glauca at 0.7% and P.



Table 4,131

Head== tode Velley, N.W.T,

Maujor_ Sgescsior Bor Stratun

e st

STRATUM SPLCILS \ FREQUENCY s COVLR
TREE
luver 2 ., )
wor ) fopulus balswidieat 17.1 0.6
Picea glauca 5.7 0.1
TALL SHRUB
{aver 1m) Populus balsumefena 87.1 5.5
Salix alaxensdis 40,0 4.0
Alnus calspa 17.} 1.8
MEOIUM SHRUB
(10 an - 1n) | Sadéx buackyearpa 45,7 1.7
Potentilla grulicoda 57.1 0.8
DWARF SHRUB
{0 - 9am) Pryas dawmmond<{d 94,3 42.9
Tryas dntegrifolia 65.7 4.5
- R |t
FORB
proad leaf Equisetun arvense 28,6 .2
herbaceous®|  puipobium atifolism 34,3
Oxyinopds campes tiid 2.9 .3
Graminoid Canex microglochin 28,6 0.1
Calamaghod Tis putpuraascens 2,9 0.1
N ] SN
NON-VASCULAR o
pryophyte Rhytidium augosum 14.3 0.2
Tiw (deum abied Cnwn 17.1 0.1
Lichen :
Cetrania nivalis 2.9 0.0003

* Includcs pteridophyte species.




Tatde 4,14

Tesde-phione Hight=of =Wiy, Tode vinlloy, N.W.T,

Mijor Spoeien Por Stratwn

-y

STRATIM SPECILS \ FRLQUINGY | "4 COVLP
TREL . '
{over o) Pleca glauca 40,0 1.6
bavin Ea8du it 12,0 0.8
Pacea mardana 8,0 0.2
TALL SHRUB
fovur 1m) Satix ataxensds 28,0 4.0
Picea glaueca 52.0 1.0
MEOIM SIRUB | 50 pupa gLandutosa 90.0 7.0
{1tan = 1m) Ledun gnoentandicum 84.0 2.8
Vaceinium uliginodum 96.0 .2
Potentilla fauticosa 92.0 2.1
DWARF SHRUB Salix mptillifolia 84.0 3.6
(0 - 9am) Dryas integrifolia 72,0 3.0
Arctostaphylos rubra 92,0 2.8
Empetaum nighum 80,0 1.0
FORB
Broad lcof Equisetum arvensc 44,0 0.7
herbaceoust| - g sunea angus i foida 56,0 0.6
Equisctum scdapoides 04.0 0.3
Graminoid Carex vaginata 72,0 2.6
Festuca altaica 84,0 2.2
Carex seirnpoidea 80.0 2.2
NON-VASCULAR
Bryophyte Hylocomiun splendens 68,0 24,32
PLeurozium dchnebert 72,0 10.1
Rhytddium augoswn 84,0 9.1
Lichen Claddina mitds 64,0 8.6
Cladonia gracilfis 32,0 1.3
Potedgena aphthesa 40.0 0.3

* Includes ptcrido;-hytc species,
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mariana at 0.03%. Due to the relative openness of the cahbpy it waé not surprising that three
of the:four most abundant species were deciduous: Betula glandulosa, Vaccinium uliginosz)m.
and Potentilla fruticosa. |

The dwarf shrub stratum was species-rich ‘(R‘== 13). Salix myrtilli folia, a deciduous
species, was the most common, followed by Dlryas integrifolia, Arctostaphylos rubra and
| Empetrum nigrum (Table 4.14).

As was the case for most of the communities, forbs contributed the greatest number
of species, but had low covers. Pteridophytes were the most prominent growth form, as
Equisetum arvense and E. scirpoides combined for a mean cover of almost 1.00%.

The common graminoids were dominated by Carex scirpoidea, Festuca altaica, and
Carex vaginata. Cladina mitis was clearly the most abundant lichen, contributing 80% of the
total cover. Cladonia gracilis and Peltigera apthosa were also important taxa. Frequency was
100% while cover contributed over 45% of ‘the vegetation total.

Hylocomium splendens and Pleurozium schreberi dominated the extensive b1vophytle
layer (Table 4.14). Frequency was 100% while cover contributed over 45% of the vegetation

total.

Minor Right-of-Way

The: medium shrub, dwarf shrub and bryophyte layers of the Minor Right-of -Way
had 11, 10, and 12 species, respectively, maintained a 100% frequency, and had high covers.
Forbs, graminoids and lichens were less abundant, but also species-rich-and common. A total -
mean cover of 85% indicated that species abundances were, on average, over 20% lower on this
Right-of -Way than on the Telephone (Table: 4.15). The majority of this disparity in cover
between the two Bladed Trails was due to an almost 20% lower non-vascular plant cover on
the Minor Right-of -Way. A greater amount of exposed mineral sdil observed on the Minor
Right-of -Way strongly suggested deeper blading during construction. This may account for its

lower non-vascular cover.



Table 4.15: Mipor Right-of-Way, Dodo Valley, N.W.T.

Major Species Per Stratum

STRATUM SPECIES Vv FREQUENCY A COVER
TREE
{over 2m) Picea glauca 35.0 .0
Larix laricina 15.0 .4
Picea mandana 10.0 .2
TALL SHRUB
{over 1m) ‘
Alnus erdspa 35.0 .
Salix arbusculoides 40.0
MEDIUM SHRUB Betul: glandulosa 95.0 8.1
(10em - 1m) Potentilla frulicosa 95.0 2.7
Ledum groenfand{cum 100.0 2.
Vaceinium ufiginodum 95,0 1.1
DWARF SHRUB | Salix myatitlifolia 80.0 3.2
(0~ 9cm) Dnyas integrifolia 90,0 2.9
Safix neticulata 65.0 1.2
Actostaphylos rubra 75.0 1.2
FORB
Broad leaf Equisetum arvense 45.0 3.2
herbaceous®|  ¢.. sinea angustifolia 40.0 0.2
Paanassia palusindis 85.0 0.2
Graminoid Carex scirpoddea 90.0 3.1
Festuca altaica 80,0 1.7
Canex vaginata 80.0 1.4
NON-VASCULAR .
Bryophyte Bylecomiwm splendens 35.0 11.5
PLeunozium schreberd 75.0 10.1
Rhytidium Augosum 90.0 4.3
Lichen Ceadina mitis 60,0 6.6
Cladonia . ghacilis §5.0 0.5
Petiigera aplithvsa 30.0 0.5

* Includes ptcrido’;?hyte species,
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Although all three tree species had colonized the Minor Right-of -Way they were
relatively rare (Figure 4.6). Picea glauca, with ten individuals, had the highest stem density,
followed by Larix laricina and Picea mariana with nine and two, respectively. Seven of the
nine Larix laricina trees were found in one quadrat‘and, consequently, had a much lower
frequency at 10% than Picea glauca (Figure 4.6).

Tall shrubs were also sparse. The major species were Alnus crispa, and Salix
arbusculoides, while Picea glauca, P. mariana and Larix laricing were also present (Table
4.15).

The medium shrub layer was the best developed vascular plant stratum. The four
dominant species were identical with those of the other two bladed trails and the West Terrace
Control: Betula glandulosa, Potentilla fruticosa, Ledum groenlandicum, and V accinium
uliginosum. Betula glandulosa accounted for almost half of the total cover of this layer. The
presence of Picea glauca and P. mariana in this stratum once agl'liﬂ indicated successf ul
regeneration of tree species.

Salix myrtillifolia, Dryas integrifolia and Arctostaphylous rubra dominated the dwarf
shrub layer of this and the other two Bladed Trails and West Control.

The sparse but rich forb layer (R = 33) was dominated by Equisetum arvense,
Saussurea angustifolium and Parnassia palustris. Graminoids, particularly the sedges, were
moderately abundant and well-distributed. Carex scirpoidea, Festuca altaica and Carex
vaginata were the major species.

The lichen stratum was dominated by a single taxon, Cladina mitis. 1ts cover was 12.5
times greater than that of any other lichen on the Minor Right-of-Way. Dominance amongst
the bryophytes was shared by several feathermosé species: Hylocomium splendens, Pleurozium

schreberi and Rhytidium rugosum (Table 4.15).

Major Right-of-Way
Vegetation in the Major Right-of -Way was modefately abundant (cover =79%) and

species rich (R =80). Physiognomically, this disturbance was similar to the other bladed trails,
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with well-developed medium shrub, dwarf shrub and non-vascular plant layers. Diff erences
included a proportionately more abundant graminoid stratum and the aimost complete absence
of a trec layer,

Only one species, Picea glauca, was identified in the tree stratum. It had a low
frequency (6.6%) and cover (Table 4.16). This layer's sparseness was exemplified by the fact
that no trees were rooted in any surveyed quadrat (i.e, stem densily was zero).

Five tall shrub species were located on the Major Right-of -Way, but typically
frequency and cover were low. Salix alaxensis and S. glauca were the \wo major taxa. Picea
glauca wés rare, indicating limited regeneration.

The medium shrub layer (r= 10) had a cover of 15% and was the best developed
stratum. Vaccinium uliginosum was more abundant here than anywhere else in the study area.
Betula glandulosa, Ledum groenlandicum and Potentilla fruticosa were also important species.

Dwarf shrubs were dominated by Arctostaphylos rubre, Linnaea borealis and Dryas
integrifolia. This layer formed a uniform mat throughout the bladed trail.

The forb layer which had 27 species and a cover of 4%, was dominated by two
nitrogen-fixing legumes: Hedysarum boreale and H. alpinum. Carex membranacea, exhibited a
clumped distribution but comprised 57% of this layer's cover total. Other important species
were Elymus innovatﬁs and Festuca altaica (Table 4.16).

Cladina mitis was the dominant taxon in the species poor (R=8) and patchy lichen
stratum as its cover of 4.2% was low in comparison to the Telephone and Minor
Rights-of -Way (8.60 and 6.61%, respectively). Cladonia stellaris and Cladonia gracilis were
also relatively common.

The bryophyte layer was better developed, With the exception of Thuidium abietinum,
Pleurozium schreberi, and Rhytidium rugosum, most species were patchy. Hylocomium
splendens was also infrequently encountered achieving a cover of only 3.0%, far below its

abundance on the other bladed trails and control sites (Tables 4.1 to 4.2 and:4.14 t0-4.16).



Table 4.16: Major Right-of-Way, Dodo Valley, N.W.T.

: Major Species Per Stratum

STRATUM SPECIES % FREQUENCY $ COVER
TREE
{over 2m)
Picea glauca 6.6 0,1
TALL StRUB
(over 1m) Satix ataxensis 33.3 0.5
Salix glauca 13,3 0.4
MEDIUM SHRUB |  pageinium uliginosum 80.0 5.0
(10am - 1m) Betula glandufosa 67.0 4.8
Ledum groenlandicum 87.0 2.3
Potentilla fruticosa 80,0 1.3
DNARF SHRUB Metostaphylos aubra 80.0 2.9
{0 - 9am) Linnaea bonealls 60,0 2.8
Dnyas 4integrifolia 73,0 2.3
Salix mpptillifolia 60.0 1.9
FORB
Broad leaf Hedysanum boreale 40.0 1.1
herbaceous®l  yogusanum alpinum 67.0 0.7
Equisetum arvense 47.0 0.5
Graminoid Carex membranacea 20.0 9,2
‘ ELynus {mmovatus 80.0 2.4
Festuca altaica 87.0 1.7
NON-VASCULAR .
Bryophyte DPrepanocladus unednitus 20.0 11.0
Peunozdium achreberd 60.0 5.5
Hylocomiwm . spLendens 20.0 3.0
Lichen Cladina mitis 33.0 4.2
Ctudina stetlanis 13.0 1.5
Cladonia gracilis 40.0 0.5

* lncludes pteridophyte species.
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4.2.3 lmportaht Plant Species on Disturbances

Nﬁmerous‘plkam species exhibited moderate (2 to 5%) to relatively high ( >>5%)
covers on the disturbances (Table 4.17). These taxa not only demonstrated an ability to
survive or colonize disturbances, but persist on them as well,

T\&o species achieved at least 2% cover on virtually all the disturbances: Betnla
glandulosa and Dryas integrifolia. All others appeared to be restricted to particular
disturbances or disturbance types.

Dryas drummondii, Populus balsamifera, Salix alaxensis, Betula glandulosa, Carex
scirpoidea as well as Dryas integrifolia were the principal taxa on the #.0ad and bladed slopes.
These disturbances appeared to be colonized strictly by seed.

The three borrow pits contained more abundant species than the Road or bladed
slopes, due in part to rafting. Betula glandulosa, Salix alaxensis, Salix arbusculoides, Dryas
integrifolia, Potentilla fruticosa, and Drepanocladus uncinatus may, therefore, provide some
reclamation utility if’ sod transplants are used.

Many of the common bladed trail species most probably survived the original
perturbations. Common taxa were primarily non-vascular plants: Hylocomium splendehs,
Pleurozium schreberi, Rhytidium rugosum, Drepanocladus uncinatus and Cladina mitis.
Important vascular plants included Betula glandulosa, Salix myrtillifolia, Dryas integrifolia,
Ledum groenlandicum . and. Arctostaphylos rubra. Carex membranacea, which was locally
abundant on the Major Right-of -Way, and Carex scirpoidea on the Telephone and Minor
Rights-of -Way, were the only sedges or graminoids which responded favourably to the bladed

trail's conditions.
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4.2.4 Soils
Soils of the CANOL disturbances were described and sampled in at least two
locations. To avoid repetition the threc Borrow Pit soils were described together, Samplé

profiles from each site are listed in Appendix 7.

Borrow Pits
Borrow pit soils were extremely heterogencous, but were dominated by Orthic and
Gleved Regosols. Regosolic soils are well- and imperfectly-drained mineral soils, which have

horizon development too weak to meet the requirements of any other order (CSSC 1970).

Regosols:

The well-drained Orthic Regosols were confined to the Borrow Pit walls. They were
characterized by very gravelly loam (50 to 90% by volume), with silt-clay and sandy lenses.
The gravel consisted of sub-angular to angular stones from 1 10 20 cm in diameter. An ‘Ah
horizon of up to 3 ¢cm was discontinuously distributed through the Pit side walls. Imperfectly
drained Gleyed Regosols characterized the floors of all 3 Borrow Pits. Faint mottling and very
dark gray to dark gray-brown colours were typical of these gravelly, but relatively

fine-textured, soils. Clay contents ranged from 40 to 75% in the surface horizons.

Eutric Brunisol:

Profile development which met the requirements of the Brunisolic order (i.e. Bm and
Ah horizons), were observed near the edges of the Pits. The limited presence of Brunisols at
the periphery of the Pits indicated either incomplete destruction of the soil by gravel
extraction activities, or post-disturbance erosion from upélope locations. The latter process

would have contributed to the observed soil heterogeneity.
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Bladed Slope D

While soils in the Borrow Pits were spatially heterogencous, those of Bladed Slope D,
and presumably Bladed Siope G, were uniform across the slope. Bladed Slope D's soil was
classified as Eutric Brunisol, the same type that dominated the adjacent East Talus Control.
Although the LFH and A horizons had been removed during the CANOL disturbance, a large
portion of the B horizon (8 1o 11 cm) remained.

Soil reaction at the surface and with depth was moderately alkaline (8.0 to 8.1).
Texture was characterized by excessively stony loam and sand); loam material. Clasts which

ranged in size from 1 10 25 cm, were rounded to angular in form,

Road

The Road substrate consisted of compacted coarse-textured gravelly material extracted
from the Borrow Pits, and buried pockets of organic soil, which had been incorporated into
the Road fill. Pre-disturbance soils were essentially eliminated during Road construction,
either through burial or excavation. Due to the youthf uiness of the substrate (40 years), and
the lack of horizonation, the Road soils were classified as Regosols. Although Orthic Regosols
predominated, Cumulic Regosols were also present, and were defined on the basis of buried
LFH horizons (CSSC 1977).

Soil reaction was mildly alkaline, with pH's ranging from 7.5 to.8.1. Rounded to
sub-angular pebbles and boulders from 1 cm to 50 cm in diameter composed 80 to 90% of the
substrate, with the other 10 to 20% characterized by sandy and sandy-loam soils. Although
organic matter in the surface horizon did not exceed 2.5%, intrusions of F-H and Ah ma;eriél,
were present at depths from 20 to 50 cm (Table 6.24). The buried orgahic horizons averaged

36% and 5% organic matter, respectively.
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Telephone Right-of-Way
The north-south oricnted Telephone Line Right-of -Way was dominated by Orthic

Gleysols, Eutric Brunisols occurred in the northern portion of Stand C only,

Eutric Brunisol:
The Eutric Brunisol soil had a moderately thick (22 to 33 ¢cm) LFH horizon overlying
a sandy loam Bm, and an cxcessively stony Bm2 horizon. Soil rcaction was neutral at pH 6.6

near the surface, and incteased to mildly alkaline (7.6) in the Bm horizon.

Orthic Gleysol:

Common, coarse and distinct mottles characterized the Bg horizon of the Orthic
Gleysols. Soil colours of dark gray brown to very dark gray, and chromas of one also -
indicated reducing conditions. The LFH horizon approached 40 cm in thickness at the north
end of this soil type, but was virtually absent at the south end. Angular to sub-angular, one
to ten cm diameter stones were present in the Bg horizon, but occupied as much as 75%, by
volume, of the Cg horizon. Soil reaction was slightly acid (6.1) in the organic lavers, but was
moderately alkaline in the C horizon. Where the organic matter layer was absent, the B

horizons were more alkaline (8.0).
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“Minor nght-ofany

The Minor Right-of -Way was located on the upper terrace and, therefore, crossed the
same soil type as much of the T*!rione Line Right-of -Way (i.c. Orthic Gleysols).

No mottling was obscrved but a very dark gray colour and a chroma of 1 in the clay
loam Bg horizon indicated the presence of gleying, Depth of the organic horizon varied from
6 c¢m in Stand C to 23 cm in Stand E. This variability was most probably duc to irregular
blading along the trail or 10 an irregular relict microtopography. Compared to the
Undisturbed Controls, the pereentage of exposed mineral soil was higher on this
Right-of -Way (5% versus 9%). This indicates that, unlike the Telephone Right-of -Way
blading disturbed or removed the LFH horizons of the Minor Right-of -Way'.

Soil structure was weakly granular, although clay lenses had medium sub-angular
forms. The B-C horizon was cxcessively stony, with sub-angular stones to rbundcd pebbles
occupying 90% of the soil by volume. Soil reaction was neutral at the surface (6.6 to 7.2),

and mildly to moderately. alkaline in the C horizon (7.5 to 7.7).

Major Right-of-Way

This bladed trail was located on the lower alluvial terrace of the West Terrace
Control. Dominant soil attributes for much of the right-of -way were buried L-H and Ah
horizons. These soils were classified as Cumulic Regosols.

Stoniness, a feature which characterized the surface or near-surface mineral horizons
of most of the other soils, was present at a depth‘ of 12 cm in Stand HA of the Major
Right-of -Way. This horizon was buried under incréasingly thicker layers of FH, Ahand
sandy loam and loam material towards the west, where the rounded to sub-angular'l to 8 cm
diameter stones were located at a 40 cm dépth in Stand HC.

