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ABSTRACT

The purpose of «this study was to investigate the impact
effects of alpine ski trail corridors on the adjacent beech-maple

forest community at Mont-5te-Marie, Quebec, fourteen years after

trail clearance. Specifié_objectivés were to measure the spatial
variation of structural and species. compositional changes to the
adjaééﬁf vegetation, and to consider implications of impact
effects on future forest development. '

A stratified approach to‘site selection was adopted to
ensure that results would reflect trail impact effects rather
than a response to natural abiotic variatien. Sample plot design
was systematic. Three replicate sample units of 10x30 metres and
SSW orientation were outlined adjacedigko the trail, and three
more in a control area beyond the influence of trail impact; each
unit was divided into six contiguods 10x5 metre plots aligned
with the trail edge and extending into the forest interior.

Vegetation characteristics were recorded 1in six structural
layers: ground (0-0.5 m), shrub (0.5-2 m; 2-5 m), and tree (>2.5
cm dbh: <10 m; 10-20 m; >20 m). Primary characteristics recorded
were stem counts and cover estimates for all layers, and
circunference at breast height for all trees. Secondary

characteristics recorded for trees included orientation of
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longest branches and stem inclination.

Preliminary analysis of the data invol&ed the calculation of.
mean values and standard deviaticns for sample replicates, the
derivation of basic indices, and the comparison of samples in’
termsl-of distance effects by statistical tabulation and graphic
display. Data summarization was supsequently obtained by
computer—assisted multivarliate analyses which i1involved the
calculation ofl similarity and distance measures (Gower
coefficient, 'information analysis), and the ordination of sample
data by correspondence analysis and principal component analysis.
Graphic displays of the reduced data were examined for. distance
effects. .

-Results of the study indicate that the distance of 1mpact
effects, and the ’‘structural and species coupositional
characteristics that change, vary with structural layer. Findings
indicate an overall Impact.distance of 10~-15 metres; increases
in species diversity (richness) in the ground, shrub, and lowest
tree layers; communitj retrogression characterized by changes in
species composition _ (a decline in the importance and the
elimination- of many “iaterior” species; the appearance of and
high relative abundance of a considerable number of shade-
intolerant “edge” species; an increase in the importance of shrub
and herb Sﬁecies); ; reduction in the average size of the
dominant species as a result of increases in density and cover in
the ground, shrub, and lowest tree i;yers; the development of two

distinct buffer =zones as a consequence of these increases in

density and cover——the outer dominated by shade-intolerant

i1
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species and the inner dominated by Sugar Maple; increases in the
variability of density, cover, gnd specles richness in the
ground, shrub, and lowest tree layers; and structural adaptaticn

in all tree layérs.

Future }mplications of an age (size) class anélysi"cf these
impact effeé:s are a change in canopy dominance from Beech to
Sugar Maple from 5-15 metres of the trail edgé, and‘ the
maintenance of the outer edge—zone in a permanently altered state

of arrested successional development.

Some unique findings of~this study are: the appearance of a

_ secondary buffer zone of Sdhar Maple interior to the outer zone

of predominantly shade—intolerant species; the transformation of
continuous microclimatic gradiénts into discontinuous gradients
b;, tﬁe vegefétfon response to impact; an indication that the
recovery rate~of impacted forest may be directly related to the
intens}ty' ofhthe initial respoﬁse to disturbance; and evidence
that topography exerts an indirect influence on vegetation
response to {and recovery from) disturbance through its effects

on mlcroclimate.

The response of the beech-maple forest community to cerridor
disturbance was considered in this investigation in relation to
two components of relative stability: resistance and resilience.
The principal findings of the study can be considered as measures
of the resistance of the community tﬁ.e.' ability to resist
displacement) to the stress impqggg/éy "the ski trall. The
ability -of the community to buffer corridor disturbance suggests
considerable inherent resilience (1.e. ability to. recover) even

3
though the §fress is sustained through corridor maintenance.
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Nevertheless, the threshold'oﬁ resilience is exceeded close to
the trail edge where coﬁmunity characéeristics will remain
permanently altefed as Idng #s the edge is maintained. Moreover,
a long-term shift in dominant specles from Beech to Sugar Maple
from 5-15 metres of the trail edgé implies incomplete resilience
to this type of stress.

It is . apparent from the results of this study that
fragmentation by open corridors could have long-term effects on
the species composition of adjacent forests. The denser the
network of éorridors, the more widespread these impact effects
are, likely to be. On the basis of the study results, a minimum

placement-distance of 60 metres between tralls is recommended in

the Beech-Maple forest commumity at M3nt-Ste-Marie.
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INTRODUCTION

BACKGROUND AND PURPOSE

Ecosystems experience a wide variety of natural and man-made
disturbances that vary in type, frequengy, duration, magnitude,
and spatial extent (Peterman 1950). As systems differ in their
ability to withstand disturbance, there is a critical need for a
greater understanding of the levels of manipulation that can be
imposed on ecosystems without producing serious or harmful
transformations (Hill 1975).

In the context of this general concern, this study was
initiated to determine the response of a forest communi:& to man-—
induced disturbance. More specifically, the purpose of the study
was to Investigate the. impact effects of ;lpine ski trail
corridors on adjacent vegetation at Mont=Ste-Marie, Quebec.
Defined objectives were:

l. To measure impact effects in terms of structural and

species conmpositional changes to the * adjacent
vegetation;

2. fo measure the spatial variation of impact effects in
terms of distance from the trail edge; and

3. To consider the implications of impact effects for
future forest development. .

Vegetation structure can be defined as the arrangement iIn space

of  the - components of vegetation (Fosberg 1967), or more
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speéﬁfically by‘:hree components: the vertical’ arrangement of
species (i.e. the stratification 6f the vegetation); the
horizontal arrangement of species (i.e. the spatial distribution
of individuals); and the abundance of each speéﬁes (Kershaw
1964). . The spatial variation of impact effects were accordingly

measured in the vertical as well as horizontal dimension.

SCOPE
An exploratory survey of the study area revealed that If
site selection criteria were to be met, the scope would have to

be more restricted than originally planned. The study was

therefore limited to a beech—maple communiéy adjacent to a trail:

1
that had beea cleared 14 years earlier . The maple-beech

community is the type most frequently intersected by ski trails
in the Mont-Ste-Marie area. It was accordingly considered the

most representative of potentially impacted vegetation types.

THEORETICAL CONTEXT

The problem area of the study -- the impact of open
corridors on forest vegetation -- could be considered to fall
within the realm of landscape ecology which studies the
structure, function, and development of landscapes (Formaa 1981).
Significant ,mutual controiq}§ exerted by landscape elements or
structural components (patches, corridors, lmatrix) through
interactions involving flows of energy, éine;al. nutrients and

species (Forman and Godron 198l; Forman 1983). Thé interaction

of corridors with other landscape elements represents a key

1
Datd collection took place in the summer of 1984,

AN



conceptual area of landscape ecology (Forman 1983). Corridors
function as sources of{ényironmental and biotic effects on the
surrounding matrix (Forﬁa# 1983). This study focuses on thié
ecological role of corridors by attempting to measure bilotic
effecﬁs induced by environmental changes imposed by ski trails.

The study .could also be considered within ther confines of
stress ecology,. défined by Barrett (1981) as that subdiscipline
which attempts to measure and evaluate the impact of natural - or
foreign perturbations on the structure and function of ecological
systems. Stress is defined variously in the literature; however,
all definitions sﬂare the commun premise of a stimulus acting -on
a bioiogical system and the subsequent reaction of the system
(ﬁapport et al. 1984). ‘Often used synonymously with
“di§turbance’ and “perturbation”, stress is generally considered
to involve an interference with normal system function that
exerts an energy cost to that system (Boesch and Rosenberg 1981).
This energy cost results in community change. As noted.by Godron
and Forman (1983), disturbance causes a community or ecosystem
characteristic (e.g. species diversity, nutrient output, biomass,
vertical and horizental structure) to exceed or drop below 1its
common (homeostatic) range of variation. Stress effects are not
necessarily negative. In faet, the persistence of some
ecosvstems depends on periodic¢ disturbance (Vogl 1977,1980), and
as Odum et al. (1979) observe, disturbance induced by man can be
beneficﬂ;l at low levels of impact {e.g. -enhance 'productivity)
y& have adverée effects at higher levels. |

’
Ecosystems vary considerably in their response to stress.



Twe components of velative stability define this response:
resistance--the abiliny of a sysfem to resist displacgment from
its 1initial state when subjec; to perturbation (Webster et al.
1975; Vitousek ¢t al. 1981), and resilience-~~the ability of a
system to return to a reference state following a disturbance or
stress period (Webster et al. 1975) once the limits of resistance
have been exceeded. In attempting to measure and evaluéﬁe chg
stress effects on forest "vegetation induced by disturbance
corridors, this study conforms to the gen;ral objectives’ of

stress ecology. The observed changes in the vegetation adjacent

to the trail, measured in terms of vegetation structure and

species composition (outside the range of variation of control
1
samples) c¢ould be considered measures of community resistance to

corridor stress. As . the measurement of resilience generally
implies recovery after the removal of stress, yet the disturbance

&
is sustained by corridor maintenance, this concept will be more

difficult to apply. Nevertheless, evideat efforts by the

vegetation community to neutralize stress effects or to insulate
itself from the disturbance could be considered as indicators of
resilience.

In the context of the stress-response framework developed
by Rapport et al. (1985), trail clearance would be considered as
a terrestrial physical restructuring stress. This framework

(table I) provides overall context for this type of disturbance.

Characteristic responses c¢ited by these authors and relevant to

i

This range would reflect adjustment to predictable
environmental changes, species interactions, and chance
events.



Table 1

CHARACTERISTIC RESPONSE OF ECOSYSTEMS TO STRESS

Nutrient Primary Species Systen
Poal Produetivity Diversity. Distribution Retrogtession

Harvesting of .
renewable resources

Aquatic » * - +

Terrestrial - - - *

1\

Pellutant discharges

Aquatic + + - +

Tecrestrlal -~ - - = +
Physical rescructuring

Aguatic . bl bl - -

Tervestrial - - - +
Introduction of exoticn /

Aquatle ) il * +

Terrestrial * » b +
Extreme natural eventa \

Aquatie " * - +

Terrestrial - L - +

Note:  +/- Sigas indlcate directions of change compared with normal functioning of

relatively unstresascd systems

* Characteristic response not sufffclently determined

Source: Rapport ¢t al. 198S
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the variables measured in this étddy are those related to species
diversity, size distribution of specles, and  system

retrogression. -

LITERATURE REVIEW

Few attempts have been made to assess the vulnerability of
an entire community to ecological changes regulting from trail
proximity (Cole 1978). Previous corridor impact studies have
been carried out in relation to ski slopes (Bayfield 1971; Hoffer
1981; Baiderin 1983); roads (Bates 1937; Fremkel 1970, 1974;
Johason eﬁ al. 1975); f£footpaths and hiking trails (Bates 1935;
Peters 1972; Dale and Weaver 1974; Cole 1978); power
transmission-line corridors (Boss 1974; Ludwig et "al. 1977;

Hessing et al. 1982); gas pipeline and other rights-of-way (Vasek

~et al. 1975; Niering 1958; Niering and Goodwin 1974; Anderson and

Egler 1984); and seismic survey lines (Revel et al. 1984;
Dougherty et al. 1986). With the exception of the recad, hiking
trall and seismic 1line studies, these ig:estigations were
primarily concerned with impaets on corridor vegetation wusing
adjacent control ploté to measure within-corridor change, or
focused on vegetation control in rights-of-way. Even roadside
disturbance observations have been confined to relatively narraqw
segments adjacent to highways within road rights-of-way (Frenkel

1970, 1974; Johnson et al. 1975) or outside aseas of natural

vegetation (Bates 1937). Studies that have measured hiking trajl

" impact on adjacent vegetation have confined their observations to

changes 1in grcundlayér vegetation subject to traﬁbling stress

-

{Peters 1972f.Dale and Weaver;l97&; Cole 1978).



- Corridor impact effects on more than one structural layer of
ﬁ' adjacent vegetation were examined soley in the seismic fine study

by Revel et al. (1984). Even 4in this instance, measured

variables were limited by the ‘authors” primary interest in tree

gfowth effects. This study was undertaken in a lodgepole pine-
i :

biack spruce forest community in southwestern Alberta with the

+

“,r/;bjectives of detérmining the effects of seismic lines on
adjacént. forest‘ growth and examiaing on-line regeneratilon.
Sample ' plots within and adjacent to seismic lines were aligned
with- the line edges; contr;i plots were located 20-30 metres
toward the forest interior. Study sites were selected to
represent a variety of stand g;pes {cover type, stocking density,
and age), eavironmental conditions, and corridor age. Height and

— #iameterr measurements of trees were taken and incremen:t cores

s were extracted. In additiom to'these-measuremenCS, the percentage

cover of each specles was estimated for tree, shrub, and herd
layers.
None of tbe corridor studies that were reviewed

systema%}cally investigated impact effects along a transect from

corridor edge to forest interio;.

In view of the dearth cf open corridor studies relevagt to
the project objectives, a review of ﬁegetaﬁion studies of edges
or ‘egotones between forested and non—forested land was carried
out. Edges océur where plant communities meet or  where

successional stages or, vegetative -conditions within plant

communities come together; .areas influznced by the transition

. -

between communities or successional stages are called ecotones

{(Thomas-et al. 1979). . Edges can be inherent (i.e. result from
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the meeting of two plant communities and originate from abrupt
changes 1in natural factors such as soil, topography, bedrock,
microclimate etc.); or induced (i.e. result from the meeting of
successional stages or vegetative conditions within a plant
commuﬁicy that are created by manageﬁenc practices or short—-term
natural events such as fire, qisease,‘ insect infestationms,.
floods, erosion etc. (Thomas et al. 1978)). Edges may also be

maingg}ned, or advancing- (not maintained and advancing with

' secondary succession (Ranney et al. 1981)). Edge configuration

can alse vary from abrupt to mosaic (Thomas et al. 1978).

According to this te:minology; _corridor edges relevant to the

current study would be classzfiea as induced, abrupt, and

maintained. The diffgrentiaéion between “edge” and “ecotone” is

not commonly made in the lirerature (Seé Ghiselin 1977; Smith

1980; Ranney et al. 1581) where “edge” is often used to denote

both boundary and e;otonel. This expanded usage will be adhered
to in this study. ‘

The term “edge e;fect’ was first used by Leopold (1933) in
relation to the high abundance and r;;hness of wildlife
encountered in these zones. This phenomenon is so predictable
that edge characteristics (e.g. length, widch, and configﬁration)
are used as surrogates In the caleculation of predictive indices
of wildlife éiversity and productivity (Patton 197%5; -Ghiselin

1977; Thomas et al. 1879). Edge effects are also characteristic

of plant communities, and as noted by Thomas et al. (1979) for

1
In the case of maintained edges, only one half of the
ecotone exists interior to the maintained edge (Levenson 1976).



wildlife, result from the additive effects of the overlaﬁ of

species ranges when two or more plant communities meet, and from’

the addition of species adapfed to the environmental conditions
of the ecotone created. The high abundance and richness of
wildlife in edges 1s in fact a function of habitat diversity
which is in turn defined by the fooé and shelter characteriatics
of the vegetation and ablotic environment. Wildlife and

vegetation edge effects are therefore directly related.

Pioneering work on the vegetation characteristics of

inherent edges between different forest types in relation to

[

wildlife habitat value was carried out by Barick (1945, 1950).

Studies of induced edges  have investigated wvegetation
characteristics in relation to distance from edge margin (Wales
1972.; PRanney et al 1981); aspect (Trimble and Tryon, 1966; Wales
1972; Ranney et al. ;981) edge age (Trimbie and Tryon 1966;
Raunney et al. 198l); edge maintenance {Ranney et al. 1981);
community age (Whitney and Runkle 1981); ot have compared
characteristiecs: in edge plots with those of interior control
piOCS (Gysel 1957; Frei and Fairbrothers 1963; Runkle 1981).

Gysel (1951) studied and compared vegetation structure and

.

specless composition in openings and edges 1in  beech-maple

woodlands adjacent to agricultural fields in southern Michigan.

Edge, interior, and opening plots were compared in ;erms of

number and frequency of tree specles, and of cover for seedling,

vine, shrub, and herb species. Genera; observations of tree form

were also made. North- and south—facing edges in various
"__/

successional phaseé of development were sampled. Because of

variations in the past history of the edges studied, however, an

-



analysis of the influence of aspect could not be carried out.

Trimble and Tryon (1966) investigated the extent of border-
tree c;own expansion into openings of different age ana varyling
size cut into Appalachian second-growth hardwood stands in West
Virginia. They also examined the effect of aspect on the rate of
crown growth of edge trees.

A floristic study of forest/field edges of a mature oak-
hickory forest on the New Jersey piedmont (Frei aﬁd Fairbrothers
1963) investigated species presence, abundance (rare, common,
abundadt), %nd phenology in edge and interior sections. Wales
(19722 studied north and south edges of the ;ame forest. The
edges studied were not maintained and had accordingly advanced
with secondary succession. - Sample sites were located along the
forest/abandonad field edges and in the sta;d interior.
Vegetation was sampled to a distance of 30 metres from ea;h edge
in contiéuous strip plots aligned with the edge. Tree specfés
density, diameter at breast height, and origin were sampled along
with cover of the vine, shrub, and herb layer species. General
observations of tree form were al;o noted. Comparisons were made
among strips at the edggs and forest. centre. A detailed
microclimatic study of north and south edges had been previously
carried out by~the author (Wales 1967) and provided valuable
insight for the interpretation of results. -

Forest/field edges and interiors of a disturbed (logged)
secoﬁd—grobth stand ~and an undisturbed old-growth stand in a

beech-nnzple forest in Chio were compared by Whitney and Runkle

(1981). Because of the need to minimize differences -in solil

10



- type, aspect could not be held constant, and sample plots were
éig;k located along eascﬁorien:;d edges in the second-growth stand and
west-oriented edges 1in the old-growth stand. Tree specles
density and diameter at breast height wére sampled at ‘interior

-

and edge plots. Variations in species density and basal area
were exémined ian relation co-age of stand (old growth, seconé
growth) and position (edge, interior). Edge age was not
considefed._

A  comprehensive Siudy of deciduous forest island edges in

the suburban and rural fringe area of—Milwaukee, southeastern

Wisconsin, was carried out by Ranney et al. (Levenson 1976;

Brunner 1977;:Ranney 1978; Ranney et al. 1981). Trees, saplings,

shrubs, and woody groundlayer specles were sampled In contiguous
- ‘ plots aligned with théAforest/field edges, extending from edge to
stand interior for a distance of 30 metres. Edges with north,
south, east, and west orientations were sampled. Edge age was
determined from increment‘ borings of selected trees. The
maintenance characteristics .of each edge sampled was also
recorded. Structural tree neasurenegts (height, crown assymetry,
and dominance class) were taken for use in simulation models of

forest edge dynamics. A selected review of forest island edge

literature was also undertaken by Ranney (1977).

Results of canopy gap dynamics studies in Beech and Sugar

Maple 1956; Runkle 1979, 1981, 1982, 1984;

Nakash¥zuka  1983) also some applicability to this

estigation, although Gysel (1951) and Wales (1972} observed
differences Dbetween the composition and structure of vegetation

-~

at edges and in openings.

11



T”Although not-:fecifically related to induced edges \?roduced
by terrestrial physical restructuring, othgr investigations that
éave observed impact effects on a forest community in relation to
distance from a man-induced disturbance source iﬁélude studies of

chronic gamma-ray irradiation of a late-successional oak-pine

forest in New York (Woodwell and Whittaker 1968) and a boreal

. forest ecosystem in southeastern Manitoba (Guthrie and Dugle

1983); and 1investigations of stress effects of sulphur dioxide
emissions at Sudbury, Ontario (Gorham and Gordon 1960; Luzon
1971; Freedman and Hutchinson 1979) and Wawa, Ontario {Gordon and

Gorham 1963).

RATIONALE .
p

:
An examination of the relevant literature in relation to the

study objectives reveals that: .
o The impact of ski traill corridors on adjacent forest
vegetation does not appear to have been studied;

o The majority of corridor impact studies have stressed
impact effects of corridor use on within-corridor
vegetation rather than on vegetation adjacent to
corridors;

0 Only one corridor study (Revel et al. 1984) investigated
impact effects on more than one structural layer of
adjacent vegetation; most studies confined observacions
to the groundlayer; ’

o No corridor studies and only one study of induced
maintained edges (Ranney et al 198l1) investizated the
spatial wvariation of impact effects with distance from
the edge margin.

It accordingly appears that the investigation will £ill gaps in

the corridor impact literature in relation to type of corridor
(ski trail) and the spatial variation of impact effects (both

horizontal and vertical). Itlwill supplement studies of induced

12
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edges with respect to eége type (forest/ski trail) and topography
(sloping). 1In view of the few existing empiricai studies of this
naEure, the investigation will also make a contribution by
validating existing findings d@nd assessing the applicability ‘of

edge study findings to open corridor situations.
~In the summary paper of a wvolume related to forest

f ragmentation, Burgess”and Sharpe (1981) state:

"The strong 1nteraction between elements of landscape
mosaics... 1s fundamental to the dynamics of
landscapes... Major unknowns are the time and distance

decay rates of these interactions between any landscape
element and those surrounding ic."

By focusing on the distance impact effects of open corridors on -

forest vegetation this study addresses one of these unknowns.

Finally, by contributing, if only in a small way, to the

elucidation of the ability of ecosystems to withstand man-induced

stress, the study will address an aspect of stability that

argently requires research (HilLr 1975).

STUDY AREA
Physiography
Mont-Ste-Marie (fig.l) is located approximately 60 km due

north of Ottawa in the southern part of Hinks Township, Gatineau

County, Quebec, on the divide between the Gatineau and .Liévre
. 0 - 1r
tcribuataries of the Ottawa River. Its summit (Lates 45 56 10 W,
o - " . N

Long. 75 51 07 N), the highest point in the Gatineau Hills,

reaches an elevation of 558 metres above sea level and a vertical

height from base to summit of approximately 375 metres. The

_Gatrinear Hills are part of the Laurentian Highlands of the

13 -
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(Sample units shown as white rectangles} Seale 1:36,000

Fig. 1 Study Area, Mont-Ste-Marie




Precambrian Shield (Bostock 1970). Topography in the area is
quite diverse ranging from the flat lowlands of the Ryanville

plain to the rolling~to- mountainous upland ski terrain.

Geology

. The Precambrian Shield bedrock of the regién was subjected
to intense deformation, metamorphos;s, and granicie intru§ion in
the Grenvillian Preéambrian orogeny (one billion years before
preseat), and later 1in the Precambrian era, and principally
consists of intermediate intrusive rocks ranging from quartz
monzonite to pyroxene diorite (Quebec Department of Natural

Resources 1949, Geological Survey of Canada 1968).

Surficial Deposits
A geomorphic map of the area (Phipps 1974) reveals a variety
of surficial materlals including exposéd rocky ridges and domes;

debris-covered slopes with angular fragments derived from slope

weathering and frost action; glacial moraine at the base of the

slopes and surrounding the small lakes in the area; fluvial
deposits of sand and gravel in the wvalley that drains Lac
Fournier and 1ssues onto the Ryanville plain; silt and clax
deposits covering the lowlands adjacent to Lac Ste-Marie; and

occasional small organic deposits scattered throughout the area.

Soils

Soils developing on these varied surficial deposits are
likewise diverse and derive their primary characteristics
(textur:, structure, drainage, mineral composition etc.) from

these parent materials. Soils sampled at the study site appear

15



to belong to the Orthic Humo-Ferric Podzol subgroup of the
' 1
Podzolic order (Canada Soil Survey Committee 1978) and conform

to described characteristics of Podzols of the Ste. Agathe series

(an earlier classification) found in northern Gatineau county

(Lajoie 1962).

Climate
The regional climate,' accovding to the Koppen
classification, is Boreal Humid Continental (Energy, Mines and

Resources, Canada, forthcomiquj// Some <climatic statistics
2
relevant to plant growth are as follows :

- 0

Mean daily July temperature 18.3 C o
Mean daily January temperature -13.5C
Mean annual precipitation 866.6 mm3

Mean annual rainfall 650.8 mm

Mean precipitation May-September 433.0 mm

Average date of last spring frost May 29
Average date of first fall frost September 20
Average frost-free period 113 days

Annual degree-days above 5 C 1649.6

Maximum daylight hours 15.45 (June 21-22)
Minimum daylight hours 8.38 (December 21-22)
Mean anmual hours of sunshine 1951.4

Hours of sunshine May-September 1139.4

1

Without chemical analyses this classification is tentative.

The soils could also be Eluviated Melanic Brunisols.
2 .

Climate statistics are those recorded for HManiwaki, Quebec
(altitude 170 m above sea level) and represent the climatological
recording period 1951-80 (Eavironment Canada n.d., 1982a, 1982b,
1982¢).

3

Monthly precipitation in the growing season is higher than

at other times of year but the variability is also higher.

16



Vegecatioﬁ

In a regiomal forest classificatien context, the area lies
within the Middle Ottawa Section of the Great Lakes-St. Lawrence
forest region (Rowe }972). The climax vegeration of the upland
is deciduous forest dominated by Sugar Maple in assoclation with
Beech, Basswood and White Ash with occasional admixtures of
Yellow Bireh and Red Oak (Lafond and Ladouceur 1968)1. The
diversified topography and surficial deposits-of the area support
a variety of community types (fig. 2). Treeless exposure barrens
on rock crests and at the summit support a dwarf shrub (e.g
blueberry/vaccinium sﬁﬁ.), moss and lichen community. A
community of Red ©Oak and Red and White Pine occurs on rocky
ridges and stecp slopes ;ith shalloQ soils. A transitional
Beech-Red Oak community is found in exposed upland areas with
slightly deeper soils and gives way to the most areally
significant community of Sugar Maple and Beech on deeper soil§‘at
slightly lower elevations. On the lower, -moister slopes, Sugar
Maple 1s associated with Basswood, and toward the base of the
modntéin, in well drained situations, with lronwood. The well-
drained sand and gravel deposits in the valley support a Balsam
Fir-White Pine community which gives way to a Balsam Fir-White
Spruce association on the finer silt and clay deposits bordering
the Ryanville plain. Most of the Plain has been cleared for

agricultural purposes.

