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ABSTRACT

This study was undertaken to determ ne the nature and
scope of environnmental damage, caused by the uncontrolled use
of all-terrain vehicles, to the bogs of the Cape Breton
Hi ghl ands.

Using vertical aerial photography, topographical and
orthophoto maps, and oblique aerial photographs, the .areal
extent of ATV use was determined. Changes in vegetative cover
and soil structure attributable to ATV inpact were determ ned
by field testing and a controlled inpact experinent was
conducted to relate inpact danage to inpact frequency.

It was determned that the ATV trail network had grown
both in intensity of inpact and in areal extent from 1975 to
1990.  Inpact tests showed that, after only 10 ATV passes, 50%
of the vegetative cover of the inpacted trails on the bogs had
been destroyed and, after 40 passes, virtually 100% of the
vegetative cover had been destroyed. It was further
determ ned that fhe threat posed by ATvs has greater
potential, at present, for ongoing inpact than does m neral
exploration or intensive forestry practices wthin the study
area

It was concluded that bogs and wetlands are unsuitable
for ATV use and they should be banned from such areas. an

integrated nanagenent program incorporating education and



training, recreation planning, alternative institutional
arrangenments, and limted legislative control is the best

option for controlling ATV use in the Cape Breton Hi ghlands.
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1. LITERATURE REVIEW

The | argest body of literature on off-road vehicles and
their inpacts on the natural environnent has originated in the
United States. One may follow the growh of the off-road
phenonenon beginning in the deserts of the southwestern United
States in the late 1960’s with 4-wheel drive trucks and dune
buggies. This grew, in the nmid 1970’s, to enconpass winter
off-road activities with the popularity of snowmbiles. Wth
this a new body of literature devoted to snownobile inpacts
energed fromthe northern U S. and Canada.

The followng is a review of the inpacts of ATVs on bog
and tundra ecosystens especially on the substrate and
veget ati on. It takes an ecosystem approach, concentrating
primarily on the ecosystem conponents of soil and vegetation,
and to a lesser degree, wildlife. There are few studies
concerning the effects of all-terrain vehicles. Mst address
i mpacts attributable

to other off-road vehicles such as trail bikes, snowrobiles,
dune buggi es, and 4-wheel drive vehicles. In many instances
it is possible to apply these inpacts to the case of ATVs; for
i nstance ATVs travelling on snowmbile trails produce inpacts
that were simlar to-those of snowmbiles and there is nore

difference in inpact between ATV types than between ATVs and
snownobi | es (Vells 1984).

1.1 EFFECTS OF aTvs on BOG ECOSYSTEMS

The effects of ATvs on bogs and barrens is essentially



undocunented (Johnson 1987; Eaton 1990; W/ nshurst 1990).
There is no specific primary literature on the subject; any
references addressing the problens of ATVs and bogs exist as
secondary items contained in literature concerning the
operational capability of these vehicles (Yong 1990).

Three specific sources were identified describing in
general detail the inpacts of ATvs and the general
susceptibility of bogs to inpacts (Singleton 1973; National
Wetlands Wrking Goup (NWAG 1988; Johnson 1987).

Off-road vehicle problens arise from two sources
bi ol ogi cal damage, and conflict with other user groups.
Primary consideration nust be given to the biological aspects
of the problem (Singleton 1973)

O f-road vehicles crush vegetation on bogs where even
m nor depressions, that may be created by a single pass, are
‘capable of changing the drainage pattern on the bog leading to
t he possible death of |arge areas of vegetation (Singleton,
1973). This is especially inportant in raised bogs that
receive their nutrient input solely fromprecipitation and the
at nosphere (NWWG,.i§88). These smal | depressions provide
channel s for collecting water which |eads eventually to the
devel opnent of a quagmire. ATV drivers avoid these areas by
driving around themthus creating nore wet areas and so the
quagmre grows (Johnson, 1987).