The Cumulic Regosols exhibited a weak, granular structure. Surface reaction was
moderately alkaline (pH 7.8 to 8.0), and did not change with depth. Exceptions in this regard
were at buried, but relatively thin (1 to 4 cm) organic horizons, which had pH values 0.5

units lower. Organic matter at the surface was less than 4% and on average, decreased with
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depth. Buried organic horizons had pcrécnt organic matter values that ranged from 6.7 wo 60,5 |
%.

S‘oll Moisture and Soll Temperature

Sofl moisture and temperature (i.c. "soil climate") were measured periodically at 10
cm depth in cach stand from June 30 through Angust 30, 1983. Each stand's values were
compiled and allecated to the appropriate disturbance or control category.

Soil temperatures at 10 ¢m. depth on the CANOL disturbances had considerable
between-site ranges in value, and all were slightly to substantially warme= than a‘djaccm
controls (Table 4.18). Soil temperatures ranged from 6.8°C on the Telephone Line
Right-of -Way, 10 13.8°C on the Bladed Slopcs; Soil moisture values displayed an cven greater
range. The Bladed Slopes, Borrow Pits, and Road all averaged between 10% and 11% moisture,
while the Minor Right-of -Way was over 160%. Disturbances of high intensity (8 to 10, i.c.
Road, Borrow Pits, and Bladed Slopes) were significantly (p < 0.05) warmer and drier than
controls. Soil climates on the Bladed Trails, which were disturbanccs of moderate intensity

(class 6), were warmer but not significantly (p >> 0.05) drier than conirols.

Road, Bladed Slopes and Borrow Pits

Borrow Pits and Bladed Slope temperatures were on average 3.1°C and 4.9°C warmer
than adjacent Undisturbed Control soils of the East Talus Control. Soil moisture was
significantly (p < 0.05) lower, as it was 70% lower than the sume control.

The Road had a similar soil climate to the Bladed Slopes and Borrow Pits. This
perturbation bisected the East Talus and the Upper Terrace portion of the West Terrace
Controls. The Road's average soil temperature of 13°C, was 4.1°C and 7.9°C warmer than
the two respective controls. Soil moisture was less than 11%, significantly lower than the East’

and West Undisturbed controls.
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Bladed Trails

The Telephone Line Right-of -Way at 6.8 C, was significantly (p < 0.05) warmer
than the Undisturbed Upper Terrace soils at 10 cm. depth. This value for the Bladed Trail -
was statistically the same as the combined West Terface Control tefnperature index value of
6.1 °C. 1t was, however, significantly (p < 0.05) cooler thah the East Talus Control (Table
4.18). In addition, the Teléphone Line Right-of -Way was slightly, but not significantly p <
0.05), drier than Upper Terrace soils.

The soil climate of the Minor Right-of -Way was significantly warmer than that of the
Upper Terrace and Telephone Line at 10 cm. depth. Its mean value of 9.1°C was statistically
not different from the Lower Terrace at 7.2°C or the East Side Undisturbed Control (8.9
OC).‘ The Minor Right-of -Way was the wettest of the disturbances, with an average moisture
content of* 161%. This value was comparable with those of the Upper Terrace and Telephone
Line. In ‘spite of being substantially wetter ’than the East Talus Control (81%) and the Major
Right-of -Way (45%), there was no significant (p < 0.05) difference. This may be
attributable to the small sample size (n = 12).

The Major Right-of -Way was situated on the lower ailuvial terrace. Its mean soil
temperature at 10 cm depth was 10.5 0C, over 3°C warmer than the adjacent undisturbed
soils. As a consequence, soil temperatures along this Bladed Trail were significantly (p <
0.05) warmer than both terraces, and slightly higher than the East Talus Control. This
disturbance had the warmest soil climate of the three Bladed Trails. It was also the driest, as
the average soil moisture at 10 cm depth was 45%, over 100% lower than either the Telephone
Line or Minor Rights-of -Way. This was not due 10 the perturbation, however, as soil
moisture was significantly different from that of the lower terrace (53%), nor from the East
Talus Controt (81%).

In general, soil climates of CANOL disturbances were categorized as:

1) warm and mesic (i.e. Borrow Pits, Bladed Slopes, and Road);

2) moderately warm and mesic (i.e. Major Right-of-Way);
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3) hygric and moderately cool (i.e. Telephone Line andMinor Rights-of -Way).
The Controls ranged from mesic on the East, to hygric and cool on the upper terrace

of .the Wesi Control.



5. INTEGRATION~ FLORISTIC RESPONSES

As was previously discussed in the Introduction, the long-term floristic responses of
Subarctic vegetation to disturbance may range from enhancement to degradation. Using the
controls as yardsticks, thé forty year responses of each CANOL disturbance flora at milepost
40, Dodo Valley, N.W.T. were evaluated,

Five characteristics of the flora were used for the comparisons:

1) plant species composition;

2) plant species richness (R);

3) plant species abundances;

4) plant species equitability (C);

5) relative floristic development.
The multivariate analyses that were conducted (TWINSPAN, DECORANA and CLUSTAN)
utilized both species composition and abundance data. Besides plant community classification,
these analyses can also provide a measure of floristic development on the disturbances relative

to-the controls.

5.1 Plant Species Composition

Forty years following CANOL No.1l Project abandonment,‘ there were no plant species
occurring exclusively on the disturbances at milepost 40, Dodo Valléy, N.W.T. This result,
contrasts with Kershaw (1983),Qho noted that the flora of CANOL disturbances above
timberline frequently contained species not present in adjacent controls. Wein and
El-Bayoumi (1983) noted that Boreal and Subarctic plant community responses to disturbance
are often characterized by changes in species abundances, not composition, however. An
analysis of the degree of floristic similarity among the CANOL disturbances and undisturbed
controls supported this statement (Table 5.1).

A moderately high degree of floristic similarity existed among all disturbances and
undisturhed controls, as Sgrensen's Index values ranged from 55 to 80. Index values for the

bladed trails and the Road were the highest, as all had scores between 70 and 80. The borrow
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Table 5.1:

DISTURBANCE
Borrow Pit A
Borrow Pit B
Borrow Pit F
Bladed Slope D
Bladed Slope G
Telephone R.O.W.
Minor R.O.W.
Major R.O.W.

Road

Floristic Similarity Coefficients Comparing

Control and CANOL No. 1 Project Disturbance

Plant Communities

Milepost 40, Dodo Valley, N.W.T

EAST TALU% WEST TERRACE STREAM
NO. OF SPECIES CONTROL CONTROL BED CONTROL

53 60 * 35 48
69 71* 66 60
56 64* 55 50
56 60* 57 56
56 65* 56 40
92 76 80 * 47
91 78 80 * 45
80 73 75 * 52
86 75* 72 51

1. Species richness for East Talus Control = 114.

2. Species richness for West Terrace Control = 138.

3. Species richness for Stream Bed Control = 46.

* Indicates. control to which this disturbance is most similar.

97



98

pits and bladed slopes were 10 to 15 units lower. Sérensen’s Stream Bed Control indices were - ‘
smaller for all CANOL perturbations (Table 5.1).

The relatively high index scores for the bladed trails were expected, since not all of the
vegetation was destroyed during construction. As a corollary, the borrow pits and bladed
slopes were higher magnitude disturtances. This factor seems to explain their lower Sérensen's
values. De Byle (1976), Kershaw (1983), Wein and El-Bayoumi (1983) and Zasada (1986)
have also noted similar relationships between disturbance magnitude and species composition,
Contradicting the apparent relationships between disturbance magnitude and species
composition, were the Road results. This perturbation represented the highest magnitude
disturbance, yet had Sérensen's values comparable to the bladed trails (Table 5.1).

"Disturbance area” may account for the Road's relatively high scores. This site was
the largest and, therefore, most intensively surveyed disturbance (Section 3.2). As a result, 86
taxa were identified, a value similar to the bladed trails. Since there were no "new" species on
the disturbances, Sérensen's Index was largely dependent on species richness. Generally, the
higher the R number, the greater the Sérensen's value. For example, the West Terrace
Control contained 24 more species than the East Talus Control and, thus, produced a
substantially larger denominator during Sérensen's Index calculations (sec section 3.5.1). If all
of the species on the disturbance were present on both controls, then the East
Talus-disturbance Sérensen's index values would be larger. Besides the Road, it was
determined that Borrow Pits A and B, and Bladed Slope D were also affected by this
phenomenon.

In spite of the inherent bias in Sérensen's Indices, proximity to controls may also have
influenced species composition. Borrow Pit F and Bladed Slope G were located in the East
Talus community, and both had their highest similarity indices with this control (Table 5.1).
An even more convinéing result occurred with the bladed trails, all of which were located on
the West Terrace controls. These three disturbances had considerably mbre species in common

with the West Terrace control than the East Talus (Table 5.2).



Table 5.2:

Number of Species Common to the Bladed

Trails and Undisturbed Controls

Milepost 40, Dodo Valley, N.W.T.

Disturbance
Telephone R.O.W.
Minor R.O.W.

Major R.O.W.

East Talus West Terrace
78 92
80 91
71 80
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In summary, most sites had moderately high Sérensen's values. Discrepancies among
the disturbances appeared to be related to differences in disturbance magnitude, geographic
proximity to controls, and species richness. An additional f actor may be habitat conditions.
For example, fewer pre~disturbance species may have been capable of colonizing the warm
and dry bladed slope conditions when compared to the bladed trail soil climates (Kormakova
and Webber 1980, Grime and Anderson 1986). Generally, the sites which exhibited tﬁe best
recovery in terms of species composition were the bladed trails and, with qualifications, the
Road. The borrow pits and bladed slopes had fewer species in common with the undisturbed
controls and, therefore, were in a more "damaged" state.

The absence of a single taxon occurring exclusively on a disturbance indicates that,
after 40 years, species Teplacement sequences may either be complete or never occurred. The
alternative is that rare and. presumably, suppressed individuals in the undisturbed vegetation
have proliferated on the disturbances. This process is purportedly operative throughout the

North (Viereck 1975, Wein and El-Bayoumi 1983).

5.2 Plant Species Richness (R)

The East Talus and West Terrace controls contained 114 and 138 species, respectively.
These values were markedly higher than on the other sites, where R ranged from 48 on the
Stream Bed to 92 on the TelephoneRight—of -Way (Table 5.3).

Species richness was significantly (p < 0.05) correlated with disturbance size and,
therefore, sampling ‘in‘tensity. In order to reduce the influence of these two factors on R, the -
meannumber of species per stand was calculated (Table 5.3). Each stand contained five
quadrats.

Differences in R were reduced considerably. Species densities on the two undisturbed
controls were identical at 52. Borrow Pits A and B, Bladed Slope G, the Telephone and Major
Rights-o7-Way all had §alues comparable to the controls. The Stream Bed and Road had

substantially fewer species per stand than the controls, while the Minor Right-of -Way was



Table 5.3: Species Richness-- Controls and Disturbances

Milepost 40, Dodo Valley, N.W.T.

101

No. of No. of Mean Species No. .of
Location Species Quadrats  Per Stand * Stands
East Control 114 70 52 7
West Control 138 118 52 12
Stream Bed 48 20 29 2
Borrow Pit A 53 8 50 1
Borrow Pit B 69 9 56 1
Borrow Pit F 56 7 44 1
Bladed Slope D 56 8 46 1
Bladed Slope G 56 5 56 1
Road 86 35 37‘ 7
Telephone R.O.W. 92 25 53 5
Minor R.O.W. 91 20 64 4
Major R.O.W. 80 15 50 3

* Based on 5 quadrats/stand.
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considerably higher.

In summary, species density results indicate that the Road, Bladed Slope D and
Borrow Pit F were in a damaged state. Each of these CANOL perturbations had values only
moderately higher than the Stream Bed. Contrary to this trend, the Minor Right -of - Way
appeared to be in an enhanced condition, as it contained 12 more species per stand than either
undisturbed control. All other disturbances appeared to have recovered in terms of species
density.

The relatively low species density valuc on the Road and, to a lesser extent, Borrow
Pit ¥ and Bladed Slope D, suggests that these sites may have been relatively inhospitabie for
most pre-disturbance plant species. As previously disscussed, differences in species
composition among the disturbances and controls may be related to differences in habitat

suitability.

5.3 Growth Form Abundances

Total plant cover on the undisturbed controls ranged from 51% on the East Talus, to
105% on the Upper Terrace of the West Control (Table 5.4). The Stream Bed averaged only
43% cover.

Both terraces were dominated by bryophytes and shrubs, as these two growth forms
accounted for over 70% of the total plant cover. In contrast, bryophytes were relatively sparse
on the East Talus community, as shrubs and lichens dominated this control (Table 5.4). Only
the shrub growth form was common on the Stream Bed. It contributed 85% of the plant
cover. |

Disturbance communities had totai plant covers ranging from 22% on Bladed Slope G,
to 108% on the Telephone Right-of-Way (Table 5.4). ‘

3hifts in the relative abundances of each growth form type were évaluated for each
disturbance through calculation of growth form cover ratios (Table 5.5). The values were

compared with their respective counterparts from adjacent controls.
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Perhaps because of reduced competition for resources, particularly light, from a
sparser tree layer the two upper terrace bladed trails (Telephone and Minor Rights-of -Way):
exhibited an increase in the relative imporlaﬁcc of all understory growth forms. Shrubs and
bryophytes had the greatest change. Only shrubs and graminoids increased their importance
on t’he Lower Terrace's Major Right-of -Way. All other growth forms were eithér identical
(forb), or lower (tree and non-vascular planfs), than the Lower Terrace values (Table 5.4).

The borrow pits and bladed slopes were compared to the East Talus Control. Shrub
species such as Dryas drummondii, D. integrijfolia, Salix spp., often rapidly establish and
dominate bare surfaces (Grime and  Anderson 1986, Zasada ]986). Their dominance is often
usually only rcducéd following establishment of a coniferous tree canopy (Grime and
Anderson 1986). Borrow pits were charactcrized by a decrease in tree and lichen importance,
coupled with an increase in the shrub value. Graminoids were also more important in Borrow
Pit A. Treé, shrub and forb growth forms had greater ratios in Bladed Slope D while the
graminoid, lichen and bryophyte vélues declined. Only gfaminoids were more abundant on
Bladed Slope G than on the East Talus Control. The importance of shrubs was substantially
greater on the Road than either the East Talus or Upper Terrace Control. With the exception
of forbs, all othér growth forms had lower values (Table 5.4).

Conéidering that plant community recovery had been natural, it was interesting that a
substantial portion of the plant cover had been restored on most sites. Even high magnitude
perturbations, such as the Road and Borrow Pit B, had caver values which exceeded the East
Talus Control. Kershaw (1933) also recorded relaiively high plant cover restoration in alpine
communities, even on severe disturbances such as'CANOL borrow pits. Almost all sites at
mile post 40, Dodo Valley, exhibited a shift in growth form:abundances. Understory. vascular
plants achieved higher covers on the bladed trails when compared to adjacent controls. Shrub
was the major growth form on the higher magnitude disturbances. Over all, Borrow Pits A
and F, and the two bladed slopes still appeared to be negatively affected by the disturbances

as they had considerably lower cover values than nearby controls.
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Shifts in growth form abundances appear to be the most apparent floristic response
on-the CANOL perturbations at mile 40, Whether these shifts resulted in more or less even
distributions of abundancc amongst cach site's component specics was calculated using

Simpson's Index of Dominance Concentration (C).

5.4 Species Equitability

Borrow Pits A and F, the Minor and Major Rights-of -Way cach had a more even
distribution of abundances amongst the species (i.e. were more equitable) than cither control.
No single taxa or small group of species was clearly dominant on these sites (Table 5.6) Of
the remaining CANOL disturbances, only the Road had a substantially lower species
equitability. In fact, the C value of this perturbation was comparable with the Strecam Bed's.
In both cases, total plant cover was primari'y accoumed‘ for by a single species, Dryas
drummondii (see Tables 4.3 and 4.9).

Simpson's Indices revealed two other noteworthy resulis:

1) All bladed trail plant communities were more equitable than the adjacent West
Terrace control community;

2) The bladed slopes had markedly lower species equitability than the more intensively
disturbed borrow pits.

In fact, the mean Simpson's Index for the threc borrow pits (0:102) was lower than
that of the bladed trails' (0.107). This result was surprising, considering that the latter
disturbances were considered to have morc amenable growth conditions, and were lower
magnitude perturbations. Rafting may have contributed to the increase in species equitability
in the borrow pits.

I appears as though neither disturbance regime or habitat variables were relatéd 1o
long-term equitability characteristics. In general, the borrow pit and bladed irail vegetation
was morc equitable than the undisturbed control vegetation. These sites were thus considered

enhanced. Both bladed slopes were less equitable than the Controls and, therefore, were
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Table 5.6: Simpson's Index of Dominance Concentration

Controls and Disturbances

Milepost 40, Dodo Valley, N.W.T.

Site Simpson's Index (C)  Number of Stands
Borrow Pit A 0.088 1
Minor R.O.W. 0.096 4.
Borrow Pit F E 0.102 -1
Major R.O.W. - 0.104 3
East Talus Control | 0.105 7
Borrow Pit B 0.117 1
Telephone Line R.0.W. 0.122 - ' 5
West Terrace Control 0.140 12
Bladed Slope G | 0.164 1
Bladed Slope D 0.165 1
Road 0.433 7

Stream Bed Control : 0.540 2
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cbnsidered moderately damaged. The CANOL Road, with a C value over three timés‘higher
than either undisturbed control, was most similar to the Stream Bed. This site still must
undergo considerable recovery before pre-distufbance equitability is restored.

The preceding analyses revealed that substantial differences in species abundances
existed among the sites. Although there were no non-predisturbance taxa on the
perturbations, there were some species compositional differences as well.

Multivariate analyses uses both species composition and abundance data for site
comparisons. These analyses, therefore, integrate the above-lisied responses and provide

succinct expressions of relative floristic development.

5.5 Relative Floristic Development

Multivariate analyses (TWINSPAN and DECORANA) were used 10 evaluatekthe
degree of floristic recovery following CANOL disturbances at Milepost 40, Dodo Valley,
N.W.T. (Figures 5.1 and 5.2). The DECORANA axis scores were particularly helpful for this
purpose, since they expressed similarities among the flora in terms of distance. These distance
‘values, therefore, signified relative floristic development, when compared to the control
communities.

Incorporation of all bladed trail and one borrow pit stand into the previously
identified East Talus and West Control clusters (see Figure 4.1), signified their recovery in
terms of species composition and abundance. The Telephone, Minor and Major
Rights-of -Way were included in the West Terrace Control cluster, while Borrow Pit F was
included in the East Talus cluster (Figures 5.1 and 5.2). The remaining two borrow pits, as

well zs the three bladed slopes formed an additional cluster, while the Road and the Stream
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Bed stands composed another, As no undisturbed stands were present these sites were
considered to be:

a) in a damaged state;

b) enhancéd or;

c) neither of the above, but merely containzd enough "new characteristics” (e.g.
species) to be excluded from the undisturbed controls.