1

This climax community was  designated 17érabliére
laurentivnne {Aceretum saccarophori laurentianum) by Dansereau

{1946) and 1is considered as a sub-association of the &rabliére
order by Grandtner (1966).

17
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Development History

Twenty years ago, in a floristic study of Mont Ste-Marie,
Dore (1967) stated: | )

" "0n account of the ruggedness of the terxain, the slopes of
Mont Ste Marie have long stood a wilderness of rock and
forest and, despite their relative accessibility from valley
roads, have not been overly fragmented by sportsmed nor
excessively exploited by lumbermen. Presently, the covering
vegetation could be said to be representative of the area
and in an almost original state". '

Accessibility was improved in 1962-63 when ag unsurfaced road was
cleared to the summit fof the construction of a radar tower. The
project was, however, abandoned after the tower was constructed.
The 1land was purchased by the Mont-Ste-Marie Company for a ski
resort development in 1965. Ski trails were clearea on the Cote
Vanier side of the mountain and, by the fall of 1966, a chéirlift
was installed from therbase to Ryan peak, west of the main
summit. Following «clearing, the trails and slopes were seeded
with a coarse grass mixture of timothy and fescue. _The seccond
development phase took place in 1970 when ski trails were cleared
and a chairlife was installed on the Cheval Blanc side of the
mountain, leading from a base close to the soufhern end of LéE
Fournier to a peak northwest of the main summit. These hills
were also seeded after clearing and grading. Supplementing the
introduced grasses, native vegetation rapidly <c¢olonized the
cleared areas.

Trail\maintenénce at Mont-Ste-Marie is by mechanical mowers

that are used to cut trail vegetation in the fall at the end of

1
This section is based on Dore {1967) and on verbal accounts
by Mont~Ste-Marie personnel.

19
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the growing season. No herbicides or chemicals of any kind are
used in trail maintenance, and no artificial snowmaking equipment
has yet been installed on the Chev%% Blanc side of the mountain
where the study site was located. Verbal assurance was obtained
from area personnel that the current and original edge margins
are coincident (i.e. that subsequent trail widening did not take
place). This could not be confirmed by aerial photographz
because of limited coverage. 'Ag'aerial photograph of the area

(Energy, Mines and Resources Canada 1975) appears in fig. l.

«3
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METHODS

DATA COLLECTION .
ST

Site_Sglection

A variety of vegetation community types aré supported by
the elevation range and diverse topography of the Mont-Ste-Marie

_ . -

area. The superimposition of a preliminary map ~ of vegetation
commuqities (Phipps 1974) and a topographic map of the area
(fig. .2) reveals that the vegetaticn community most frequently
inéersected by alpine ski :rails is cﬁe beech-maple type. All
trails of interﬁediate ability-level fall within this assemblage,

r

with the exception of the upper reaches of some of these that
grade into a beech-oak forest; the steeper expert slopes are cut
through an oak-pine association. Although a comparison of

effects on all three communities was Iinitvially considered, field

investigation revealed that site selection criteria could net be

. met by the beech-oak and oak-pine assoclations. For this reason,

and because the maple~beech coﬁmunity appears most representative
of pétentially impacted vegetation types in the area, it was
selected for investigation. As other related studies have been
carried out in maple-beech communities (Gysel 1951; Whitney and
Runkle 198l; ' Ranney et al. 1981), this alsc presented the

possibility of a direct comparison of results.

21
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The objectives of the study dictated a. highly stratified
approach to site ;election. To ensure that results would reflect
trail impact_ effects rather than a response to natural abiotic
variation, care was taken to minimize differences in
environmental variables among sample sites.

Porential sample locations were first identified on maps and
aerial photograpﬁs. Trail edge segments and complementary
contrel areas werce selected on the basislof similar communitcy
type, eclevation, topoggaphic position, slope inclination, slope
aspect and edge orientation. To qualirfy, forest stands ﬁad to be
of sufficient area to be considered unaffected by other trails or
clearings (no other major disturbance withia 30Imetres of sample

l .

unit boundaries ); and relatively homogeneous {to reduce within-

sample variability). The final selection of sample sites took

"place in the field.

Because of the topographic diversity of ski terrain and
dissecrtion by other trails, the availability of sites meeting the
above criteria was severely limited. Even an attempt at
randomization in terms of sample unit placement along suitable
edge segments had to be abandoned because of local terrain
unsuitabilicty or the obstruction of potential edge plots by large )
boulders or fallen trees. Three trail edge sample sites zwich

south-southwesterly edge orientations were finally selected as

well as an undisturbed control site located 105 metres to the

1

This dimension was approximated from the literature (Wales,
1972; Ranney er al, 1981).
2

Trail sites 1located adjacent to Carocusel ski trail on
Cheval Blanc side of mountain.

22
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1
east along the base of the same general slope (fig. 3)~.

Since beech dominates the canopy layer at most of the study -
§ites, the community is referred to as beech-maple rather than
maple-beech: Maple dominance is, however, more characteristic of

the area as a whole.

Sample Plot Design
Sample plot design was systematic. Since the purpose of this
investigation was to determine the spatial wvariation with

distance from the trail edge, contiguous sample plots . were

‘aligned with the trail edge and extended into the forest Interior

2
for a distance of 30 metres . The location of sample units 1is

shown in fig. 3, and the plot arrangement in one uait in fig. 4.
General characteristics of sample units are given In table 2.
Three replicate sample units of 10x30 metres were outlined
in both trail and control sections. Trail section units were
separated (from west o east) by distances.of 13.4 and. 22.5
metres respectively; control section units vere located immedi-
ately adjacent to one another. {(Contiguity was necessitated by
openings to the west and east of this section.) Each wunit

consisted of six contiguous 5x10 metre plots with their long

>

1
In an area of even terrain, a set of control plots interior
to the trail section might have been adequate to represent
unimpacted conditions of the forest interior. In the present
study, however, the transect from trail edge to interier forest
followed an ascending slope and effects related to slope position
could not be ruled out. In order to separate slope effects from
trall impact effects, therefore, a duplicate set of control plots
and rteplicates had to be selected beyond the influence of the
trail.
2 .
'See note 1 on p. 22 above.
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Table 2

CENERAL CHARACTERISTICS OF SAMPLE UNITS

Section Unic Edge Edg Average Estimated Width of
Dricentation Hnintcﬁancc Slope Banse Ski Trail
Form Elevatlon Corrider
. (o) - (o) (=) (m)___
Trall 1 199 Stem Base/Canopy Dripline 15.9 156.6 16.0
Sectiaon 1l 192 Canopy Dripline 15.3 359.7 16.0
1§91 2095 Stem Bane/Canopy Dripline 8.5 302.7 13.2
Contral w 195 - 15.0 362.0 -
Section v 195 -- 17.6 Jel.2 -
v1 192 - 18.3 359.7 -
~
-
-
-
-‘-'.
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sides aligned with the trail edge. Control plots .were aligned'
with the vailey. Trees (>2.5c¢m dbh, >5m height) were sémpled in
three height classes, and shrubs (<2.5 cm dbh, >0.5m height) in
two structural layers in these plots. Groundlayer vegetacibn
(£0.5m height) was sampled in 1x5m plots, located; when possible,
at the western extremlity of each tree/shrub plot. Lateral
displacement of groundlayer plots - was required in cases of
obstruction by rocks or fallen tree stems. Plots were divided
into one-metre-wide strips in order to derive frequency
measures and to facilitate counting and cover estimation. This
division also provided flexibility in distance-interval sampling

by permitting a finer breakdown and the reaggregation of data

into plot widths of multiples of one metre. ,////,’—_\h\\

The sclected tree plot size , comparable to thatfused‘ fof
other related studies (Gysel 1951; Ranney et al. i981)‘\:;s
relatively small for the sampling of canopy trees. However,
because edge age at the time of sampling was only 14 years,
significant change in the canopy layer was not anticipated for
the primary variables measureé and was expected to be limited to
the structural adaptation of individual trees. Shrub data were
sampled in the same plots as trees. The shrub layers should be
accurately represented by the results since this plot size is
somewhat larger than that used in comparable studies. The plot

size used for the groundlayer is relatively stapdard for this

.. '
layer and should adqgﬁately represent this stratum.
S
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éariahles Recorded

Vegetation characteristics that were‘recorded and measures that
were derived - are listed in table 31. The selected
characteristies are standard variables wused in  vegetation
sampling which could be expected to be sensitive te disturbance.
A number of abundance measures (density, £requency, cover, and
basal area) were used in order to investigate 4}Eferential impact
effects on these characteristics. . Derived variables are defined
in appendix I. The structural layers.and height classes used for
the recording of vegetation characteristics (table 4) w;re
derived partly from conventional classificﬁtions and partly from
field applicationm.

Selected environmental site characteristics were recorded to
supplement vegetation data. Among variables recorded were: light
intensity, slope, microrelief, rock outcrop occurrence, soil
characteristics, edge orientation, edge maintenance form, .and

width of ski trail corridor.

Sampling Methodology

Field work‘yas carried out between June and October of 1984, with

2.
most vegetation data collected in the months of July and August .

3

Sampling units were delineated by taking compass bearings on

the edge orientation and by extending unit sides towards the

1

Sampling was limited to vascular plants.
2

Sove ephemeral spring herb species may have recessed by the

time of sampling and accordingly have escaped detection.
3

Adjusted for magnetic declination.
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Table 3

RECORDED VEGETATION CHARACTERISTICS AND DERIVED MEASURES

-

Strata Recorded Variables Derived Measures

PRIMARY CHARACTERISTICS

Ground Stem count/species Density

Shrub ) ' Relative density

Tree Frequency
Piversity (speciles
richness)

Ground Cover class/specles/stratum X cover

Lower shrub Relative cover

Upper shrub Areal cover/specles/stratum % cover

Tree Relative cover

4

Tree c¢bh dbh
Mean dlameter

Basal area

SECONDARY CHARACTERISTICS

Tree Orientation of longest branches
Tree Inclination of stem
Tree Height of lowest branch; number .

of branches below breast height

Téee Dead branches, stems, stumps
Shrub
cbh == circumference at breast height (1.3 m)

dbh -- diameter at breast height

-
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Table 4

VEGETATION HEIGHT CLASSES.

Vegetatioen Stratum/Class
Stratum Definition
Tree . 25 m height
2.5 ¢m dbh
Tl 220 m
T2 10-20 m
T3 <10 m
Shrub 20.5 m height
<2.5 cm dbh
Sl 2-5m
s2 0.5-2 m
Ground <0.5 m height
Gl <0.5m
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forest interior, perpendicular to the edge orientation. Plots

and their subdivfsions wére outlined with plastic tent pegs. and
polypropyléne cord, using a 30-metre steel tape measure. Height
measurementsh for the” ground and lower shrub layers were
approximated by the autho;’é knee height and reach, respectively.
The wupper shrub layer and tree layer heights were visualiy
estimated but checked, when estimates proved difficult, with the
aid of a relascope.

Stem counts per species were.carried out in the one-metre-—

wide subplots (1x10 m for trees and shrubs; lxl m fog the ground-

" layer). Two one-metre wooden pole segments were used in areas of

dense shrub vegetation to delimit manageable sections for
counting.

Cover was estimated for the ground; and lower shrub layers
in five cover classes (table 5) derived from the .Braun-Blaﬂquet
(1932) cover-abundance scale. For the tree- and upper shrub
layers, percentage cover values were obtained by the conversion

2
of aerial cover estimates - For all layers, estimates were made
for individual species in each stratum, and for each stratum as a
whole disregardinglspecies and overlap. Plangs providing cover
in a plot were included in an estimate regardless of their stem
location.
~

Circumference at breast height {(cbh) was measured for all

trees (>8 em c¢kh / >2.5 ¢m dbh) zo the nearest half centimetre

1

The propertion of ground occupied by a perpendicular
projection of the aerial parts of individuals of a species (Gold-
smith and Harrison, 1976).

2 \

See appendix I for . explanation of the two sampling
approaches.
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Table 5

VEGETATION COVER CLASSES

Cover k4 Class
Class Cover “~Mid-Point
o 0 <1 -
- 1 . 1-5 2.5
2 \ 5-25 15.0
3 25-50 37.5
4 50-75 62.5
5 75-100 _ 87.5




c.

C

b!.

with a cloth tape-measure at a height of 1.3 metres above the

ground.
Light intensity readings were taken on two cloudless days in
1 2

4
early September within one hour of noon Eastern Standard Time .

Measurements were obtained with a Gossen—-Erlanger  Sixtomat
exposure-meter held horizoatally, oriented toward the edge, at

1.3 metres above the ground. Readings Were taken along three

- transects extending from edge to interior and aligned with the

sides and centre line of each unit. Values were recorded in the
open corridor and at the centre of each (5x10 m) plot along each
transect. In each i- tance, light intensity and time were recor-
ded. Valués were \;;bsequently converted Co percentages of
corridor illumination.

Although recording procedures were standardized and multiple
recordings taken within each plot, a number of factors could
affect the relbability of the light intemsity data. Firstly, the
eiposure-meter scale was graduated in units of increasing
m#gnitude rather than absolute values. When converted to
absolute values, therefore, reliability decreases with increasing

light intensity, since the wvariation in the order of one

magnitude 1s much more significant at the upper end of the

1

Recordings in July would have been representative of
optimal conditions in the growing season, and would therefore
have been preferable.” With limited resources available, however,
first priority was assigned to vegetation sampling. It is, more-
over, doubtful that a significant difference in results would
have been obtained, particularly in terms of relative values.

2
. Since standard time deviates from local time (i.e. time at
the 1local meridian) by only +4& minutes (Thompson  1970),
adjustment for local time appeared unwarranted.
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scale. Secondly, light intensity car vary considerably within
one plot depending on local canopy cover and sidelighting. In |
addition, although recordings were taken on relatively windless

days, some movement of crown foliage resulted in variability in

the amount of light reaching the meter. The extremely limited

recording perliod should also be borne in mind.

Microrelief for each plot was described by degree of
irregularity according to a four-level classification that grad-
uated from smooth to very‘irregular. The occurrence of rock
outcrops and boulders was also recorded.

Slope measurements were recorded in degrees of slope with
a Brunton transit at the sides and centre of each unit and- its
constituent 5x10 metre plots, along interior boundaries.

Soils were sampled in both trail and control sections at .
three sites representative of lower—, mid—, and upper-slope con-
ditions (fig. 3). Rocky areas with shallow soils were avoided in
site selection. Pits were dug to a depth of 0.5m, and profile
characteristics were noted. Variables recorded were: horizon
depth and boundary type; c¢olour, texture, structure, and consis-
tence of each horizeon; drainage and stoniness of site. Munsell
(1954) Soil Colour Charts were used for colour determinations in
the field. Samples of each horlizon were taken for 1laboratory

verification of field observations.
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DATA ANALYSIS
Approach

Preliminary analysis of the data involved the calculation of
mean values and standard deviations for sample replicates, the
deri;ation of basic indices, and the comparison of samples in
terms of distance effects by statistical tabulation and graphic
Aisplay. All primary vegetation characteristics (table 3), and

all structural layers were reviewed individually in this phase of
»

" the analysis. Data summarization was subsequently obtained by

computer—assisted - multivariate ahalyses which involved the
calculation of similarity/distance measures and the ordination of
sample data. Graphic displays of the reduced data were then
examined fé; distance effects. ' Density and ffequency data were
used ia this part ¢f the analysisllwhich focused on the shrub and
ground -~ layers that were shown by the preliminary review Lo be
most affected by the presence of the open corridor with respect
to the variables measured. A diameter-size-class ordination of

denslty data for the tree layers was also carried out and was

examined for distance effects and possible successional trends.

Data Aggregation

The two shrub layers were aggregated for the multivafiate
analysis, but a separate analysis was performed on the ground
layer. The shrub layers were combined to facilitate data

handling. The combination of these layers was justified on the

1
Cover values, as estimates, were considered less reliable
for quantitative analysis.
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basis of a similar response to trail impact of the tree sﬁecies
component that was identified in t'.e preliminary review. It
should be borne in mind, however, that shrub species were mainly
confinéq to the lower shrub layer. The shrub and ground layers
were analyzed separately because: (1) sample plot size was not

the samel; (2) the two layers were characterized by different
species; and (3) survival ratios of tre; species seedlings are
not the same for the two 1ayersz. For a subsequent multivariate
analysis, species density data for the tree layers were divided

into diameter size-classes (table 6).

In addition to aggregation by structural layer and diameter
size-class, different levels of data aggregation in terms of plot
size were experimented with during the analysis. Two levels were
used in the final analysis: (1) S-metre distaﬁhé intervals (5x10m
tree/shrub plots; 5x!l m ground plots) for the univariate analysis
invelving all structural layers and for the diameter-size-glass

ordination of tree data, and (2) 3-metre intervals (3x10 m

tree/shrub plots; 3xl w ground plots) for the remainder of the
3

multivariate analysis .

Derived Variables
Derived wvariables (table 3) are defined in Appendix 1.

Mean values were obrtained by the averaging of replicate wvalues.

1

Frequency, one of the variables used, 1s dependent on
sample size.

2

Tree seedling mortality is much higher in the groundlayer
(Forcier 1975).

3

Although the sample design would have permitted a finer
breakdown, a minimum of 9 subplots (3x3 replicates) was considered
necessary for the derivation of reliable frequency values.
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The standard dgbiation values used to represent variabilicy are
1
the best estimate of the standard deviation (&) .

Multivariate Analysis
A rteduction in the dimensio;ality of the deﬁsity and
frequeﬁéy data fbr the shrub and ground layers was obtained by:
1) The transformation of species-by~-sample matrices,
where applicable, by the calculation of resemblance/distance
measures, and :

2 <
2) The ordination of species and/or samples using the original

or derived rescemblance value matrices.

Characteristics of the resemblance (Gower coefficient) and distance

(information analysis) measures used are outlined in Appendix II.

Since the structural .and compositional wvariation of

2
vegetation was being investigated along a distance
gradient, an ordination approach to summarizing samples and

species relationships appeared appropriate. Two ordination

techniques were wused in the analysis in an attempt to clarify

——

'?Elationships among variables and to,.substantiate apparent trends

in the data: correspondence analysis énd principal component
3 .
analysis . Correspondence analysis (Hill 1973, 1974; Legen@re and

Legendre 1983) was used to ordinate samples and species using

frequency and density data for the shrub and ground layers at the

A The correction factor \n/n-1 is applied to the sample

. Standard deviation because of the small sample size

{Gregory 1978).

2 The ordering of a set of data points with respect to one or
more axes (Pielou 1984).

35ee appendix II for description of techniques.
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3-metre interval ‘1eﬁel of subplot aggregation. Principal
c_ompon'ept 'analysis was used to ordinate samples using sample
similarity matrices based on the Gower goefficient and derived
from density data for the shrub and ground layers. As for the
correspondence analysis, a 3-metre iaterval level of -subploc
aggregation was used. In an attempt to establish successional
trends; principal component analysls was also used: for a
diameter-size-class ordination of tree species density data using
a S-metre level of subplot aggregation. For this analysis,
species density data for each‘size-class in each ploé was
considered as a separate éntity. The size-classes are listed in
tabxe 6.

Graphic displays of the ordination results were examined for
distance effects. In'additién,;graphs of similarity/information

distance between trall edge and other plots were constructed.
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Table 6

DIAMETER SIZE-CLASSES

Class dbh (cm) Number of Stems/Structural Layer
- T1 T2 - T3 Total
1 20.0+ ' 35 6 - 41
2 . 10.0-20.0 ST 3l. 3 35
3 5.0~10.0 - 19 47 66
4 ' 2.5-5.0 -- - 132 132
AN



RESULTS

ENVIRONMENTAL CHARACTERISTICS

Environmental varlables considered in the initial selection
of sample sites were elevation, topographic position, slope
inclination, 'slope aspect, edge orientation, edge maintenance
form, and width of trail (fig. 3; table 2). Measurements of
these and additional variables were made to ensure that site
characteristics did not’ vary significantly between trail and
control séctions. With the exception of light intensity, the
results of these measurements confirmed that such was indeed the

case. As would be expected, 1light intensity was higher in the

trail section.

Light Intensity

Results of the light intensity measuréments, expressed as a
percentage of open corridor illumination, are shown in figure 5.
Data reliability considerations are diSCussed in the methods
section (pp. 24-25). 1t is immediately appareﬁt from the di;gram
that 1light intensity was Eignificantly higher 1in the trail
section, particularly from 0-15 metres of the trail edge, and
that although the differential between.the two sections decreased

toward thke dinterior, it still ekisted at 30 nmetres. The

3
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variability of 1light intenéicy values was also higher in the
trail section. The mean trendlines forithe two sections are
noticeably different. Whereas control section values increased
toward the interior/upslope, trall section values decreased
abruptly between the edge and édjacent plots, increased, and then
decreased again with a final upturn from 25-30 metres consistent

with the control treand.

- Slope

Slope ranged from strong to very strong (CANSIé 1983)
throughout the study area with the exception of the level to very
gentlel slope on the upper part of unit 3 in the trail section.
Although mean slope differences were not substantial, some
variation existed in the pattern of steepest slope. Slope
variability was generally higher in thg trail section,
particularly from 15-30 metres where very low slope values
occurred in ¥nit 3. The average slope of the ski trail adjacent
to the study area was 90 . Slope profiles.are shown in figure 6
together with mean slope and standard deviation values. Average

unit values recorded at the top of each section are given in

table 2.

Microrelief
Microrelief within the study area generally varied from
slightly irregular to irregﬁlar. Mean plot designations were as

follows:
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Microrelief Trail Section Control Section

Distance from Edge (metres)

Slightly irregular * 10-15 0-10
20-30 15-25

Irregular ' 0-10 10-15
- 25-30

Very irregular 15-20 . —

Rock Qutcrops and Boulders

Rock outcerops occurred in the study area from ﬁid—to~upper
slope (trail section 10-25 metres; control section 10-15, 25-20
metres). Boulders, common throughout the area, were absent only

in the trail section plots from 10 to 25 metres.

Soils

Soil profiles for the six sample sites, to a depth of 0.5
metre, are i1llustrated in figufe 7. The loca;ioﬁ of sample
sites (lower—, mid-, and upper slope in both trail and control
sections) is shown in figure 2. Profile characteristics suggeét
that, according to the Canadian System of Soil Classification
(Canada Soil Survey Committee 1973), the solls belong to the
Orthic Humo-Ferric Podzol subgroup of the Podzolic orderl. Soils
in Dboth sections generally exhibited the same sequence of
horizons. Typically, profiles consisted of: a layer of forest
lizter (L/F/H: 0-5 em); an A horizon enriched with organic matter

(Ah: 3-5 cm); a leached A horizon (Ae: O-4em); a dark brown B

horizon (18-45 ecm) that was sometimes differentiated in colour by

1

Chemical determinations would be required to confirm this
classification. If the chemical properties do not meet the
requirements of a podzolic B thorizon, the soils might be™
classified as Eluviated Melanic Brunisols.
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A=

.2 change in hue from reddish—r:o yellowish brown toward the

bottom; and a BC horizon of olive brown sandy loam that is shown
only on the trall section profile diagrams, but was also sampled
in the control section, with a soll auger, at greater depth.
Because of the undulating nature of the terraln and the
variation. in slope and rock outcrop, soil depth varied
considerably within the study area. Stoniness in soils generally
varied from moderately .stony to stony, the latter being
characteristic of the sites within plots of least slope. Stones‘
were subangular and of variable size at all sites. Soill drainage
was goéd at all sites and the soll molsture regime was £fresh
{Jones et al. 1983). Roots formed a dense mat in the crganiec A
horizon of all profiles, and génerally extended to the bottom of
the B horizon.
-~ : The only notable difference between soil profiles in both
sections was in B-horizon depth, which was greater in the control
section. It is not possible to identify definitive trends
related to position on the slqpe from the few sites Qampled. The
elluvial A horizon did, however,’ appear to be best developed in
the upper slope profiles, and the organically—enriched A horizons
best developed at mid slope. The latter may be a function of

microrelief.
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VEGETATION CHARACTERISTICS

Vegetation results are presented by structural layer.
Principal findings relevant to traill impact are summarized in"
Table 7. Impact effects are also evident from the coﬁposite
models of the six trail section and contrgl section plots thag
appear in the -form of scruckural diagrams din figure 8. A
complete 1list of species, organized according to distributional
pattern, and indicating the 1limit of distribution. for'fedge
species, is given in appendix IV.

For each structural layer, characteristiecs of species
richness, density, cover, and composition are derived from the
univariate analyses. Results of the multivariate analyses are
then presented.