Of-road vehicles directly alter the soil in continuous

belts leading to erosion and changes in slopes (Singleton
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1973). Bog substrate is of lowstrength and therefore the
depth of peat, degree of deconposition, and depth to the
water-table deternine the bog's sensitivity (NWWG 1988).
Sites with a high water-table, deep and noderate-to-well
deconposed organic matter are nore sensitive to inpacts than
are those bogs with a | ow water-table and poorly deconposed
organic material . Bog sites dom nated by black spruce and
Ledum shrubs are |less sensitive than those dom nated by bl ack
spruce and Alnus shrubs (Jeglumet al. 1974; Scott and Virgo
1977; Genell 1979).

1.2 EFFECTS OF aTvs on TUNDRA ECOSYSTEMS

Even slight damage in tundra ecosystens nust be regarded
as serious because disruptive processes which are initiated in
tundra areas may nove down slope and eventual ly inpact |arger
areas (Wllard and Marr 1971).

Wet or noist tundra is nore susceptible to danage than is
dryer tundra because ground features are nore easily nodified
when the tundra is wet. ORVs | eave conspicuous trails in the
tundra when it was wet; when the tundra was dry only m nor
damage occurred Iééding to the devel opnent of quagmres
(WIllard and Marr 1971; Woding and Sparrow 1978). Poor |y
drained soils are the nost damaged soils in the trails tested.
The warmng and tilling common to ORV traffic causes an
Increase in the deconposition of organic matter. This conbi ned
with the resulting conpaction |eads to a reduction in soi

porosity with the consequence that the absorptive organic



| ayer breaks down and water accumulates in the area causing a
quagnire to devel op (Woding and Sparrow 1978). ORV drivers
tend to avoid these wet areas which results in further
distributing the inmpact to the surrounding area thus
increasing the size of the quagmire (Brodhead and Codfrey
1979).

A conparison of various ecosystem conponents shows that
the nost easily damaged vegetation were those with a high
moi sture content, as W tnessed by the devel opnment of quagmres
on noist tundra. Tall herbaceous vegetation was the next nost
suscepti bl e to damage and sedges are the nost resistant to
nunerous vehicle passes (Wllard and Marr 1971; Woding and
Sparrow 1978) .

The degree and type of inpact is a function of:

(1) soil and terrain characteristics such as depth, texture,
and drainage, (2) plant habitat type, (3) vegetation type and
its ability to recover, and (4) time of year and the amount of
use (Woding and Sparrow 1978).

Sone tundra ecosystems such as fellfields can recover in
one to two gromjngléeasons from one season of tranpling but
damage over a longer period necessitates a | onger recovery
peri od. The one year recovery for one year danage scenario
does not apply in the case of nore prolonged damage (Wl Il ard
and Marr 1971). Uniformy vegetated fellfields sustain |ess
pl ant danage than do sparsely vegetated nmeadows, and plants

small in stature having little woodiness or those with buds



that are protected at, or beneath, the surface are the best
survivors of ORV inpacts (Greller et al . (1974).

Once turfs are broken by inpacts and erosion takes place
natural recovery can be "tediously slow" and recovery from
this type of damage may take several hundred to a thousand
years (Giggs 1956; Gsburn 1958; WIllard 1960, 1963; Wl ard
and Marr 1971).

1.3 EFFECTS OF aTvson WILDLIFE
1.3.1 Effects on wWhite-tailed Deer

All-terrain vehicles have difficulty with deep snow but
are capable of winter travel once snownobiles have opened a
trail through the snow (Wells 1984).

Sound- 1 evel tests have been conducted on snowmbiles, and
ATVs on snowmbile trails and the average noise |evels for
both types of vehicle were calculated. Al-terrain vehicles
emt an uphill and downhill conbi ned average of 67.9 deci bels,
at trail side, all test speeds considered; snowrobiles were
slightly noisier at 74.5 decibels (Wlls 1984). .

Deer disturbance tests were conducted during the w nter
nmonths, a tine ﬁhén deer are nost stressed by their
envi ronnent. Excessive energy loss during this time, as would
be required to avoid snownobiles and ATvs, has the potenti al
of effecting winter survival and fawn production (Men 1976

Eckstein et _al. 1979). Al studies were concerned with casual

contacts; no studies dealt with deliberate harassnent.