Generally, the West Terrace control and bladed trails represented the best developed
sites. All had relatively high plant covers, were species rich, and had even distributions of
abundance among their component species (low C values). Other vegetation stands were less
developed and thus approached the stream bed in the ordination diagram (Figure 5.2).

When viewed in this manner, the Road was the most damaged. In fact, this
perturbation formed a cluster with the Stream Bed (Figures 5.1 and 5.2), The bladed slopes
were also relatively poorly developed, followed by the borrow pits,

A more detailed examination of the clusters revealed the presence of distinct
sub-clusters. The West. Terrace Contro}-- Disturbance cluster (No. 1) and clustér number
three each contained two such entities.

The first sub-cluster of number one was composed of control stands DC, DD, and
DE, plus all Telephone (EC to EG) and Minor Rights-of-Way (FC to FF) Stands. The
second sub-cluster contained nine control and all three Major Right-of ~-Way stands. The two
sub-clusters from cluster number three were composed of: 1) Borrow pit and bladed sloﬁe
disturbances, and 2) the Road and Stream Bed control.

Several conclusions were drawn from this clustering pattern:

1) The disturbance flora most closely resembled that of similar disturbance types
and/or nearby controls;

2)The borrow pit and bladed slope flora was intermediate between the East Talus
control and the Road. This suggested that the East Talus control, borrow pits and bladed

slopes represented a floristic continuum between the stream bed and undisturbed communities.
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As discussed in Section 3.5.1; multivariate analyses uses both species composition and
abundance attributes. CLUSTAN analyses (Ward's method) was employed to help assess the
importance of each attribute type in cluster formation. This analysis revealed that the major
difference among the 45 stands was species abundance. The dissimilarity coefficient derived
from "raw" data (where cover values were emphasized), was 188.5. Emphasis on differences
in species composition produced a value of only 7.2. This result supported the Sérensen's

index results, which found there were few compositional disparities among the sites.

5.6 Discussion

After 40 years, CANOL disturbance vegetation encompassed a wide spectrum of
development, ranging from sites which had recovered in most respects (e.g. bladed trails), to
those which supported distinctly different plant communities (e.g. the Road). The major
disparity between the disturbance plant communities and their controls was a shift in plant
species abundances. Generally, understory vascular growth form cover was either restored or
they exceeded control values. In contrast, tree and non-vascular plant covers declined,
particularily on the higher magnitude disturbances. These were represented by the Road,
Borrow Pits and Bladed Slopes. Although there were no non-predisturbance taxa on the
perturbations, species compositional differences did exist among the sites.

Observations of relatively short-term (< 30 years) natural revegetation following
perturbations in other non- or deep- permafrost areas of the Subarctic have also indicated a
broad variability of plant community responses. Differences in recovery have been largely
attributed disturbance magnitude.

As was the case for the three bladed trails at mile 40, plant community recovery
following incomplete vegetation and soil destruction has not resulted in markedly different
floras eféewhere (Hernandez 1973, Dabbs et al. 1974,‘ Anonymous 1976, Johnson and Rowe

1977, Dyruess et al. 1986). This is primarily because much of the revegetation following
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undamaged rootstocks (Bell et al. 1974, Reid and Janz 1974, Vieréck et al. 1979). In addition,
invasion by seed propagules is considered minimal, although it varies depending on the
amount of organic matter removed from the surface and the species composition of the
predisturbance vegetation (Reid and Janz 1974). Since all plant species oh the three bladed
trails at mile 40 were also precent in the adjacent undisturbed vegetation the invasion and
persistence of long-distance dispersers was probably minimal or non-existent.

The principal resprouters and vegetative reproducers are usually grasses, sedges and
shrubs (Hernandez 1974a, Wein 1975). In situations where the understory vegetation has been
relatively undisturbed, a dense shrub or grass cover has commonly developed within two to
three vears. Reid (1974) observed that shrubs resprouted and reestablished their cover or
exceeded pre-disturbance levels on four-year-old seismic lines and winter roads in the
Mackenzie Valley, NWT. All three bladed trails were dominated primarily by shrubs, although
sedges were also abundant on the Major Right-of -Way. If Reid's (1974) time-frame were
appropriate for CANOL perturbations then the dense understory may have persisted f of as
long as 35 to 38 years.

Common resprouters noted elsewhere throughout the Subarctic were also important on
the CANOL bladed trails. They included Ainus crispa, Salix spp., Ledum groenlandicum,
Arctostaphylos rubra, Betula glandulosa, Vaccinium uliginosum, and Rhododendron lapponicum
(Hettinger 1973, Hernandez 1974b, Reid and Janz 1974, Riewe 1977, Zasada 1986). Carex
spp. and two grasses Calamagrostis canadensis and Arctagrostis latifolia are the graminoid
species which often tend to produce extensive swards on cutlines (Bell et al. 1974, Dabbs et
al. 1974, Wein 1975, Younkin 1973, Riewe 1977). These taxa were rare on the upper terrace -
bladed trails and as such, probably had not prolifertated on these disturbances. Wein (1975)
noted that these species may persist for ten years. Although this would have allowed sufficient
time for these graminoids to dominate and then decline, it probably did not occur owing to
the abundant shrub cover. Carex membranacea, however, was locally abundant on the Major
Right-of -Way. This taxon appears to have been well-adapted to conditions of periodic soil

saturation, particularily in depressions where it was most abundant.
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The reletively rapid growth and dominance of understory plant species on the milepost
40 bladed trails may have accounted for the restricted tree regeneration. Tree seedling
germination was likely prevented because of a reduction in light intensity and/or drier soil
Tegimes et the surface (Bell et al. 1974, Wein and E1~Baybumi 1983). As a corollary, others
have observed the rzlatively rapid establishment of conifer and deciduous seedlings wﬁcrc the
understory had not produced an extensive vegetative cover (Reid and Janz 1974, Riewe 1977).
Abiotic factors can also prevent short-term tree regencration (Mikola 1970, Gill
1973b, Hernandez 1974a, Wein 1975). Gill (1973b) and Mikola (1970) both noted that
clearcutting may result in a sufficient degradation in microclimate to inhibit tree seedling
germination. Riewe (1977) observed that eroded seismic lines tend to support few Picea spp.
seedlings when compared to surfaces with intact organic horizons.
The higher magnitude Road, Borrow Pit and Bladed Slope disturbances were colonized
the least rapidly and successfully. Two prostrate evergreen species Dryas drummondii and D.
integrifolia dominated the plant cover on these sites. Hardwood trees, broad-leaf deciduous
shrub and herb species were also common, while non-vascular plant species were sparse. The
sparseness of bryophytes and lichens was not surprising since non-vascular plant species,
particularily lichens, are generally slow colonizers (Hettinger 1973, Johnson and Rowe 1977,
Riewe 1977). Other research indicates that development of this type of flora occurs relatively
quickly (Reid and Janz 1974, Hernandez 1973, Johnson and Kubannis 1980). Well-drained
soils on the Yukon River - Prudhoe Bay Alaska Haul Road exemplify what initially happens
-on most newly created gravel surfaces. A relatively large number (31) of opportunistic
‘ speeies, but few (10) persistent ones, colonized the road in 1977 (Johnson and Kubannis
1980). Two years later eleveh opportunistic taxa remained, but all ten persistent species were
still there. Taxa which dominated this and other similar sites throughout the Subarctic |
included Equisetum spp., Epilobium spp., Alnus spp., Salix spp., Populus spp., Potentilla
fruticosa, Dryas a'rummondii, and Shepherdia canadensis (Hettinger 1973, Hernandez 1974b,
i 1974). These plant species also colonized and perhaps more importantly, persisted on the -

iz Borrow Pit and Bladed Slope disturbances in the Dodo Valley. Their importance will‘
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probably decline, however, since Picea glauca seedlings and saplings were abundant in the
understory of all sites.-Non-vascular plants should also increase with time because of
increased nutrient supply from Picea glauca canopy drip, and reduced evapotranspiration

(Hettinger 1973, Johnson and Rowe 1977).



6. RELATIONSHIPS AMONG HABITAT, DISTURBANCE AND PLANT COMMUNITY
CHARACTERISTICS

6.1 Disturbance and Habitat Relationships

6.1.1 Disturbance Component

The characteristics of cach CANOL disturbance at Milepost 40, Dodo Valley, N.W.T.
were quantified in terms of intensity, severity, terrain sensitivily, area and perimeter:area.
Intensity is often cited as the most important disturbance component influencing site recovery
(Gill 1973a, Kormakova and Webber 1980, Zasada 1986). For example, Kormakova and
Webber (1980) and Wein and El-Bayoumi (1983), among others, have asserted that the
ecosystem recovery period increases with perturbation intensity. Kershaw (1983) noted,
however, that in Alpine areas, certain floristic attributes had recovered from CANOL
perturbations, seemingly independent of intensity. Gravel pit access roads periodically
achieved plant covers comparable to bulldozer track sites and adjacent controls, only 35 years
later.

The lack of a clear relationship between intensity and recovery may be due to the
modifying effect of the other disturbance components. Heginbottom (1973) implied é
positive, linear relationship between intensity and severity, and, therefore, plant community
Tecovery. ATea, perimeter:atea, and terrain sensitivity can distort this correlation. For
example, floodplains within the immediate vicinity of rivers and streams are less sensitive to |
disturbance, than more poorly drained and, often, ice-rich terraces located above the
floodplain (Kurfurst 1973). Vegetation destruction and habitat modification on these la’tter
site types will be more extensive than on the floodplain due to thermokarst (Kurfurst 1973).

Disturbance shape can also influence plant community recovery (Bell et al. 1974,
Zasada 1986). Bell et al. (1974) predicted that the similarity in species composition among
perturbec and control plant communities will decline as perimeter:area increases.

Contradicting this prediction were the observations of Bliss (1973) and Wein and El-Bayoumi

116
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(1983), and the results of this study. The primary response of the plant communities at
milepost 40 to disturbance was not a shift in spccies composition, but in species abundance.
Perimeter:area would not be relevant in these situations.

Relationships among the disturbance variables at milepost 40 were assessed with the
aid of statistical analyses. Intensity, one severity descriptor (shrub destruction), and terrain
sensitivity were all significantly (p<0.05) associated with one another. Generally, the smallest
disturbances were also the most intense and severe. They also tended to be located on the
most sensitive terrain. The other descriptors, perimeter:area and microtopographical change,
generated small (<0.5), and non-significant correlation coefTicients. These descriptors were
,therefore, assumed to be either independent of the other disturbance characteristics, or 100
variable. As a consequence the disturbances could be described adequately with one of these
descriptors. Intensity was selected. It was given priority over severity because the model upon
which its values were based were not a product of this study. Terrain sensitivity and area were
"paSsive" variables, as their effects were not realized until after the CANOL perturbations
had been initiated,

CANOL sites were placed into three intensity classes:

1) undisturbed control (intensity = 0);

2) moderate (intensity = 6);

3) extreme (intensity = 8 to 10).

Class one sites were the East Talus and West Terrace Control. Moderate disturbances
encompassed all three bladed trails, while the borrow pits (9), bladed slopes (8), and road

(10) comprised the Extreme class.

6.1.2 Habitat Component

Vegetation dynamics in the Subarctic, such as seedling establishment, productivity,
plant maturation, and species replacement are governed by numerous interrelated abiotic
factors. Syl moisture and soil temperature regimes, and soil nutrien. status are ‘considered to

be particularly important in this regard (Viereck et al. 1983, Heal and Vitousek 1986, Van
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Clzve and Yaric 1986).

Soil micro-climate is directly related to surface temperature and ground-heat flux
(Haag 1974, Scliers 1974, Van Cleve and Yaric 1986). These two conditions arc primarily
governed by two habitat modificrs: organic matter content aﬁd non-vascular cover (Van
Cleve ct al. 1983, Viereck ct al, 1983, Van Cleve and Yaric 1986).

For example, soil micro-climate affccts dccompositioh rates and, thus, the nutrient
status of a soil. A site characterized by an extensive moss carpet, and relatively deep and
organic matter-rich surface horizon, will have a comparatively cool and moist soil climate.
This site will also tend to be nutrient-poor. In contrast, a soil surface typified by little o1 no
organic matter, nor by an.cxtensive hon-vascular layer, may- also be oligotrophic, but usually
has a warmer and dricr soil climate (Pettapicce and Zoltai 1974, Scllers 1974, Van Cleve ct al.
1983). At Milepost 40, Dodo Valley, N.W.T.. the abandoned strecam bed cxemplified the
former condition, while the upper alluvial terrace typified the latier.

Spearman's Rank -Order Correlations, Rho, were performed to test for correlations
among two habﬁat modifiers (non-vascular plant cover and percent organic matter), with soil
moisture, soil temperature, and surface pH from the disturbances and controls (Table 6.2).f
All three habitat conditions were strongly correlated with the two modifiers. Generally, soil
moisture tended to increasc with organic matter and non-vascular plant cover, while surface

pH and soil temperature decreased.

6.1.3 Relationships Between Habitat and Disturbance Intensity

Undisturbed vegetétion at Milepost 40, Dodo Valiey, N.W.T. contained coniferous
tree species in excess of 400 years old, an extensive carpet of feathermosses and lichens, and
an organic matter-rich forest floor soil. These attributes are typical of nuirient accumulation
sites (Van Cleve and Yarie 1986). These site types ac‘cumulate‘ the largest portion of their
biomass and nutriems in the relatively coql and wet forest floor. Sévere disturbances such as
f loqding, fire and seismic line construction, can produte maxked changes in the habitat

conditions of theSe sites (Haag 1974, Pettapiccé and Zoltai 1974). Removal and/or
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compaction of the organic matter and non-vascular plants, alters the thermal properties
(lowef albedo, higher conductivity, lower heat tapacity) of the forest f loof (Seliers 1974, Van
Cleve and Yarie 1986). Soils may be warmer, due¢ to greéter ground -heat flux, and drier,
particularly if mineral soil is exposed (Pettapiece and Zoltai 1974).

Habitat quality is most strongly associated with the disturbance characteristics during
the period immediately following an event such as fire or clearcutting. This relationship
dissipates over time as internal control of the abiotic environment by the vegetation increases
(Tranquillini 1979, Grime and Anderson 1986). Restoration of the pre-disturbance vegetation
may require hundreds of years, however (Pettapiece and Zoltai 1974, Wein and El-Bayoumi
1983). If this time frame is appropriate for the CANOL disturbance communities at Milepost
40, significant differences in habitat quali‘ty should exist. To test for this, Mann-Whitney U
Two Sample comparisons (Sokal and Rohlf 1981) were conducted on the soil moisture, soil
temperature and pH characteristics of undisturbed controls, and disturbances of moderate and
extreme intensity (Table 6.3).

Undisturbed controls had slightly cooler and drier soils than the bladed trails, while
pH was virtually identical. None of these differences were statistically significant, however.
Minimal long-term disruption of the soil surface on the bladed trails accounted for the growth
condition similarities. This was evidenced by ti.¢ fact that organic matter content was also not
statistically different among bladed'trails and undisturbed controls (Table 6.3). | |

In contrast, all three habitat conditions on the road, borrow pits, and bladed slopes
were significantly (p<0.05) different from the undisturbed controls and bladed trails (Table
6.3). Compared to the controls, soil temperature was over five °c warmer, mean Soil
moisture almost 85% lower, and pH over one unit higher. The production of a statistically
8 significant diff erences m habitat qualkity on these sites appeared to be a consequence of
‘, disturbance intcnsity. Organic matter content, which had, presumably, been completely
~ removed during CANQL Road, borrow pit and bladed slope construction, was still virtually |

non-existent 40 years later.
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Soil temperature and pH differences between perturbations of moderaté and extrerﬁe

intensity were léss marked, but still significant. Soil moisture disparities were even more
‘ pronouncéd. This may be due to a slightly higher organic matter content on the bladed trails,

compared with the controls (Table 6.3).

In summary, CANOL No. 1 Project disturbances at Milepost 40, I*odo Valley,
N.W.T. seemed to have had long-term effects on habitat quality. Generally, the habitat of
sites-inundated by perturbations of moderate intensity did not differ significantly from
undisturbed controls. They did tend to have warmer and moister soil climates. The growth
conditions for plants on sites of more intense perturbations (road, borrow pits, and bladed

slopes) were significantly warmer and drier, and had higher pH values.

6.2 Disturbance, Habitat and Vegetation Relationships

Disturbances act as catalysts for vegetation change, directly through varying degrees
of plant destruction, and indirectly by modifying growth coﬁditions. The strong statistical
relationships between characteristics of the‘CANOL Projeci distﬁrbances with habitat seemed
to confirm the existence of these potential indirect effects. Considering the lengthy recovery
period for Subarctic plant communities following high magnitude perturbations, ihe floristic
responses at Milepost 40 may be directly correlated with disturbance characteristics as well.

The major floristic disparity among control and disturbance plant communities, was
growth form abundance. Statistical tests comparing growth form covers with habitat and
disturbance attributes were conduéted. Ordination scores were also tested against these two

sets of variables, since their values also incorporated species composition characteristics.

6.2.1 Comparisons of Disturbances and Growth Form Abundances
Tests of association between growth form cover classes and six. disturbance regime
descriptors were performed using Kgndall's Rank-Order Corrélation, (Tau)(Table 6.4).
Generally, most plant cover categories were not signif icantly corrélated with the

disturbance regiyme variables. Only 26% of the 42 tests were significant (p<0.05),'and just 7%
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had Taus greater than 0.7. This suggests that either:

1) the disturbance factors never were associated with species abundances. This. would
includes perimeter:area and microtopographical change;

2) or dominant disturbance variables masked the effects of subordinate ones.

For example, terrain sensitivity had a moderately streng association with total plant cover
(-0.63). The influence of intensity may have been obscured, as its Tau value was substantially
smaller at -0.36. Although this conclusion is difficult to substantiate, the effects of
disturbance area and perhaps microtopographical change may also‘have been obscured because
of this factor;

3) correlations have become weaker with time, as the disturbances recovered. The
strongest éorrelations were with lichen and moss cover, which not surprisingly, are the slowest
plants 1o colonize disturbances. The long-term effects of disturbance shape, magnitude and
terrain sensivity on vascular plant species abundance was minimal. The cover of rﬁost growth

forms on the disturbances were statistically the same as their counterparts on the undisturbed
controls.

Perimeter:area and microtopographical change had no significant association
(p>>0.05) with any other cover class. An absence of a significant correlation among
perimeter:area and cover values was not surprising, as this disturbance variable was
considered by Bell et'al. (1974) to influence composition but not abundance. The :emaining
four disturbance variables had a statistically significant association (p<0.05) with at least one
plant cover category. .

Based on a sample of just 12, disturbance intensity had a significantly negative
association with moss and lichen cover (Table 6.4), while disturbance severity, as estimated by
percent shrub destruction, had significantly negative correlations with total plant, moss and
lichen abundance. This indicated that, as disturbance magnitude increased, non-vascular plant
covers tended to be lower, even after 40 years. The strengths of the correlations ambng these
two disturbance variables with growth form cover categories were approximately équal. One

difference was that severity was significantly associated with total plant cover, whereas
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intensity was not (Table 6.4). |

Generally, there were relatively few Strong (tau or rho > > 0.65) corrclations among
the disturbance and growth form abundance variables. Lichen and bryophyte categories were
the most significantly affected species, as their covers were negatively associated with
disturbance magnitude and terrain sensitivity. These disturbance variables were strongly
correlated with one another. As a consequence, only disturbance intensity was selected for

subsequent statistical tests with species abundances.