0f the mul;ivariate analysis techniques used, correspondence
analysis was the most wuseful J= identifying the distance,
magnitude, and abruptness of impact effects. Results are
displayed 1in the f°§% of scatter diagrams and transect profiles
of axes. Principal component analysis was less helpful in
demonstrating the edge effect; as a consequence, results for this
techulque are only presented for the groundlayer andlfor the more

successful size-class analysis of trees. Sample
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7 -
SUMMARY OF PRINCIPAL FINDINGS RELEVANT TO TRAIL. IMPACT
Variahle Structural | Gl 52 i 51
Layer
Distance from 0= 5- 10- 5= 20- 25- 0~  5- 10- I5~ 20- 25~ 0- 5- 10~ 15- 20- 25-
Trail Edge 5 10 15 20 25 30 5 10 15 20 25 30 5 10 15 20 25 30
(metres) -
Impact Distancen*
Specles Density X XX X %
Specien Frequency L. E S L S
Gradlent Diﬂzontinuity x (x)
Speeles Abundance/Size
Density ’ + - o+ () (9 + o+
Variabllity (+) + + o+
Cover + (=) * o+ (8 () o+ ,
Vartabflicy (+} + =+ + (+)
Mean Tree Clameter
Variability
Speclcr Richness - - o+ (4) + {+)
Vartability 4+ + (+)
Specles Composition
Species lmportance®
Ed}:c + + + + +
Herh + +
Shrub hd + + *
Tree - + + +* +
Sugar Maple~ -~ (+) + + - - - - *
Beeeh™ - (=) + ¥ & - - - - -+ -
Spectes Dominance =
Sugar Maple o o o v o o ¢ @ o o o0 o © o o X o x
Beech .
Legend Notes
+/= Highest/lowest values within itudy area **  Ordination results
(+)/(=) High/lau}valucu but within contrel runge @ Densfity
or vxceeded beyond !5 metres of trail edge
x Effect noted T ow/- Deviation from theoreticnl densicy
greater than 2
o Effeet noted but aame as control (+)/(=) Deviatlon from theoretical density
greater than 2 but not greater/less
(x) Effect suggested than control values
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Table 7, Contd.

SUMMARY OF YRINCIPAL FINDINCS HELEVANT TU TRAIL LHPACT

Varlable ~ Structural T3 : b4 T
Laycer : .
Diutanee from 0= 5= LU= 15= 20~ 25- 0~ 5= 10- 1%= 20- 15- 0= 5= 10= 15~ 10~ 25~
Trall Edge 5 10 1% 20 2% 3¢ 5 10 15 20 25 30 5 10 15 20 25 MW
{oezreu)
Impact Distance** .
Speclen Denslty x (x) {(x)
Specties Frequency
Gradient Discontinuity
Species Abundance/Size
i Denaity -
Varlablility hd
Cover {(-)e = A
Variabllicy . - .
Meon Tree Diameter = (#)
Varfablliey -
Banal Areca {+)
Varlabilicy + (+)
. Specles Richness + {=) -
Vartabilicy hd
Spectien Composizion
Spectes loportance]
Edpe - . .
Uerd
Shrub
Ttee {*)
Sugar Maple” - o+ - - - L4 * r v (=) - - - - -
Beech™ - - - + - - - * . * » » -
Species Dominance
Sugur Maple X x % X X
\ Broch ‘ o ) ) 0 o o X x v M o )
Strdc:urnl Adaptattlon
Szem Inclinmation to Edge % x % {x) (x)
Branch Oriehtation to Edge  x x (x) x % (=)
Legend Hotes
R +/= lighest/lowest values withln ztudy area e  QOrdination results
(+)/(-) Hiph/low valucs but within control range * Sugar Maple = *
or cxeecded boyond 15 metret of trall edge
x Eflgc: noted 0 Denstlty :
) o Effect noted dut same as control s - Deviation from theoretical denmizy
greater than 2 -
(x) Effect auggested - (+)/(=) Deviation from thearctical denaity

frecater than 2 but not greater/lenn
than control valuen
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f};;:;anciigiﬁiléfity vélues based on information analysis and on

\
eSpectifbly——

Results are displayed in the form of graphs of

{the Gower coéfficient, for species  frequency and density

ptovided ad&icional insight iato impact effects.

similarity/information distance between trail edge and other

plots. Numerical results for all multivariate analyses appear 1in

Appendix III.

Groundlayer (<0.5 metres)
General Gharacteristics

Highest values for speciés richness, density and cover
occurred in the trall edge plots (0-5 metres). For all three
variables, trgil values more than doubled those of their control
counterparts and more than tfipled the lowest overali values
(table 8; figs. gfll). These high values were largely due to an
increase 1in the relative importance of herb species, and to a
lesser extent, shrub species; tree species abundance was
depressed in these plots.

In contrast to the edge plots, lowest values for species
richqess, densicy and'coverl occurred in the adjacent trail plots
(5-10 metres)... Tree species abundance remained depressed in
these plots. Trail section values stabilized from 10-30 metres at
levels within the control section range, aithough trail section
cover values were slightly higher than control wvalues throughout.

Within the ¢control area, highest values for species richness,

density, and cover occurred in the most interior/ upslope plots.

1

Cover wvalues, were lowest in the trail section but within
the range of variidtion of control samples.
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Table &

SPECIES RICHNESS, DENSI"TY. CUVER, AND BASAL AREA ¥Y STRUCTUKAL LAYER AND DLSTANCE FRUM EDCE

. Dintance from Edge (motren)
. -

Stratum Varlable 0-5 5=10 w=1% 15=20 20=25 25=30
Teall Control  Trail Controt Trail Control Trall Conctrol - Tratl Control Trall Contrnl

Gl Specles Richaean M 15.0 6,3 4.3 6.3 8.3 7.0 Fal [} 7.0 9.7 4.3 12U
d s 2.6 0.8 1.6 1.3 1.6 1.0 - 1.4 1.7 2. 0.9 4ol 5.3
Denntty M 266.7 125.6 8.7 8.0 Wr.o 0.7 112.7  155.0 149.3 173.7 153.0 18,
s 74.8 76.% 5.9 16.6 4.9 g - 13.1 62.% 114.2 94.0 173.0 b2
Cover 4 by | 36.0 13.4 19.2 10.7 35.3 19.0 0.5 28.0 34.3 15.2 . thay
S B.7 9.4 1.8 G 1.3 4.6 2.0 .8 22.3 0.7 1.9 5.
s2 Species Richness M 20.0 3.3 8.1 1.7 7.0 5.0 6.7 7.0 6.3 4.0 5.3 7.4
S 3.0 1.2 4.6 1.1 1.0 1.0 2.4 .0 2.2 1.7 1.6 .2
= Dennity M 43007 43.0 i81.3 49.0 2.7 23.0 49.0 103.7 119.3 128.7 lle ) .HI.0
5 2.2 11.8 bbb 18,06 Sl 19.7 8.7 ll.6 53.6 J.4 13.9 Ta.n
% Cover M 58.3 17.0 49.7 173 40.7  15.0 30.3 W.T 5.0 350 L2 T ¥
3 7.6 6.9 loo4 4.2 12.0 5.3 5.3 949 5.9 ] H.5 My
51 Specice Richneas M 8.3 2.3 1.3 2.0 e 2.0 2.7 3.0 2.0 3.3 1.7 3.3
s 1.7 0.7 1.2 0 1.0 1.0 0.4 1.0 1. 0.7 1.9 u.?
Density Mo 94.3  11.7 7.7 10.0 5.7 7.3 9.3 7.3 b.? 1.0 3. 6.3
S 87.2 4.3 1441 10.1 4.0 3.1 3.6 1.0 7.2 7.0 [ 6.l
= Cover be 59.3 14.0 2 2.7 17.7 18.0 19.3 14.3 13.7 32.0 6.3 15.%
s 23.9 5.2 11.1 - 8. 4.0 .9 b 9.8 «6 5.9 Vel
H=-Hecan M=-Mcan S--Standard Deviatloen
-~ W‘r' .

G
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Table 8, Contd.

SPECLES RICHNESS, DENSITY, COVER, AND HASAL AREA BY STRUCTURAL LAYHER AND DISTARCE FRUM Elku

Dintance from Edpe (mectrea)

Stratum Varlable 0-5 5-10 10-14 15-20 0-2% 5=
Terall Control Tratl Cantrot Trail Control Trall Control  Trall Coatrol  Trull Contral

T3 Species Richouna M 3.3 1. 1.7 2.1 2.0 2.1 1.3 P! 1.7 1.7 L. 1.7
N L5 1, Dat U7 Q 0,7 0.0 0.7 0.2 [T lod Uy
-

Denuley b 7.3 7.0 4.3 6.7 4.3 4.0 1.0 6.3 1.1 4.7 4.3 i
5 5.0 I 1.2 2.2 2.4 2.0 1.0 1.2 1.2 1.0 Lot ha
T Caver % 3u.0 A5.7 39.0 &0 45.3  46.0 17,0 .l ad,y 937 PN I T
5 3.9 18.0 11.0 7.9 3.0 15.1 4.t 10.7 8.2 U.8 12.4 Bl
Basal Arca (¢<m ) M 75.7 100.9 Ha.5 Bhud 49.7  114.5 91.9 93.7 6.9 8.4 12h.4 Y.l
) - S 1341 .2 35.% Aall 65.2 13.) 91.6 97.0 34.90 Yo% 18.1) 1laa

i b .
Mean Disacter (cm) M J.a 4.9 wate 1.9 .o P SR .0 .U el F.0 a.7
5 V.Y O.n 1.1 0.3 0.3 0.5 1.4 0.7 tad Uade Loi 13
T2 Speci-t Richoenn M 0.7 1.7 la 1.0 1.0 1.7 U.? 0.7 1.0 1.0 1.0 (3]
s 0.6 1.5 u.n .0 1.0 3.9 0.6 0.4 1.1 {0 thtd [F )]
Denalcy b} 0.7 -3 L0 1.7 1.7 1.7 0.7 Q.7 1.0 ta) 1.1 1.7
' S 0.6 1Y u.0 1.1 1.% . Lol U.b . 1.5 u.n e
< Cover M 35.) S6.7 75.3 1.7 63.3 o3 3.7 6U.3 Jb.d 49.0 nl.3 Sa. 7
3 26.8 30.3 11.2 1.8 25.2 21.9 .0 29.9 17.3 EETY 1.1 A
Bzual Aren (cm )} ¥ 191.7 1.3 BL 79 T ) 1B4.8 u96.b 96.9  15%.0 110.9 3484.7 89,7 JYa.s
o5 230.6 21407 376.7 179.8 217.8 293.4 114,10  [44.5 4b.9  bln.e 197.5  2u/.1

A
I
Mean Diameter (em) ¥ 18,3 8.9 15.7 10, 1.5 1607 1%y 17 1.7 0.3 18,5 laud
5 7.9 1.7 c.9 l. 2.8 4.9 Ve z. 2.7 U.b 6.5 il
Tl Specien Richnean M 0.7 1.0 1.0 G.7 0.7 4,7 1.0 0.7 1.4 0.7 u.7 Y]
S 0.6 1.4 0.6 .6 v.l . u.0 V.t | 0.6 Uat Ul
Denaicy M 0.7 1.0 1.0 1.3 0.7 C.7 o7 t.3 L3 Q.7 1.3 ar
s 0.% L.4 .0 .o 0.6 0.5 0.5 1.2 1.9 0.5 1.2 [V Y]
A Cover by | 72.7 76.0 4.7 92.1} 12.0 93.0 54.0 95.3 9.0 H 0 Y.t
S 20.8 lt.5 9.4 12.0 7.5 - 1.7 3. b8 oy 22.9% e
Basal Arca {[ca ) M 551.3 k8L, 1008.4 17458 589.8 366.1 1712.1 1997.1 171%.8 bb%.8  1luy.n u.u
s 527.7  ¥s9.2 1271.% 1573.0 h87.9 31d.1 683.5 993.7 2427.4 106U 9748.0 h,0)
Mean Dianeter (cm) M 32.2 B.h 16.3 39.9 2.3 6.9 36.1 30.7 29.9 3oun 32.2 Uatk
S 6.3 0.7 7.2 3.9 12.9 .9 1.5 2.1 n.9 4.7 P .t
oY
e Mo-Mean M--Mean S$--Standard Deviatien
#‘
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Species Composition
Specles are grouped according to distributional pattern as
edge, intermediate, or interior species. Definitions of these
groups and a specles list are given in dppendix Iv.
It is apparent from this list and from figure 9 that _a
significant number of species were found exclusively at the trail
edge. Beyond 5 metres of the trail ﬁargin, however, edge specieg

were virtually absent in the groundlayer. Although species

{diversity was high in edge plots, the most notable contributors

to high Therb species abundance were Acuminate  Aster

(Aster acuminatus) and Northern White Violet (Viola pallens;

Raspberry {(Rubus idaeus), and to a lesser extent, Bush

Honeysuckle (Diervilla Lonicera) were responsible for the

elevated shrub specles abundance. Although tree  specles

abundance was depressed to 10 metres, Sugar Maple

»

(Acer saccharum) dominated the groundlayer from 5-30 metres.
' 1
Densirty, deviation from theoretical density , and frequency

of the principal interior tree species are illustrated in
figures 12-14. Relative denslty and cover values for all
interior tree species were depressed at the trall edge. (High
negative defiation scores on figure 13 graphically {llustrate
these low wvalues for density.) In addition to being the wmost
important interior tree specles in the groundlayer, Sugar Maple
was more I1mportant inm the trail section than in the control
section from lower to Eﬁ? slope (6-21 metres) although frequency
&

k4
was siightly depresse to 9 metres. American  Beech

1
4

Seer appendix 1 for explanation of deviation index.
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1
(Fagus'grandifolia) was more or equally important in the trail-

as 1In the control section beyond the edge plot (3-30 metres

deasity, cover; 9-30 metres, frequency). Distributional patterns
2 ,
for Striped Maple (Acer pensylvanicum) and Red Maple

(Acer rubrum) were similar in both sections; both inecreased in

‘importance upslope.

Multivariate Analyéis

The first axes of the correspondence analyses (CA) of
groundlayer sample plots by species frequency and demsity (£figs.
15-163) . énd tPt:he second axis “of the principal component
anélysis {PCA) of plots by specles density (fig. 18)
demonstrate the trail impact (edge effect) in terms of these two
variables Transect profiles of these axes (figs. 17, 19) show
that trail impactiis clearly evident from 0-5 metres for density
and 0-9.metres for Erequency3.

An  abrupt change occurs for species density (3-6 metrtes,
PCA; 6-9 metres, CA) as interior conditions are restored. This
discontinuicty 1s largely attributable to the herb ‘species
component (fig. 20) for which the degree of sample similarity to
the trail edge plot does not vaiy‘significantly beyond the edge

plot. Tree specles, conversely, show a progressive decline in

similarity to the edge plot toward the interior (upslope).

1

Hereafter referred to as Beech.

2

A subcanopy specles.

3

Trail impact is measured from the edge to the point where
values within the control range are encountered. The control
range is taken- to represent the range of natural varlation.
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Change for species frequency is more gradual than for deﬁsity
(fig. 17), and ordination scorés stabilize from 9-12 metres.

The scatter diagrams and transect profiles sho& impact
effects in terms of magnitude as well as distance and continuity.
According to the CA, the magnitude of change between the first
two trail plots (3-metre intervals) is approximately equal for
species dens;ty "and frequency (fig. 17); = between edge and
interior sample plots, however, it is greater for species density
than for frequency. (fhe PCA of density data increases the -
ordination distance between the first two plots but diminishes
the range between edge and interior plotsl.) A far greater
disc;epancy exists hetweén the first two traill plots in herd
species than in tree species (figs. 20-21), a discrepancy that
is more pronounced for species density than for frequency.

In the control section, ordination scores peak upslope (27-
30 metres for density; 24-30 metres for frequency) where they
exceed values of thelr trail section counterparts. The most
interior (upslope) control plots are accordingly most similar to
the impactedltrail plots. This similaricy appears to be based on
the presence of a few (intermediate) species found in rocky areas
in 'the upper control plots that are characteristic of the trail

edge and adjacent plots.

A secondary ‘“non-edge” gradient 1s exhibited 5y interior

1 :

The differences between the two ordimations of density
are largely due to the fact that doubly-standardized CA (by
species and by sample) tends to emphasize the distinctiveness of
samples in terms. of species composition, whereas the resemblance
measure used for the PCA (Gower coefficient), although
standardized by species range, still appears to emphasize
abundances of the most dominant species.
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plots that relates to their position on the slope and appears to

correspbnd to the distributional pattern of interior speciles.

This gradient appears along the secondary axis shown in all three
1

ordination”diagrams . Upslope plots trend toward the lower parts

of the diagrams, with upslope control plots farthest placed along

this axis on the CA diagrams. The gradation appears partly due

r

to the importance of Sugar Maple in the lower-to-mid slope plots
and. to the increasing importance of Striped Maple andfigd Maple
toward the interior (upslope). The characterisﬁic preseance of
additional species towards . he top of the cont;ol.;eccion appears
to account for the lower placemen:‘of the interior contrel plots.

-The placemént of species on the two CA scatter diagrams dis
consistent with thelr grouping according to distributional
pattern as edge, intermediate, and interior speciesz. The strong

complement of edge species responsible for the separation of edge

and interior sample plots is evidént on both diagrams.

Shrub Layers

$2 Layer (0.5-2 metres)

General Characteristices

Highest values for species richness, density, and cover
occurred in the trail edge plots (table 8; figs. 5-11).' These
high values were largely due to a significant increase in the

relative importance of shrub species. Although tree species

1

Axis 3 was selected over axis 2 in the CA scatter diagram
of species frequency (fig. 15) as it more clearly demonstrates
this gradient.

2 )

See appendix IV.



declined in relative importance adjacent to the trall, absolute

value§ remained abowve the control range. The adjacent plots had

Epe next highest values as well as the highest variabilicty fof

:he;E characteristies (table 8;. figs. 9-11). High variébilicy

for density and cover persisted to 15 metres. Lowest values for
TN S '

these variables, found in the control counterparts of the t;ail

// edge plots, were notably lower than trall edge values (i.e. by

’/ magnitﬁaes of ten for densit?, six for species richness,. and

i three for cover). Trail section values came within the control

AN section range from 10 to 30 metres, although they continued to

| exceed comparable control values to 15 metresl. Density and

cover values continued to decrease and wére lowest in the trail

e section from 15-20 metres. Species richness values decreased to

30 metres. In the control section, species richness, density and

.
cover values increased upslope. Species richness values exceeded

‘ comparable trall section values from 15-30 metres.

Species Composition i >

In accordance with Eindings for the ground layer, edge=~
species were important adjacent. to the trail ia the lower shrub
_1ayer' and generally extended farther‘from the trail margin to a
distance of 8 metres (fig. 9; appendix IV). The'éxfremely higﬁ
abun&ance of shrub species adjacenf to the edge' was largely

accounted for by Cthree species of the Rubus genus, in the

following order of importance: Raspberry (Rubus idaeus),

Allegheny “Blackberry '(Rubus allegheniensis), and Flowering'

One of the three’trail replicate units exceeded the coatrol
range for density and cover from 0-15 metres.

.

i
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Raspberry (Rubus odoratus). Bush Honeysuckle was also relétively

abundant in this layer. The interior shrub sﬁecies Mooseberry

(Viburnum alnifolium) and, to a lesser extent, American Fly-

Honeysuckle (Lonicera canadensis) increased in importance beyond

8 metres of the trail edge.

-

A npumber of edge and Intermediate tree species were also

important near the trail margin in the lower shrub layer, notably

White Birch (Betula papyrifera) and Yellow Birch (Betula

alleghaniensis). Other edge specles present were Willow (Salix

Sp.),  Trembling Aspen (Populus tremuloides), and Pin Cherry
L

(Piunﬁs pensylvanica).

The relative importance and distributional patterns of the
prinmcipal interior tree specles é;;e similar for bbth shrub
3layers. Density, deviation £rom cﬁeoretical Vdensity and
frequency of these species are shown in figureé 22-24. Both
Beech and Sugar Maple were depreséed in the trail edge plots
.(fig. 23). As in the groundlayer, Sugar Maple exceeded Beech in
relative importance (demsity, cover) throughout the ﬁrail tion
and in most of the control section. As noted fo; the
groundlayer, but to am even greater degree; trail section values

for éugar Maple exceeded control values from lower to mid slope.
<

" The density, frequency, and cover of Beech were depressed

throughout the trail section in the lower shrub layer.

S1 Layer (2-5 metres) .
General Characteristics
Highest values for species richness, density and cover, as

well as the highest wvariability for these characteristics,

75



2

ssake] qnayg ‘sagradg asa] jedroutdyyd yo Ljtsuag mw...v:

. , (u) sbpa woury @ouelsin

22 " 1z w st 21 5 ) € ¢
! 7 ' ' ! ! ’ o I Lopanes I
o T L el P

N i y
TX ~.
~

~ o ]

o, y ]
. 47 AN
. ///f M/ ]
// r ./.\/\\
\ P 1
N, \»\ \ 2 |
DR TS ]
B [N
\ ! o .
1o
f.. ! i ]
Voo 1
i ]
A
7\ N
P
/ _. N
_ ' )
B ) \ i \ .,
o g | ol
\ root A y
uo132ag fouquoy - // \ ‘, / ,
uor39ag fredy o > /, P ! )
¢ \ L [ 4
\ ! \
ds xXtyjeg  .—i-.. \ .H Q -
. . o / |
‘ dds snunag  a----- ‘ Q ;
esajtakded einjon  —.— . N J -
stsuatueybapre egnjag  —-— AN / 4
UnItuRA[ASUd J3IY  ceeeeeee- N\ \\ . L ]
UNJIBYIIES JADY — -~ — R ! e 1
e1[ogtpuesd snfey —— . K \ i
A
/ y
! /1\ ’ '
(o] -

76

(s{e3ol 23eat7das) £ x Jo[d/sways jo saquny




N N
.

sJake] qnuyg

‘satradg 2a4) [edioutag *hytsuag 1®2139J02y) wouay uotrjerAag £z *b1y o

{uv) sbpa mouy aaueysyg

@ (24 12 a
T T - T T o., n_— m m 0
. 45
In
. 7 -1t

uo1323g joJjusy . .

uot13}23g [Led) o . T
_ u
! unatueajdsuad Ja3y ... ™
UNJeYs’’es JAGY —— — — 16

. erjostpues snbey ——— N ¢ <
H¢

:
Ll
5
ueijetaag

o T 4
O../\\\U..A\H\ — 4: 3
-~ [a-]
/.// 4s- H......
D A oy o w“.
8
L S i
T 1 &
! -< m
/ ) o
< I o
=
! < .
\ ©
¥, T <
. ! . 1 =
T SR - . / =
et ) AEERNe) , p/ I 1]
o
AN ! f
N /
N\ 4o
. . ! - !
. . \ / i
\ !
A b £4}

-

o

77



| y . -
> i - ) R
‘ ss3de] qniyg ‘satnadgtaady :&.me:_.i wﬁ Kruanbouy we *buy . -
(o= .
‘ . . © {u) abpa wou) Auu:mammc\ :
o« @ " 12 . R ! 21 ' 6 v € 0
T T T . T T T T T T T
- . .
. + .
. . " wotry323g [0Jju0) . o0 ‘ o
T / ~.\. ) . . N C. nw mw = T
~. 7. - 4013995 [TeJ} o ~. . : Do
P : ~i. \ VA N .;
J O~ ds xtpes . _._ ~a - VAT :
-/ . dds snundyg _ —.__ \ /. ,._.}_.../
. \\ esogtahded eqnyag ... // ety ,/ 2 o
[ . . [
\\ m_mc.bcmcmﬂ._.m B[R} — .. y R /. \ i .,,/ -2
s . unatuealAsuad dadxy ., ..... Qv O//O ... o de 2
s i N N .‘.. . <
anJeyldes uo,.é o \ ../ Ty h
. eT[ojipuesd snbey / ../ [ e 4y m
: : \ £
) . . \ g
\ . -
is e
=8
(%)
[~4
4s n_uu
-
< (=]
) l, =
1o
-~
. (o SRR S 18
w
. .
—«
, ﬁ. o
1 . lwl_r-\4 »
i ; ‘\ )
( : by, w4
<

78



-

]t

occurred in the trail edge plots (table 8; figs. 9-11). High
Qélueh we;e the result of an ;né;éase in the importance of tree
species. Elevated values for these variables continued in
adjacent plots. Lowest' wvalues for all three characteristics
occurred in the most interior trail plots. Trail edge values

significantly exceeded those in their control counterparts (i.e.

by magnitudes of eight for density and four for species richness

~and cover). Values came within the control section range from 10

to 30 metres where species richness stabilized; density and cover
Ngah
values, however, continued to decrease to 30 metres. Control

section values increased and exceeded trail values from 20-30

~

metres.

Species Composition

Edge and ;ntermediate tree’;pecies were important in this
layer close to the trail margin. White Birch, and to a lesser
extent, Yellow Birch, were most abundant. Other edge tree
species present were Willow and Pin Cherry. . Tﬁe relatfve
importance and distributional patterns of interior species for

both shrub lavers were discussed above. 2

Sl and S2 Layers

Multivariate Analysis

Some differencgs in trail impact effécts on ground and shrub
layers are apparent from a comparison of the edge effect axes of
the respective correspondence analyses (shrub layer scatter
diagrams, figs: 25-26; transect profiles, fig. 27; groundlayer

scatter diagrams; figs. 15-16; transect profiles, fig. 17). Most

79



£/1 s2xy jo Jesbwin sajiedg tLouanbaay mamu.u\n 4ake ) qraug yo s1shjzuy 32usntu0dsE o) c7 *L1y
| —
o | )
23nug03 Snphaoy o _
I , :
. & . _
¥O [
50 ¢ i
n...u gEUTIIIdLE PT)IY Mmcﬂc_?_msuﬂ:‘_.cu.
i} ! it <na \
Vo 2110 tpurab snbe Fnacpt snand stsuatuaybape snqn
& ‘lunseyioses Jaoy . ¢ papsuatusyballe 1
L ' r SHIUIOPO SAGNY 4 yng]0g1adsgupyl
: ) . ‘uny ¢
6 - -\\r geT[eytudajv snusu) LEERRTLA LY § RRELA S )
- = 1. R —— - ; Y TS
snijojluje E._:LET,.Q. o8 q :w._._;aea e1ni1ay 1 stxy
& yundtueagAsuad o0y stsuateeybapre e(nyao ° .
Y . 1
o] ® 9 ]
9 s : ES0uQ3bd BTV Uy b
m_m__mvmcmuﬂ.fuﬁ.cof suaqnd snonq.us ¢
%_ . _oumesnds pady g '
STJ} §5ag1
- nmv -.u_:-,...mx:u. gm::g{: -
SIffTO[NLEIL] Snndo =
ds rryee L
. - I
E2ues|eq satqy :
ds Jaryouepauyy .
euetutbaia snunag s - 7Yty ‘gla0vey iy pepg 1R300y
15t pasn syofaey ayy £q 40y patunolde
vuetutbata ehaysp azuetgep *(3123319 abpa) joedutr [1eay bug
: -1eJ35u08Ip se nﬂo.:rﬁﬁ st (1 sixe Aq
paruasaaday) Stshieue ayy jo [ Joyrey ajof
: sataadg '
$307d u013235 jorjuo) o
. s10jd uo13dag {led} *
h 29
anJqny Jaasy § m aNITn
L]
. . I {



euetutbata efuisp e

. L
L

L3el 2t

unJeyodes Jady,
O
[3

JEL[OJIUIITER SNUIT)

S RN :
20
[ J
v

~ne

~
—C

m_\_,moxq jo :Comm.c Jajreas A1tsuag sartaadg sade] stolyeuy d2udpuodsaaac) g7 ‘t1y
EEd
BUE [UTIDUTA SnuUnJ4y " -
A ‘
: . Al
Vs
L .
ol i
anotuesAsuad badl e
®
e cO_ saplaingd d
. 4} snIndog
4 . rum ~ Suda®S un g
09 , : sty nwam
' t L I
STSUIPEBLD £43I(U0? i - i
' 3 Cderaldied enyay
$ URTIRTUTE GRUIAqLA i ...i__: tuavsoapye anuddody L et
Js Jai u:.‘wocq. ) - _._E_:o_co:—. u.:::__ _. TT1AdaTe
unagng a3y R ) wnyeads ey ) VSO0LIIE Y e:.,,_..___.- SNIVJAOPC SNy
1 suannd snanpag g waturybopge einyag!t
. 9 . -
9
eauesiegy Satqy s .
-Wi@; . ' vsobng SnuUsoj; juarpl sngny { <twy
s 6
e3nusod snTAJc) ¢ (o .