6.2.2 Relationships Among Habitat Conditions and Growth Form Abundances

Associations between habitat variables and growth form abundances on the
disturbances and controls were evaluated statistically through calculations of Spearman's
Rank -Order Correlation Coefficients (Rho). Correlations were produced among seven growth
form cover categories and soil temperature, soil moisture, and surface pH (Table 6.5).

A total of ten significant (p<<0.05) correlations, out of 22 possible, were generated.
Of these, five were at least moderately strong (Rho >>0.65). When compared to the
disturbance regime variables, there were over 20% greater significant relationships, and a 14%
increase in the number of moderaiely strong correlation coefficients (Tables 6.4 and 6.5).
This result suggested that habitat may have been more closely tied to growth form abundance
than were disturbance characteristics. A more »lausible explanation for the increased number
of statistically significant correlations among the habitat variables and cover values, when
compared to the disturbance descriptors, was sample size (n). For example, n for each habitat
variable was 43, whereas, the sample size for’each disturbance descriptor was only 12,
Statistical differences between disturbance and habitat effects ori growth form abundance,
therefore, was probably a function of sarﬁple size, Whether habitat or disturbance was more
important for site recovery over the 40 year period was not really discernible.

Vascular plant cover did not produce any statistically significant coi‘relations with the
habitat variables. In contrast, the abundance of the non-vascular plants, particularly the

lichens, did.
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Table 6.5: Spearman's Rank-Order Correlations (Rho)

Between Growth Form Covers (%) and Soil

Physical and Chemical Properties (n=43)

Milepost 40, Dodo Valley, N.W.T.

Soil Soil pH

Temperature Moisture (DD H.,O0)
Growth Form  (°C at -10cm) (2 at ~10cm) 2
Total -0.643% 0.59% -0.412
Tree -0.15 ~0.0042 ~-0.02
Shrub 0.28 -0.23 0.28
Forb ~0.08 0.20 0.09
Graminoid -0.31 0.452 -0.23
Moss -0,732 0.718 -0.57%
Lichen -0.792 0.742 -0.69°

1. Association values (Rho) followed by the letter "a" indicate
significant (p<0.01) association.
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'Graminoid' was the only vascular plant category which produced significant
(p<0.05) associations with the habitat variables, however, the Rho values were weak. In
terms of growth 1'orrﬁ, vascular plants weré weli-adapted to the full spectrum of plant
conditions present at Milepost 40, Dodo Valley, N.W.T., although the dominant species were
different (see chapter 4). Abundant vascular taxa on the exposed road and bladed slope
disturbances included Dryas drummondii, Dryas integrifolia, and Populus balsqmz‘ fera.
Although possessing similar habital conditions, the more protected, concave-shaped borrow
pits were dominated by Dryas integrifolia, Salix alaxensis, Betula glandulosa, and, in Borrow
Pit B, Alnus crispa. The more mesic bladed trails also had an abundance of Betula glandulosa
and Dryas integrifolia. Other common species included Ledum groenlandicum, Salix
myrtillifolia, Vaccinium uliginosum, Arctostaphylos rubra, and Potentilla fruticosa. With the
exception of Dryas drummondii and Salix alaxensis, all of these taxa were common in the
undisturbed controls as well.

Soil temperature and, to a lesser extent, soil moisture and surface pH, generated
relatively strong correlation coefficients with the covers of non-vascular plant species.
Bryophyte and lichen abundance were negatively correlated with temperature and pH, and
positively with moisture (Table 6.5). Lichen cover produced the largest Rho values for all
three habitat variables, while the bryophytes' slightly smaller. These results were similar to
those produced among disturbance regime variables and species abundances, where lichens and
bryophytes generated the largest Tau values.

As previously discussed, forest floor habitat conditions are governed, in part, by
non-vascular plants. Lower soil temperatures and pH, and higher soil moisture values on
bryophyte- and lichen-dominated sites illustrates the importance of non-vascular plant species
in regulating soil J'imate. As a cbrrollary, soil conditions following severe fire, flooding, or
‘road construction, and therefore, unmodified by plants are cémparitively warm and dry (Van
Cleve and Dyrness 1983, Grime and Anderson 1986) . Nutrient turnover rates are consequently
also relati-ely high (Heal and Vitousek 1986). Shrubs, herbs, and deciduous trees are

well-adaptec to these conditions, and usually dominate (Dyrness et al. 1986). Picea spp. also
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frequently establish during this period but, due to inherent slow growth rates, are conf’ ined to
the understory.

As the correlation coefficients have indicated, the habitats on the road and bladed
slopes, and in the borrow pits, seem to have been unfavourable for the establishment of
non-vasculer plants over the past 40 years. The shading effects produced by the understory
plants combined with the smothering resulting from the high litter fall, also may have
inhibited non-vascular species' establishment (Heal and Vitousek 1986). One exception was
Drepanocladus uncinatus, as this species managed to colonize all three borrow pits.

In summary, removal of the surface organic horizons and non-vasculér plants during
road, borrow pit, and bladed slope construction, has produced significantly wérmer and drier
substrates (Table 6.3). As a consequence, these sites supported lower bryophyte and lichen
plant covers, In contrast, the undisturbed‘ controls and bladed trails had cooler and wetter soil
climates, and they contained signif’ icémtly more abundant non-vascular taxa, The pH of these
was neutral (7.0) to slightly acidic (6.5), while the pH of more extreme disturbances was
higher (7.8. Soil reaction differences reflected the absence of an LFH horizon and
non-vascular taxa, as lichen and bryophyte cover tended to decrease. significantly as pH

increased.

6.2.3 Relationships Among Disturbance, Habitat and Relative Vegetation Development

Characteristics
| Comparisons of relative floristic development (i.e. DECORANA Axis scores,
Appendix VIII) with the disturbance regime variables were made using Kendali's Rank-Order
Correlation Coefficient, Tau (Table 6.6). The results of this analysis were similar to those of
species abundances.

It is important to note that the ordin_..uon scores for the undisturbed controls tended

to be low on both axes, while the Stream Bed control was highest. Intensity, severity (shrub
destruction), and terrain sensitivity had significant and positive correlations with axis one and

axis two scores. These correlations indicated that, as disturbance magnitude and terrain
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sensitivity increased, relative floristic development tended to decrease, Furthermore, these
relationships were evident even 40 years following the disturbances. Spatial extent,

. perimeter:area, and microtopographical change were not significantly correlated with either
axis one or axis two scores.

Floristic differences between undisturbed control and CANOL disturbance stands were
significantly (p<0.05) correlated with differences in soil climate, pH, and organic matter
content (Table 6.7). More specifically, the axis scores tended to be greater in stands which
had relatively high soil temperatures and pH values, and comparatively low soil moisture and

organic matter. This included the road, borrow pits, and bladed slopes.

6.2.4 Comparisons of Vegetation Characteristics on Sites Classified According to Disturbance
Intensity

The previous analvses have indicated that disturbance, habitat, non-vascular growth
form cover values, and relative floristic development were all correlated. Generally, as
disturbance intensity increased:

1) soil moisture and organic matter decreased;

2) soil temperature and pH increased;

3) non-vascular plant cover was lower; and

4) relative floristic development declined.

Interpretations of the statisical tests indicate that habitat was still strongly linked with
disturbance characteristics. It is apparent from this result that attempts to distinguish possible
habitat effects oh plant corﬁmunity development from disturbance effects are questionable.
This reiationship may dissipate with time, but after 40 yearé, habitat still appeared to be an
ihdirect expression of disturbance magnitude. In light of this conclusion, only disturbance
characteristics were used for subsequent statistical tests.

Growth form covers were compared among sites from undisiurbed control and
disturbances of extreme and moderate intensity, using Mann-Whitney U Tests (Sokal and

Rohlf 1981). Disturbances of moderate intensity,.the three bladed trails, differed significantly



Table 6.7: Spearman's Rank-Order Correlation Coefficients Between
DECORANA Axis Scores and Abiotic Variables (n=43)
Milepost 40, Dodo Valley, N.W.T.
Soil Soil pH
1 Temperature Moisture (DD Hzo)
Axis (°c at -10cm) {% at -10cm)
1 0.80%2 -0.74% 0.65%
2 - 0.692 -0.622 0.622

1. Refer to Figure 5.2 and Appendix 9 for this axis score values.

2. Association values (Rho) followed by the letter "a" indicates
significant (p4£0.01) association.
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(p<o.05) in four vegetmion'catcgorics from the undisturbed contrdls. Tree cover was
significantly IOWcr on lhé bladcd trails. While shrub cover was higher, In addition, both
herbaceous categories, forb émd graminoid, also had increased their plant cover signilicantly -
over 40 vears, relative to the controls, Overall, there was no difference in total plant cover
between undisturbed controls and disturbances of moderate intensity, T he bladed trails' floras-
represented typical examples of ‘a shift in growth form abundances in fcspons'c 10 disturbancé.

Six of the eight growth form categorics differed significantly between disturbances of
extreme intensity with those of the undisturbed controls, Total cover was on average 25%
lower on the disturbances, In fact, only shrubs ai 44.,7% achicved higher covers than on the.
controls (23%). This was attributable 10 one ‘spccies. Dryas drummondii. Graminoids, nioéscs,
lichens, and non-vasculars were all significantly lower oﬁ the extreme disturbances (Table
6.8). Although tree cover was statistically the same, the species contributing the bulk of the
cover on sites from these two disturbance classes were different. Populus balsamifera was
clearly the most abundant disturbance species, while Picea glauca, Picea mariana, and Larix |
laricina dominated the controls. Overall, the response was not as much a shift in plant species
abundances but a reduction in cover.

A comparison of disturbances of nmoderatc intensity with those risc o0 extreme 2:0
Tevealed some differences. Total plant and all non-woody veg:Lition categories had
significantly (p<<0.05) highor covers on the bladed trails, Mcan total cover was almost 40%
greater on the bladed trails. Thié was primarily due to greater graminoid and non-vascular
plant species covers (Table 6.8). |

Several factors seem to account for the higher plam covér on the bladed trails when
compared to the road, borrow pits and bladed slopes. Many bladed trail plants, such as the
non -vasculars, survived the disturbances intact, while graminoids and shrubs'resprouted.
‘Vegetative and sexual k(i.e. seed) reproduction may have assisted in the bladed trails’ recbvery
as well. Contrarily, nd 6r few plants survived the higher magnitude perturbations. Plant
community development on the road, bladed slopes and in the borrow pits was, theréf ore,

dependent entirely on plant colonization from off-site sources.
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Long-term disturbance-induced habitat alterations on thé bladed trails were relatively
small, and thus, ’most pre-disturbarice plant‘sﬁevcies were capablé of growing there. In |
contrast, the habitats on the extreme disturbances, differed markedly from adjacent controls
and the bladed trails. Many plant taxa were either not capable of colonizing these sites (e.g.
feathermosses) or proliferating on them (e.g. Ledum groenlandicum).

Tests oi significant differences amoﬁg the axis one and two scores of the undisturbed
controls and sites affrcted by moderate and extreme disturbances, were performed using
Mann-Whitney U Two Sample comparisons (Sokal and Rohlf 1981) (Table 6.9). The results
mirrored ﬁhose of the abundance data analyses (Table 6.8). The axis scores of moderate ‘
disturbances, the bladed trails, were statisticaly indistinguishable from the undisturbed
controls. In terms of relative floristic development, the Telephone, Minor, and Major
Rights-of -Way had recovered. More intense disturbances were located in the borrow pits and ‘
on the-biaded slopes and road. Both sets of axis scores were signi‘f icantly greater than the
undisturbed controls and the bladed trails, and, as a consequence, these disturbances had
remained in a damaged condition. In other words, their relatiyé floristic development was less
complete than that of fhe bladed trails and undistufbed controls. This was due to fewer and

perhaps more imporantly, less abundant sp=acies.



Disturbance Intensityl

Table 6.9:

Mann-Whitney U Two Sample Comparison of DECCRANA

Axis Scores Among Controls and Disturbances of

Moderate (6) and Extreme 8-10) Intensity (n=43)

63

84

Control5

Milepost 40, Dodo Valley, N.W.T.
Axis 1 Scorez‘ Axis:2 Score
63.3 + 25.0°%  83.2 +46.5°
187.6 + 78.3 187.6 +28.8
76.1 +26.2° 62.5 + 17.3°

Adapted from Heginbottom 1973; see Section 3.4.3, Appendix 2.

Refer to Figure 5.2 and Appendix 9 for Axis score values.

Telephone, Minor, and Major Rights-—of-Way.

Bladed Slopes (intensity=8), Borrow Pits (9), Road (10).

Fast Talus and West Terrace Controls.

Means + 95% confidence limits; common letters indicate means
that are not significantly (p4&0.05) different.

136~



7. CONCLUSION

The long-term natural revegelation of nine CANOL No. 1 Project disturbances was
investigated in Dodo Valley, N.W.T, Three borrow pits, two blﬁded sloves, one-road and
three bladed trai[s were studied. Analyses of floristic and physiognomic data revealed variable
long-term responses to the perturbations, as each disturbed plant community contained
examples of recovery, enhancement and degradation.

All plant species present on the disturbances at Milepost 40 also occurred in the
controls. The localized increase in species diversity observed by Kershaw (1983) for alpine
areas along the CANOL Project either did not occur or was relatively short-lived (< 40
vears). It appears that there was no species replacement sequence on any disturbance, but
merely a shift in species abundances. This type of [loristic response has been reperied
elsewhere throughout the Subarctic and Arctic, where many of its component plant specics are
adapted to a relatively wide range of growth conditions (Wein and El-Bayoumi 1983).
Another noteworthy florsitic response was the absence or rarity of non-vaséular plant taxa on

the more extremely perturbed sites.

7.1 Revegetation on Disturbances

Bladed‘ Trails

The Telephone, Minar and .:.’»'E.ajor Rights-of -Way plant communities had recovered in
most respects. Differences i smw.cies composition among the bladed trail and undisturbed
control plant communities were relatively small. Resprouting of undamaged rootstocks and
minimal invasion by seed propagules were probably the primary reasons for the development
of ‘similar floras on these sites (Reid and Janz 1974, Riewe 1979, Viereck et al. 1979, Yarie
1983). Evidence of site enhancement was characterized by slight increases in species
equitability and species tichness, and more abundant shrub, graminoid and forb growth
forms. Increases in understory plant covefs relative to the controls may have fef lected higher
radiation input, warmer soil temperatures and greater nutrient availability (Van Cleve and

Dyrness 1983, Grime and Anderson 1986). This process may have occurred rélatively quitkly,
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“as well. Species which have frequently reestablished or exceeded predisturbance leVels‘on
two-to-five year old seismic lines:in the Subarctic such és Alnus crispa, Salbc spp., Ledum
groenlandicum, Arctostaphylos rubra, Betula glandulosa, Vaccinium uliginosum and
Rhododendron lapponicum (Hetlinger 1973, Hemandez 1974b, Reid 1974, Riewe 1977 )} were
also common on the CANOL Disturbarce sites.-An absent or sparse tree layer on the bladed
trails was the only feature which could be classified as degraded. The dominance of
understory plant species may have inhibited tree regeneration (Hernandez 1973, Wein and
El-Bayoumi 1983). Picea glauca was present in the understory on all three bladed trails,
however. Without further disturbance, the tree stratum should eventually re-establish itself
{Viereck 1975).

Plant community recovery on the remaining six disturbances was less complete.
Compared to the undisturbed controls, the road, bladed slope and borrow pit perturbations
possessed fewer characteristics which could be described as enhanced or even recovered. On
the basis of simpler physioénomic and species structures, the vegetation on the these sites was

considered not fully recovered.

Foad
The Road plant community was in the mbst degraded condition, with a' physiognomc

and floristic structure comparable to nearby intermittent stream beds. The dominance of

" broad-leaf shrub and deciduous tree species on this CANOL perturbation was not surprising.
Dryas drummondii, D. integrifolia, Equisetum arvense, Epilobium angustifolium, Potentilla
fruticosa, Alnus crispa, Populus balsamifera and Salix spp. which were important and
persistent colonizers on the Road, frequently comprise a substantial portion of the intitial
flora on gravel sites throughout the Subarctic (Hettinger 1973, Hernandez 1974 a and b, Reid
1974, Grime and ‘Anderson 1986). T’he dominance of these same Species on the Road after 40
years suggests there probably has been relatively little change in the Road's floristic character
since the sstablishment of its initial post-disturbance plant community. Changes in

physiognomic structure appear to be occurring, however. Although few Picea glauca
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individuals were present in the Road's sparse tree layer their seedling densities exceeded
control values, This indicates thal restoration of the P. glauca canopy should eventually take

place on this site.

Borrow Pits

An overall assessment of the shrub-dominated Borrow Pit plant communities indicated
they also were in a damaged state, although recovery had been more complete than on the
Road. The raftling of plants and Lopsoil into the pits appeared to be the major reason for the
difference. The presence of several species, particularily lichens such as Cladina mitis, was
probably entirely a product of this revegetation by mass immigration process. There were no
lichens on the Road. Rafting may have also caused the borrow pits to have a greater floristic
affinity with the East Talus Control, where they were situated, than the West Terrace
Control. In fact, Borrow Pit F and East Talus stands were members of the‘same TWINSPAN
cluster (Figure 5.1). The Borrow Pits also had species densities comparable to both
undisturbed controls. Traits which characterized less-developed borrow pit vegetation were

lower species’ equitability and abundance, as well as a simpler physiognomic structure.

Bladed Slopes

The two Bladed Slopes had not fully recovered in the 40 years since disturbance. These
sites were dominated by relatively few species, most notably the evergreen shrubs Dryas
drummondii and D. integrifolia. Consequently, equitability and plant cover were lower, and
physiognomic structure simpler when compared to the undisturbed controls. All of the Borrow
Pit and Bladed Slope sites contained immature Picea glauca trees, indicating restoration of a

‘conifer dominated tree layer.
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7.2 Relationships Arﬁong Disturbance, Habitat and Vegetation Characteristics

Plant comxﬁunity recovery reflected direct and indi;ect influences of the disturbances.
The former operated through varying degrees of plant destruction, while the Jatter acted by
modifying soil properties. Terrain sensitivity, disturbance intensity and one severity descriptor,
shrub destruction, were all correlated with plant species abundance. They were also
significantly correlated with each other, suggesting an interdependence.

Generally, these three disturbance variables produced strong, negative correlations
with total, bryophyte and lichen plant covers. The DECORANA Axis scores had strong,
positive correlations with these variables, thus suggesting that relative floristic development
over the long-term tended to be lower following more intense disturbances. Similar situations
have been reported following disturbances throughout the North, although
disturbance -induced changes in habitat were considered the chief cause (Gill 1973a and 1973b,
Heginbotiom 1973, Bell et al. 1974, Peterman 1980, Vitousek and White 1981).

The results of the Dodo Valley research also indicated a strong correlation between
disturbance and habitat characteristics. Generally, the greater the disturbance magnitude, the
less a soil resembled those of the undisturbed sites: soils tended to be warmer and drier, had
shallower LFH horizoﬁs, less % organic matter and higher surface pH's. Plant species
abundance and the DECORANA Axis scores were correlated with these soil properties. Soil
temperature and soil moisture may have been the two most important properties affecting
revegetation, as they produced the largest correlation coefficients. Although correlation does
not invariably imply causation, these two habitat conditions purportedly do control plant
community ’developmem. at least in the early stages (Mikola 1970, Gill 1973a, Strang 1973,
Viereck et al. 1983, Grime and Anderson 1986). Soil temperature, soil moisture and to a lesser |
extent, soil chemistry, regulate reproductive and nutrient turnover rates, and influence seed
germination and establishment success (Viereck et al. 1983).

’f‘9tal non-vascular cover may have been the key factor governing the relationships
among the Floristic and soils properties at Milepost 40. Bladed trail sites, which sustained only

partial desiriction of the non-vascular plant stratum and LFH layer had, 40 years following
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the perturbations, abundant brydphytc and lichen plant covers. Their soil climates and other
soil properties such as pH, were similar to undisturbed controls. The Road, Borrow Pit and
Bladed Slope sites which had relatively warm and dry soils, supported sparse bryophyte and

lichen covers.

Overall, long-term responses of the Subarctic woodland vegetation at Milepost 40,
Dodo Valley, N'W.T. to CANOL perturbations were related to disturbance magnitude and
assbciatcd habitat modifications. Although floristic responses were variable, the presence of
Picea glauca on all disturbances indicated restoration of woodland vegetation. Thus, only two
hypotheses, both prcdicting‘ recovery, could be supported by the data collected fTom the study
area:

1) Recavery;

2) Recovery with new characteristics.
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Terrain Disturbance Susceptibility1

Susceptibility Terrain Terrain Susceptibility and
Rank Description Predicted Responses to
Disturbance

1. Bedrock with low ice No changes caused by distur-
content. turbance except steep slopes

of frozen shale.

2. Silt to gravelly Minor ground-ice slumping,
testured material on gullying and/or thermokarst
level (< 57) terrain; - subsidence.
boreal ice lenses.

3. Moderately to highly Low to moderate susceptibility
ice-rich clayey to to qullying and ground-ice
loamy textured slumping.
material with discon-
tinuous organic cover.

4, Moisture/ice-rich and Moderate to high suscepti-
highly compressible bility to thermokarst sub-
peat soils, or moder- ' sidence, gullying and
ately ice-rich clayey ground-ice slumping.
to silty til} on
steeply (>57) sloping
terrain.

5. Highly plastic inor- Susceptible. to major
ganic clay, clayey thermokarsting and rapid
silt, and organic gullying.
soils; with modzrate
to high ice content |
on slopes < 5°.

6. Highly plastic inor- Susceptible to major thermo-

ganic clay, clayey
silt, and organic
soils; with moderate
to high ice content
on slopes > 5,

karsting, rapid gqullying,
and land slides.

1. Modified from Kurfurst (1973).
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Percentages of Samples on Disturbances Pre-dating 1942

Dodo Valley, N.Ww.T.

Disturbance Sample Total n ¥ Samples
: Pre-dating 1942 Pre~dating 1942

Borrow Pit A Trees 4 0 0
Shrubs 4 1l 25

Trees &Shrubs 8 l 12,5
Borrow Pit B Trees 3 2 67
Shrubs 5 2 40
Trees & Shrubs 8 4 50
Barrow Pit F Trees 6 3 50
Shrubs 5 0 0
Trees & Shrubs 11 3 27
Bladed Slope D Trees 3 0 0
Shrubs 5 0 0
Trees & Shrubs 8 0 0
Road Trees 12 0 0
Shrubs 15 0 0
Trees & Shrubs 27 0 0
Telephone Line Trees 35 20 57
R.O.W. Shrubs 26 12 46
Trees & Shrubs = 61 32 53
Minor R.O.W. Trees 10 4 40
Shrubs 25 2 8
Trees & Shrubs 35 6 17
Major R.O.W. Trees 3 3 100
Shrubs 13 1 8
Trees & Shrubs 16 4 25
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EAST TALUS

Picea glauca/ Dryas integrifolia/ Carex scirpoideasCladina mitis CONTROL

SPECIES

TREES
Larix laricina
Picea mariana

SHR'IBS

Alnus crispa
Arctostaphylos rubra
Betula glandulosa
Casslope tetragona
Dryas Integrifolia
Juniperus communis
Ledum decumbens
Linnaea borealis
Rhododendron lapponicum
Salix arbusculoides
Salix brachycarpa
Salix myrtilli folia
Shepherdia canadensis
Vaccinium vitis-idaea

HERBS

Androsace chamae jasme
Campanula aurita
Centernnaria friesianna
Cypripedium passerinum
Epilobium angustifolium
Erigeron pumilus
Geocaulon lividum
Hedysarum alpinum
Lesquerella arctica
Papaver macounii
Pedicularis sudetica
Planthanera hyperborea
Pyrola chlorantha
Rumex arclicus
Saxifraga aizoides
Senecio atropupureus
Polygonum viviparum
Tofieldia pusilla
Woodsia llversis
Equisetum arvense
Equisetum scirpoides
Parrya nudicaulis

GRAMINOIDS
Agropyron violaceum
Calamagrostis neglecta

N

70
70

70
70
70
70
70
0
T
70
70
70
70
70
70
70

70
70
70

70
70
70
70
70
70
70

7
70
70
70
70
T4
0
T
70
70

70
70

FREQ cCOV
3142 .78
15,717 2.24
10,00 0.65
91.42 134
77.14 332
5.71 0.02
97.14 6.86
71.42 . (.43
1.42 0.01
51.42 0.34
§4.28 091
4.28 0.08
4.28 0.02
17.14 0.13
1428 . 0.08
4000 - . 0.29
§8.57  0.08
8.57 0.01
1571 0.05
27.14 0.1
1.42 0.01
5.1 0.02
5.71 0.03
3142 0.23
1.42 0.0
1.42 0.01
1.42 0.01
2.858 0.01
2628 0.04
1.42 0.01
2.85 0.0
1.42 0.0]
7.14 0,01
3828 013
5.71 0.01
1871 (106
871 0.02
3571 0.04
$.71 0.05
27.14-0.23

SPECIES

Picea glauca
Populus balsamifera

Andromeda polifolia
Arctostaphylos uva-ursi
Betula occidentalis
Dryas drummondii
Empetrum nigrum
Juniperus horizontalis
Ledum groenlandicum
Potentilla fruticosa
Salix alaxensis

Salix bebbiana

Salix glauca

Salix reticulata
Vaccinium uliginosum

- Rosa acicularis

Anemone parviflora
Castilieja caudata
Cypripedium calceolus
Erigeron hyssopifolus
Epilobium latifolium
Galwum boreale
Gentiana prostrata
Hedysarum boreale
Oxytropis campestris
Pedicularis labradorics
Pinguicula vulgars
Pyrola asarif olia
Pyrolz secunda
Saussurez angustifohe
Saxifragz oppositifohz
Senecio lugens
Thalictrum alpinum
Tofieldiz coccinez
Zygadenus elegans
Equisetum palustre
Sclagimella selaginmdes
Parnassiz palustris

Arciagrostis latifoha
Calamagrostis purpurascens

N

70
70

70
70
0
70
70
70
70
70
70
70
70
70
70
70

70
70
70
70
70
70
70
70
70
70
(
70
70
70
70
70
70
70
70
70
70
70

70
70

FREQ

90.00
1.42

68.57
81.42
7.14
7.14
457
2.85
67.14
92.85
§.57
10.00
1.42
4.28
65.11

1.42

85
4.28
8.57
1.42
2.85
§.57
5.7
5.7
2.85
1.4
10.00
2.85
i
5,71
4.2§

‘14.28

54,28
5.71
38.57
LI
87
12.85

1.42
1.42

cov

3.90
0.02

0.29
3.2
0.22
0.02
0.34
0.05
0.45
1.18
0.22
0.07
0.0
0.015
0.99
0.0

0.28
0.01
0.01
0.01
0.01
0.03
0.01
0.03
0.02
0.04
0.01
0.01
0.01
0.01
(.01
0.01
0.13
6.01
0.11
0.01
0.01
0.01

0.02
0.01
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Carex eburnea

Carex sclrpoidea

Elymus innovatus
Puccinellia deschampsiodes

LICHENS

Cetraria cucullata
Cetraria nivalis
Cladina rangiferina
Cladonia amaurocraea
Cladonia verticlllata
Dactylina arctica
FPeltigera apthosa

BRYOPHYTES
Aulacomnium acuminarum
Campylium: stellaium
Ditrichum: flexicaule
Hylocomium splendens
Pleurozium schreber!
Tortella sp.

Puilidium clliare

10
0
(L
70

70
70
70
70
70
70
70

0
70
70
70
70
70
70

2,85
87,14
5428
1.42

60,00
42
14 28
2,85
714
1.4
2,85

4.8
1.42
4.28
32.85
1.42
1428
10,00

0.0

1.85
0.81
0.08

0.51
(.78
0.2
0.0
0.0
0.01
0.0

0.07
0.02
0.02
2.8}
0.20
0.64
0.06

Carex microglochin
CarexX vaginate
Festuca altaica
Trisetum spicatum

Cetratia islandica
Cladina matis
Cladoniy stellans
Cladonia gracilis
Cladonia sp.

Evernia mesomorpha

Brachythecium salebrosum
Dicranum groenlandicum
Drepanocladus uncinatus
Hypnum bambergi
Thuidwm abietinum
Rhytdium rugosum

0
w0
n
(Y

0
0
70
70
0
70

70
0
0
0
0
70

1.42
11.42
40.00
1.42

62,85
82.85
7.14
428
1.42
25.57

2.85

11.42
27.14
24.28
50.00
42.85

0.04
(.08
0.31
0.01

1.17
6.76
0.45
0.01
0.01
0.38

0.11
0.05
0.82
0.70
0.56
1.41
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EAST TALLS

Picea glauca/ Dryas insegrifolias/ Carex scirpoldeas Cladina mitls CONTROL

SPECIES

TREES
Larix lacicina
FPicea mariana

SHRUBS

Alnus crispa
Arctostaphylos rubra
Betula glandulosa
Casslope tetragona
Dryas integrifolia
Juniperus communis
Ledum decumbens
Linnaea borealis
Rhododendron lapponicum
Salix arbusculoides
Salix brachycarpa
Salix myniilli folla
Shepherdia canadensis
Vaccinium vitts-idaea

HERBS

Androsace chamae jasme
Campanula aurita
Centernnarta friesianne
Cypripedium passerinum’
Epllobium angusi! folium
Erigeron pumilus
Geocaulon llvidum
Hedysarum aipinum
Lesquerella arctica
Papaver macounil
Pedicularis sudetica
Planthanera hyperborea
Pyrola chlorantha
Rumex arcticus
Saxifraga aizoides
Senecio atropupureus
Polygonum viviparum
Tofieldia pusilla
Woodsia livensis
Egquisetum arvense
Equisetum scirpoides
Parrya nudicaulis

GRAMINOIDS
Agropyron violaceum
Calamagrostis neglecta

N FREQ CoOV
70 3142  0.78
70 1571 2.24
70 10.00 0,65
70 91.42° 1,34
70 77.14 332
70 571 0.02
70 9714 6.86
70 71.42 0 0.43
70 142 0.0
70 51.42 0 0.34
70 84.28 0.9
70 428 0.08
70 428 0.02
70 17.14 013
70 14.28  0.08
700 4000 0.29
70- 58.57  0.08
70 8.57 - 0.01
70 15.71. . 0.05
70 27.14 0.1
70 142 0.01
70 571 0.02
70 571 0.03
70 3142 0.3
70 142 0.01
70 142 0.01
0 142 0.01
70 2.85 . 0.01
70 2428 © 0.04
70 142 - 0.01
70 2.85 0.0
70 1.42 - 0.01
70714 0.01
05428 0.13
087 0.01
01871 0.06
M 571 0.02
70 3571 0.04
M 571 0.05
02714 023

SPECIES

Picea glauca
Populus balsamifera

Andromeda paiifolia
Arctostaphylos uva-ursi
Betula occidentalis
Dryas drummondis
Empetrum nigrum
Jumperus horizontalis
Ledum groenlandicum
Potentilla fruticosa
Salix alaxensis

Salix bebbiana

Saiix glauca

Salix reticulata
Vaccimum uliginosum
Rosa aciculans

Anemone parviflora
Castilleja caudata
Cypripedium calceoius
Erigeron hyssopifolius
Epilobium latifolium
Galium borzale
Gentiana prostrata
Hedysarum boreale
Qxytropis campestris
Pedicularis labradonca
Pinguicula vuigaris
Pyrola asarifolia
Pyrola secunda
Saussurea angustifolia
Saxifraga oppositifolia
Senecio lugens )
Thalictrum alpinum
Tofieldia coccinea
Zygadenus elegans
Equisetum: palustre
Selaginelia selaginoides
Parnassia palustris

Arctagrostis latifolia ‘
Calamagrostis purpurascens

70
70

70
70
70
70
70
70
70
0
70
10
70
70
70
70

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

FREQ

90.00
1.42

68.57
81.42
7.14
7.14
45,71
2.85
67.14
92.85
8.57
10.00
1.42
4.28
65.71
1.4

161

cov

3.90
0.02

0.29
3.2
0.22
0.02
0.34
0.05
0.45
1.18
0.22
0.07
0.01
0.015
0.99
0.01

0.28
0.01
0.01
0.01
0.01
0.03
0.01
0.03
0.02
0.04
0.01
0.01
0.01
0.01
0.01
0.01
0.15
0.01

s 01

0.01
0.01
0.01

0.02
6.01



Elymus {nnovatus

LICHENS

Cetraria cucullata
Ceiraria nivalls
Cladonia stellaris
Cladonia cocclfera
Cladonia mult! formis
Dactylina arctica
Peliigera apthosa

BRYOPHYTES
Aulacomnium acuminatum
Campylium stellatum
Ditrichum flexicaule
Drepanocladus uncinatus
Hypnum bambergii
Pleurozium schreberi
Sphagnum rubellum
Rhytidium rugosum

58

58
58
58
58
58
58
58

58
38
58
S8
58
58
58
58

24.13

25.86
12.06
34
12.06
1m
1.72
34,48

31.03
10.34
1551
2413
20.69
37.03
1.m2

74.13

(.14

0.20
.06
0,06
0.12
0.01
0.0
0.26

0.81
0.35
0.55
1.08
1.37
4.86
0.10
6.04

Festuca altalca

Cetrarla Islandica
Cladina mitis
Cladonia amaurocraea
Cladonia gracilis
Cladonla pyxidata
Evernla mesomorpha

Brachythecium salebrosum
Dicranum groenlandicum
Drepanocladus revolvens
Hylocomium splendens
Plagiomnium ellipticum
Sphagnum fuscum
Thuidium abietinum
Piilidium ciliare

58

56
58
g
58
S8
58

58
58
58
58
58
58
58
5t

77,58

20.69
74.13
LAY
27,58
11
1.2

6.89
32,75
1.n
63.79

134,48

3.44

122.41

15.51

162
1.82

0.31

15,19

0.06
0.32
0.01
0.01

0.17
1.01
017
24.23

;2,96

0.89
1.01
1.01
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WEST (LOWER TERRACE)

Picea glauca/ Ledum groenlancicum/ Fes . = altciza/ H ylocomium splendens CONTROL

SPECIES N FREQ COv SPECIES N FREQ cov
TREES

Picea glauca 60 98.33 - 4.24 Picea mariana 50 1.66 0.01
Populus tremuloides 60- 3.33 0.01

SHRUBS

Alnus crispa 60 1833 - 1.06 Andromeda poli folia 60 30.00  0.09
Arctostaph ylos rubra 60 85.00 -  2.55 Arciostaphylos uva-urs| 60 40.00 0.40°
Betula glandulosa 60. 73.33  2.68 Betula occidentalis 60 5,00 0.05
Cassiope tetragona 60 1.66 0.01 Dryas drummondit 60 1.66 0.01
Dryas integrifolia 60 61.66  1.43 Empetrum nigrum 60 48.33 (.47
Juniperus communis 60 31.66 0.16 Ledum decumbens 60 . 1.66 0.06
Ledum groenlandicum 60 98.33 4.20 Linnaea borealls 60 61.66 - (.57
Oxycoccus microcarpus 60 1.66 0.05 Poteniilla fruticosa 60 86.66 (.85
Rhododendron lapponicum 60 -25.00 0.13 Salix-alaxensis 60 38.33 2 0.91
Salix arbusculoides 60 .10.00 035 Salix brachycarpa 60 6.66 0.10
Salix glauca 60 -10.00 - (.06 Salix myrtillifolia 60 51.66 .0.73
Salix reticulaia 60 13.33 0.21 Salix scouleriana ‘60 1.66 0.01
Shepherdia canadensis 60 - 23.33 0.28 Vaccinium uliginosum 60 91.66 © 4.03
Vaccinium vitis-idaea ‘ 60 85.00 1.73 Rosa acicularis 60 8§.33 0.11
HERBES

~Androsace chamae jasme 60 5,00 0.01 Anemone parvifiora 60 45.00 0.16
Antennaria pulcherrima 60 - 8.33 0.05 Aster sibiricus 60 1500 " 0.06
Boschniakia rossica 60 1.66 0.01 Cypripedium calceolus F60°1.66 0.01
Cypripedium passerinum 60 16.66  0.10 Erigeron hyssopi folius 60  8.33 0.03
Epilobium lati foliu 60 1.66 (.01 Geocaulon lividum 60 40.00 - 0.21
Gentiana prosiraia - 60 1.66 0.01 Goodyera repens 60 10.00  0.01
Planthanera dilliata 60 3.33 0.01 Hedysarum alpinum 60 61.66° 0.8
Hed ysarum boreale 60 S.00 0.10 Lupinus arcticus 60 10.00 .11
Pedicularis labradorica 60 35000 © 0.04 Pedicularis sudetica 601 3.33 HRD)
Pinguicula vulgaris 60 1.66 0,01 Planthanera hyperborec 6 13.33 [ e
Pyrola asarifolia 60 3333 020 Pyrola secunda o0 5.00 0.01
Saussurea angustifolia 6t 6.66 0.03 Senecio lugens 60 16.00
Stellaria edwardsti 60 1.66 (.02 ‘Polyzonum viviparum 60 15,00 o,
Thalictrum alpinum 60 §.33 4.01 Tofieldia pusilla 60.21.66° . 0.01
Zygadenus elegans 6l 8,33 .05 Eguisetum arvense 60 46.6¢ 236
Equisetum palustre 601 8.33 .18 Equisetum scirpoides 6! 2666 0.4
Selaginella selaginoide 60 13.33 0.01 Parrya nudicaulis 60 10,00 - 0.0
Parnassia palustris 60 20.00 - 0.02