UMY SAPARESELS BEL AR 1 [T SR LRELY
S1 pasn $4033¢) 3y1 Lq 4oy pIunodde
aauetaey *(y2ayye afipa) 1nedur r1eey but
Sjeaysuonap s paiasdadlut 51 (1 ste iy

pajaesaalas) st1sfpeur ay) ;o [ J032e g lagoy

©sa12345

sjo[d uot1}33g [0s3uc) O
- sjcjd woy}oag [1esy @

UURLER

81



S9XY 35J1] JO S5@]140dgd j985084]

thovanbaay pue Ajrsuag satvads aghe} qrayg go stshjeuy azuapuodsasdon (7 b1y
{u} abpa wouy adue3syg
[ 1z 7, 2 91 &1 z1 6 9 3 0
T T T T T ¥ T T T T
. 1
B L
Is
o
1e

UOY32IS JOJU0Y o
uory2ag jred)

eiep Lauanbagy -
eiep Ajisuag _—

=]
$3J0325 UOTIBUTPIQ

et

82



i

ik,
r

apparent 1is the fact that impact extends to a greate' distance

from the edge in the shrub layers, most notably from 0-10 metres

for both density and frequency. For both frequehcy and density,
impact 1is evident for a greater .distanc2 for shrub species -;;;n
for tree specibs'(figé. 28-29).

The transition from edge to interior conditions is f;r, less

abrupt «for density of the shrub layers than of the groundlayer,

as ordination scores show a steady decline throughout with

distance from the edge (fig. 27)}. The transition 4s, however,:

more abrupt for frequency. The magnitude of change between edge

and interior is glightly less for the shrub layers in general

although it 1is greater for the tree species component. \This
2

magniﬁude of change 1s not significantly greater for specles

density than for frequency (fig. 27), but is greater for shrub

than for tree species (figs. 28-29). The degree of change

betwegn the first two plots (3-metre intervals) is much less in

the shrub- than in the ground layer.

As observed for the ground layer, control section ordination
scores peak and exeéed trail section values upslope (21-30 metres
for density; 24-30 metres for frequency). However, the
similarity of the ¢trail. and control section most interior
(upslope) éamples is far greater for the shrub layer than for the
ground layer, and the similarity of the upslope control plots to
the lmpacted trall plots much less.

A secondary ordering of interior plots according to position

on the slope 1is also evident on axis 2 of the CA shrub layer

]
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— 1 .
density scatter diagram (fig. 26) . As for the groundlayer, this

ordering appears to be related principally to the importance of
Sugar Maple in the lower-to-mid-slope plots, and of Striped Maple
in upper-slope plots. The appearance of a few speciés upslope,

particularly in the;control'seccion'(e.g. Red Maple, Serviceberry

(Amelanchier sp.) and Choke Cherry (Prunus virginiana) contribute -

to this ordering. A further ordering by a higher-level axis of
the CA (not shown) makes a sepé;ation between trail and control
plots. The relativq¢ imporéance of Beech (high in control
Eection, low in trail section) .appears to be primarily
responsible for this division.

As .observed for the groqnd layer, the placement of species
on the CA scatter diagrams is consistent with their grouping
according to distributional pattern as edge, intermediate, and
interior species. An important component cf edge sﬁéciés is

again evident from these diagrams.

Tree Layers

T3 Layer (<10 metres; <2.5 cm dbh)
General Characteristies
In the lowest.tree layer, the trail edge plots were thé most
variable in terms of species richness, density, cover and basal
area (table 8). They also contained the highest species richness
2

and density values (figs. 9-10) . Again these high values were

due to the presence of edge and intermediate species. The

l .
Some vertical ordering, particularly of control plots, is
also evident on, axis 3 of the CA frequency diagram (fig. 25).

Density values highest in trail section but exceeded at mid
slope in control section.
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density of interior tree species was severly depressed in these
1 . ]
plots . In contrast, mean tree diameter values were lowest in
2

the edge ploté (fig. 30) . Edge plot cover values were lowest in
the trail section and second lowest in the study area (ﬁig. 11)3.
Two factors appeared to contribute to fow cover values _of ’edge
specles. Firstly, because of the preximity qf these species to
the trail margin, and the strong inclination of stems toward the
ledge, a large part of the cover lay ou;side the edge plots.
Secondly, because of the clearing, no compensating cover was
contributed from outside on the édgé side of these plots.

Specles richness and density values stabilized from 5-30
metres at levels generally comparable to or lower than the
control section. Cover values remained lower than contrel values

-

from 0~10 metres.

Species Composition

Edge and interior species of importance at the trail edge
were White Birch, Willow, and to a lesser extent, Yellow Birch.

Bevo e edge, Sugar Maple became dominant in the lower ctrail

sectiyn and exceeded control values from 5-20 metres. Density
cover values for Beech were low in the traill section from O-
15 metres, but exceeded control section values from 20-30 metres.
In the wupper trail section (15-30 metres) and throughout the

control section, Beech ecxeeded Sugar Maple in density and cover.

1

Absent frqg units 1 and 2; extremely low in unic 3.
2

Highest for Sugar Maple.
3 .

Relative cover for Sugar Maple high from 0-15 metres.
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Striped -Maple occurred with low abundance throughOut the trail

section but iacreased. in importance in the upper part of the

control sectlon. ] »

T2 Layer (10-20 metres; >2.5 cm dbh)

'General Characteristics

The measured vegetation characteristics appear to show few
clear impa;t ef{ects aé the trall edge in the subcanopy layer.
Mean tree diameter values, however, exceeded concrol values from
0-10 metres, anjlshowed a decreasing :rend from 0-=15 metres that
opposed- the control trend (fig. 30). Densiﬁy was 14& in the
trail edge ?lots.(fig. 10).° Aleéugh,cover values were generally
lower in the trail- than in the control section, they slightly

exceeded control values from 5-10 metres (fig. 11).

Species Composition

+

Only two species—-Beech and Sugar Maple--were consistently

found in the subcanopy iayer. In addition to these speciés there

-

was only one occurrence each of Ironwood.(OStrya virginiana) and

Yellow Birch. Beech was the most dominant species throughout the

] 1

study area in terms of cover, and in the control section in terms

N

of density. Control section density values invariably

outnumbered trail section scores! Sugar Maple was dominant in
the trail section in terms of density from 10-20 metres and
. .

exceeded control section values for the same species 'from 5-20

metres.
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Tl Layer (>20 metres; >2.5 cm dbh)
General éharacferistics .

No trail impact effect; were apparent at the trail edée for
the primary vegetation characteristics in the canopy Efee layer.
Cover and basal area were higher in ‘the“ trail— than iIn the

control section from 10-30 metres. Differences, however, were

probably primarily related to natural variation in density and

-speéies composition and not to effects associated with the trail.

No canopy trees were sampled in the most laterior control plots.
N

Specles 6$hﬁosicibﬁ L.

- Only °Beech and Sugar Maple were found in the sample plots
although’ Yellow and White Bifch contributed minimally to canocpy
cover. With only one occurrence of Sugar Maple, Beech was the
dominant \Species throughout the trail section and’ consistently

occurred at higher densities than in the control section. Sﬁgar

Maple exceeded Beech in importance only on the lower slope in the

control section (from 0-10 metres). .

Tl, T2, and T3 Lavers

Structural Adaptation of Trees
Results of observatidns concerning stem inclination and t@g

orientation of longest branches for the three tree layers are

shown in figures 31 and 32. Stem inclination in the direction of .

1

_the trail was evident for the greatest distance from the edge in

the canopy layer.

All canopy trees sampled from'0-10 metres.had a noticeable

i
-

1
South on the diagrams, but more precisely, south~southwest.
. LY
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lean toward the edge, and those sampled from 10-20 metrés showéd
either "a lean' toward the edge or no noticeable lean in any
direction, the frequency of the latter increasing toward the
interior. The orientation of the longest branches followed a
_similar pattern, with trail impact noticeable to 15 metres.

-

The subcanopy layer, on the other hand, showed no apparent

effect in terms of stem inclination in the edge plots, but did
show a breferred orlentation of longest branches in the direction

of the trail from 5-10 metres and exclusive orientation in that

direction from O0-5 metres.

Trail impact on the lowest tree layer was very strong for

both variables from 0-5 metres. Thé combined eifect of these
variables resulted in most cover of trees located close to the
edge (particularly Willow) lying outside of the edge plots. IA
this tree layer, and to a lesser extent the others, change in the
pattern of branching was not confined to the longest branche;.
Most branches appeared on the c;ail edge side, with the inside of
stems often clear, whereas in the control plots there was a
ggeater incidence of completely clear stems, stems with no

preferred branch orientation, or stems with a locally preferred

orientation of branches related to competitive Interaction with

other trees.

Results .concerning the height of lowest branches and the
number of branches below breast height were inconclusive because
of iacomplete recording. It was apparent £from the results,
however, ihat for the lowest tree layer, the mean height of the

lowest branch was less 1in the trail edge plots than in the
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control counterparts. The incidence of dead branches or truncated

‘leaders was also lowest in the trail edge plots.

Multivariate Analysis

The diameter-size-class ordinaFion of tree species density,
by principal component analysis, is illus:raéed in fig. 33. The
main purpose of this ogdination was Lo trace successional
trajectories (Goff and Zedler 1972; Austin 1977; Enright 1982) by
considering the silze-class distribution of different_ species
within a plot to indicate the prdbable successional replacement
sequence. ° The diameter size-classes and their equivalence to
structural layers are outlined in table 6. In general, size-
class 1 consists most%i,ﬁf canopy trees, size—;}ass 2 of the
subcanopy layer, size-clas¢ 3 of both subcanopy and lowest laver
creesl, and size-class 4 entirely of lowest layer trees. Species
densiﬁ! data for each size-class in each plot was cqnsidered as a
separate entity and is represented on the scatter diagram.
S5-metre distance intervals were used for this analysis.

The axes on the scattgr diagram appear to largely represent
gradations of the two principal tree species, Beech and Sugar
Maple. When interpreted as such, however, the scales are not
absolute. Sugar Maple is represented by the vertical axis
(with  highest values below axis 2) and Beech by the horizontal
axis (with highest values to the right of axis 3). Arrows on the

diagram connect only size-classes 1 and 4 for each plot as it was

not possible to legibly cutline complete trajectories.

T .

The majority of T2 trees in this size class are found in
the control section from 0-15 metres where the density of this
layer (and Beech in particular) is very high. :
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No consiscént pattern in size;;lass trajectorieé is apparent
except for a general Iincrease in the.im;ortance of Sugar Maple
with decreasing diameter size (i.e. downward trend on the
vertical axis) starting at size-class 3tbut ;;;t noticeable at
size-class 4.

A comparison of the ordination results for trail and control
data suggest two possible changes 1n successional trends induced
by the-trail opening: (1) the suppression of both " Beech and
Sugar Maple in the smallest size-class in the trail edge plot
(separated from other members of size-class 4 by axis 3)1, and
(2) the exaggeration of a-trend toward the dominance of Sugar
Maple in trail plots 2 and 3. These trends will be examined in

the discussion section along with relevant fiandings for the shrub

and ground layers.

-

1

Apart from the low densities of Maple and Beech, the
compositional distinctiveness of the trail edge plots {(i.e. the
important edge species component in size class 4) 1is  not
represented on the diagram. As noted earlier, the similarity
measure used for the PCA (Gower coefficient} tends to emphasize
abundances of the most dominant species. This characteristic is
an advantage in this instance since the long term trends  of the

" major specles 1s of interest.
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DISCUSSION

In order to put the study results into perspective, the
discussion begins with a comparison of findings with previously
published work. An overview of edge microenvironment follows.
The project results are then considered in relation to the past
in a recounstruction of the probable development sequence since.
the opening of the trail, and in relation to the future in a
projectioh of present forest development trends. When results
have been considered in relation to the past and future, 'éertain
theoretical implications are addressed (reciprocal replacement,
continuity / discontinuity, community stability). To end the
discussion, management imélications of the results are briefly

considered.

COMPARISON QF RESULTS WIIH PREVIOUS FINDINGS

Differences in study objectives, approacﬁes and assumptions
preclude a definitive comparison of findings with previously
published work. In addition to these factors, differences in
study location, community type, and in edge age, orientation, and
maintenance in many cases limit the validity-of compafisons. The
comparisaon is structured ‘under the following  sub-headings:
impact distance, edge delimitation, specles abundance/size,

.
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specles richness, species composition, structural adaptaticn, and

variabilicy.

Impact Distance

The impact distance of-10-15 metres identified in é?is study
falls within'bhe range'of 2~30 metres found in the literature for
the width of forest edges. Principal factors influencing iﬁpact
distance appear ro be land use, corridor width, aspecﬁ, latitude,
topography, and community type.

In their work directed toward eliminating edge—effect bias
in forest sampling, Flaney and Paleca (1947) cite one crown width
(2.5-5 m in young stands; 12-18.5 m in old stands) as an
approximation of edge depth. .Gysel (1951) and Wales (1972)
studied advancing or unstabilized edges on north and south
aspects. Gysel found edge width ranges of 2-10 mé;res but noted
great variability dia the width and distinctiveness of edge
communities. Wales found depths of 10 and 20 ﬁetres on north and
south  edges- respéctivély, and concluded that although
microclimatic‘ differences resulting from edge orientation were
important, the overriding influence on edge width was land use
history (i.e. edge maintenance/abandonment). Ranney et al (1981)
found similar edge widths to those of the current study (10-15
metres) for north, south, and east edges; however, on west edges
they observed a 30-metre or greater depth. They also cited land
use factors to account for these differences. Dale and ﬁeaver
(1974}, studying impact effects of hiking/riding trail corridors
on Rocky Mountain forests found effects only to 1-2 metres of the

trail edge. The width of these tralls, however, did not exceed
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2.5 metres . Ranney (1977) notes that latitude influences edge
dimensions because of its effects on-solar anglé and accordingly
on Fhe.amouni of solar radiation received'aﬁd the’debth to .which
solar radiation penéfrates; These factors are also influenced by
topography. Community type‘ié additionally considered to affect
edge width; edges in spruge-fir forests, for example, are

narrower than in northern decidﬁous forests (Horn 1971; Ranney

}978).

Edge Delimitation !

Edges were de;imited according .to different characteristics
in the studies reviewed. In the current investigation, the
range of trail influence appeared to vary with structural layer
and variable measured (see table 7). ConErary to other findings

{Raaney et al. 1981), a vegetation discontinuity was found in the
: .

groundlayer from 5-10 metres, and a less marked discontinuity in
the lower shrub layer from 15-20 metresz. Although effects were
most marked to 10 metres, 15 metres represents the inward extent
of elevated values for species density, cover, and richness in
the 1lower shrub layer; it alsoc represents the inner extent of
high variability for these?Earameters which tended to stabilize
inwards from 15 metres. Impact disgénce for these variables
appeared to be less in the other structural layers. Elevated
values were £found up vo 10 merres from the edge in the uﬁper

shrub and subcanopy layers and up to 5 metres ian the ground and

lowest tree layers. Structural adaptation effects were most

1

13-16 m in the present study.
2

See p. 123 for a discussion of these discontinuities,
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avident to 10 metres.

Ranney et al. (1981) found no abrupt discoantinuity that
could be used to separate edge from inté;igr. They found that
continucus decreases in species ricﬁness, density, and basal
area, and the variability of these valugs‘stabilized inwards ;f

'y .
10-15 metres. In the ground and shrub layers, however,- they

observed high density values only in the first few metres. Wales

(1972) found that the inner margins of the unstabilized edges

1
- that he studied corresponded to the position of the original

forest/field edges. These margins were characterized by tree

densities comparable to the interior but by a significantly
higher basal ‘area. ’Canopy -\Frees at these margiﬁs exhibited
characteristics of edge.trees (e.g. lower branching on stems,
with branches extending towards the exterior). These margins

also represented the inner limits of high numbers of values

significantly differeat from the interior for tree density and

shrub-herb cover. ,__“)rq

o~

gpecies Abundance/Size .
A reduction in the average size‘of'the dominant biota is a
characteristic of most stressed communities, regardless of stress
type (RapporE et al. 1985). \'Classic studies illustrating this
response along a gradient of stress intensity are those of gamma-
ray radiation exposure (Woodwell and Whittaker 1968) and smelter
sulphur dioxide emissions (Gorham and Gordeon 1960; Gordon and
Gorham 1963; Luzon 1971; Freedman and Hutchinson 1979). Although

the stress 1im the current study 1is non-toxic and can be

considered of the positive or “subsidy” variety (Odum et al.

¥
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1979), the findings clearly indicate a drama;ig‘nincrease in-
density and cover in the smaller size classes adjacent to the
trail ehge (figs 10-11). In the studies reviewed, however, with
the exception of Cole (1978), although species abundance was
found to be consistently high in edges and to decrease toward the
interior, the structural layers in which these"'charﬁFteristics
were most marked varied. Edge age (or e;apsed‘time since edge
1nitiation) appears to be the main differentiating factor here.

In the present study (edg> age 14 years), increases in
dgnsity and cover were most dramatic iq_the gr;und and shrub
layers, and some of these‘effects extended to the lower tree
layer. No density effects were evident in the canopy or
subcanopy layers. In addition, except for slightly higher values
{(within the control range) 1in the subcanopy layer from 5-10
mgtresl, basal area was not significantly affected in the edge
zone. In contrast, Ranney er al (1951) who studied edges
primarily within the age vrange of 40-100 years found less
distinet trends for the ground and shrub 1layers, vet marked
trends for the _density and basal area of trees. These
differences appear reasonable when edge age is conéidered.' Tree
density effects could not be reflected above the lower tree
layer within the 14 years since trail opening of the current
study. Furthermore, since basal area is partly dependent on
density, large 'increases would not he expected for the limited

sample size. In older edges, however, some of these effects would

be expected in canopy and subcanopy trees that became established

1 . ‘
Also highest cover values in study area for this layer.
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or were released at the time of ;dge initiation. In addition,
the lateral. extension of canopy crowns (Trimble.and Tyron, 1966)
as ﬁell as the dense growth of small treeé would ‘reduce light
intensities closer to the edge so that shrub andg grouadlayer
responses would tend to be restricted tb a narrow margin of the
trail edge. These effects are consistent with the findings of
Ranney et al.

In a beech-maple woodland in southern Michigan, Gysel (1951)
observed the frequency and cover of groundlayer species to be
much greater In border areas than the interior; the density and
frequency of saplings (>l m; <10 ¢m dbh) to be much greater; and
the density and frequency of larger size classes to be not much
different. Wales (1972) found increased density and basal area
in edge zones in an oak-hickory forest in New Jersey. With the
exception of basal area, these findings are coﬁsistent with those
of the present study.

Revel et al (1984; Dougherty et al. 1986) found tree cover
adjaceat to selsmic linesl in a Lodgepole Pine-Black Spruce
f@rest in southwestern Alberta to be slightly greater than in
control plots, shrub cover to be noticeably greater, and herb
cove; Lo be about the same. Using a comparative growth index
based on diameterz, they determined that the radial increment

growth rate of all ages of the two dominant tree speciles

adjacent to seismic lines was 33-45% greater than than that of

1

Plots extending 0-5 metres from the edge.
2

CGI = (post-seismic line-cutting increment/pre-seismic
line-cutting increment) x 100.

102



-

interior control trees. Growth rates were greatest when

temperature, light, and site moisture conditions were not extreme_

—

and when stand density waéfﬁigh. In the present study; elevated

L i
mean tree diameter from 0-10 metres was noted in the subcanopy
N i

1
layer., and in the lowest tree layer for Sugar Maple . Contrary

to other investigat}pnsi Cole -(1978) found a decrease 1in

groundlayer cover immediately adjacent to, and two metres from

the edge, of hiking trails in the northern Rocky Mountains of

Oregon. This decrease_ was attributed primarily to trampling

stress.

Species Composition

Consistent with the stress-response synthesis by ﬁabport et
al. (1985), changes in species composition in the current study,
and in those studies reviewed, indicate a retrogression of the
vegetation community to an eariier successional stage. Although
effects were less marked in ch; selsmic line study by Revel et
al. (1984), all other studieé reviewed found a significant
difference 1in speciles compositioﬁ at forest edges when compared
with the interior. Under stresé, the most responsive species are
necessarily those specialized for, and limiced by, the niche

parameters modified (Hurd et al. 1971). Changes in speciles

\

1

Values were within contrcl range.

2

"Apart from the 'small sample set on which these
measurements were based, mean diameter is not a sensitive measure
of impact as 1t does not take into consideration loecal site
conditions, tree age, or individual growth rates of trees. The
CGI used by Revel et al. overcomes these difficulties. Although
tree cores were taken for a2ll Beech trees >10cm dbh, time
limitations did not permit an analysis of these cores. In any

event, sacple sizé would have limited generalizations from such
an analysis.
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composition at forest edges therefore reflect the decline or
elimination of shade-tolerant mesic species, an increase in less

shade~tolerant species, and the invasion of opportunistic specie

-

more tolerant of environmental extremes. Significant factors
influencing .species composition at forest edges appear o -be
e&ge orientation, edge maintenance form, edge age, and corridor
width. >
In the current stu&y, shade-intolerant “edge” species were.
confined to a zone within 8 metres of the trail margin. Of the
66 species found within the study area, 36% were found 6n1yh‘at
the edge, and 30% were absent from the edge. Comparable figures
in Gysel’é (1951) study are 6l species, 2% and 3%. The order
of magnitude of difference in the last figuvre (i.e. interior
species not found’aﬁlthe edgé) is probably primarily due to the
difference in edge maintenance aud edge age for the two studies.
Gysel studied advancing edges of varying age, and noted that the
-original border trees had developed wiler and longer crowns with
iow overhanging side branches (up to 9 metres) which caused
shading of the ground surface and the accumulation of a litter
layer. A dense growth .of subcanopy trees and sapliags - had

developed at the outer edge of this overhang, further reducing

light intensities. This environment inhibited the growth of

 shade-intolerant species which were mainly restricted to the

shrub community beyond the extent of the upper tree canopies.
2

The border area was therefore quite conducive to the growth of

interior speciles up to this outer zone. In the current study,

structural adaptation of canopy trees was far less advanced; in
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addition, the edge was maintained mid-way between the stem and
I'd

" canopy dripline. As a result, exposure (to insolation, wind

etc.) was much higher in the edge zone and created a much more

"hostile environment for interior species.

In a floristie study of an oak;hickory forest in New
Jersey, Frel and Fairbrothers (1963) identified 312 species of
vascular plants of which 227 were found-only in edge =zones, and
437 were absent from edge zones. For the purposes of their
study, however, an edge was defined as ~a strip of land
approximately 4 feet wide.extending from the last visible furrow
of cultivated land where it could be seen adj;ining the.Forest’.
Thus defined, the edge zone was restricted to the outer margin of

that coasidersd in the current study, aad was accordingly even

more likely to be inhospitable tb interior species.

Studying advaﬁcing north and socuth edges of the same forest
in New 3ersey,‘Wa1es (1972) noted species seggregation within and
between edges. He found species characterized by shade
intolerance and good vegetative. reproduction to be most preval;nt
at edges, with a greater incidence of intolerant xeric specles on
south edges. Ranney et al. (iéSl) studied edges at all four
cardinal directions, -and also found the incidence of tolerant
species to vary with aspect as well as with distance from the
edge. Thelr findings showed shade—intolerant xeric species to be
most prevaient along south and west edges, and those of
intermediate tolerance to be favoured along north and east edges.
The absence of a notable complement of xeric tolerant species in

the current study (SSW exposure) can be related to the diverse

topography of the area and the resultant shading and sheltering
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~effects by adjacent and opposite slopes, as well as by' canopy

trees.on the oppoéicé side of the trail. The greater importance
‘0f the less shade-tolerant White Birch in the more exposed unit 3
(compared with the greater abundance of Yellow Birch inm units 1
and 2) secems to support this supposition. Consis:e;t with the

findings of the curreat study, all investigations in beech-maple
communities found a decrease in the importance of Beech towards
the ‘edge. Most studies alsc found a similar alchough less
pronounced Qistributional patssfﬁ—igr Sugar Maple. Elevated
values- for this specles in a secondaLy buffer zone interior to
the edge (i.e. 5-15 metres in present study) were not observed in
other investigations. Data presented by Rannéy (1978). clearly

demonstrates the absence of this ceffect.

Species Richness

A reduction 1Iin specles diversity 1is one of the most

. widespread responses of ecosystems to stress according to the

synthesis by Rapport et al. (1985). . The.authors do, however,

note a few exceptions to this general rule, quoting two instances
of terrestrial physical restructuring that resulted in higher
specles diversity of birds. The current study as well as the
edge studies reviewed can be added to this list of exceptions.
In fact, this high diversity response is a component of the “edge
effect‘l. This response may also be related to the “subsidy”

effect of some typeé of stress at low levels of impact noted by

Odum et al.(1979).

1
See introduction pp. 8-9.
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The pattern of species richness in the current study and in
the studies reviewed largely parallels that outlined in the
previous section for species abundance. Congistently high in
edges, species richness decreased towara the interior.
Varigtions among studies in the structural layers in which these
characteristics were most markedl can similarly be related to
edge age. \

Only one of the studies reviewed showed a weak response fd;
these characteristic trends. Revel et al. (1984) found a modest
varijation in mean specles numbers from edge (34) to interior
plots (28), and noted that shrub and herb species richness at the
edge only marginally exceeded control values. In additicon to age
differences (10-30 vyears versus l4 years), these quantitative

divergences from the current sggdy may be partly attributable to

¢corridor width (5-8 m versus 13-16 m) and to community type.

Structural Adaptation

Horn (1971) found that variations in incident light affétc
the growth form and the distribution of structural support in
trees. Notable adaptation effects were observed by other authors
{Gysel 1951; Trimble and Tyron 1966; Wales 1971). Because of
the relatively young age of the ski trail corridor in the present

study, structural adaptation effects, a h evident, were less

marked. If the results are not

purious, however, on

candpy trees appear to ex¥end a surprising distance 1into the

forest (10-20 m).

L)

1
Highest in the

urrent study in the ground, shrub and
lowest tree layers.
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Variability

Variability appears éo be characteristic of edge vegetation

~and has been related by individual authors te land use and to

.light intensity. Topography is suggeéted by the current study as

a2 third influencing factor.

Gysel (1951) observed high variability in the width and
distinctiveness of border communities and in the -structure and
composition of edges within the same woodlot and between
different woodlots. Variations In lower strata cover appeared to
correlate with available 1light. Wales (1972)— also noted
considerable variation with distance from the edge and between
sample plots, particularly for shrub and herb species. \}tlarmey et
al. (1981) <found the outer portions of edges to be /Extremely
variable and noted a decline in variability from 0-15 metres from
the edge. They, in £fact, used variability to assist in the
delineation of edge width. 1In their study, variabilicty in edges
appeared particularly high for tree and_sapling (T1-T3) densicty,
basal-area, and species richness. High compositional variabiiity

was found even within edges of similar aspect. Ranney et al.

inferred that -much of this variability resulted from differing

land use histories of the edges studied.

In the current study, considerable variability was noted
between replicate plots for density, cover, and species richness'
in ;ﬁe shrub and lower tree layers. This variability extended to
15 metres in the shrub layers and to SﬂﬁeErég in the lowest tree

layer (Tables 7-8)..

Unit 3 showed the most dramatic edge response, with edge
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pldt density and cover values in the upper shrub and lowest tree
layers. significantly exceeding those for the other two units.
Yet the density and cover of the.lower shrub layer were actually
higher in units 1 and 2. A number of faztors may have contributed
to an Inltial stronger and subsequent reduced response in unit 3.
At the time of trail opening, additional sidelighting contributed
by the upper part of the trail (fig. 3) may have increased light
intensity and provided an addicional stimulus to growth in unit 3
resulting in high density and cover of the ground and lower shrub
layers (presenﬁ upper shrub and lower tree layers). AE the same
time, the unit”s position at the base of a steep rise wﬁuld have
increased exposure to wind and downdrafts from the upper - trail
section. The high relative importance of the shade-intolerant
White Birch in unit 3 (comparéd to the more tolerant Yellow Birch
in the other two units) would appear to support altered
microclimatic conditions of this nature. Initial den;; érowth of
these layers, however, would have quickly reduéed the
sidelighting advantage og unit 3. The overhead canopy would have
furthe; contributed to lower light intemsities. In addition to
lower S2 density -and cover val;es, factors supporting this
hypothetical development history are the significantly lower
importance of intolerant shrub species in this layer in unit 3,
and reduced current light levels (fig. 5).

Variability interior to the edge plot appears to be directly
related to this differential outer edge response. S2 cover
values fn unit 3 are significantly reduced frﬁm 5-10 metres, but
density and cover values.are comparable to control wvalues from

10-15 ‘metres. Values in units 1 and 2, on the other hand are
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elevated to 15 metres. It accordingly appears.that the buﬁfering
effect of high edge plot density and cover has effectively
reduced the current distance of trail impact by 5 metres in unit
3 by restofiﬁg:interior conditioﬁs at a much faster rate than in
units 1 and 21. The proposed mechapisms for this effect (i.e.
incréased exposure and sidelighting resulting from trail layout
with respect to copogr;phy) would suggest topography as an
additionél factor influencing edge dgpc% and variébility.

EDGE MICROENVIRONMENT ; ‘ -

Forest edges reflect st;ep microclimatic gradients between
the extremes of open land and forest interior (Wales 1972). At
edges, light intemsity, wind flow patterns, and the temperature
and moisture of the solil and air can differ considerably from the
in;erior foresE. '

Solar radiation appears to be the most important
microclimatie varlable influencing forest edge (Ranney 1977).
Radiation intensity, the proportions of direct and diffuse
radiation, and the depth to which solar radiation penetrates a

2
forest edge depend on fagtors such as solar angle , edge aspect

1

The dinterpretation of faster recovery (as opposed to a
shorter initial impact distance) 1is supported by a high
groundlayer density 4o unit 3 from 10-15 m of the- trail edge
(exceeding values for units 1 and 2 by 74% and 41% respectively).
This higher groundlayer density caannot be explained by current .
(lower) light intensity values. It is likely, therefore, ' that
this layer contains suppressed seedlings which, in units !l and 2
would have succeeded to the S2 layer.

2

Solar angle, in turn, depends on latitude, time of year,
and time of day (Ranney 1977). :
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(Wales 1967, 1972; Swift and Knoerr 1973; Holland and Steyn
1975; Ranney et ai.kHBBi), topography (Swift and Knoerr 1973;
Holland and Steyn 1975) , cloudiness (Geiger 1975), cthe
reflectivity of the ground surface éLykowski 1970; Colwell 1974),
and the density, height, and composition of the edge gGeiger
1975; Ranney 1977). Within the zone of radiation penetration,
light intensity and summer daytime temperatures of both air and
soll are higher than in the forest interior (Geiger 1975; %gnney
1977). Increased light and temperature stimulate veéetation
growth and result 1in . increased evapotranspiration and soil
moisture loss. Lackiang the protective influence of the interior
forest, forest edges also experience higher wind velocity and air
cireculation, and greater diurnal and seasonal temperature

variations (Geiger 1975; Ranney 1977).

Precipitation interception, snow accumulation, and runoff

patterns at the edge also differ from the forest interior (Geiger

1975; Eanney 1877). A study of snow accumulation and ablation
rates 1in forest openings of sizes varying from 1/4 to 6 tree
heights in diameter (Golding and Swanson 1978) §ugg€§ts high
precipitation input and retention in openings three quarters to
one tree height in diameter (i.e. comparable to ski trail‘width).
All'lopenings, in fact, had higher values than those of forest

interiors. However, a numbgr of factors tend to reduce the

" soll moisture status at tne trail edge. Firstly, the sloping

land surfaces of the trall and adjacent areas facllitate runoff.

< s

1

Shading by opposite and adjacent slopes, as well as slope
"inclination interior to the edge.
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Secondiy, increased évapétfanspiration resulting from‘ elevated
light and temperature tend to deplete soil moistyre. Higher wind
velocity and air ecirculation at édges additionally increase
evapotranspiration and reduce soil meisture and humidity (Geiger
1975; Ranney 19;}). Lower soil moistqu levels exteénding up to
5 metres into the adjacent forest were noted by Revel et al
(1984) on northern edges (southern aspect) of E-W seismic lines.

Lower soil moisture at forest edges was also measured by Oosting
F

and Kramer (1946). _a//

Overall, forest edges tend to experience more xeric
conditions and greater temperature extremes and fluctuations than
forest interiors and are accordingly areas of greater
environmental stress (Ranney i977). .

although this study was confined to the measurement of trail
impact effects on adjacent vegetation, an approximation of the
most Iimportant microclimatie variable affecting_forest edges was
considered desirable, and light intensity was used as a surrogate
for Qolar radiation. Iz is probable that trail section light
intensity values slightly exceeded control section values even
before the trail was cleared. Higher present-day wvalues 30
metres from the trail edge and beyond the range of trail impgct
effects on the vegetation would appear to support this
conclusion. Following trail opening, the original_ light
intensity gradient would have been reversed by sidelighting,
probably from 0-15 or 20 metres. Beyond this distance, (1) the
present-day gradient begins to parallel the control treand, and
(2) no vegetation effects that could be attributed to trail

1
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impact were noted. In contrast to the discontinuous nature of
the present gradient (fig. 5), the light intensity slope at trail
initiation would have decreased relatively continuously from 0-15

1
or 20 metres of the trail edge .

VEGET&??ON DEVELOPMENT FOLLOWING, TRAILL OPENING
o
IA the more extreme microenvironment created by the trail

opening, sensitive interior species declined and in some cases
disappeared, and fast-growing shade-intolerant species becane
estéblished adjacent to the trail. In this high-light
environment, the existing shrub layers and the'néw ground layer
grew vigorously. In time, . a dens& buffer zone of shade
intolerant tree and shrub species became estdblished in the shrub
layers that would eventually reduce interior light intensities.
Within the' lé-year period following trail opening some fast-
growlng edge species grew to the height of the lowest tree layer.
This edge =zone 1s currently characterized by high speeies
richness, density and cover values in the ground, shrub, éhd
lowest tree layeés; by the iﬁportance of shrub and herb specles;
by.the absence of many Interior species; and by the high relative
importance of edge species.

Interior to this zone, toward® the range limit of edge
species, and in intermediate light intensities, a secondary
buffer zone of Sugar Maple became established. Growth of this

species was particularly vigorous in terms of density and cover

from 5-15 metres, as presently exemplified in the shrub and

1

See pp. 123-124 for discussion of continuity/discontinuity
of microciimatic and vegetation gradients.
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lowest tree layers (fig. 8; table 7); An apparently less
successful cdmpetitor in these conditions, Beech ' became
suppressed to a distance of lS‘metres om the trail edgel. Low
values in the shrub and T3 layers reflect this suppression.

The rapid growth of these two buffer zones maykhave resulted
in considerably reduced light levels at the ground from 15-20 |
met:eé.‘of the trall edge. The low density and cover values in
the 52 layer (lowest in the trail seccion) may be relicts of
thgse lowered val;es (figs. 10—11)2.

Continued shading from ?dge specles in the flourishing outer
buffer zone and increasing cover of the subcanopy tree layers
eventually led to a dramatic drop in light inteasity at ground
level closer .to the trail. ggesentﬂday low light intensities

from 5-10 metres of the edge (fig. 5) result from this shading

and ~  are reflected by very low density, specles

)3

Alchough the specific mechanisms are not clear,
environmental requirements for seedling growth may have favoured
the establishment of Sugar Maple over Beech in this zone. Beech
seedlings require warmth, humus and shade for rapid growth and
are susceptible to drying. Sugar Maple is more competitive in
the open (Frothingham 1915), and although comparative growth
rates are not readily available, statistics provided by Fowells
(1965) suggest that Sugar Maple has a faster growth rate than
Beech for at least 25 years following establishment.

2 .

An alternative explanation for these low values may be site
factors: two of the three replicate plots had steep slopes with
very irregular microrelief. On the other hand, the third plot
with gentle slopes and only slightly irregular microrelief had
comparable denmsity values and the lowest cover values. A number
of fallen tree stems were, however, recorded in this plot. A
site factor explanation would appear to be supported by the fact
that the S2 layer discoutinuity is .echoed by low density and
cover values from 15-20 metres in the Gl, T3, and T2 layers,
effects that could not be attributed to trail impact or to
present—-day light intensity values (lowest 20-25 metres). The
discontinuity is also not evident on the transect profiles of the
CA first axes for the shrub layers (fig. 27).°
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richness, and cover values in the grouﬁdlayer. This reduction in
light 1levels interior to the edge must be a relatively recent
development as the dense S2 layer, initiated at a time of higher
light intensity, is unlikel; to be more than 7 years oldl.

Trees that were established before the opening of the trail.
were not insensitive to the cﬁanging microenvironment. In the
lowest tree layer, Sugar Maple incrélqu in diameter adjacent to
the trail and in cover from 0-15 metres. Subcanopy trees close
to the trall inereased in mean diameter, and thqse 'frOm 5—10.
metres increased 1in cover. All layers of trees responaed to

/
increased light intensities by growing toward the new light
source. Present stem incliﬁation and longest branch orientation
toward the edge reflect this behaviour. Although these effects

were most evident in the plots, adjacent to the trail, possible

effects were noted up to 20 merres in the canopy laver.

.

FUTURE FOREST DEVELOPMENT
As long as the trail is maintained in its present position,
the first five metres of the edge will probably equilibrate at a

younger successional age than the interior forest because of

differing environmental conditions. An analysis of species

composition by structural layer suggests that an initial White
Birch-Sugar Maple association will yield to a White Birch, Yellow
Birch and Sugar Maple community; this community should eventuélly

give way to a Yellow Birch-Sugar Maple forest with an admixture

l L

1.5-5.5 years for the Sugar Maple component judging by
growth rates for this species (Fowells 1965).
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1 . .
of Beech . A significant number of interior species will be

permanently absent from this edge zone (curreatly 302 of all

species found within the study area). On the other hand, a
component of shade-intolerant species should persist closé to the
edge. Although the present range of edge species extends to 8
metres of the trail edge, ~ it is expsc:ed that reduced light
intensities resulting from growth of E;e vegetation itself will
result in a reductlion of the effective edge width.

From 5-15 metres of the trail edge, Sugar Maple will likely
succeed Beech as the dominant species for the forseeable future.
BotH’ the diameter size-class ordination of trees (fig. 33) and an
analysis of species importance by structural layer (fig. 34;
table 7) indicate this future dominance for Sugar Maple. The
exceptionally high values for this species in the ground, shrub,

2
and lower tree layers and the 1less dramztic but evident

- suppression of Beech 1in the shrub and lowest tree layers are

probable responses to the trail 3periag. The trend toward Sugar

Maple dominance does not preclude the re—establishment of Beech
in rthe tanopy layer in the long term. The microeanvironmental
conditions that induced the strong growth response in Sugar Maple
are being modified by the dense growth of the vegetation itself.

Conditions favourable to the . competitive re-establishment of

1 -
T;gkgzz?istence of Beech in the edge zone is uncertain. In
addition its . competitive disadvantage in terms of light
intolerance, Beech is susceptible to sunscald on account of its
thin bark. It is also highly susceptible to sap—-rotting fungi
that enter through sunscald and other wounds that heal
comparatively slowly (Fowells 1965).

2

High relative and absolute values ‘in the ground and shrub
layers; high relative values in the lower tree layer.
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Beech may accordingly be restored. Possible evidence of this
recovery 1s the fact that in the groundlayer Beech .density and
frequency exceed comparable control values beyond 10 metres of

the trail edge.

Beyond 15 metres of the trail edge, and in the controllarea,
future: canopy dominance is'lgss certain but will probably be by
Beech for some time to come. The interior forest appears to be
in a state of relative equilibrium at a comparatively advanced
successional stagel. Precluding a major disturbance, future

development, uninterrupted by the presence of the trail should be

primarily restricted to the process. of tree-by-tree replacement

by advanced reproduction in canopy gaps created by fallen trees.
Apart from its domirant and occasionally c¢o-dominant position
throughout the subcanopy .tree layers in these areas, Becech grows

faster than Sugar Maple, upon release, in the diametcc size range

-

1 ; .
Evidence used to suppart this conclusion is as follows:

1. The codominant species, Beech and Sugar Maple, are shade-
tolerant ¢limax species;

2. The all-age population structure of the dominant spécies shows

a proportion of stems in the éubcanopy layers > the” canopy .

layer; _ i

3. The 24 m height of one edge Beech tree that was measured (36.6
cm dbh wvs. largest Iin area 49 cm dbh) is at the top of the
average height range for that species (Fowells 1965);

»

4, The age of canopy trees is probably in the order of 100-200
years; the largest Sugar Maple tree with a diameter of 6l cm
may be more than 250 years old (Frothingham 1915; Morey
1936}; )

5. The maple-beech community is considered the climax community
of the region (Lafond and Ladouceur 1968) and appears to be
the most widespread fn the area above 250 m where 3site
conditions are not extreme (fig. 2).
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above 5 cm {Fox 1977) . Its chances of succeeding to the

canopy layer are acgordingly very high In spite of a general
treand toward increasing Sugar Maple 1mportaﬁce with decreasing
diameter size that was noted in the size-class ordination of
trees. Sugar Maple is considerably more important than Beech in
the shrub and ground layers in these'interior areas (fig. 34),
a' likely indication of canopy dominance for this species in the
nore distant futhri. Lower mortality for Beech with increasing
age (Forcier~1975)~ could in time reduce this gap, however, and
in ‘some instances lead to shared dominance. The fact that the

current relationship is 1in some areas more equivocal for

frequency than for density would support this possibility.

THEORETICAL IMPLICATIONS OF FINDINGS
Reciprocal Replacement

The coexlstence, in a climax ecosyétem, of canopy species
with apparently similar site requirements appears inconsistent
with the competitive exclusion principle (Forcier 1975). This
principle predicts the ultimate demise of one species when two
species compete 'for the same limiting resources. Such
coexistence accordingly implies some differences in the factors
limiting the two species (Levin 1970). Although  site

requirements for mature trees of two or more species may be

1
Based on studies in New Hampshire and Pennsylvania.
2
A survivorship table for Beech and Sugar Maple growing
under closed canopy (Forcier 1975) shows a lower mortality rate
for Beech with increasing age ( with the gap .becoming
particularly noticeable after 5 years) and an overall Beech/Sugar
Maple . survivorship ratio of 2:1 over the first 10 years of
growtl.
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similar, niche wvariables for these species may differ
considerabl; in their early developmental stages. Canopy
influence 1is one factor that could cause microenvirzonmental
changes. Ehat-ﬁight be experienced differentially by two speciés
in the developmental_stages. If one species is more competitive
under the canopy of another species than its own, species
alternation or reciprocal replacement (Woods 1979) could pro?ide
a mechanism for the persistence of both species in the canopy
layer.

A number of studies have ‘suggested the reciprocal
replacement of the codominant species in a beech-maple forest
(Forcier 1975; Fox 1977; Woods 1979; Runkle 1981). In a
numher of forest types dominated by two species, Fox (1977) found
the rec{procal relationship to be strongest in a beech-maple
a§sociation; he alse found the relationship to be most marked in
monospecific patches of either species. The studies cited (wich
the exce?tion of Forecier) found Sugar Maple saplingél associated
with Beech canopy and the converse. Forcier studied species
replacement in a Beech-Sugar Maple-Yellow Birch climax forest in
New Hampshire: and found Sugar Maple saplings associated ;ith
Yellow Birch canopy, and Beéch saplings associated with Sugar
Maple canopy; neither Birch nor Sugar Maple sapl;ngs appeared
associated with a Beech canopy. Forcier hypothesized a cyclic

Yellow Birch-Sugar Maple-Beech succession initiated ~ by endogen-—

ous disturbance and based on the differing reproductive

1

The definition of “sapling”™ varied considerably as follows:
20.5 m height, <2 cm dbh (Forcier); 5-33 cm dbh (Fox); 2 m
height, <12.5 ecm dbh (Woods); >1 m height, <25 cm dbh (Runkle).
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strategles lof the .three species that ensured theldr simultaneous
pefsistence, —

In view of these findings in beech-maple communities, and in
particular, monospecific patches, results of the present study
were examined for evidence of species alternation and for
potential effects of trail impact on such a replacement proce;s.
Considering regeneration of the Sl and S2 shrub layvers (Forcier”s
definlcion of sapling),' it is apparent that Sugar Maple is of
greatest importance, rvegardless of canopy speciés (fig. 22). As
Beech is the dominant canopy species throughout most of the study
area (except control plots 0=10 m) it could be concluded that the
reciprocal @ relationship appears to hold when Beech is the
Jominant canopy species. . Although this outcome appears most
certain in trail section plots from 5-15 m (as discussed earlier
and primarily attributed to trail impact effects), mortality
rates could affect the final outcome in the remaining plots where
Sugar Maple dpminance is less pronounced.._ Whether or not
complete species alternation eﬁentually takes placge, theﬁe is no
doubt that Sugar Maple will be of increa#ing importancejin the
canopy layer in the more distant future. There is also little

doubt that some additional factor (i.e. trail impact) has

emphatically reinforced this trend from 5-15 metres of the trail

edge.
On investigating species alternation and the maintenance of
. ‘ /
codominance in a beech-maple forest in Michigan, Woods (1979)

found high mortality under conspecific canopy in saplings between

two and four metres in height ( Sl layer). Fox (1977) also
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goncluded that events responsible fog_species alternation took
place before the lower size'iimit of his sabling range (5 cm
dbh). Results of the present'study are consistent with these
findings and indicate that, of the layers in which these
observations were recorded (S2-Tl), mortélity, disease and dead
or broken leaders were highest in the upper shrub and lower tree
layers. in view of these findings, predictiorn of future species
dominénce might appear more.reliable when based on existing

relationships in- the subcanopy tree layers. (The reciprocal

relationships established by Fox, Woods, and Runkle were also

based on these larger size classes although class limits
differedl.)‘ . When only subcanopy trees >2.5 cm -dbh  are
considered as pot;ntial successors to the cagopy layer, the
reciprocal replacement hypothesis, at ;east for the proximate
future, holds only for plots from 5-15 metres of the trail edge.
Becch saplings, thus defined, are dominant or co-dominant in all
plots other than 5-15 metres in the trail section, réggrdless of
canopy species (principally Beech). 4as the importancelof Sugar
Maple from 5-15 metres of the trail edge is of note only in the
lowest of the tree layers, the relationship in this case appears
to be attributable to the trail influence rather than to natural
species alternation. .

In summary, although 'the reciprocal replacement hypothesis
has limited application for the near future (i.e. when subcanopy
tree layer regeneration is considered alone), Sugar Maple

replacement of, or codominance with Beech appears a good

T .
Runkle also included most of the shrub layer (see note 1,
p. 120).
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possibility in the long term, when the specles composition of the
ground and shrub layers is considered. Although the converse

relationship 1is not evident in plots currentlylunder Sugar Maple

'

canopy dominance, the limited size of these areas would pr?clude

1
the definitive establishment of such a relationship in any case .

Canopy influence is considered to be of limited importance in the

-

apparent pronounced species alternation from 5-15 metres of the

i

txail edge. The high importance of Sugar Maple in thgse areas is
2d to be the result of trail impact, andzthe same result
would:be anticipated under Maple canopy AOminance .
Continuity/Discontinuity

Vegetation discontinuities are generally regarded as
adaptive responses to environmental discontinuities .(either
natural or induced by disturbance). Such a disconti;uity is
implicit in the definition of the induced, abrupt edge of a ski
trail corridov, and is perpetuated by trail maintenance. Based
on the-ascumption that thue microclimatic gradients imposed at the
forest edge at trail initiation were relatively continuous from
edge to interior, cantinuity of impact effects on the vegetation

. <

within this transition zone might be expected. It is interesting

to note, however, how the buffering effect of the vegetation

response has reinforced the abruptness of the transition between

1
It 1is interesting to note in suppeort of the reciprocal
replacement hypothesis that of the ten dead Sugar Maple stems
founa in the upper shrub and lowest tree layer in the study area,
nine vccurred under Sugar Maple canopy dominance.
2 ‘
One replicate plot from 5-10 metres of the trail edge under

Maple cznépy dominance showed the same effecrt. N
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edge 4dnd dnterior and has éssentiqlly produced vegetat}on and
microclimatic 'disconti;uities in a formerly coﬁtinuous
wicroclimatic gradient (figs. 5, 5-11). In the groundlayer,
for example, dlthough a relatively steep transition zoﬁe.betweed
the dense species-ricH edge and the less dense and diverse
interior might be predicted (as is evident in the shrub léyers),

the drop below interior values immediately behind the edge plots
. I

might not be anticipated. If not caused by site conditions » the

less dramatic but evident discontinuity in the lower shrub layer

from 15-20 metres of the edge may be a relict of the same origin.

The gEoundlayer discontinuity will likely persist as long as the

trail is maintained and the outer buffer zone remains intact. If

the lower shrub discontinuity is a relict of the same origin, it

will probably disappeaf over time as original conditions are

restored.

Community Stability

As stated in the introduction, two components of relative
stability can be wused to define the response of a forest
€cosystem Lo stress: resistance, the ability of a system to
resist displacement from its initial scate when subject to
perturbation (Webster et al. ‘1975; Vitodsek et al. 1981), and
resilience, the ability of a system &5 return to a reference
state fol;owing a disturbance or stress period (Webster et al.
1975). Since this study was concerned with.c§e response of a
forest community to stress induced by an ‘é%én corridor, the

prinéipal findings (table 7) are indicative of the degree of

1
See note 2, p. 114.-
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deflection from the initial state, or the resistance component of
stabllity, measured in terms of vegetation structure and specles
composition. The first axes of ordination diagrams (e@g. figs.