GRAMINOIDS

Carex gurea 60 1.66 (.43 Carex eburnea 60 6.6( o8
Carex glacialis 60 35,00 0.30 Carex membranacec 60 13.33 1.73
Carex microglochin 60 1.66 (.01 Carex scirpoidea 606500 ¢ 1.08
Carex vaginata 60 33.33 (.35 Elymus . innovaius 601 SE33 .69
Festuca aliaica e 86,65 L84 wrn Trisetum spicatum 601 1.66 0.01



LICHENS

Cetrarla cucullala
Cetraria nivalis
Cladina rangiferina
Cladonia amaurocraea
Cladonia gracilis
Peltigera apthosa

BRYOPHYTES
Aulacomnium' acuminatum
Campylium steliatum
Ditrichum flexicaule
Drepanocladus uncinatus
Hypm)m bambergil
Pleurozium schreberi
Thuidium abietinum

60

60
(3]
60
60

60

60
60
60
60
60

28.33
16.66
5.00

16.66
21.66
21.66

333

20,00
6.66

20.00
20.00
63.33
21.66

0.53
0.12
0.13
0.26
0.09
0.30

0.16
1.20
0.09
2.03
1.15
5.04
0.44

Cetraria islandica
Cladina miti;
Cladonia stellaris
Cladonia coccifera
Cladonia multiformis

Brachythecium salebrosum
Dicranum groenlandicum
Drepanocladus revolvens
Hylocomium splendens
Plagiomnium ellipticum
Piilium cristo-castrens
Rhytidium rugosum

60
60
60
60
60

60
60
Y

60
60
60

26.66
66.66
11.66
3.33
5.00

1.66
43.33

5.00

73.33
6.66
6.66
45.00

164

0.52
10.02
1.18
0.01
0.01

0.16
1.18
0.12
29.01
0.30
0.75
2.2
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STREAM BED

Populus balsami feras Dryas drummondii/ Epilobium latifolium/ Campylium stellatum Control

SPECIES N FREQ COV SPECIES ‘ N 'FREQ COV
TREES :

Larix laricina 20 5.00 0.01 Picea glauca 20 55000 0.3
Populus balsami fera 200 60.00  0.73

SHRUBS

Alnus crispa 20.15.00 0,07 Arctostaphylos rubra 20 15.000  0.08
Arctostaphylos uva-urs! 20 10.00- - 0.03 Dryas drummondii 20 100,00 3530
Dryas integrifolia - 20 5,00 0.02 Empetrum nigrum 20 10,00 - 0.07
Juniperus communis 20 5.00 0.01 Linnaea borealis 20 °15.00 0.08
Potentilla fruticosa 20 15.00  0.03 Salix alaxensis 20 6000 0.75
Salix arbusculoides 20 10.00 - - 0.02 Salix glauca 20 5.00 0.01
Salix myriillifolia 200 5.00 0.01 Salix scouleriana 20 5.00 0.05
Shepherdia canadensis 200 25.00 - 0.37 Vaccinium vitis-idaea 200-5.00 0.01
HERBS

Anemone parviflora 20 15.00 . 0.02 Aster sibiricus 20 2506, .0.08
Cypripedium passerinum 200 10.00 .0.01 Epilobium lati folium 20 55.00 . 1.18
Hedysarum alpinum 20 15.00 - 0.03 Hedysarum boreale 200 85,00 - 0.90
Lesquerella arctica 201000 0.1 Papaver macounil 20 10,00 -.0.01
Planthanera hyperborea 207500 0.01 Pyrola asarifolia 20 1000 - 0.05
Pyrola secunda 20 .10.00  0.02 Equisetum arvense ‘ 20 500 0.0]
Equisetum palustre 20 30.00  0.02

GRAMINOIDS

Agropyron trachycaulum 20 35.00 - 0.05 Calamagrostis purpurascens 20 25,00 0.08
Carex eburnea 20 1000 005 Carex glacialis 2 3000 0.8
Carex scirpoidea 20 °10.060 - 0.01 Elymus innovatus 200 2500 D40
Trisetum spicatum 20 85.00 . 0.89

BRYOPHYTES

Aulacomnium acuminatum 200 5.00 0.0% Bryum sp. 20 5400 0.25
Campylium stellatum 2001500 0,82 Ditrichum flexicaule 200 .5.00 0.28
Drepanocladus revolvens 20 10,00  0.12 Hylocomium splendens 200 5.00 0.01

Thuidium abietinum 200 10,00 - 0,02 Tortella sp. 20 5.00 0.02



APPENDIX V: CONTROL PLANT COMMUNITY SOILS



SOIL PROFILE:

Horizon

L-F

Ea

Picea glauca/Dryas inteprifolia/Carex scirpoidea--

East Side Undisturbed Control

Eutric Brunisol

Degth‘(cm!

29-21

21-0

0-31

31+

Dark reddish brown (SYR 2.5/2,mnist),
seni-decomposed organic matter;#ibrous
sbundant fine and medium roots; clear,
wavy boundary; 4-10 cm thick; pH 6.7.

Black (10YR 2/1, moist), decomposed
organic matter; humic, plentiful fine
and medium roots; clear, wavy bound-
ary; 4-42 cm thick; pH 7.3,

Dark brown (10YR 3/3, moist) dark gray
ish brown (10Yh 4/2) loam; fine FE RIS
lar to amorphour; few medium roo: .
very gravelly; clear smooth bour.'u"
10-42 cm thick; pH 7.4.

Very dark grayish brown (10YR 3/2,
moist), clay loam; few, fine, faint
wiiiles very dark gray (10YR 3/1);
wcak fine blocky to amorphous; exces-
sively gravelly; pH 7.8. ‘ ‘



SOIL PROFILE:

Horizon

LFH

Bg

Ckg

168

Picea glauca/Ledun gzpenlandicﬁm/Festuca altaica/

Hylocomiun splendens

West Undisturbed Control (Upper Terrace)

Orthic Gleysol (Peaty Phase)

Depth (cm)
24-0

0-34

34+

Dark yellow brown (10YR 3/4, moist)
to black (5YR 2.5/1, moist) organic
matter; litter to humic, abundant
large to fine roots; gradual, wavy
boundary; 0-4- com thick; pH 6.6.

Dark gray brown (10YR 4/2, moist)
clay loam; many, medium distinct
mottles very dark gray (10YR 3/1,
moist); moderate, medium subangular

blacky to amorphous; very few medium

roots; slightly stony; gradual, wavy
boundary; 23-47 cm thick; pH 7.5.

Dary gray brown (10YR 4/2, moist)
loam; many medium distinct mottles
very dark gray (10YR 3/1, moist);
weak, fine granular to amorphous;
none; excessively stony; pH 7.8.



SOIL PROFILE:

Horizon

AL

Bg1

Ahk

Ck

169

Picea glauca/Ledun groenlandicur/Festuca altaica/

Hylocomi um splendens

Kest Undisturbed Control (Upper Terrace)

Gleyed Cunulic Regosol

0-5

- 15-30

30-35

35+

Black (10YR 3/1, moist) decomposed
organic matter and loam; humic,
abundant fine to medium roots; clear,
smooth boundary; 3-6 cm thick; pH 6.5,

Dark brown (10YR 3/3, moist) loam;
common, coarse, faint mottles dark
gray brown (2.5YR 4/2, moist); weak,
fine, granular to amorphous; few
large to medium roots; slightly
stony; clear, smooth boundary; 7-25
cm thick; pH 7.7,

Very dark gray (10YR 3/1, moist)
decomposed organic matter; humic,
plentiful fine roots (dead); clear,
smooth boundary- <11 em thick; pH
7.3.

Dark gray brown (10YR 4/2, moist)
loamy sand; amorphous; none; exces-
sively stony; pH 7.8.
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SOIL PROFILE: Picea glauca/Ledup groenlandicun/Festuca altaica/

Hylocomium splendens

kest Undisturbed Control (Lower Terrace)

Butric Brunisol

Horizon Depth (em)

LF 15-0 Black (10YR 2/1, woist) semi-decom-
posed organic matter; mesic, abundant
medium to fine roots, mycorrhiza;
gradual, wavy bow,dary; 10-20 cm thick;
pH 4.5,

Bg-C 15+ Very dark gray brovn (10YR 3/2, moist)
loamy sand; weak, medium granular; few
mediun to finr zoots; excessively stony;
PR 7.7,



APPENDIX VI: DISTURBANCE PLANT COMMUNITY FLORAS



BORROW PIT A
SPECIES

TREES
Larix laricina
Picea marlana

SHRUBS

Alnus crispa
Arctostaphylos rubra
Betula glandulosa
Empetrum nigrum
Ledum groenlandicum
Potentilla fruticosa
Salix alaxensis

Salix brachycarpa
Salix reticulata
Vaccinium uliginosum

HERBS

Androsace chamae jasme
Antennaria pulcherrima
Epilobium lati foltum
Planthanera dilitata
Saxifraga aizoides
Thalictrum alpinum
Woodsia llvensts
thlsezum scirpoldes
Parrya nudicaulis

GRAMINOIDS
Calamagrostis neglecta
Carex scirpoidea
Festuca altaica

BRYOPHYTES
Brachythecium salebrosum
Dicranum groenlandicum
Pleurozium schreberi
Rhytidium rugosum

on . or oo

00 00 0o 00 O &7

o0 00 oo O

12.50
75,00
8§7.50
25.00
So,00
100.00
75.00
25.00
25.00
62.50

62.50
12.50
12.50
25.00
80.00
75,20
12.50
25.00
25.00

37.50
87.50
25.00

12.50
25.00
12.50
50.00

cov

0.0
1.25

0.06
1.37
231
0.01
0.13
2.43
5.87
0.01
0.07
0.31

0.06
0.01
0.25
0.01
0.06
0.14
0.01
0.01
0.06

0.31
4.93
0.12

012
0.37
0.06
1.50

SPECIES

Picea glauca
Populus balsam! fera

Andromeda poli folia
Arctosiaphylos uva-ursi
Dryas integrifolia
Juniperus communis
Linnaea borealis
Rhododendron lapponicum
Sallx arbusculoides

Salix myrtillifolia
Shepherdia canadensis

Anemone parviflora
Casiille ja caudata
Gentiana prosirala
Hedysarum alpinum
Senecio lugens
Tofieldia pusilia
Eguisetum arvense
Selaginella selaginoides
Parnassia palustris

Carex eburneq
Elymus innovatus

Bryum sp.
Drepanocladus uncinatus
Thuidium abletinum

o o

o on Ot o

o oo o

on o

o0 00 o0 OO0 . ON ON O Ot O

oc

FREQ

12.50
25.00

62,50
62.5
100.00
37.50
$0.00
§7.50
75.40
50.00
12,580

50.00
1240
12.50
50.00
25.00
37.50
25,00
12.50
50.00

25.00
81.50

235.00
62.50
37.50

cov

0.12
0.18

0.25
3.0
7.93
0.13
0.25
1.0)

+3.3)

(.26
0.06

0.26
G.01
0.012
0.62
0.01
0.07
0.01
0.01
0.06

0.06
1.57

1.00
2.01
0.15

172



BORRO\A" PIT B
SPECIES

TREES
Larix laricina
Picea mariana

SHRUBS

Alnus crispa
Arctostaphylos rubra
Betula glandulosa
Dryas integrifolia
Juniperus communis
Linnaea borealis
Rhododendron lapponicum
Salix arbusculoides
Salix myriillifolia
Vaccinlum uliginosum

HERBS

Androsace chamae jasme
Aster sibiricus
Castille ja raupii
Cypripedium passerinum
Gentiana prostrata
Hedysarum alpinum
Pinguicula vulgaris
Pyrola secunda
Saxifraga oppositifolla
Polygonum viviparum
Tofieldia pusilla
Equisetum scirpoides
Parrya nudicaulis

GRAMINOIDS
Calamagrostis neglecta
Carex scirpoidea
Elymus innovatus

LICHENS
Cladonja verticillata

BRYOPHYTES

Aulacomnium acuminatum

Bryum sp.

Ditrichum flexicaule

Drepanocladus uncinatus
Pleurozium schreberi

Tortella sp.”

N

(V= IRV V. BV, RV IS

FREQ

1.1
11.1]

.n
66.66
88.88
100.00
77.717
2.2
7.7
7.7
44.44
33.33

44.44
33.33
1.1
1101
1.1
55.55
11.11
44.44
11.11
44.44
77.77
55.55

- 44.44

44.44
7.7
66.66

11.11

nn
n.n
11.11
66.60
11.11
i

cov

(101
0.055

11.56
1.16
3,05
16.78
(.09
0.05
(.39
1.22
233
0.27

0.01
0.17
0.01
0.11
0.011
0.78
0.05
0.88
0.01
0.01
0.44
0.11
0.12

0.11
1.83
0.67

0.0

0.05
0.01
0.11
.05
0.01
0.11

SPECIES

Picea glauca
Populus balsami fera

Andromeda polifolia
Arctostaphylos uva-ursi
Dryas drummondii
Empetruri nigrum
Ledum groenlandicum
Potentilla fruticesa
Salix alaxensis

Salix brachycarpa
Salix reticulata
Vaccinium vitis-idaea

Anemone parvifiora
Campanula aurita
Cypripedium calceolus
Epilobium lati folium
Planthanera dilitata
Pedicularis labradorica
Pyrola asarifolia
Saxifraga aizoides
Senecio lugens
Thalictrum alpinum
Equisetum arvense
Selaginella selaginoides
Parnassia palustris

Carex membranacea
Carex vaginata
Festuca altalca

Brachythecium salebrosum
Campylium stellatum
Drepanocladus revolvens
Hylocomium splendens

- Thuldium abietinum

Rhytidium rugosum

=l B e N e I s BN A Y - - )

AfopmY=}

L/ =R = V- Vo SRV V.

FREQ

88.85
55,58

22.22
55.58
22.22
22.22
33.33
100.00
88.88
11.11
333
22.22

£5.88
11.11
1.1
§5.58
77.77
11.11
44.44
55.58
55.55
66.66
55.55
11.11
85.88

11.11
22.22
2.22

1.1
11.11
1111
1111
44.44
77.77

173

cov

0.94
322

0.056
0.44
0.012
0.01
0.08
1.50
9.7
0.11
0.33
0.01

0.11
0.01
0.01
0.50
0.19
0.01
0.18
0.38
0.09
0.0l
0.81
0.01
0.02

0.22
0.056
0.11

0.11
0.11
0.22
0.01
0.82
1.66
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BORROW PIT F

SPECIES N FREQ COV SPECIES N FREQ COV
TREES

Larlx laricina 71428 0.57 Picea glauca 7085710 09
Picea mariana 7057140 0.5 Populus balsami fera 7. 71.42 1.08
SHRUBS

Andromeda poli folia 75714 - 007 Arctostaphylos rubra 78714 1.64
Arctostaphylos uva-ursi 7 4285 1,858 Betula glandulosa 78871 2.3
Dryas drummondii 7 M.42 0.8 Dryas integrifolia 70 100,00 6.35
Juniperus communis 71428 0 0.01 Juniperus horizontalis 7 1428 0.7
Linnaea borealis T 14280 0.14 Potenttlla fruticose 710000 0 0.7)
Rhododendron lapponicum 7 7142 043 Sallx alaxensis 7 100,00 0393
Salix arbusculoides 7057140 021 Salix bzbbiana 7 4288 028
Salix glauca T 28,87 014 Salix myrtillifolia 72881 0.57
Shepherdia canadensis 787.14 0.0 Vaccintum uliginosum 7 1428 007
HERBS

Androsace chamaejasme 728,87 0.0 Anemone parviflora 77142 0.02
Campanula aurita 71428 001 Centernnaria frieslanna 7 2857 0001
Planthanera dilitaia T7 01428 0 0.01 Hedysarum alpinum 7 42.85 021
Pyrola secunda 7. 1428 © 0.01 Rumex arcticus 71428 0.0
Saxifraga aizotdes 71428 0 0.01 Seneclo atropupureus 7 1428 - 0.01
Stellaria longipes 7 5114 0 0.0 Thalictrum alpinum 7 4285 0.03
Tofleldia coccinea 71428 0.01 Woodsia ilvensis 7 28.51 . 0.01
Equisetum arvense 71428  0.28 Selaginella selaginoides 7 4285 0.03
Parrya nudicaulis 7..28.57  0.01

GRAMINOIDS

Agropyron trachycaulum 7. 1428 0.7 Carex microglochin 7 5714 .0.35
Carex scirpoldea 7. 4285 0.28 Carex vaginala 74285  0.64
Trisetum spicatum 71428 - 0.01

LICHENS

Cetraria cucullaia 7 014280 0.0 Cetraria tslandica 7..1428 0 0.0
Cetraria nivalis 72851 015 Cladina mitis 71428 1.4
Cladonia stellaris 7 1428 - 042 Evernia mesomorpha 71428 0.0
Peliigera apthosa 71428 0.0

BRYOPHYTES

Bryum sp. 71428 © 0.01 Ditrichum flexiraule 7 14.28 - 0.01
Drepanocladus uncinatus 7 5714 6.57 Hylocomium splendens 7 0.00 0.01
Hypnum bambergii 702887 018 Thuidium abietinum 7 4285 0.0



BLADED SLOPE D
SPECIES

TREES
Larix laricina
Fopulus balsami fera

"HRUBS

Alwus crispa
irctostaphylos rubra
Betula glandulosa
Dryas integri folia
Linnaca borealis
Rhododendron lapponicum
Salix urbusculoldes
Salix bebbiana

Salix myriilli folia
Salix scouleriana
Vaccinium uliginosum

. HERBS

Androsace chamae Jasme
Antennaria pulcherrima
: Epllobium angusti foltum
Gentiana prosirata
Planthanera diliiata
Hedysarum alpinum
Oxytropls campestris
Pyrola grundliflora
Stellarla longipes
Equisetum palustre
Parrya nudicaulis

GRAMINOIDS
Agropyron trachycaulum
Carex vaginata
Festuca aliaica

BRYOPHYTES'

Bryum sp.
Drepanocladus uncinatus
Rhytidium rugosum

O 00 o o0 T2 N

oT o0 o on o

oo 00 CO O 00 00 O 00 GO o0 O

FREQ

25.00
87.5(1

12.50
37.50
62.50
75.00
12.50
12.50
12.50
12.50
25.00
12.50
12.50

12.50
12.50
12.50
25.00
37.50
62.50
25.00
12.50
12.50
12.50
75.00

12.50
12.50
25.00

12.5¢
50.00
12.50

cov

0.6
4.00

0.37
0.07
2.39
8.62
0.37
0.01
0,12
0.01
0.06
0.0
0.0m

0.01
0.06
0.12
0.02
0.02
0.93
0.12
0.01
0.01
0.01
0.33

0.01
0.25

0.12

0.012
0.87
0.01

SPECIES

Picea glauca

Andromeda poli folia
Arctostaphylos uva-ursi
Dryas drummondii
Junlperus communis
Potentiiia fruticosa
Sallx alaxensis