15-16, 25-26) are graphic represeatations of the extent of this

displacement.

The second éomponent of relative stability--regi1ience--is
more difficult to assess in the context of the present study as
the concept implies removal of the source of stress or
disturbance; yet, as long as the trail edge is maintained in its

presenf, position, the disturbance source will remain. In spite

of this definitional problem, the results do suggest a remarkable

capacity of the vegetation community to neutralize the stress and

to restore initial conditions through the buffering effect of ‘the
dense zones noted {(outer, 'shade-intolerant spécies; inner, Sugar
Maple). As dinternal microclimatic conditions are restored by
this wvegetation response, the community is in turn adjusting to
these changes. The effective width of the significantly altered
edge community can acecordingly be expected to diminish through
time. Close to the edge, however, disturbance effects exceed the

1 .
resilience threshold of the communfty, and characteristics will

remain permanently altered in the outer few metres of the forest
2

as long as the edge is maintained . Although the original

community will be restored interior to this zone, a long-term

shift in the dominant species ( i.e. from Beech to Sugar Maple)

1

Amplitude (Westman 1978).
2 r

Ranney et al. (1981) hypothesize a potential state of

"equilibrium for forest edges comparable to Clement”s (1916)

disclimax. :
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5
appears likely within 15 metres of the trail edge. ]

The ability of che beech-maple forest to buffer corridor
disturbance would suggest considerable inherent ‘resilience to
this ctype of' stress. Many authors ha;e- suggested that an
ecosysten”s ability to contend with specific stresses is partly
related to its evolutionary history (Lugo 1978; Rapport et al.
1984). Evolutionary adaptation to stresses of a similar nature

or within the same range of magnitude, dﬁration, frequency, and
spatial lexCent appear to Saner on a system cthe ability to
assimilate such stresses without degeneration to a permanently
altered state or to total system disintegration (Woodwell 1970;
Boesch and Rosanberg'l981). Corridor construction would appear
to fall well within the range of variation of natural
disturbances experienced by this forest community, namely,
openings created by fire; wind, and ice damage, and by the
senescence of canopy trees. The same response mechanisms appear
to be activated in gaps or openings created by these
disturbances: the rapid growth of residual vegetation wi;pih the
opening (Bray.l956); laferal encrgachment from the periphery
(Tri@ble and Tryon 1966); ag® the appearance and shift of
competitive advantages to new spécies dependent on openings for
their persistence (Marks 1974). 1In time these openings disappear
and the forest is restored to the natural range of variation of
its initial state. Corridor maintenance, however, suscains the
disturbance and counteracts these restoracive efforts at the

trail edge.'

Both resistance and resilience concepts of relative
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stability are definéd in termsrof a reference state {i.e.
deflection from and recovery to this étate). ,fh the context of
the"current study, this state is defined by structural and
species compositional characte;istics of.the vegetation, within
the range of variation of control samples. 1t should be borme in
mind, however, that value judgements are inherent in the
definitia; of this reference stare (Hill 1975; 0O“Neill and
Reichle 1979). From a holistic ecosystem  perspective, the
restoration of overall functional characteristics of a _system
such as nutrient and energy flows could be considered sufficient
to denote recovery. If a systém retains its ability to absorb
Co , release 0 , and procesé wastes, 1its functional 'integrity
2 2
kzj}d be considered intact and changes ia species composition
disregarded as irrelevant. From resource management  and
recreationist perspectives, on the other hand, the ecosystem can
be wviewed as a support system for wvalued species; £rom an
environmentalist or conservationist point of view, the
preservation of the constancy of relationships and of existing
species are of paramount impqacance. These latter viewpoints

would accordingly require the inecorporation of species

composition into a definition of stability.

MANAGEMENT IMPLICATIONS OF FINDINGS .
It is apparent from the results of this study that
fragmentation<;gz'open corridors could have long term effects on
the species composition of adjacent forests. These changes could
extend to at least 15 metres of the trail édge. Although the

beech-maple forest community at Mont-5te-Marie appears to have
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the resilizace to restore interior microclimatic and community
characteristics dinwards of approximately 5 meg;es, effecﬁs on
species dominance (i.e. replacementﬁkf Beech by Sugar Maple) can
be expected to™l5 metres. The outer 5 metres of the trail edge is
likely to remain in a permanently altered state of younger
successional age as long as the crai{ is maintained. It follows
that the denser the network of corridofs_and the greater the
resultant forest fragmentation, the more widespread these impact
effects are likely to be. -

Séuddes of forest islands in Wisconsin and New Jersey '
indicate that a minimum threshold size of 2-3 hectares is
required to maintain interior forest conditions and ‘accordingly
the species adapted to this envir&nment (Forman 1976; Levenson
J1976; Ranney et al. 1981). This minimum critical size would be
larger if the dense edge vegetation were absent (Forman 1976).
Findings by Levenson (1976) suggest that a forest island width of
over 100 metres would be required to permanently sustain Beechl
populations and about 15 metres to sustain Sugar Maple. Judging
from the results of the current study, permanent alteration of
the forest would occur if the trails were positioned 30 metres or
less from one another. Béyond this distance, a certain minimum
size of unimpacted forest would be required to Sust;En sensicive
interior speciés.> Although the._complete absence _of certain
interior species from the trail section, and the appearance of

others between 15 and 30 metres of the trail edge nght result

I4
from fortuitious events (e.g. the unavailabiligy of propagules or

l
At the western edge of its range in Wisconsin.

128



-suitable microsites), it is likely that some of these  absences

are related to trall impact. It might therefore be a
conservative estimate to suggest a minimum placement distance of
60 metres between trails. This additional distance would appear

-

particularly warranted if these trails were c¢cleared at the same
time, as the edge buffer zones would be absent. Although this
minimum distance 1s generally currently exceeded except near

trail intersections, a plan for future trail development close to

the siudy area (fig. 3) reveals that considerably less than this

minimum distance will be adhered to. Should this proposal be
3 ,

implemented , permanent alteration of the forest community can be
expected to result in an “all edge” environment prevailing in
some of the forest islands that will be created.

Echoing the earlier discussion on perspectives and value

2

judgements , the seriousness of these impacts would have to be
interpreted in the light of management objectives in the area.
The primary concern of management may be the maintenance of

adjacent vegetation (regardless of structure or species

composition) in order to maintain slope stability, reduce runoff

‘and soil erosion, and to reduce wind velocity that might

otherwise remove snow from the <trails. ‘The preservation of
interior plant species, and of the wildlife species that depend
on these interior habitats, may not be of cdncern or of high

priority. If such is the case, the vegetation community could be

1
I: view of a recent change in ownership of the Mont-Ste-
Marie ski area (summer, 1986), the status of these plans is
uncertain. '
2

See p. 127.
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viewed &5 highly resilient and the specifiec changes as
unimportant, even though these changes might be viewed with some
concern from the perspective of the forest or wildlife manager or
the environmentalist. On the other hand, species characteristics
that could inflﬁence the attainment of management objectives for
the area (e.g. . windfirmness, longevity, susceptibility to
insect infestations and disease etc.) would also have to be
considered, whether or not the preservation of these species per
Se was a concern.

Other factors that should be considered-(by area managers in
assessing potential impécts, and that have b held constant in
the current study, are vegetation community ctype, successional
age, edge aspect and edge maintenancel(Ranney et al. 1981}, and

corridor width. A review of the literature and a comparison of
N .

results teveals, for example, that edge width (impact distance)

“appears to be less in some coniferous than deciduous forests

(ﬁorn 1971; Banney 1978); community age at impact affects the
type and extent of community transformation as well as the time
requirements and poééntial for recovery; species composition of
the edge community appears to ?e strongly relatéd to edge aspect,
with a greater component of xeric tolerant and shade intolerant
species_occurring on édges of south and west orientatfsns (Wales

2

1972; Ranney et al. 1981) ; edge maintenance type influences
5 .

[ 2N
impact distance (Wales, 1872) and the position of edge

I . , .

Maiatenance form (e.g. canopy base, canopy dripline), and
type (e.g. stabilized/maintained, advancing).

2 -

This effect can however be modified by shading in
topographically diverse areas as evidenced in the present study.
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maintenance affects the rate of edge closure (i{.e. slowest for

-

ed;s maintained at stem base (Ranney 1978)); disturbance and

~

impact effects appear to increase with trail width (Dale ‘and
1
Weaver 1974; Regg;/ét al. 1984) .

An additional factor that should be considered by area
managerSW—th; influence of topography on veggtatlon response and
recovery——-was identified in the curreat study. The mechanism of
this influence is iadirect, through effects of topography on

solar radiation and on exposure to wind and temperature extremes.

Topography would also Influence drainage and soil moisture

availability.

1
In view of the apparent relationshilp between the intensity
of wvegetation response to impact, and recovery time (see

discussion pp. 109-110), the recovery process may take longer on
narrow trails. 2
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SUMMARY AND CONCLUSIONS

Purpose ° .. .

The purposé of this‘study was to investigate the "~ impact
effects of alpine ski trail corridors on the adjacent vegetétion
at Mont-Ste-Marie, Quebec. Specific objectives were to measure
impact effects in te;ms of structural and species compositional

i
changes to the  adjacent vegetatioh; to measure the ' spactial

1

(* ‘variation "of impact effects in terms of distapce from the ctrail
> edge ; and to consider implications of impact effects on future

forest development.

Resulrs .
I .
Results of the study indicate that the distance of ~ impact

effects, and the structural and species compositional
characteristics that change, wvary with structural layer.
Generalized findings are %s follows:
- o Impact distance of approximately 10-15 metres;
‘o Community retrogression or the return to an earlier
successional stage of forest development characterized by
changes 1in species composition: a decline in importance

and the elimination of many “interior species” adjacent
to the trail; the appearance of and high relative

~ ‘ 1
L' Since the distance of impact effects was studied by
structural layer, spatial variation was actually measured in two
dimensions =~ vertical as well as horizontal.
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abundance of a considerable number of shade-intolerant
“edge” species from 0-8 metres of the trail edge; an
increase +4nt the importance of shruw and herb speciles
from 0-8 metres of the trail edge. '

A reduction in the average size of the dominant species
as a result of increases in density and cover in the
ground, shrub, and lowest tree layers for a distance
ranging from 5 to 15 metres of the trail edge.

The development of two dlstinet buffer zones as a
consequence of these increases in density and cover
(outer—--0-5 m--dominated by shade-intolerant species;
inner--5-15 m-—dominated by Sugar Maple).

Increases in spegies diversity (richness) in the ground,
shrub, and lowes tree layers within 5 to 15 metres of
the trail edge.

Increases in variability of density, cover, and species
richness 1ia the groumd, shrub, and lowest tree layers
within 5 to 15 metres of the trail cage.

Structural adaptation of trees to at~least 10 metres of
the trail edge. :

The 66 specles found within the study area were grouped

_according to distributional pattern as edge (36%),

intermediate (17%), or 1interior species (47%). By
definition, no edge species were found beyond 8 metres of
the trail edge. 20 (65%) interior speciles were not found
within & metres of the trail edge. Intermediate speciles

were more common at the edge but were also found in the
interior.

Future implications of an age (size) class zanalysis of these

impact effects are:

[a]

A change in canopy domlnance from Beech to Sugar Maple
from 5-15 metres of the trall edge;

The maintenance of the outer edge zone (0-5 wm) in a

permanently altered state of 'arrested successional
development.

Some unique findings of this study are:

o]

The appearance of a secondary buffer zone of Sugar Maple
ianterior to the outer zone of predominantly shade-
intolerant specles. In addition to contributing to the
restoration  of the Iinterior microenvironment and
subsequent community characteristics, this impact
response 1s likely to effect the replacement of Beech by
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Sugar Maple as the future canopy dominant for a distance
of 15 metres from the trail edge.

¢ The transformation of continuous microclimatic and
vegetation gradients into discontinuous gradients by the |,
vegetation response to impact. Contrary to other
findings (Ranney et al. 198l1), not all gradients of .
observed variables were continuous from edge to interior.
A discontinuity in the light intensity gradient between 5
and 10 metres of the trail edge resulted from shading
by the dense outer zone. This discontinuity was echoed
by all measured vegetation characteristics in the
groundlayer. A further vegetation discontinuity appeared
in the lower shrub layer from 15 to 20 metres of the
trail edge and may be a relict of the same origin.

o The intensity of the initial vegetation response to
disturbance may® affect the rate of restoration of
impacted forest. A high iatensity response may result
in interior vegetation recovery at a faster rate than a
low  intensity Tesponse. Increased exposure and
sidelighting appear to enhance the intensity of response.
There may therefore not be a simple relationship between
trail width and impact effects (i.e. reduced impact on
narrower trails). -

o The effect of edge aspect oh specles composition is®
moderated by topography and by shadiag by cacopy trees on
the opposite side of the trail. :

o Trail layout with respect to topography can consilderably
influence the variability of the vegetation response.

Comparison of Results with Pgevious Findings
In the context of the stress—response framework developed by

Rapport et al. (1985), ' trail clearance would be considered a
terrestrial physical restructuring stressl._ Two of the three
characteristic responses to this stress Cype noted -py these
authors and relevént to this investigation are supported by the
study resulcs: system retrogression and a reduction in the

average size of dominant biota. Contrary to the general tendency

cited by these authors, however, specles diversity increased

1
See table l.

R
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rather than decreased in the zﬁne of corridor disturbance. ~ This
increased diversity is nevertheless consistent with the findings
of other vegetation studiés of éages or ecotones between forested
and'non—forested land.

With the exception of the unique reéults indicated, most of
the study results are consistent with the findings of these otggr
forest edge studies; differences cén generally be relateg to
differing community and gite variables such as community type,
edge age, orientation, and maintenance. It therefore appears
that the findings of these studies are applicable to open

corridor situations although the effects of additional variables

such as corridor width and topography need to be considered.

Implications of Findings for Community Stability

The.response of the beech-maple forest community to vorridor
disturbance was considered in this investigation in relation to
two components of relative stability: resistance and resilience.
The;ﬁffﬁcipal findings of the study c¢an be considered as measures
of the resistance of the community '(i.e. ability to resist
dispiacement) to the stress imposed byr the ski ctrail. The
ordination diagrams can be considered as graphic rep;csen:ations
of the extent of'this displacement. |

The ability of the community to buffer corridor disturbance
suggests considerable inherent resilience (i.e. ability to
recover) to this type of stress. Nevertheless, the thr;shold of

community vresilience 'to this stress is exceeded close Lo the

trail edge, and community characteristics will remain permanently

~altered in this outer zone, provided that the edge is maintained.
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A long term shift in dominant species from Beech to Sugar Maple
= _

from 5~15 metres of the trail edge is an additional result of

coy;;d@r Impact that c¢ould be considered as a measure of

comm#nity resili;nce to this type of stress.

Both resistance and resilience concepts of stability are
defined in terﬁs of a reference state (f.e. deflection from and
recovery to this state). In ;he context of the current study,
this state -was defined by structural ;nd specles compositional
characteristics of the vegetation, within the range of variation
of control samples. - The definition of this reference ;tate can,
however, vary cénsiderably according to the perspective of the
observer. It can range from the maintenance of overall functicnal
characteristics of an ecosystem, such agnutrient and energy

flows, with a disregard of specific changes, to the preservation

of the constancy of existing relationships and species.

Management Implications of Findings

It is apparent from the ~results of this study that
fragmentation by open corridors could have long~term effects on
the species composition of adjacent forests. The denser the
network of corridors and the greater the resultant forest
fragmentation, ‘the more widespread these impact effects are
likely to be. The study results suggest a minimum placement
distance of 60 metres between trails in the Beech-~Maple community
at Mont-Ste-Marie. It should be borne in mind, however, that
such & figure is provisional, being based on a relatively small
sample area, and should be confirmed by further studies before

being broadly applied. Although this distance is, in most cases,
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currently exceeded exceﬁt ﬁear trail intersections, a plan
for future traii"_deve%opment at Mont-5te-Marie reveals that
considerably less than this minimum distance may be édhered. to.
Should this proposal be implemented, permanent alteration of the
forest community can be expected to result in an “all edge”
environment prevailing in some of the forest islands that will be
created. The seriousness of these impacts would have to lbe
interpreted in the context of management objectives in the area.
Other. factors that should be considered by area managers in
assessing the potential impact of trail placement are vegetation
community type, successi@gal age, edge aspect, topography, trail
width, and edge maintenance form and type.
Rele;ance of Findings
.‘The results of this study are of general relevance not only
to ski area operators but to all those concerned with the
environmental impactl of open corridors, including power
transmission line rights—of-way, oil and gas plpeline pogzidors,
seismic survey lines, roads and hiking trails. Impact effects at
Mont-Ste-Marie appear primarily due to changes 1in wmicrosite
caused by corridor opening. Howevef, supplementary stresses such

as trampling, herbicides, and pollutants affect some of these

other corridor types and would have an additive effect on

ccmmunity change.

Findings of this study should also be of interes; to forest
and wildlife resource managers and recreationists concerned with
the milntenance of forest communities as support systems for
certain species, and to environmentalists concerned with lthe

2
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preservation of forest ecosystems and their constituent specles

for their intrinsic value.

Recommendations for Further Research

It would be useful to direct further research efforts to the
investigation of response to corridor impact in different forest
communities and to monitor edge recovery over time in the same
community type. Tiﬁe constraints involved in tle latter could be
overcome by observing edge response characteristics of one
community <type for differing corrier'ages. It would be of
particular interesﬁ to disco;er whether the long term replacement
of one climax species by anothgr is a common response beyond the
immediate edge zone.

In view of the uncertain relationship and the lack of

comparable studies Ilavestigating corridor width and community
re;ponse, a2 contribution in this area would be of considerable
value also. Forest vegetation may We more resistant to the
disturbance effects of narrow corridors (i.e. exhibit fewer
changes) yet less resilient (i.e. take longer to recover).

Further studies of the radial increment growth of trees

adjacent to open corridors such as that by Revel et al. (1984)

‘are also recommended. The comparative growth index derived by

these authors would be an appropriate tool in studies of this
kind. |

The application of the relative stability concepts of
resistance and resllience helps to clarify vegetation response
characteristics and accordingly appears particularly relevant to

studies of corridor disturbance. In planning the route of a
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corridor, for example, it is of evident interest to know which of
a varlety of pdtential routes would cause 1éast impact " on the
adjacent vegetation. In an assessment of this kind, knowledge of
which community types would resist change to Ehe greatest extent,
which community types would recover most quickly, and what
specifié changes would charac:érize a community”s resistance and.
resilience responses would appear particularly helpful.
Analytical tools wused in this study that would also be
recommended for other investigations of this nature are graphic
arrays aund transect profiles of correspondence analysis
ordinations of both samplés and species, and scaled structural
diagrams. Al} three provided dramatic visual representations of
the degree and extent of corridor impéct. The correspondence
analysis diagrams cpuld also be used iﬁ a quantitative comparison
of 1impact effects on different community types or on the same

vegetation community over time.

139



LITERATURE CITED
4
Anderson, J.P., and Egler, F.E. 1984. Man“created stable low
vegetation under a roadside utility line, Norfolk, Connecticut.

Phytolagia 55(6): 345-60.

Austin, M.P. 1977. Use of ordination and other multivariate
descriptive methods to study successlon. Vegetatio 35(3): 165-75.

Baiderin, V.V, 1983. Winter recreation and subniveal plant
development. Soviet Journal of Ecology 13(5): 287-91.

Barick, F.B. 1945. Environmental analysis of forest edges in
relation to wildlife. Transactions of the Tenth North American
Wildlife Confersnce, 126-36.

« 1950. The edge effect of the lesser vegetation of certain
Adirondack forest types with particular reference to deer and
grouse. Roosevelt Wildlife Bulletin 9(1).

Barrett, G.W. 198l. Stress ecology: an integrative approach. In
Stress Effects on Natural Ecosystems, ed. G.W. Barrett and R.
Rosenberg, 3-12. Chichester: John Wiley and Soms.

Bates, G.H. 1935. The vegetation of footpaths, sidewalks, cart-
tracks and gateways. Journal of Ecology 23(2):420-27.

. 1937. The vegetation of wayside and hedgerow. J. Ecology
25:467-81.

Bayfield, N.G. 1971. Some effects of walking and skiing at
Cairngorm. In The Scientific Management of Animal and Plant
Communities for Conservation, ed. E. Duffey and A.S. Watts, 4&469—
85. 1llth Symposium of the British Ecological Society, University
of East Anglia, Norwich, July 1970.

Boesch, D.F., and Rosenberg, R. 198l. Response to stress in
marine benthlc communities. . In Stress Effects on  Natural
Ecosystens, ed. G.W. Barrett and R. Rosenberg, 179-200.
Chichester: John Wiley and Sens.

Boss, T.R. 1974. Vegetation study of a powerline right-of-way,
Whatcom County. M.A. Thesis, Western Washington State College.

140



*

Bostock, H.S. 1970. Physiographic subdivisions of Canada. In
Geology and Economic Minerals of Canada, ed. R.J.W. Douglas.
Economic Geology Report No. 1. Ottawa: Department of Energy,
Mines and Resources, Geological Survey of Canada.

Braun-Blanquet, J. 1932. Plant Sociology. Transl. G.D. Fuller and
H.S. Conrad. New York: McGraw-Hill.

Bray, J.R. 1956. Gap phase replacement in a maple-basswood
forest. Ecology, 37(3):598-600.

Bruner, M.C. 1977. Vegetation of forest island edges. M.Sec.
Thesis, University of Wisconsin-Milwaukee.

Burgess, R.L., and Sharpe; D.M. 1981. Forest Island Dynamics in
Man-Dominated Landscapes. New York: Springer-Verlag. :

Canada, Energy, Mines and Rescurces Canada, Geological Survey of
Canada. 1968. Tectonic Map of Canada. Map no. 1251A. Scale 1:5
000 000. Prepared by the Tectonic Map of Canada Committee,
Chairman C.H.S. Stockwell. Ottawa.

» Surveys and Mapping Branch. 1975. Aerial photdgraph
A31014-69. Scale 1:36 000. Ottawa. .

, Surveys and Mapping Branch. 1976. Low, Québec.
Topographic map 31G/13. Scale 1:50 000. Otrawa.

» Geographical Services Division. Forthecoming. Climatic
Reglons: KYippen Climatic Classification. Map. Scale 1:7 5300 000.
The National Atlas ofCanada, S5th Editien. Ottawa.

Canada, Environment Canada, Afmospheric Environment Service.
1982a. Canadian Climatic Normals 1951-1980--Bright Sunshine/
Normales climatiques au Canada 1951-1980--Insolation effective.
Volume 7. Downsview, Ontario.

. 1982b.Canadian Climate Normals 1951-1980--Degree-Days /
Normales climatiques au Canada 1951-1980--Degr&s—jours. Volume 4.
Dowvnsview, Ontario.

. 1982c. LCanadian Climatic Normals 1951-1980--Frost/
Normales climatiques au Canada 1951-1980--Gel. Volume 6.
Downsview, Ontario.

. n.d. Canadian Climate Normals 1951-1980--Temperature and
Precipitation, Quebec’ / Normales climatiques au Canada 1951-
1980--Températures et préclpitations, Québec. Downsview, Ontario.

Canada Expert Committee on Soil Survey. 1983. The Canada Soil

Information System (CANSIS) Manual for Describing Soils in the
Field, ed. J.H. Day. Ottawa: Agriculture Canada, Resecarch Branch.

141 ' ' \\M///,



Canada Soil Survey Committee (CANSIS). 1978. The Canadian System

of Soil Classification. Publication 1646. Ottawa: Canada
Department of-AgriculS?re, Research Branch.

Clements, F.E. 1916. Plant Succession. Pub. No. 242. Washington:
Carnegie Instituge.

Cole, D.N. 1978. Estimating the susceptibility of wildland
vegetation to trailside alteration. Journal of Applied Ecology
15:281-86.

Colwell, J.E. 1974. Vegetatilion canopy reflectance. Remote Senéing

of Environment 3:175-83.

-

Daget, P., and Godron, M. 1974. Vocabulaire d”Ecologie. Paris:
Hachette.

Dale, D., and Weaver, T. 1974. Trampling effects on vegetation of
the trail corridors of north Rocky Mountain forests. Journal of
Applied Ecology 11(2): 767-72.

f
Dansereau, P. 19437 L7&rablidre laurentienne I. Valeur d”indice
des espidces. Canadian Journ=l of Research 21:66~93.

. 1946. L7&rabliére laurentienne II. Les successions et
leurs indicateurs. Canadian Journal of Research 23(6):235-91.

Dore, W.G. 1967. Floristic iaventory of Mont Ste. Marie, Gatineau
County, Quebec. Ottawa: Department of Agriculture, Plant Research
Institute.

Dougherty, T.D. et al. 1986. Retroactive assessment of changes in
tree growth as a result of seismic line cutting using a
comparative growth index. The Operational Geographer 10:8-12.

Enright, N.J. 1982. Recogaition of successional pathways in
forest communities using size-class ordination. Vegetatio 48:133-
40,

Finney, D.J., and Palca, H. 1947. The elimination of bias due to
edge effects in forest sampling. Forestry 21(1):31-47.

Forcier, L.K. 1975. Productive strategies and the co-occurrence
of climax tree species. Science 189:808~10.

Forman, R.T.T. 1976. Effect of woodlot size on selected
components. Unpublished manuscript quoted by Ranney et al. 1981.

. 198l1. 1Interaction among landscape elements: a core of

landscape ecology. In Perspectives in Landscape Ecology, 35-48.

Proc. Int. Cong. Neth. Soc. Landscape Ecol., Veldhoven, 1981.
Wagenigen: Pudoc.

. 1983. Corridors 1in a landscape: their ecological
structure and function. Ekologia (CSSR) 2(4):375-87.

142

fﬁ-



Forman, R.T.T., and Godron, M. 198l. Patches and structural
components for a landscape ecology. BioScience 31(10):733-40.