Salix arctica

Salix glauca

Salix reticulata
Shepherdia canadensis

Anemone parviflora
Cypripedium passerinum
Eptlobtum latifolium
Goodyera repens
Habenaria oppusitifolia
Hedysarum boreale
Pedicularis labradorica
Spiranthes romanzoffiana
Tofieldia pusilla
Equisetum scirpoides

Carex scirpoldea
Elymus Innovatus
Puccinellia deschampsiodes

Ditrichum flexicaule
Thuidium abietinum

TO O TN O 0 O 0D o o

OO 00 O 00 O OO0 ON 0N O O

FREQ

100,00

12.50
75.00
75.00
37.50
62.50
87.50
12,50
25.00
12.50
25.00

75.00
12.50
25.00
12.50
12,50
25.00
12.50
12.50
12.50
12.50

50.00
37.50
12.50

25.00
12.50

cov

1.2§

0.06
1.20
7.75
G.08
0.27
1.62
0.01
0.12
0.012
(.81

0.19
0.06
0.06
0.0
0.37
0.12
0.01
0.01
0.01
0.01

0.06
0.31
0.13

0.12
0.06
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BLADED SLOPE G
SPECIES

TREES
Picea glauca
Populus balsamifera

SHRUBS

Alnus crispa
Arctostaphylos - rubra
Betula glandulosa
Dryus Integrifolia
Juniperus communis
Potentilla fruticosa
Salix alaxensis

Salix bebbtana

Salix myriillifolia

HERBS

Androsace chamae jasme
Campanula aurita
Epilobium lati folium
Planthanerg dilliata
Saxifraga oppositifolia
Stellaria longipes
Tofleldia pusilia
Zygadenus elegans
Selaginella selaginoide
Parnassia palustris

GRAMINOQIDS
Carex microglochin
Carex vaginata
Festuca aliaica

LICHENS
Cetraria cucullata
Cetrarla nivalis
Dactylina arctica

BRYOPHYTES
Brachythecium salebrosum
Drepanocladus uncinatus
Thuidium abietinum

LV Y RS

AV AT WP I S

AT NP

AE RV AN

[P

W

AV TV RS

Ao W

N WA WA

W W

FREQ

2001
20.00

20,00
20,00
100,00
100,00
60.00
100,00
§0.00
60.00
40.00

40,00
20.00
200,00
60.00

. 20,00
40,00
. 20.00

20.00
40.00
20.00

40.00
40.00
20.00

20.00
20.00
20.00

20.00
40.00
40.00

Cov

0.1
0.80

0,10
.20
0.60
8.00
0.32
0.50
0.90
.0
0.20

0.01
0.10
0.0
0.06
0.01
0.02
0.10
0.02
0.02
0.01

0.70
0.60
0.10

0.01
0.02
0.10

0.10
0.40
0.01

SPECIES

Picea mariana

Andromeda polifolia
Arctostaphylos uva-ursi
Dryas drummondi!
Empetrum nigrum
Linnaea borealls
Rhododendron lapponicum
Salix arbusculoides

Salix glauca

Shepherdia canadensis

Anemone parviflora
Centerrnaria friesianna
Gallura boreale
Saxifraga aizoldes
Senecio lugens
Thalictrum alpinum
Weodsla llvensis
Lycopodium selago
Parrya nudicaulls

Carex scirpoidea
Elymus innovatus

Cetraria islandica
Cladonia verticillaia

Ditrichum flexicaule
Sphagnum fuscum
Rhytidium rugosum

[V RV SRV ST SRV Y Y A ]

th

th W A h

AV BV R V RV}

W

FREQ

60.00

20,00
40,00
80.00
20.00
201,
60.00
60.00
20,00
20,00

100.00
20,00
40.00
20.00
80.00
60.00
60.00
20,00
20.00

40.00
80.00

2000
20.60

20.00
20,00
2500

cov

0.50

(.20
(.22
2.20
0.0
0.00
0.30
¢.20
0.20
0.40

(.10
0.10
0.01
0.01
0.14
0.01
0.04
0.02
0.01

2.60
0.12

.01
0.02

0.02
0.02
0.75
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"ROAD .

SPECIES N FREQ €OV SPECIES N FREQ cov

TREES ;
Picea glauca 359428 097 Populus balsamifera 35.97.14 6.10
SHRUBS ‘ '
Alnus crispa 351714 . 1,78 Arctostaphylos rubra ‘ 3571714 .0.09
Arctostaphylos uva-ursi 35 22.85 013 Betula glandulosa ‘ 35 3714 0.12
Cassiope‘letragona 35 2.85 0.22 Dryas drummondii 35 9428 . 42.86
Dryas integrifolia 35 6571 4.53 Empetrum nigrum 35 °8.57 0.06
~Juniperus communis 35.14.28 0.0 Ledum decumbens 35 2.85 (.29
Ledum groenlandicum 35 2.85 0.2 Linnaea borealis 35 17.14 0.4
Oxycoccus microcarpus. - | 35 2.85 0.01 Potentilla fruticosa 35 57.14 0.77
Rhododendron lapponicum 35 1428 - 0.23 Salix alaxensis ‘ 35 60,00 3.96 -
Salix arbusculoides 35 40,00 0.22 Salix arctica 35 2.85 (.02
Salix arctophila 35 285 0.11 Salix bebbiana 35 8.57 0.01.
Salix brachycarpa 35 4571 1.72 Salix glauca 35 2285 0.10
Salix. myrtilli folic ; 35.17.14 0.08 Salix reticulaia 35 1142 0.03
Salix scouleriana 35 571 0.03 Shepherdia canadensis 35 3142 -0.23
Vaccinium uliginosum 35 5871 0.0
HERBS
Androsace chamaejasme 35:8.57 0.01 Anemone parviflora 35 2511 0.01
Antennaria pulcherrima 35 8.57 0.01 Arnica alpina 35 2.85 0.01
Aster sibiricus 3571428 0.0 Boschniakia rossica 35 2.85 0.01
Cumpanula aurita 35:2.85 0.01 Castilleja caudata 35 1142 0.01
Castilleja raupil 351142 0.01 Cypripedium passerinum 35 51 0.05,
Erigeron hyssopifolius 35 2.85 0.01° - Epilobium angust! folium 35 1142 . 0.04
Epllobium lati folium - - 35 3428 0.64 Erigeron pumilus 35°8.57 0.01
Gentiana prostrata 35 2.85 0.29 Planthanera dilltata 35 40,00° - 0.03
Hedysarum alpinum 35 857 0.86 Hedysarum boreale 35 8.57 0.08
Oxytropis campesiris 352,85 0.28 Pedicularts labradorica 35 2.85 0.02
Planthanera hyperborea 35 571 0.01 Pyrola asarifolia 35 1142 0.01
FPyrola secunda 35-11.42 - . 0.01 Saxifraga alzoides 35 285 1 0.02
Seneclo lugens 352000 0.03 Spiranthes romanzoffiana 35 2.85 0.0
Thalictrum alpirum 35 8.57 0.01 ‘Zygadenus elegans ‘ 35-11.42 0 0.08
Equisetum arvense 35-28.57 1.6 Equisetum palustre : 35 8.57 0.08
Egquisetum scirpoides 35 11.42 0 0.02 Parrya nudicaulis ; 35 1142 5001
Parnassia palustris ‘ 35 2.85 0.01 :
GRAMINOIDS
Arcxagrosti: latifolia 35 571 0 0,08 Calamagrostis purpurascens 35 2.85 0.11
Carex eburnea 352,85 0.01 Carex microglochin 35 2857 0.13
Carex scirpoidea 35 17.14 - 0.07 Carex vaginata 35 14280 0.07
. Elymus innovatus 35

17.14 -~ 0.08 Festuca altaica 351142 001



Bryum sp.
Djcranum groenlandicum

Drepanocladus revolvens

Hyloconilum splendens
Thuidium abietinum
Rhytidium rugosum

or
2

35
35
35

35

35

285
8.57
2.85
2.85
17.14
14.28

0.0
0.02
.01
0.05

013

.20

- Campylium stellatum
~Dltrichum flexicaule -

Drepanocladus uncinatus
Plaglomntum ellipticum
Tortella sp.

38
35

35
35
s

17.14
34,28
8.57
5.7
2.85

0.08
0.10
6.08
0.11
0.01
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TELEPHONE RIGHT:-OF -WAY

SPECIES

TREES
Larix laricina
Picea mariana

SHRUBS

Andromeda polifolia
Arctostaph ylbs uva-ursi
Cassiope tetragona
Empetrum nigrum
Juniperus horizontalis
Ledum groenlandicum
Oxycoccus microcarpus
Rhododendron lapponicum
Salix arbusculoidcs
Salix bebbiana

Salix myriiili folia
Salix scouleriana
Vaccinium uliginosum
Rosa acicularis

HERBS ‘

Orchis rotundifolia
Aster sibiricus
Epilobium angusti folium
Gentiana prostrata
Hedysarum alpinum
Papaver macounii
Pedicularis sudetica
Pinguicula vulgaris
Pyrola asarifolia
Rumex arcticus
Senecio lugens
Polygonum viviparum
Tofieldia pusilla
Equisetum arvense
Eguisetum scirpoides
Parrya nudicaulis

GRAMINOIDS
Agropyron violaceum
arex jugens lenticula
Carex scirpoidea

. Elymus Innovatus

LICHENS

Cetraria cvcullata
Cetraria nivalis
Cladina rangi ferina
Cladonia coccifera

25

25

FREQ

20.00
32.00

80.00
12.00
4.00

80.00
12,00
84,00
8.00

32.00
12.00
28.00
84.00
4.00

96.00

12.00

8.00
12.00
4.00
16.00
20.00
28.00
12.00
4.00
4.00
12.00
4.00
40.00
40.00
44.00
64.00
§.00

§.00

20.00
80.00
24.00

20.00
12.00
4.0
§.00

cov

0.96
(.92

0.36
(.20
(.40
0.94
0.14
2.8
0.00
0.24
0.06
0.54
3.56
0.02
2.16
0.54

0.02
0.04
0.04
0.01
6.10
0.16
0.02
0.01
0.0
0.0
(.04
0.09
0.06
0.70
0.26
(.08

0.04
0.26
2.22
0.30

0.08
0.02

012

0.02

SPECIES

Picea glauca
Populus balsami fera

Arcloslabh ylos rubra
Betula glandulosa
Dryas integrifolia
Juniperus communis
Ledum decumbens
Linnaea borealls
Potentilla fruticosa
Salix alaxensis

Salix arctica

Salix glauca

Salix reticulata
Shepherdia canadersis
Vaccinium vitis-idaea

Androsace chamae jasme
Cypripedium passerinum
Erigeron subarctica
Planthanera dilltata
Moneses uniflora
Pedicularis labradorica
Pedicularis frigidus
Primula egaliksensis
Pyrola secunda
Saussurea angust! folia
Spiranthes romanzoffiana
Thalictrum alpinum
Zygadenus elegans
Equisetum palustre
Selaginella selaginoides
Parnassia palustris

Calamagrostis neglecta
Carex membranacea
Carex yvaginata
Festuca aliaica

“Cetraria islandica

Cladina mitis
Cladonia amaurocraea
Cladonia gracilis

25

25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25

25
2§
25

FREQ

76.00
8.00

92.00
96.00
72.00
44.00
4.00

64.00
92.00
28.00
16.00
16.00
28.00
12.00
88.00

4.00
8.00
4.00
4.00
4.00
52.00
8.00
4.00
8.00
56.00
4.00
28.00
24.00
4.00
20.00
48.00

4.00

12.00

72,00,
84.00

3 4.00

64.00
4.00
32.00

cov

3.18
(.18

2.82
6.96
3.04
0.30
0.02
(.48
2.14
3.96
G.24
0.28
0.30
0.14
0.86

0.02
0.02
0.04
0.04
0.01
0.16
0.04
0.04
0.01
0.56
0.01
.18
0.02
0.04
0.01
0.05

0.02
0.06
2.60
2.24

20,08

8.60
0.02
1.32



Cladonia verticiliaa

BRYOPHYTES
Aulacomnium acuminatum
Bryum sp.

Dicranum groenlandicum
Hylocomium splendens
Pleurozium schreberi
Rhytidium rugosum

25

25
25
25
25
25

25

4,00

36.00
8.00

28,00
68.00
72.00
§4.00

0.04

0.70
0.08
1.04

10,10
9.06

24,30

Peltlgera‘ aprhosa

Brachythecium salebrosum
Campylium steilatum .
Ditrichum flexicaule
Hypnum bambergli
Thuldium abietinum

25

25
25
25
25
25

40.00

8.00

24,00
28.00
20,00
20,00

0.34

0.02
1.16
0.82
1.12
0.30
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MINOR RIGHT-OF-WAY

SPECIES

TREES
- Larlx laricina
Picea:-mariana

SHRUBS

Alnus crispa
Arctostaphylos rubra
Betula glandulosa
Empetrum nigrum
Ledum decumbens
Linnaea borealis

Rhododendron lapponicum

Salix arbusculoides
Salix bebbiana

Saltx myrtilli folia
Shepherdia canadensis
Vaccinium vitis-idaea

HERBS

Androsace chamae jasme
Antennaria pulcherrima
Cypripedium calceolus
Epllobium angusti folium
Erigeron subarctica
Geocaulon lividum

i Planthanera dilitata
‘Papaver macounli
Pedicularis frigidus
Saussurea angustifolia
Saxifraga hieracifolia
Polygonum viviparum
Thalictrum alpinum
Zygadenus elegans
Eguisetum scirpoides
Selaginella selaginoide
Parnassia palustris

GRAMINOIDS
Agropyron violaceum

Calamagrostis. purpurascens

Carex lugens lenticula
Carex scirpoidea
Elymus innovatus
Trisetum spicatum

LICHENS
Cetraria cucullata
Cladina mitis
Cladonia pyxidata

20
20

20
20
20
20
20
20
20
20
20
20
20
20

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20

20
20
20
20
20
20

20
20
20

FREQ

40.0
90.(}

35.0
75.0
954
45.0
5.0

65.0
40.0
40.0
5.0

80.0
10L0
9.0

10.0
25.0
15.0
10.0
35.0
25.0
40.0
10.0
5.0

40.0
5.0

55.0
70.0
25.0
35.0
65.0
85.0

20.0
25.0
10.0
90.0
50.0
15.0

25.0
60.0
5.0

cov

0.60
0.73

1.45
1.15
8.1

0.40
(.10
0.97
0.17

0.62

0.025
3.20
(.03
0.60

0.01
0.17
(.01
0.01
0.02
0.03
0.05
0.05
0.02
0.22
0.5

0.04
0.34
0.02
0.12
0.05
0.18

0.10
0.23
0.40
3.08
0.27
0.10

0.18

. 6.60

0.05

SPECIES

Picea glauca
Populus balsami fera

Andromeda poli folla
Arctostaphylos uva-urst
Dryas Integrifolia
Juniperus communis
Ledum groenlandicum
Potentilla fruticosa
Salix alaxensis

Salix arctica

Salix brachycarpa
Salix reticulata
Vaccinium uliginosum
Rosa acicularis

Anemone parvl flora
Aster sibiricus
Erigeron hyssopifolius
Epilobium latl follum
Galium boreale
Gentiana prostrata
Hedysarum alpinum
Pedicularls labradorica
Pinguicula yulgaris
Saxifraga alzoides
Senecio lugens
Stellaria longipes
Tofieldia pusilla
Equisetum arvense
Lycopodium selago
Parrya nudicaulis

Arciagrostis latifolia
Carex eburnea
Carex membranacea
Carex vaginaia
Festuca altaica

Cetraria Islandica
Cladonia gracilis
Evernia mesomorpha

20
200

20
20
20
2
20
2
20
20
20
2
20
20

20
2
20
20
2
20
20
20
20
20
2

20

20
20
20
20

20
20
20
20
20

20
20

20

FREQ

35.0
25.0

90.0
45.0
90.0
60.0
100

95.0
45.0
254
40,0
€50
95.0
30.0

85.0
25.0
5.0

20.0
10.0
15.0
20.0
55.0
15.0
10.0
40.0
5.0

65.0
45.0
5.0

20.0

5.0
5.0
10.0
80.0
80.0

35.0
55.0
5.0

cov

.92
0.05

0.23

(.55
2.87
0:29
215

. 2.0

0.55
0.75
0.45
123
112
0.36

0.18
0.05
0.01
0.05
0.03
0.01
0.17
0.15
0.01
0.01
0.08
0.05
0.27
3.20
0.03
0.01

0.10

s
6.0

1.40
1.68

0.30
0.52
0.02
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Peltigera apthosa

BRYOPHYTES
Aulacomnium acuminatum
Campylium stellatum
Drepanocladus uncinatus
Hypnum bambergli

Pleurozium schreber!
Rhytidium rugosum

20

20
20
20
20

20
20

3.0

20.0
10,0
55.0
20,0

75.0
90.0

0,50

0,60
.22
2,45
.27
0.05
10.1
4,30

Bryum specle

Dicranum groenlandicum
Iylocomium splendens
Plagiomnium ellipticum

Thuidium abletinum
Pulidium ciliare

20
20
20
20

20
20

10,0
40.0
KN
5.0

65.0
50

0.0
0,80
11.48

1.15
0.0
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MAIJOR RIGHT-OF - WAY
SPECIES

TREES
Picea glauca

SHRUBS

Alnus crispa
Arctostaphylos rubra
Betula glandulosa
Dryas drummondil
Empetrum nigrum
Ledum groenlandicum
Pe entilla fruticosa
S.lix arbusculoides
Sallx glauca

Salix reticulata
Vaccinium uliginosum
Rosa aclcularis

HERBS

Anemone parviflora
Aster sibiricus
Cypripedium passerinum
Geocaulon lividum
Goodyera repens
Hedysarum boreale
Pedicularis labradorica
Planthanera hyperborea
Saussurea angustifolla
Polygonum vlyiparum
Zygadenus elegans
Equisetum pafustre
Selaginella selaginoides
Parnassia palustris

GRAMINOIDS
Agropyron violaceum
Carex glacialis
Carex scirpoidea
Elymus innovatus

LICHENS
Cetraria cucullata
Cetraria nivalis
Cladonia stellaris
Cladonia gracilis

BRYOPHYTES
Brachythecium salebrosum
Dicranum groenlandicum
Drepanocladus revolvens

15

15
15
15
15
15
15
15
15
15
13
15
15

18
18
18
15
15
15

118

15
15
15
15
15
15

15

18
1§
15
18

— e
LV AP (¥

FREQ

73.33

6.66
8010
66.66
6.66
26.66
86.66
§0.0
13.33
13.33
20.0
80.0
13.33

73.33
33.33
6.66
40.0
13.33
40.0
33.33
13.33
6.66
13.33
6.66
20.0
26.66
60.0

6.66

1 66.66

60.0
80.0

20.0
133
133
40.0

13.33
26.66
6.66

cov

(.33

(.20
293
4.86
0.20
0.16
2.3
1.3

0.30
0.46
0.23
5.06
0.33

(.27
0.16
0.03
(.20
0.01
1.06
0.03
0.01
0.06
0.01
0.06
0.16
0.01
0.10

0.03
1.0

1.60
2.40

0.01
0.06
1.53
0.56

0.06
0.20
0.53

SPECIES

Andromeda polifolla
Arctostaphylos uva-ursi
Betula eccidentalis
Dryas Integrifolia
Juniperus communis
Linnacea borealis
Salix alaxensls

Salix brachycarpa
Salix myrtillifolia
Shepherdia canadensis
Vaccinlum vitls-ldaea

Antennaria pulcherrima
Castille ja caudata
Erigeron hyssopl! follus
Gentiana prostrata
Hedysarum alpinum
Lupinus arcticus
Pedicularis sudetica
Pyrola asarifolia
Senecio lugens
Tofieldia pusilla
Equisetum arvense
Egqulisetum scirpoides
Parrya nudicaulis

Carex eburnea
Carex membranacea
Carex vaginata
Festuca altaica

Cetraria islandica
Cladina mitis
Cladonia coccifera
Peltigera apthosa

Campylium stellatum
Ditrichum flexicaule
Drepanocladus uncinatus

15
15
15
15
15
15
15
13
15
15
15

15
15
15
15
15
15
15
15
15
15
15
15
15

15
15
15

15

15

15
15
15

15
15
15

FREQ

13.33
73.33
6.66
73.33
53.33
60.0
33.33
6.66
60.0
20,0
6(.0

20.0
6.66
20.0
13.33
66.66
26.66
6.66
40.0
6.66
33.33
46.66
13.33
6.66

6.66
20.0
20.0
86.66

20,
333
133
6.60 -

6.66
40.0
20.0

Ccov

0.16
0.97
0.13
2.33
0.70
2.83
0.%
0.06
1.93
0.20
0.60

0.04
0.01
0.034
0.01
0.73
0.30
0.01
0.20
0.06
0.06
0.50
0.01
0.06

0.06
9.2

0.10
1.66

0.13
4.20
0.01.
.06

0.06
.93
11.0
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Hylocomium splendens 15 2 3.0 Hypnum bambergli = . 15 6.66 ().O(.

Plaglomnium ellipticum 15 6.66 (.03 Pleurozium schrebert 15 60,0 5.50
Thuidlum abletinum 15 66.66 - 1.30 Rhytidium rugosum 15 5333 0.M3

Pullidium clliare 15 6.66 0.03



'STREAM BED

Populus balsamiferas Dryas drummondii/ Epliobium lail foliuia/ Campyltum stellatum Control

SPECIES

TREES
Larix laricina
Populus balsamifera

SHRUBS

. Alnus crispa
Arctostaphylos uva-ursi
Dryas integrifolia
Juniperus communis
Potentilla fruticosa
Salix arbusculoides
Salix myrtilli folia
Shepherdia canadensis

HERBS

Anemone parvifiora
Cypripedium passerinum
Hedysarum alpinum
Lesquerella arctica
Planthanera hyperborea
Pyrola secunda
Eguisetum palustre

GRAMINOIDS
Agropyron trachycaulum
Carex eburnea

Carex scirpoldea
Trisetum spicatum

BRYOPHYTES
Aulacomnium acuminatum
Campylium stellatum
Drepanocladus revolvens
Thuidium abietinum

N FREQ Cov
20 5.00 0.01
20 60.00 - 0.73
20-15.00  0.07
20 .10.00 - 0.03
20 5.00 0.02
20 5.00 0.01
20 15.00 0,03
20 1000 0,02
20 5.00 0.01
20 25.00 037
20.15.00  0.02
20 10.00- 0.0
20 1500  0.05
20 1000 0.0
20 5.00 0.0
20 10.00 - 0.02
20.-30.00 0,02
20 3500 0 0.05
20 10.00 -~ 0.05
20 10.00 0.01
20 BS.00  0.89
20 5.00 0.0
20 .15.00 0.52
201000 - 0.2
200°10.00 0.03

SPECIES

Picea glauca

Arctostaphylos rubra
Dryas drummondil
Empetrum nigrum
Linnaea borealls
Salix alaxensis

Salix glauca

Salix scouleriana
Vaccinium vitis-idaea

Aster slbiricus
Epilobium lati folium
Hedysarum boreale
Papaver macouni!
Pyrola asarifolia
Equiselum arvense

Calamagrostis purpurascens

Carex glacialis

. Elymus innovatus

Bryum sp.
Ditrichum flexicaule

Hylocomium splendens

Toriella sp.

N

20

20
20
20
20
20
20
20
20

20
20
20

20

20
20

20
20
20

20
20
20
20

FREQ

55.00

15.00
100,00
10.00
15.00
60.00
5.00
5.00
5.00

25.00
55.00
55.00
10.00
10.00
5.00

25.00
30.00

25.00

5.00
5.00
5.00
5.00

185

cov

0.3

0.08
35.30
0.0
0.05
0.75
0.0
0.05
0.0

0.05
1.15
0.90
0.01
0.08
0.01

0.08
0.18
0.40

0.28
0.28
0.01
0.02



APPENDIX VII: DISTURBANCE PLANT COMMUNITY SOILS



SOIL PROFILE:

Horizon

Cgk1

Cgk

SOIL PROFILE:

Horizon

Bo

Ck

Ckg

Borrow Pits

Gleyed Regosol

Depth (cm)

0-15

15+

Bladed Slope D

Eutric Brunisol

Depth (cm)
0-10

10-24

24+

187

Dark gray brown (2.5YR 4/2, moist)

clay loam; moderate, medium sub~angular
to wesk, medium granular; plentiful fine
and medium roots; excessively stony;
gradual, smooth boundary; 10-20 cm
thick; pH 7.9.

Very dark gray brown (10YR 3/2, moist)
silt clay loam, moderate, medium sub-
angular; very few medium roots; some
gravel; pH 7.8,

Grayish brown (2,5YR 5/2, moist)
clay loam; moderate, medium angular
to amorphous; plentiful medium to
fine roots; excessively stony; grad-
ual, smooth boundary; 8-11 cm thick;
pH 8.0,

- Dark gray brown (10YR 4/2, moist)
sandy loam; moderate, medium sub-
angular; very few medium roots;
excessively stony; gradual, smooth
boundary; 14 an thick; pH 8.1.

Dark gray (10YR 4/1, moist) clay
lJoam; strong, medium angular; very
few roots; excessively stony;
pH 8.1,



SOIL PROFILE: Road

Orthic Regosol

Horizon Depth (cm)
Ckl 0-26
Ckz 26¢

SOIL PROFILE: ' Road

Cumulic Regosol

Horizon Depth (cm)
Ck1 0-20
Ah 20-30
Ck 30+

186

Dark gray brown (10YR 4/2, moist)
sandy loam; weak fine granular to
amorphous; plentiful medium to fine
roots; excessively stony; gradual,
smooth boundary; 16-34 cm thick;

pH 7.9,

Very dark gray brown (10YR 3/2,
woist), dary gray (10YR 4/1, moist)
loam; weak mwedium granular to amor-
phous; very few medium roots; ex-
cessively stony; pH 7.9,

Brown (10YR 5/3, moist) dark gray
brown (10YR 4/2, moist) sandy loam;
weak fine granular to amorphous;
plentiful medium to fine roots; exces-
sively stony; clear smooth boundary;
15-25 cm thick; pH 7.6.

Black (10YR 2/1, moist) decomposed
organic matter; humic and mesic;
plentiful medium to fine roots; very
stony; clear, smooth boundary; 5-25
co thick; pH 6.8,

Dark gray brown (10YR 472, moist)
loan; amorphous; very vew medium to
fine roots; excessively stony; pH 7.7,
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SOIL PROFILE: Telephone Line Right-of-Way

Eutric Brunisol

Horizon Depth (cm)

L-H 28-0 Very dark brown (10YR 2/2, moist)
organic matter; fibrous to humic,
plentiful medium to fine roots; dif-
fuse, irregular bcundary; 22-33 em
thick; pH 6.5,

Ba, 0-12 ~ Very dark grayish brown (2.5YR 3/2,
moist) sandy loam; weak, fine granu-
lar to amorphous; very vew medium
roots; slightly stony; gradual, ir-
regular .boundary; 12 cm thick; pH 7.6.

B, ' 12+ Dark brown (10YR 3/3, moist) loamy

sand; weak, fine granular to amorphous;
none; excessively stony; pH 7.8,
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'SOIL PROFILE: Telephone Line Righteof-Way

Orthic Gleysol

Horizon Degfh (cm)

L-H 19-0
Bg 0-30
Cg 30+

Very dark brown (10YR 2/2, moist)
organic matter; fibrous to hunic,
Plentiful medium to fine roots;
gradual, wavy boundary; '1-40 em
thick; pH 6.3,

Dark gray brown (10YR 4/2, moist)
sandy  loam; common, medium distinct
mottles very dark gray (10YR 3/1,
moist); moderate, medium sug-angular
to weak, fine granular; very few
mediun roots; slightly stony; gradu-
smooth boundary; 14-50 cm thick;

pH 7.4.

Dark gray brown (10YR 4/2, moist)
sandy loam; few, medium faint mot-
tles, very dark gray brown (10YR
4/2, moist); moderate, medium sub-
angular; very stony; pH 7.9,



SOIL PROFILE: Minor Right-of-Way

Orthic Gleysol

Horizon Pepth {cm)

L-H 12-0 Dark reddish brown (SYR 2.5/2, moist)
organic patter; litter to humic,
pPlentiful] pedium to fine roots; clear,
smooth boundary; 0-23 cm thick; pH 6.8,

Bg 0-34 Dark gray brown (10YR, moist) loam;
few, fine, faint motties very dark gray
(10YR 3/1, moist); very few medium -
roots; moderate, medium sub-angular to
weak fine grapular; excessively stony;
clear, swooth boundary; 17-50 cm thick;
pH 7.2.

Ck 34+ Dark brown (10YR 4/3, moist) sandy loan;
weak, medium granular; none; excessively
stony; pH 7.5,



© SOIL PROFILE:

Horizon
L S

Ckl

Ahk

Bak

Ahk

~ Ck

192

Major Right-of-Way .

Cumulic Regosol

Depth_(cm)

0-7

7-10

10-21

21-22

22+

Grayish brown (10YR 5/2, moist)
loam; amorphous; very few medium

to fine roots; clear, smooth bound-
ary; 7 em thick; pH 8.0,

Black (10YR 2/1, moist) decomposed
organic matter; humic, plentiful
mediun to fine roots; gradual,

wavy boundary; 2-5 cm thick; pH 7.4.

Grayish brown (10YR 5/2, moist) loam;
weak, fine granular to amorphous;
plentiful medium to fine roots; grad-
ual, wavy boundary; 8-15 cm thick;

pH 7.8, ‘

Black (SYR 2/1, moist) decomposed
organic matter; humic, none; clear,
spooth boundary; 1 cm thick; ph 7.5.

Dark brown (10YR 3/3, moist) loamy
sand; amorphous; excessively stony;
pH B.1.



APPENDIX VII: DECORANA AXIS SCORES OF CONTROL AND DISTURBANCE
STANDS R
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APPENDIX IX: SYSTEMATIC LIST OF PLANT TAXA OCCURRING IN THE STUDY
AREA ,



Non-Yascular Plants:Lichens

CLADONIACEAE
Cladonia sp.

Cladonia alpesiris (Opiz.) Brodo,

Cladonia amaurocraea (Floerke) Schaer.

Cladonia cenotea (Ach.) Schaer,
Cladoﬁ!a coccifera (L.) Willd,
Cladonia gracills (L.) Willd,
Cladonia mitis Sandst.

Cladonia multl formis Merr.

Cladonia phyllophora (Ehrh.) Hoffm.
Cladonia pyxidata (L.) Hoffm.
Cladonia rangiferina (L.) Web.

Cladonia verticillata (Hoffm.) Schuer.

PARMELIACEAE
Cetraria cucullata (Bell.) Arg.
Cetraria Islandica (L.) Ach.

Cetraria nivalis (L.) Ach.

PELTIGERACEAE

Peliigera aphthosa (L.) Willd,

USNEACEAE
Dactylina arctica (Hooi:.) Nyl

Evernia mesomorpha Nyl.
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Non-Vascular Plants: Bryophytes

AMBLYSTEGIACEAE
Campylium stellatum (Hedw.) C.Jens.
Drepanocladus uncinatus (Hedw.) Warni.

Drepanocladus revolvens (Sw.) Warnst,

AULACOMNIACEAE

Aulacomnium acuminatum (Lindb.& Arn.) Kindb,

BRACHYTHECIACEAE

Brachyihecium salevrosum (Web.& Mohr.) BS.G.

BRYACEAE

Bryum sp.

DICRANACEAE

Dicranum groenlandicum Brid.

DITRICHACEAE

Ditrichum flexicaule (Schwaegr.) Hampe.

ENTODONTACEAE

Pleurozium schreberi (Brid.) M.

HYLOCOMNIACEAE

Hylocomnium splendens (Hedw.) BS.G:

HYPNACEAFE:
Hypnum barnbefgii Schimp.

Puilium crista-casirensis (Hedw') De- Not.

MNIUMACEAE



Plagiomnium ellipticum (Brd,) Kop.

POTTIACEAE

Tortella sp.

PTILIDIACEAE
Pulidium ciliare {L.) Hampe.

RHYTIDIACEAE

Rhytidium rugosum (hedw.) Lindb, -

SPHAGNACEAE

Sphagnum fuscum (Schimp.) Khngr,

Sphagnum rubellum Wils,

THUIDIACEAE

Thuidium abientinum (Brid.) B.S.G.
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Vascular Plants

BETULACEAE
Alnus crispa (Al,) Pursh
Betula glandulosa Michx.

KBetula occidentalis Hook ..

CAMPANULACEAE

Campanula aurita Greene

CAPRIFOLIACEAE

Linnaea borealis (Forbes) Rehd,

CARYOPHYLLACEAE
Minuartia rossii (R .Br.) House
Stellaria edwardsii R .B1.

Stellaria longipes Goldwe.

COMPOSITAE

Antennaria pulcherrima (Hook.) Greene.
Arnica alpina (L.) Ohn.

Aster sibiricus L.

Chrysanthemum integrifolium Richards,
Erigeron hyssopifolius M)ch;\..

Erigeron pumilis Nutt.

Saussurea angustifolia (Willd.) Dc.

- Senecio lugens Richards

CRUCIFERAE
Lesquerella arctica (Worms)‘..) S.Wats.

Parrya nudicaulis (L.) Regel -

" CUPRESSACLAE
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Juniperus communis 1.,

Juniperus horizonialis Moench,

‘CYPERACEAIT

Carex aquatilis Wahlends.
Carex aurea Nult,

Carex eburnea Bootl.

Carex glacills Mack.

Carex lugens Holm.

Carex membranacea Mook,
Carex microglochin Wahlenb,
Carex scirpoidea Michy.,

Careax vaginata Tausch.

LLAEAGNACEAE

Sherpherdia canadensis Nutt.

EMPETRACEAE

Empetrum nigrum L.

FEQUISETACEAE
Lquisetum arvense L.
Eguisetum palusire 1..

Lquisetum scirpoides Michx,

ERICACEAL

Andromeda polifqlia L.

.. Arctostaphylos rubra (Rehd& Wiison) .
| Arctostaphylos uva-ury.si‘ (L.) Spreng.
Cassiope tetragona (L.) D.Dor.
Ledum decumbens {Ait.) Lodd.

Ledum gréenlandicum Oeder

Ox ycoccus microcarpus Turcz:

KRhododendron lapponicum (L) Wuhlent.
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Vaccintum uliginosum L.

Vaccinium viiis-idaea L.

GENTIANACEAE
Gentiang prostrata Haenke,

Lomaiogonium rotatum (1..) Fries,

GRAMINEAE

Agropyron trachycaulum (Link ) Malte,

Agropyron violaceum (Hotnem,) Lge.,

Arctagrostis latifolia (R .Br.) Griseh,

Calamagrostis neglecta (Ehsh.) Guertu,

Calamogrostis purpurascens R .Bt.
Elymus innovaius Beal.

Festuca altaica Trn,

Puccine(lia deschampoides Th. So:

Trisetum spicatum (L. ) Richter.

JUNCACEAE

Juncus baliicus Willd.

LEGUMINOSAE
Hedysarum alpinum L.
]lt'dysar;lnl boreale Nutt,
Lupinus arctica §. Walts.

Oaytropis campestris (1,).De.

LENTIBULARIACEAE

" Pinguicula vulgaris 1.,

LILIACEAE +.
beieldia coccinea Richards.
Tofieldia pusilla (Michy.) Pere.

 Zygadenus elegans Pursh.
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LYCOPODIACLAE

Lycopodium selago 1..
ONAGRACEAE

Epilobium angustifoltum L.,
Epiloblum lati folium ..

OKCHIDACEAL

Amerorchis rotundifolia (Banks.) Hult.
Calypso bulbosa (1..) Oakes.
Cypripedium calceolus L.
Cypripedium passerinum Richards.
Gooderya repens (L.) Br,

Platanthera dilitata (Pursh) Lindi.
Platanthera hyperborea (L) Lindl,

Spiranthes romanzo ffiana Chum.

OROBANCHACEAE

Boschniakia rossica (Cham. & Schlecht.) Fedisch.

PAPAVERACEAE

Papaver macounii Greene

PINACEAE
Larix laricina (DuRo) K .Koch,
FPicea glauca (moench.) Vore.

Picea mariana (Mili.) Bsp.

POLYGONACEAE
“Polygonum viviparum L.

Rumex arcticus Trautv.

POLYPODIACEAL



Woodsta llvensis (1..) K.,

PRIMULACLAE
Androsace chamae Jasme Host,

Primula egallksensis Worms,

PYROLACEAE

Moneses unlflora ‘L.) Gray,
Pyrola asarifolia Michx,
Pyrola chlorantha Swartz,
Pyrola grandlflora Radius,

Pyrola secunda L.

RANUNCULACEAE
Anemone parviflora Michs,

Thalictrum alpinum L.

ROSACEAE

Dryas drummondii Richards.
Dryas integr! folia M.Vahl,
Potentilla fruticos. L.

Rosa acicularis Lindle,

RUBIACEAE

Galium boreale L.

SALIACEAL
Populu: balsamifera l ,

FPopulus tremuloides Michy. .

Salix alaxersis (Anderss.) Cov:

‘Salix arbusculoides Andetss:
Salix arctica Pall.
- Salix_arctophila Cockercell.

Salix bebbiana Sarg.

203; ,



Salix brachycarpa Nuil.

_ Salix glauca L.,
Salix myrlillijolia Anderss.
Salix reticulata L.

Salix scouleriana Barrali

SANTALACEAE

Geocaulon lividum (Richards) Fern,

SAXIFRAGACEAE

Farnassia palustris L‘.

Saxifraga aizoides L.

Saxffmga hieracifolia Waldst .& Kit.
Saxifraga hirculus L.

Saxifraga oppositifolia:L.

SCROPHULARIACEAE
Castilleja caudaia (Pennell) Rebr.
’ Caslilleja raupii Pennell,
Pediculafis ‘capitaza Adams.
Pedicularis labradorica Wirsing.

Pedicularis sudetica Willd.

’ SELAGINELLACEAE

Selaginella selaginoides (L.) Link.