Fosberg, F. 1967. Definitién quoted in: Daget, P., and Godron, M.
1974. Vocabulaire d”Ecologie. Paris: Hachette.

Fowells, H.A. 1965. Sylvics of Forest Trees of the United States.
Agricultural Handbook No. 271, Washington: United States
Department of Agriculture, Forest Service.

. Fox, J.F. 1977. Alternation and coexistence of tree species. The

Amerlcan Naturalist 111(977):69-89.

B 5 .
Freedman, B., and Hutchinson, T.C. 1980. Long-term effects of
smelter pollution at Sudbury, Ontarlo, on forest community
composition. Canadian Journal of Botany 58:2123-40.

Frei, K.R. and Fairbrothers, D.E. 1963. Floristic study of the
William L. Hutcheson Memorial Forest (New Jersey). Bulletin of
the Torrey Botanical Club -90:338-55.

Frenkel, R.E. 1970. Ruderal Vegetation Along Some California
Roadsides. Berkley: University of California Press.

. 1974. Floristic chénges along Everitt Memorial Highway,
Mount Shasta, California. The Wasmann Journal of Biology 32(1):
105-36.

Frothingham, E.H. 1915. The Northern Hardwood Forest: Its
Composition, Growth, and Management. Bulletin No. 285.
Washington, D.C.: United States Department of Agriculture.

Gauch, H.G. Jr. 1982. Multivariate Analysis in Community Ecology.
Cambridge: Cambridge University Press.

Gelger, R. 196l. The Climate near the Ground. Tra&?&ated by
Scripta Technica,Inc. Cambridge, Mass: Harvard University Press,
1965.

Ghiselin, J. 1977. Analyzing ecotones to predict productivity.
Envirormental Management 1(3):235-38.

Gleason, H.A. 1952. The New Britten and Brown Illustrated
Flora of the Northeastern United States and Adjacent Canada. New
York: Hafner.

Godron, M., and Forman, R.T.T. 1983. Landscape meodification and
changing ecological characteristics. In Disturbance  and

Ecosysvems, ed. H.A. Mooney and M. Godron, 13-28. Berlin:
Springer-Verlag.

Goff, r.G., and Zedler, P.H. 1972. Derivation of species
succession vectors. The American Naturalist 87(2): 397-412.

143



Goldsmith, F.B. and Harrison, C.M. 1976. Description and analysis
of vegetation. In Methods in Plant Ecology, ed. 8S.B. Chapman,
85-155. Oxford: Blackwell Scientific Publications.

Golding, D.L., and Swanson, R.H. 1978. Snow accumulation and melt
in small. forest openings in Alberta. <Canadlan Journal of Forest

Research B:380-88. -

Goodall, D.W. 1973, Numerical classification. In Handbook of

Vegetation Science V Classification and Ordination of Vegetation,

ed. R. Tuxen, 577-615. The Hague: Junk.

Gordon, A.G., and Gorham, E. 1963. Ecological aspects of air

pollution from an iron-sintering plant at Wawa, Ontario. Canadian
.Journal of Botany 41:1063-78.

Gorham, E., and Gordon, A.G. 1960. *Some effects of smelter
pollution northeast of Falconbridge, Ontario. Canadian Journal of

Botany 38:307-12. ‘ ¥
Grandtner, M.M. 1966. La Vegetation forestiére du Québec

méridional. Québec: Les Presses de l7Université Laval.

Gregory, S. ~1978. Statistical Methods and 'the Geographer. Fourth
Edition. London: Longman.

Greig-Smith, P. 1983. Quantitative Plant Ecology. 3rd ed. Los
Angeles: University of California Press.

Guthrie, J.E., and-Dugle, J.R. 1983. Gamma-ray irradiation of a
boreal forest ecosystem: the fileld irradiator-gamma (FIG)
facility and research programs. The Canadian Field Naturalist

§7:120-28. -

Gysel, L.W. 195l. Borders and openings of beech-maple woodlands
in southern Michigan. Journal of Forestry 49:13-19.

Hessing, M.B. et al. 1982. Early secondary succession of a
pinyon~juniper woodland in a northern Arizona powerline corridor.
The Southwestern Naturalist 27(1):1-9,

Hill, A.R. 1975. Ecosystem stability in rzlation to stresses
caused by human activities. Canadian Geoczcapher 19(3): 206-220.

Hill, M.0. 1973. Reciprocal averaging: an eigenvector method of
ordination. Journal of Ecology 61:237-49.

» 1974, Correspondence analysis: a neglected multivariate
method. Applied Statistics 23(3): 340-54.

Hill, M.0., and Gauch, H.G. Jr. 1980. Decrended correspondence
analysis: an improved ordination technique. Vegetatio 42:47-58.

144

3



-

“Heffer, H. 1981. (The influence of skiiing tourism to alpine
silicat-soil-herbage exemplified by the Gurgler Heide (Oetzal,

Tyrol) and observations on the phenology of the vurvuletum). Ber.

Naturwiss-Med. Ver. Innsbruck 68:31-56. (Abstract in English.)

Holland, P.G., and Steyn, D.C. 1975. Vegetational responses to

latitudinal wvariations iIn slope angle and aipect. Journal of

Biogeography (1975)2:179-83.

Horn, H.S. 1971. Adaptive Geomet;§\9f Trees. Princeton, New -

“Mrsey: Princeton University Press. ‘3

Hosie, R.C. 1969. Native Trees of Canada. Ottawa Departmenc of
the Environment, Canadian Forestry Servic \

Hurd, L.E. et al. 1971. Stabilicy and diversfity at three trophic
levels in terrestrial successional ecosystems.Science 173:1134-6.
- L

Johnson, 'H.B. et al. 1975. Productivity, diversity and stability
relationships 1in Mojave Desert roadside vegetation. Bulletin of
' the Torrey Botanical Club 102(3):106-115. )

Jones, R.K. et al. 1983. Field Guide to Forest Ecosystem

rs

Classificatien for the Claybelt, Site Region 3E. Toronto: Ontario
Ministry of Natural Resources in association with Agriculture
Canada and Environment Canada.

Kenting Earth Sclences. 1973. "Unpublished topographic map of
Mont~-Ste-Marie area, Sheet #7. Scale 1:2 400. Ortawa.

Kershaﬁ,d K. 1964. Definition quoted in: Daget, P. and Godron,
1974. Vocabulaire d”Ecologie. Paris:Hachette.

Lafond, A., and Ladouceur, G. 1968. Les foréts, les climax et les
régions bilogéographiques du bassin de 1a Riviére OQutouais,
Québec. Le Naturaliste canadien 95:317-66.

Lajole, P. 1962. Soil Survey of\Gatineau and Pontiac Counties,

Quebec. Ottawa: Canada Department ¢f Agriculture, Research Branch
in association with the Quebec/Department of Agriculture, and
McGi1l University, MacDonald College.

Legendre, L., and Legendre, P. 1983. Numerical Ecology. New
York: Elsevier.

—

Leopold, A. 1933. Game Management. New York: Charles Scribmer”s
Sons.

Levenson, J.B. 1976. Forested woodlots as bilogeographic islands
in an urban-agricultural matrix. Ph. D. Dissertation, University
of Wisconsin-Milwaukee.

Levin, S.A. 1970. Community equilibria and stablility, and an

extension of the competitive exclusion principle. American

Naturalist 104:413-23.

145



Linzon, S.N. 1971. Economic effects of sulfur dioxide on forest
growth. Journal of the Air Pollution Control Assoclation 21(2):

Ludwig, J.A. et al. 1977. An evaluation of transmission line
construction on pinion-juniper woodland and grassland communities
in New Mexico. Journal of Environmental Management 5:127-37.

Lykowski, B. 1970. Reflection of solar radiation by vegetation.
Ekologia Polska 8:211-23.

Marie-Victorin, Frére. 1964. Flore laurentienne. Montréal:
Presses de 17Université.de Montréal.

Marks, P.L. 1974. The role of Pin Cherry (Prunus peasylvanica L.)
in the maintenance of stability in northern hardwood ecosystems.
Ecological Monographs 44:73-88.

g%%égg &t. di§74?err$gtigg ngggtféres§§§¥éc3u eﬁébeé.invﬁgg%égg
officiel du Québec. ' ‘

Morey, H.F. 1936. Age-size relationships of Hearts Content, a
virgin forest in northwestern Pennsylvania. Ecology 17(2):251-57.

Munsell Color  Company. 1954. Munsell Soil Color Charts.
Baltimore,.Maryland.

-

Nakashizuka, T. 1983. Regeneration process of climax beech
forests ILI Structure Ind development processes of sapling
populations in different "aged gaps. Japanese Journal of Ecology.
33:409-18.

Niering, W.A. 1958. Principles of sound right-of-way management.
Economo¢ Botany 12:140-44.

Niering, W.A., and Goodwin, R.H. 1974. Creation of relatively
stable shrublands with herbicides: arresting succession on
rights—of-way and pastureland. Ecology 55(4):784-95.

Noy-Meir, I.; Walker, D.; aAdd Williams, W.T. 1975. Data
transformations in ecological ordination II On the meaning of
data standardization. Journal of Ecology 63:779-800.

o
Noy-Meir, 1., and Whittaker, R.H.. 1977. Continuous multivariate
methods in community analysis: some problems and developments.

Vegetatio 33(2/3):79-98.

Odum, E.P. et al. 1979. Perturbation theory and the subsidy-.
stress gradient. Bioscience 29(6):349-52. .



O
i) 5-?

0“Neill, R.V., and Reichle, D.E. 1979. Dimensions of ecosystem
theory. In Forests: Fresh Perspectives from Ecosystem/Analysis,
ed. R.H. Waring. Proceedings of the 40th Annual Biology
Colloquium. Corvallis, Oregon: Oregon State University Press.

Qosting, H.J., and Kramer, P.J. 1946. Water ,h and Iight in
relation to pine reproduction. Ecology 27:47-53.

Patton, D.R. 1975. A diversity index for quantifying habitat
“edge”. Wildlife Society Bulletin 3(4):171-73.

Peterman, R.M, 1980. Influence of ecosystem structure and
perturbation history on  recovery processes. In Recove
Processes in Damaged Ecosystems, ed. J. Cairns Jr., 125-39. Ann
Arbor, Michigan: Ann Arbor Science Publishers.

Peters, J. E. 1972. The eccloglcal implications of trail use,
Cypress Hills, Alberta. M. A. Thesis, University of Alberta.

\
Pﬁipps, M. 1974. Forest Communities; Overburden. Maps, Scale
1:8,400. In: Annex to Report on Ecological Study of Mont Ste.
Marie Area, 1974. Department of Geography and Regional Planning,
University of QOttawa. '

Pielou,” E.C. 1984. The Interpretation of Ecological Data. New
York: John Wiley and Sons.

Quebec Department of Natural Resources. 1950. Régioﬁ'gs Denholm-
Hinks/Denholm-Hinks Area. Map 830. Scale 1" to 1  mile.
Preliminary Report 235.

Ranney, J.W. 1977. Forest island edges: their structure,
development, and importance to regional forest ecosystem
dynamics. EDFB/IBP-77/1. Oak Ridge, Tenn: 0Oak Ridge National
Laboratory.

. 1978. Edges of forest islands: structure, composition,
and Importance to regional forest dynamics. Ph. D. Dissertation,
University of Tennessee, Knoxville.

Ranneysy J.W.; Bruner, M.C.; and Levenson, J.B. 1981. The
importance of edge in the structure and dynamiecs of forest
islands. In Forest Island Dynamics in Man-Dominated Landscapes,
ed. R.L. Burgess and D.M. Sharpe, 67-95. New York: Springer-
Verlag. :

Rapport et al. 1985. Ecosystem behaviour under stress. The
American Naturalist 125(5):617-40.

Revel, R.D.; Dougherty, T.D.; and Downing, D.J. 1984. ‘Forest
Growth and Revegetation along Selsmic Lines. Calgary: University
of Calgary Press.

-

Rowe, J.S. 1972. Forest Regions of Canada. Publication No. 1300.:
Ottawa: Department of the Environment, Canadian Forestry Service.

147




&

Runkle, J.R. 1979. Gap phase dynamics in climax mesic forests.
Ph. D. Dissertation. Gornell University, Ithica, New York.

. 1981. Gap regeneration in some old-growth forests of the
eastern United States. Ecology 62(4):1041-51.

. 1982. Patterns of distﬁfbance in some old-growth mesic
forests of eastern North America. Ecology 63(5): 1533-46.

- 1984. Deéelopment'of woody vegetation in treefall gaps in
a beech—sugar maple forest. Holarctic Ecology 7(2):157-64.

Swift, L.W., and Knoerr, K.R. 1973. Estimating solar radiation oa
mountain slopes. Agricultural Meteorology 12:329-36.

Thomas, J.W. et al. 1979. Edges. 1In Wildlife Habitats in Managed
Forests: the Blue Mountains of Oregon and Washington. Agriculture
Handbook No. 5533, U.S. Department of Agriculture, Forest Service.

Thoméson, M.M. 1970. Standard time and time zones in Canada.
Journal of the Roval Astronomical Soclety of Canada 64:129-62.,

Irimble, G.R. Jr., and Tryon, E.H. 1966. Crown encroachment into

openings cut in Appalachian hardwood staands. Journal of Forestry
64:104-8. )

' -Vasek, 'F.C. et al. 19$75. Effects of pipeline construction on

creosote bush scrub vegetation of the Mojave Desert.. Madréno
23:1-13. ’ .

Vicousek, P.M. et al. 1981. Nitrogen cycling and loss following

forest perturbation: the components of response. In Stress .
Effects on Natural Ecosystems ed. G.W. Barrett and R. Rosenberg,

115-27. Chichester: Joha Wiley and Sons.

Vogl, R.J. 1977. Fire: a destructive menace or a natural process?

" In Recovery and Restoration of Damaged Ecosystems, ed. J. Cairns

and K.L. Dickson, 261-89. Charlottsville: University Press of
Virginia.

. 1980. The ecological factors that produce perturbation-
dependent  ecosystems. In Recovery Processes ' in  Damaged
Ecosystems, ed. J. Cairns Jr., 63-94. Ann Arbor, Michigan: Ann
Arbor Science Publishers. .

Wales, B.A. 1967. Climate, microclimate and vegetation
relationships on north and south forest boundaries ia New Jersey.
William L. Hutcheson Memorial Forest Bulletin 2{(3):1-57.

. 1972, Vegetation analysis of north and south edges in a
mature oak-hickory forest. Ecological Monographs 42:451-71.

148 ~4



P

Webster, J.R. et al. 1975. Nutrient recycling and the stability
of ecosystems. In Mineral Cycling in South-Eastern Ecosystems,
ed. F.G. Howell et al. Springfield: Energy Research and
Development Administration, Technical Info. Center.

Westman,' W.E. 1978. Measuring the Inertia and resilience of
acosystems. BloScience 28(11):705-710. '

Whitney, G.G., and Runkle, J.R. 198l1. Edge versus age effects in
the development of a beech-maple forest. Oikos 37:377-8l.

Williams, W.T.; Lambert, J. M. and Lance, G.W. 1966.
Multivariate methods- in plant ecology V Similarity analyses and
information analyags. Journal of Ecology 54:427-55.

Woods, K.D. 1979. Reciprocal replacement and the malatenance of
codomirance in a beech-maple forest. Oikos 33:31-39.

Woods, K.D., and Whittaker, R.H. 1981. Canopy-~understory
interaction and the internal dynamics of mature hardwood and
hemlock-hardwood forests. In  Forest Succession: Concepts and
Application. New York: Springer-Verlag.

Woodwell, G.M. 1970. Effects of pollution on the structure and
physiology of ecosystems.  Science 163:429-433.

Woodwell, G.M., and Whittaker, R.H. 1968. Effects of chronic
gamma irradiation on plant communities.. Quarterly Review of

Biology 43:42-55.

\7‘-

149



APPENDIX I

DERIVED VARIABLES

Density, the number of individuals per unit area, is
expressed as the number of stems per plot. Relative density is
the density of a species as a percentage of the total deasity of
all species. Deviation from'theoretical density for a species was
calculated as follows:

The theoretical density for a species (T) was first calculated
according to probability theory as:

12 3
T=dd /d
1
where d = total density for a sample
d2 = total density for a species in the sample 4drea
d3 = total density for all species in the sample area

‘&The theoretical density was then subtracted from the aectual
density to obtain the deviation from theoretical density (D1):
1

D = Db-T

In order to reduce the range of values between samples and
between species, for the purposes of graphic portrayal, deviation
values wgre standardized by species totals to obtain deviation
scores {D7): )

2 1 2
D =D /d x 100

Frequency, 'defined as the chance of finding a species in a
particular area ia a particular trial sample (Chapman 1976),
reflects the spatial distribution of individuals as well as their
density. Species frequency per plot was calculated as the anumber
of subplots within which a species occurred (stem location).

Cover is defined as the proportion of ground occupied by a
perpendicular projection of the aerial parts of individuals of a
species (Gecldsmith and Harrison 1976). Testing indicated that
relatively ' accurate percentage cover values per plot could be
derived for the ground and lower shrub layers by the averaging of

~
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class midpoint valbege” (tdble 4)/fé; the five subplots and
replicates. Cover es tes werelaccordifgly obtained by this
method for these layers. er was generally too
sparse for accurate estil _
midpoints. This merthod also p " actory for tree layer
estimates which were carried out on a plot rather than subplot
basis. For these reasons, percentage cover values were obtained
directly in-the field for the tree and upper shrub layers by the
conversion of aerial cover estimates. Relative cover is the

cover of a species as a percentage of the total cover for all
species.

Diversity was measured as species richness or variety, the
number of different species that occurred in each sample.

Basal area, the area occupied by the cross-section of stems
at 1.3 metres above the ground (Goldsmith and Harrison 1976),
was calculated for the three tree layers from diameter at hreast
height (dbh) measurements (A=firl) and was expressed as cm per
(5%x10 m) plot. dbh measurements were derived from recorded
circumference at breast height (ebh) values (C=2fir). Mean tree
diameter was calculated by the averaging of sample replicate
values.

o
r
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APPENDIX II

MULTIVARIATE TECHNIQUES
. .
”f

Correspondence analysis (CA) is a doubly*standardizedl form
of non-centred eigenvector analysis {(Noy-Meir and Whittaker
1977) that simultaneously ordinates both samples and species
(Hil11 1973). The first axis CA ordination scores have the
property of maximizing the correlation of samples and species
(Gauch  1982). Apart  from the significant advantage of
simultaneous ordination of both samples and species, CA
ordination_  diagrams display relatively low “curvilinear
distortion? (Noy-Meir and Whittaker 1977). This property arises
partly from the simultaneous double standardization of cthe
technique (Noy-Meir and Whittaker 1977) which also has cthe
effect of emphasizing the distinctiveness of samples in terms of
their species composition (Noy-Meir et al. 1975). Unlike other
ordination techniqles, CA ordination scores are not derived from
a secondary matrix of sample similarities or distances (Hill and
Gauch 1980).

Principal component analysis (PCA) is an eigenvector method
of analysis that ordinates one set of variables (e.g. samples or
species). The technique concentrates the variance of
sample/species values into relatively few axes (Gauch 1982). A
non—centred form of PCA was used in this analysis to ordinate
samples. Non-centred PCA can usefully portray discontinuities in
compositional variation which are not well represented by centred
PCA (Noy-Meir and Whittaker 1977). The similarity measure used
to derive the secondary matrices that were ordinated by PCA was
the Gower coefficient. This coefficient is a similarity measure
standardized by species abundance range. It is essentially a

1
By sample and species.
2
Most ordination techniques assume a linear relationship
between axes and species variables. Because the relationships
between species abundances and environmental variables are non-
linear, however, a curvilinear distortion of ordinations often
hinders the interpretation of axes in terms of environmental
gradients (Noy-Meir and Whittaker 1977). '
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Vpoifthetic classification technique that is based. on a measure

»

normalized distance subtracted from unity to produce a similarity
measure {Legendre and Legendre 1983). An advantage of this
coefficient is its capacity to eliminate from the calculations
incidences of species absence. For the purposes of this analy-
sis, double absences of a species (i.e. from both samples being
compared) were eliminated. The standardization by species
achieved by this coefficient tends to equalize the weights of
species so that those that are most abundant do not completely
dominate the results.

1

Information analysis is an hierarchiecal', agglomerative

2

>

of the diversity or information conteat of a frequency or
probability distribution, rather than on a conventional measure
of similarity and derived similarity matrix (Legendre and
Legendre 1983). Each sample has a certain information content
which 1is based on its species composition; the mere similar a
pair of samples, the smaller the increase in diversity or
information when the two samples are combined.. The technique
accordingly operates by combining samples which, upon fusion,

result in the smallest increase in information. The *version of

information analysis available for use %pployed a single linkage
(nearest neighbour) clustering strategy .

.
¢

“wt

1

Groups of similar entities (classes) are arranged in a
hierarchy {Gauch 1982).

2 "

Individuals are progressively fused inte groups of
increasing size wuntil the entire population is fused into a
single group (Greig-Smith 1983)

3 .

Classification is based on a number of different attributes
taken into account simultanecusly (Geoodall 1973). In the case
of this analysis, the entire species composition of samples was
considered.

%

Grouping at each stage is based on a single pair of
safples, each belonging to a differeat group, whoge fusion re-
sults in the smallest increase in information:
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APPENDIX III

MULTIVARIATE ANALYSIS: INPUT DATA AND NUMERICAL RESULTS
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LIST OF SPECIES AND IDENTIFICATION NUMBERS

Identification
Number

501
502
S03
S04
S05 -
506
507
508
509
510
S11
Sl2
S13
Si4
515
516
517
518
519
520
521
522 i
523
524
525
526
527
S28
529
S30
§31
$32
833
534
8§35
836
8§37
$37
538
$39
S40
541
542
543
S&44
S45
S46
S47
548 -
549

Species

]

- . Fagus grandifolia

Acer saccharum

Ostrya virginiana

Tilia americana

Ablies balsamea
Acer rubrum

Quercus rubra

Betula alleghaniensis

Betula papyrifera

Amelanchier sp.
Prunus virginiana

Prunus pensylvanica

Populus tremulcides

Salix Sp.

Acer.pensylvanicum
Ace? spicatum

Corylus cornuta

Viburnum alnifolium
Loni¢cera canadensis

Diervilla Lonicera

Sambucus pubens

Cornus alternifolia

Cornus rugosa

Apocynum androsaemifolium

Aralia racemosa

Rubus allegheniensis
Rubus odoratus

Rubus idaeus

Ribes triste

Actaea pachypoda
Ozmorhiza Claytonii
Streptopus roseus
Polygonatum pubescens
Smilacina racenosa
Maianthemum canadensis

Medeola virginiana
Trientalis borealis
Clintonia borealis
Mitella Diphylla
Epifagus virginiana
Trillium grandiflorum
Clintonia borealis
Pyrola sp.
Prenanthes sp.
Prenanthes sp.

‘Epipactils Helleborine

Impatiens capensis
Polygonum c¢ilinode
Aster acuminatus

Aster macrophyllus
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S50

51
§52
53
$54
555
$56
557
558
S59
560
s61
$62
563

Viola pallens

Viola incognita

Viola sp. .
Tiarella cordifolis

Vicia cracca
Hieracium aurantiacum
Leontodon sp.
Medicago sativa
Cirsium arvense
Onoclea sensibilis

Dryopteris marginalis

Equisetum sp.

Grass/Sedge
Unidentified
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GROUNDLAYER DENSITY BY SPECIES AND BY PLOT (3-metre intervals)
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CORRESPONDENCE ANALYSIS OF GROUNDLAYER SPECIES DENSITY
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GOWER COEFFICIENT OF GROUNDLAYER SPECIES DENSITY (tree species)
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PRINCIPAL COMPONENT ANALYSIS OF GROUNDLAYER SPECIES UENSITY:
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GRUUNULAYER FREQUENCY BY SPECIES AND BY PLOT (3-metre intervals)
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CORRESPONDENCE ANALYSIS OF GROUNDLAYER SPECIES FREQUENCY
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CORRESPONDERCE ANALYSIS OF SHRUB LAYER SPECIES DENSITY
'Y 58232 CCRRESPOMCENCI ANALYSIS SOENCOR

(A3410F6.3)

TO1l=1,843=0,227=0,043 0,028 ~,01°%
COL Qa817 24725 V4136 2,655 ~,640
TO2=0 88 Vo379 (a059=3,082=0,0u50
C22 De#l8 Jel47 L2677 24314 N4,227
TI3 001383 VelB3.=0s0508wC,340=0,02¢
CID 0447 0,837 CLedf%% Cobdp 0,150
TOA Dadl9 J3a9574=0a029=0a3,7—)es049
CO% 0,510 0.664° 0,049 Jo26% I, 424
TIB Qat78 26451 Lo0dha—0,209=-0,161
COS 00571 DelDo8~-0 032 o.“ll Q-327
TO6 0.%3956=0,131=0,1756=0,.205=0,038
CO6 0eT10=0+522=-0+27% Va4fN64 I 157
TIT? Qeb50=04256=041833=0,156A=2,004
COT Q0eTOB3=)oud90=0G,223 NelT6 L,234
TOB. DeTAT7=) 0636=Ca279=24a113=9,°17
CID VeBlB=0,UJB8~04138 J.1772-2.187
TO9 0a757T=)a704=0¢338=0,210 2,207
C29 B42497 Jel34 0,116 2.665=9,724
T1O Q047830843 =0,43521=0,0%1=-3,(52
ClU JeB330=0.619 2a328~=0al®: “aC37
S31L 0330 J42.9 0eldB.L 04532 La223
502 0,342 0,820=0,026=Co18%4=0.027
S03 0822 2213 00489 1.198=1,541

SIA Qo355 0,230 0467 o298 7 ,5%6
S35 CaT7=0405C=0.287 04204=0,327
S8 0.,7C9=2,270=0.197 1,316=1,87"
S08=1e817=3,180=0,042 J3,C92=1,.Mn28
329=1,606=),338=C,272 22371 .44
510 047 36=0e310=0a267 0,0893~..9619
S1l Vef832=1,167 B,286-2,612 2,182
S512=1+686=0.420=CG.ul9 0,398 1,272
S513=1,696=0,420=0,00% D.098 C.072
S518=14696=04428=3,289 2,098 :.472
S15 Qe 753=0,718=-0,209=0,072~2,0009
S18=0el70=341l79 Lel243 sevlda=0,%12
SL7? D688 Je243 [ 4776 J.986 2,197
S18 Q4681 =0,318=0,372=C4226 .,22*

S19 QueT7B4=0,.480~0,358-5.,083-",217

520=1.568=0.296~(0+J376 Ca21)2 >.044
S21 =0 a8 A8=) 1l TId=VelBl=_a28u~"uel2F
3LE=S.0T4 Jab626 "L B830~ua%34=",279

523214235 J4,029=0,Cla=0,043="_CE0
S24=1,8305=0 .23 T7T=0e233 0,.239% 1,213
S525=1a80T=242199=J,046 Ja228 “,ue
S26=1e5080=D,236=0,064 042917 1,925
S27=1e524=04283=0eD76=04201 2euAd
S280=loR286=0 sl 8= a042=3,098=3,0223
S29=1 8906w y428~Ca08% 220290 2,072
Axis 1 2 3 4 5
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GOWER COEFFICIENT OF SHRUB LAYER SPECIES DENSITY (211 species)
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GOWER COEFFICIENT OF SHRUB LAYER SPECIES DENSITY {shrub species)
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GOWER COEFFICIENT OF SHRUB LAY
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SHRUB LAYER FREQUENCY BY SPECIES AND BY PLGT {3-metre intervals)
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CORRESPONDENCE ANALYSIS OF SHRUB LAYER SPECIES FREQUENCY
'Y 38C00 CORRESPONDENCE ANALYSIS CORSHRUB

(A3,1CF8,.13)
TOL=1e485=0,177=C.096=0,32% Jel3F
CO1 0.,404=-0,151 0.%48 0.132 Q.402
TO2=0+4992 2,287 0D.144 0eB98=0,194
CO02 Ded464=3,1323 Ve 392=0,009=0,023%
TO3=0,228=0,291 0,322 Qe246=0,138
CO03 0,424 0,053 0.25%% 0,122 0,239
TO4 04352 0,078 0167 0e009=0p,115
Cls 0,512 0.008 Qe364=0,104 0,279
'735 0-n352 001-35"0.::‘9 Oclol &—ﬂ. 36 A
CO05 04503 0,042 0,295=0,124 Qs183
TO S O.319-9-217-0.121-0-‘07-0.457
TO7 0,398 0,101 Oell9=0,123~0,17¢
€37 04508 0,06) $a277=C.056 d.429
TOo s 0.40‘—0.115—0.035-0.058-05168
CO8 Je564=D0,224=C,353 Ca205 0,535
To9 0u339=0,300%0,002=0,134=0,227
T30 0-5§7-0-358—C.055~0.059—0.202
ClI 2337 L.429=0,284=0,.35% Cea070
501 Da333 0.019 Gl Ged37 2,070
502 0.309=3,057 Celadd 0.217=0,017
506 04063 0.645 0.212 0125 0,208
505 0e820=),2%0~0,7085 ba242 0,088
S08 0e539=),561=1,604 0,759 D.624
508=1.350 0.00% 0,050 0 A5R Ds0D36
509=1.725=0,018=0.208 0.1023 V0.03%
310 0e686=0.491=0,79¢C 0.23260 0,86%
S11 J.409 40013=0,942-1,25%2 0,391
512-1.973-0.‘95-00318-1.133 DeB52%
S13=10e978~=0o438=0,318=1 133 0.%2%
514=1,9780=),498=0,318=1 133 0.5%25%
518 0.457 0e024=Ce090=0.189=0,082
S516=04549 J.504=0,311 0s017-=0,3231
517 Gs.638 003‘1 01559-000‘7 l.308
S13 Da32G=0,.455=0.037 Q.015%5=0,274
519 O.51§-0.433-0.2A5—0.293—0.557
S20=1,670=3,124 Ca011~-Go073 3,086
S28=0e7721=00451=Ca24C=10334=0,4431
S22-0e2%9 1,220 0,020 0.,800=2,.61
523=1,539 de33n 0,220 1.008=0,32%
S24=2.64% 0,126 0.386 0.473=0,112
S25=1e888=0,290=0,184=C,%37 0.312
52.6"1.v5‘>9“1’|°;29 0.130 Ca23 E=Q0.049
S27=14586=0,022 0,101 Ca2l6=2,034
S28-1.471 0,030 0.198 Ped68=-23,112
529"-;.975-0.#95-0.3;3"1.133 ".525
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8 Species
12 Plots {5-metre intervals)

4 Size-Classes
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TiL
T12
TL3
Tie
ci1
ciz2
€13
Cia
T21
T22
T23
T2
c21
c22
cza
cz4
T3z
T32
T33
T3e
c31
c32
€33
c3e
Tal
TAZ
Ta3
Tas
cal

Ce2

C43
Caa
T31
TH2
T53
T54
csi
c

cos
Co e

.T8 %

T2
763
TE &
=435 8
ce2
C423
C6 &

GOWER COEFFICIENT OF TREE LAYER DENSITY

0520041968 Q0ol71-0eCB92Gal81 NoGhD Doall8~( o210 CoC38 Ca0%a
00900'3-25‘-00292--“.0“ —-2.C27 t.;32-0-032-6.02© °-°5°_°-11‘
0e800 U,068=0o183 2,026 0,212 0,017=0,022 Gs031 0,028 C,018
Qe300=0403%=04171 Voe634=04190=0 4262=0,032=0,0723 ODedls 0,138
E.SJQ—J.J31-6-228-J.034 3-19‘—'.‘.966-0.074-C.055—0.007-0.050
DePl3w0e255=C o000 =04380=04e13F 0,118 GoIBE=(4045 Calai=(,021
CeBla 3,721 Cou38 J,U042=3,174 £ ,.1%3=0,192 C.i09 CaG82=0,122
9632 D.2265%0.278 4.207 e CTT=04162 04630 Colbl=0,343=Co188
Cef820=).,196 0alT7l=0."853%=0,1561 Qel 40 0.118—;‘.016 038 QoCBa
Qe892 04250 Lallé=Cud36%5 J.104~=0,16% ©,351 Lawl? 0eQ056=0,024
Ded886=0,210=041i59=0,013 0,53% Jeuld=0.091 CaCaa=0,017=C,C05
Qs836 3.*73"‘5.352-;.155-5.325-3-132-000‘1-00070"".1.1 J.188
QeTI8 J,226=04383~0,206 Jel01=043216 0,014 0,027 0.20C1 2116
0e946=0¢210-0.159=04713 3,035 J.ul3=0.091 ColOM4=Co01T7=0,009
0ul08 0,167 5,232 Cuvuldl ValB8 =2 ,42059=04231~CoeCAU=0Ws20B=C.0FE
CaBT3 24376 LeC2A4=2,N68=",292 ol TB=N,146 o022 0,039=0,160
0e919=D,233=G,338=0.008C=0.13EF 0,218 D.066E=C . 048 CubAB=0,021
Ce 988 =0.170=0.037=04036=0.93¢ 0 ,.008=0,02% VeQ27—Coal@s 04034

48 10 Cue GOWER CDEFFI§;ENT 48 PLOTS x l.SP. MATRICE A
7

. Qe843 \,.115-‘14296-\.-"155 Jel2ul= 238 Capi2 Coeudd Qo180 C,.047

4739 0.665-001“-5.115“3.31_2‘0..‘#11 Ded48=( ,39%=0,103 Ge0B3
Ce938~D,.122 Cuelli=led30=CalB3=0,(26 0,015 £.0%2=C,041 .08

Oe934 116 ‘1.}57-}-025 el bl=0 ,134=0, 027-c.038-0-022-‘0.035 .

0908 04167 0,232 %2.010 D.zaﬁ-o.103-0.391-0.0&0-°.cua-p.oll
0e837 204389 04082 04211 D.093 0,430 04071 C.258 Q.138~0.071
Oe367=2.027 O.a0C 0.03‘-0.00‘-0.05&-0.079 0.019 0.062 °l°32
0e825=04130=Ysla4 Ve Blam=2el79«C 4032=0e03%=C041%1=0,272=0,172
He946=0,082 6.234—0.005-.’..91_2-0.051»—0.0#2 Qead63=-0,02322 0,010
Ja838 2.0%9-0,135% 0.029 NeClO0=02037=0s020m0,048=C.080=0,037
0.93&-0.331—C.226-0.ﬂ3‘- O.lsb—bot56-0--‘276-3.555-6.007-3-05.
QeT03=)olll 0.328-0,025-0,09C=0.0456 0,02% 0,014 Q0,022 0,087
CeB00=D 2080 e202LeddT=0,027 0al32=0a(32~4e020 Qed8Q=C,422

Be381 1,262 24153 0,20e $.334 0,421 CLad83={,302=C,02%5 D.24a8
0.938=0,122 0.21C=0,230=0,093«0,026 2.015% Ca0B2=0,041 J.036
0.9‘5-30210"91159—01013 Qa23158 0-013—0.091 0,.065—6.017-0.005
0a946=23ub2 Q0e234=3.00%5=0,312=0.054=0,042 CeQB83=0,032 0,010
CaB82 J,.300 (,130 NeSd 3=, 06 =),aulB=0,202 e dhd=4,,05%%=2,00C5%
9e6903=002111 CaI28-0e%28=,09C=2.046 0402% Coloé 3321 0.C67
0ue903m0.223-0,132=C.041 0,042 DeCa8=0,091 0,CT74=0,031 C.C18
04884 J,592=3.110 Ja2i1 J,038=2.030 PeD33=0.065=0,076~=0.012
Oe 853 24372 Q-(‘DL-G.OBZ’—".CAE—O.JUE 501U3-3-°75-0001‘ CaOa?
0al887=],027 (ot U o034=0,008=53.0863=0,072 Call9 CadC2 Col2
Do 0137 4255=LaCR0~ua200=0,136 0,118 O0.066~( 045 Cedai=C,021
Ca800 2..867 C.232 J.71C LalB8=2,.100~0,091«G,04C=0,008=0,088
Osa926 T.126-0,119 SeD34 0.0B"™ Deda9 Ca086=0.130~C.109 D069
0.SOJ—J.ZBQ—O.ZC-Z—J.‘)AT-.}.O2 0-132—0.-332—0-020 GedSC~D,119
0-920—5.136 0.171—0.369—3.16. . 3.:‘“3 D.llﬁ-ﬂ-.ﬁlﬁ deu s 6.05‘
OeBB8T=30a0l8=0,212 2,232 S.C7 FeQl0=0,0%7 VeB09=0.223 Ca223
34920 Ja293=0.223 5.052 “ell

(LI S gt B

175

Cela43 0.036-2,116=0,093 0.040,

-~



L] [] [] [] ] . » ] ' [] ] '
1] I3 N A B4 ) [ L] R L ] L3 ] BN L] ] 169°¢~ 1 $CT°0~ ) srrt e ] PR R ¥ EST'O J eIttc ] t38 0 . t0o=¢?
) ’ [ ] ] ] ] [ ] ' ]
] [ 18 a8 L ] 2T I~ 1 1£0* 0~ 1 120 0- ] LIS S L ) [ R AR ] } Lo S R ¥ L3T°¢ ] sT1¢ ) LAY Al . TEO=-22
[] ] ] ) ] ] [ ] + \ )
[ 1§ K ) tyvd*3= ) r60° 0 1 &t10%0 P29 tI- 1 Ced*o~ 1} 1M7%0~- ] LR RN ] Zevt o= 1 [ R4 T ' [¢o=12
] ] [] 1 ] [] ] ] ] 3 |
) E50%» ] ERT'I~ 1~ Ge8%0=- } sv0’0 1 ttota2+ b TEECTO- ) VVTI*I~ ) yettog- ) XL ALY }otceLrr N Y(1-82
] [ [} [ 1] ] L] 3 L] )
¥ [S AN ] H aet* 2 I 1600 ] rEo*0 n LE-2 -1 I} toz2*o ¥ I9t* 0= ] 1820 = ) [ R AN ] Ave*e " CTi=s%
[ ] (] » [] ] ] [ . " - ] ]
[30 1 ¥ A4 I ) Tty )= ) LEO" 0 ) cZot0~- ) [ B X 1 $€0% 0= ¥ ICL 0~ 1 LE€I* 0~ 1 ¢LI* = ¥ LE X RE1e N AW A
] [ 4 1 L] [} L] ] ) 1] ] . 1
] 1% 0~ ] (1K R4 ) ) sY0*0- ¥ [RE-R4 ) ) 11T ") } ICT*0~ ¥ 983* 0~ ] LA - g ¥ £el2'0~ H LT84 0 ' TCLl~L Y
[ [ ’ L] ] L] L] " L L] L]
Fat P MNtte- 1} 503 ] L2 4 Rl ) ) trtto- 1 0we's ) rterto=- | 80 C- ¥ yzn'e ] we*o ] L & I ' *Zi=3T
w8 " ] ' 1 ' ' v ' 1 f
m ] sedt i~ ] 1003~ } [ A2 A L ] TIot e~ ¥ 80142~ ¥ [ KR ] RSN 1 rE2*e ] Lt e t 108 ¢ ' fIo=s1
» 4 [ ] ] ] [ I} ] . L] []
” H] 113 A 1 } LI4" )= ) LA 2 B ] 1 T60°0~ ) €100 ¥ sEete ] T10 0= ) L X Sl ] CTZ*i= ) tyst ¢ ' TTI=Y
13 [] L L] L4 [ 14 [] L] 1 [ ]
m ] | B2 ] ) Tez*% ) LTI O ] *r1c*0 H 11140~ } 101*0 1] 1tz o~ J Cyl *C=- 1 22 ] veit*e . TZOI=-CY
[} » ] N ] » ' ’ ' [} ' '
M FOSETSe b TYT*3= ) 818°8= ) Tv0*0- ) ZOT*I~ ) eI€*0-~ ) 56¥TO= 1 TGE*C- b itvtL b ¥v3‘¢ . vzilzy
[ ] [] ] ] [] 1 ) [] . ' ] »
m ] “shot o~ ] S 3 LN ” ¥y0*d ¥ n-oHOI R [ 5B ] st 00 ] s 1) b H 4310~ ¥ c1E* - 1 vretg ' CZ1=-1t
> 1] . ] [] ] ) . . [}
m } yZo'o- ] 360° 0 ] L13*0 ¥ 2B } [Z R AR |} yov*o ) 900~ ] LN Sl ] [0 % S ) Tat*” 1 2TL=-C1
[ [ ] L n L] L] 1 1 3 ] 1
w } vEio*o 1 1€0°2 1 LR - BB ) 3110 1 v ] 181°¢0~- 1 [ LA s L Lr'e ) 61" ) ' R4 L ' TZL-%
W, . ' ‘ s ) a . ) ' ' '
L= | ettt 0= ¥ $v0ta~ ) vl ) [ 29 A ] ¥ Zat o= ) LLYT O ] Lta3'c ] 10" )= } $22*1 ] [ RS N AR LN ]
' [ ] ] ] ] ] ] ] .
w ] I121°0~ ] zeé”) ] a0t 0 ] [ 4 BT 1 £sT*0 L] Yi1'0- ) LY IR 1 [ XN ] ] TTLt} ) *I¢'y “ Cta=-4
w ] 1 ] 1 ] ] ' ] . ]
H 1 TTa‘h- | [ L X R | | ev0* o=~ ] 130 ) 1T ] $C1° 0~ 1 LR B } gecC'o- | M R AL P ] L9 X . ZTI=%
e ' » 1 1] [ * * . ] L] .
M } | 31 AR I ] Loo* )~ ] 600~ ] cho-oﬂ } LR E R ] ) *e1*0 1 L S ] r?l1°0- 1 Iy & C= 1 “f§'C 1 1Y)=g
[ " [ 1 » 1 1 [} []
M } 1ct*e 1 riv*s ¥ €LO0* 0= ] TEd* o= } [4 F-Bi-E ] e C= } LA R R ] ILT1*C~ 1 2% %~ “ Atg e " Yll=v
- & [] [} [] [] ] [] [] [] ' ]
m ] [ B 4-R4 ] ) [ X4 L] ) 02" ¢ ¥ c20*0— 1 LX0*) ] 211} ] LI AR ] €T~ ] L X - } tis*d ) Cll=%
= » [] " [] [] [) . ] 1 ' ¥
m ] [ B3N ) } os0*d ¥ k44 BJ ] ZEL*Q= ] LA 3 ] LTQ9* 0~ 1 L¥{*C~- } QT e~ ] *y2'0~ ] L B . TXL=7
x | I [ [ 1] ] 1] [ ] L] [} [] [
a b ovER" % H [ X A ] H] 01d%0~ ) stt'o -} [ X-R&] } TaT*a= ) Lt E=- 1} tTLTen ) P T'y= 1} tTAMC ' Tti~1%
. [ [ [l ] ] [ ' . . [}
B e e R L L PR Lt e bl R e b ey e i e g = e e = g
[ L} L} ] . ] ] L] ] ] [} ]
o L€V we » 'o0* vl ' LE8t 2 ' yiL*t1e s [ 2191 s ste* v . cYLYye ‘. R XAL Y] f 3Ty a9 n XI2ETY] ' LY L
= [ [ » [ ' ' ' "
m . LK1 AR 2 TLd*T . £zT1 ' 16¢" Y ) vt . sLo*z . coLre ' [ RE-24 ] . LR B B Svg 'l ” “1%32°d
[+ L] L} [ ] L} . L] [ ] [ ] ] [} “
s RPESYS s Y16°9 s L9S°O v TvYIto y o ¥NL*0 s wb86"0 W dCT'T s YOS ' 2 AN i TALCEC “ T ARTZ]
] ok . v, ] . [] [] 1 ] [} ]
. ! . ' T Icvd
e — e . . - . ——————————————— . : : : ! !
SIVYAdIZHIAdd S 11X ¥S00A03 H] 37V FIN0L2¥ - IS AAYNY
Q ‘di ot ¥ Ya0%e Y LNIIDN42307 49809

b N "y

176



PRINCIPAL COMPONENT ANALYSIS OF TREE. LAYER SPECIES DENSITY
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APPENDIX IV ' N
SPECIES LIST

The 66 species found within the study area are grouped
according to distributional pattern as edge (24), intermediate

(11), or interior species (31). The definitions used for chis
division are as follows:

Edge species: species that were sampled exclusively in the trail
section from 0-8 metres.

Intermediate species: species that were sampled with greatest
abundance in the ¢trail section from 0-8 metres but were also
present elsewhere in the trail and/or control sections.

Interior species: species that were sampled exclusively or with
greatest abundance in interior plots.

This classification is based entirely on observed
distributional patteras of species.- Because of the limited
number of sample sites, the limited occurrence of some species,
and the natural variability of site conditions, the
classification of a few species may be ~ anomalous. Known
anomalies of this type are identified in footnotes.

The 1listing also indicates rthe structural laver{s) in which
each specles was sampled and the limit of distribution for edge
species. Nomenclature 1s based primarily on Marie-Victorin
(1964) and secondarily on Gleason (1952), with common names for
tree species derived from Hosie (1969). Plant identification was
also based on these three sources as well as on Ministére des
Terres et Fordts (1974). Parentheses indicate that the occur-
rence of a specles is rare in a particular section or structural
layer (1-4 plants).
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Speclex

Common Naae

Obnerved
Lizic of
bDipcrlbution
(autres from

Structural Layer

trall «dga) Gl R st T3 T2 T
EDGE SPECIES
Tree Speclew
Betula papynifers Marah. White Birch [ (x) x X x
Populug tromuloefides Michx. Trembling Aspen 2 {x}
Prunug penaylvanice L.{. Pin Cherry 3 (x) (x) x
palix_np. , Willow 3 x X x
Shrub Speclen
Apgeynuz androngentfolius L. Spreading Dogbane 4 x
Cogaus _ruggna Lan. Roundleaf Dogwood [} (x} (x)
Rubua_allegheniensis Porter Allegheny Blackdersy EA (x) x x
Rubua dasus L, . Raspberey B X x
Rubus odovanng L. Flowering Rawpberty 7 x
Bibga triage Pallas Agerican Red Currant 4 {x)
Herb Species
Anaphalts mageagicscea (L.) Benth. + Hook.Life-everlawting i x
Clrcaca lutetians L. Lutetlan Enchanter™s Niphtahade ! {x)
Cirsiyn arvenae (L.) Scop. Canada Thintle 1 (x)
Eptoactdn llellebogipe {L.) Crantz Hellebore-like Eplpactiao ] (x)
Equisrzum np. Horeetall 3, 3
Aiceactiug aurantiacop L. Qrange Hawkweed e x
lmpatiens_caprasin Mecrb. Cape Touch—me-not 1 (=)
Leantodon_np, Dandelion 5 . (x)
Hedigago aativy L. Alfalfa 1 (x)
Onoclen acnnibilis L. Senaitive Feen 3 *
Snlidago sp. Coldenrod 3 %
Itarella cordifolis L. Coolvort 5 x
Violn_inceenita Bratnerd Large-leaved White Violet 3 3 -
Viola_np. Violet . 5 tx) .
— :
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Specien - Common Nage Segtion Btructural Layer
- Trall Contenl Gl 82 st TY T2 4

INTERMEDIATE SPECIES '

Tree Specles .

Betula_nlleghanfengls Sritton Yellow Birgh . % (x) (x) = X {x) (w)

Acen_spleatus Laa.| Hountain Maple x X x x x

Corous alternifolia L.f. Alternate-leaved Dogwinod x {x) x "

Shrub Specien -

Aralis raccmeso L. Indlan Rout x (x) (1) %

Diervilia_lonicers Mi11.2 Bush Honeysuekle x (x) x 3

Snahbsicue_pubens Michx.3 Red=berried Elder x %

Hetdb Specles

Astec_acumlnatus Michx. Acumlinate Anger X x x x

Anter macrophyllus L. tarpge=leaved Anter X (x}) X

Bolygenum_cilinede Hichx. Fringed Bindwoed x (x) {x) x

Vigla pallenm (Banks) Bralnerd Northern White Violer x x x

Dryopteria marglaolls (L.) A. Gray Evergreen Shicld-Fern x x x *x

VThis species was almost 83 abundant at the back of the control section 95 from N-B m in the tras) scction, Beyond

the trail edge plots, it tended to occur on rocky ledges and other well-érained s1tey of shallow soil.

2{;.:(-9: for one occurrence in the groundlayer at the back of the gontrol sec%ion this species occurred exclusively in

- the trat] section from O-8 metres.  Aggording to Danseresu (1943) 1t 15 qenerally found tn open places.

31’111:. species otcurred with very low abondance in the trail section to 17 metres of the tratl marqin, According to

Bansersau {1973) it 15 gererally found 1n open plages,
o™ )
i '
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Specics Common Same Scetian Structural Layer

Epifagun_virginiaaa (L.) Bart.
Lycopus_uniflorous Michx.
Maianthemun canadmnns Deaf.

Medeola virginiama L.

Hitella Diphylla L.

Oxporhiza Clayronll (Michx.) Clarke
Brenanthes ap,

Prenanthes_mp.

Preananthes altisnima L.
Polvgonatum _pubaagens (Wild.) Pursh
Pyrola sp. ’
Sailacgina ragemcdn {(L.) Denf.
Streptopus_toscus Michx.

Trientnlis boraalis Raf.

Trilliva grandiflorum (Michx.) Saliahb.

Tratl Cont™l (13 32 51 T3 [ 3]
JUTERLIOR SPECIES
Tree Species - -
Ables balwasea (L.) ML11. *Baltaon Fir )y () (x} (%)
Ager_penavivanicum L. Striped Haple - x x x x x x
Ater_tubgum L. Red Maple . . x x x x
Agep _macghagup Mareh. Sugar Maple x x x x x x % «
Amelanchier np. . *Serviceherey (%), x x X
Fagun_geandifolin Ehrh, Anerican Becch x x x % x X < [y
Ostrva_vitginiana (.'ﬂzll.) K. Koch Ironwond . x x x x (x) (x) (%)
Prunua virginians L. . *Choke Cherry x x* x  (x)
Quetqun rubra L. *Red Oak (%) {x) (x) |
Tilia emepicans L. Linden {Baniwood) x x () = {x} (a3 .
Shtub Speclen . ’
Corylun_cornuta Marsh. *Beaked Hazlenut (x) X (x} x %
. Lontcrta_canadenats Bartr. *Azcrican Fly=YHoneyvuckle L3 x x x
Viburnum alnffolium Marah. Mnoneberry x x L. 1 13
Herd Speelen
Actsea_paghvpoda Ell. Thick-pedicled Baneberey . (x) (x)
Clintonia_borealis {Alr.) Raf. *Yeltow Clintonia {x} (x)

*"Beechdropu x x x
*Xorthern Bugle=weed (x) x
Wild lily-of-the-valley (x) x x
*Indtan Cucumber-roat X x x

*Two=leaved Mitrewort (x) (x)
*Halry Sucet—Cleely (x) {x)
*White Lettuce H x
*White Lettuce % x
Tall White Lettuce (x)  (w) x
*Halfry Solomon®s Seal x x -~
"intergroen (x) - {x)
*Falne Solomon”s Scal (x) {(x)
Pink Streptopus x x x
astar-flower X 3 x
*large-{lowered Trillius (€3] (x)
*Unidentiftied {x) {x)

“Species not found within 8 oetres of trail edpe

173:1: species occurred with Jow aburdence 1n the upper control section (only two occurrence: in upper trail section).
According to Cansereau (1933) this species iz generally found in open places. .

2I»'caum'.! only §n unit 5 at back of the control
{Canseresu 1943}, ’

sectien,  This species ts &1s0 generally found in open places

.