A significant negative correlation was found between the



nunber of snownobiles and the nunber of deer sightings. On
weekends when snownobiles were plentiful deer were not; the
reverse held true for the weekdays when the nunber of
snowmbi les was low. It was typical for the |ead snownobiler
to encounter 20-25 deer and only 6-7 on subsequent trips
(Dorrance et al. 1975).

Casual encounters did not have a negative inpact on deer
Deer novenents have been nonitored and it was found that the
activity patterns and habitat of the deer were not seriously
altered by the presence of snowmbiles. They did not nmove to
t hi cker cover during periods of snowmobile use (Eckstein et
al. 1979). Deer becone inured to snowmwbile traffic, at |east
in parks it is hypothesized that deer which are hunted
annual Iy would not be sensitized to accept traffic as readily
as are deer in parks (Dorrance et al. 1975)

Deer have devel oped several coping strategies, designed
to ease travel in deep snow, which utilize these trails. They
use snowmbile trails because these snow packed trails are
better able to support their weight thereby reducing energy
expendi ture and as.the severity of winter increases so does
their use of these trails. This behaviour is not comon to
all deer but all deer use trails at least for short distances.
However, deer would not use snowmbile trails on w de |ogging
roads due to their wariness to wander into a large cleared
area (Richens and Lavigne 1978).

Al t hough snowmobile trails may be utilised by deer, these



trails also provide an easy neans of access to the deer for
unsupervi sed dogs (Doherty 1971).
1.3.2 Effects on Moose

Mbose tend to concentrate in good forage areas in the
winter; these noose yards may contain as many as thirty-five
animals (OAN5 1977) . Therefore, the incidence of human
encounter increases in winter (Denniston 1956). During the
W nter noose are severely stressed by their environment and
quite susceptible to the effects of disturbance.

A study conducted with the aid of aerial nopose census and
browse surveys determ ned that the disturbance effect on noose
extends between one to two kilonmetres fromthe edge of the
di sturbed area. Mbose nmay tolerate a quiet observer but be
seriously startled by a failed attenpt to stalKk. Oten a
di sturbed noose may give no initial show of alarm but nove
slowy until it reaches cover and then run (McMillan 1954,
Denni st on1956; deVos 1958; GCei st1963; LeResche 1966; Hancock
1976) .

1. 3.3 Effects on Birds

Until 1980 thére were only five published papers that
dealt specifically wth the inpact of off-road vehicles on
birds (Berry 1980). Al of these focused on areas in and
around the Mjave Desert. These findings nay be generalized
to the avian population in ATV-inpacted areas in nore
tenperate habitats.

Virtually all habitat types show simlar results. ORV use



has a significant negative inpact on the nunber of breeding
pairs and bird density. In desert scrub habitats there were
1.7 to 5times fewer breeding pairs on ORV inpacted sites than
on control plots. Twenty three tines fewer breeding pairs
were counted in inpacted areas of desert washes. Simlar
results were found in riparian habitats (Bury et—al- 1976
Luckenbach 1978; Winstein 1978). On high ORV use days the
areas with fewer orvs contained nore birds Winstein 1978).

Noi se was anot her paraneter considered. There was an
increase in flushing and fleeing with the sound of ORVs even
at great distances. Fleeing birds would often travel 0.8 to
3.2 kmor nore to escape the noise. This could result in
disruption of territories, a decreased ability to feed young
and defend the nest, and an increase in the vulnerability of
the adult to predation. It is possible that prolonged or
numerous periods off the nest could result in a lower hatching
rate (Weinstein 1978).

ORV activity significantly decreased the nunber of snall
manmal s 4in the area which could have a significant negative
| npact on anount 6? raptor forage which is avail able and

effect their productivity (Byrne 1973; Busack and Bury 1974;
Bury et al. 1976).

1.4 IMPLICATIONS for MANAGEMENT
1.4.1 Inplications for Management in Bog Ecosystems

Singleton (1973) poses three questions about the inpacts

of off-road vehicles on bogs:
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* \What will be the effects?

* \WWat is the nagnitude of these effects?

* \Wat significance is the resulting change?

If the inpact is considered to be serious a regulatory
approach is warranted according to Singleton (1973). If the
inpact is negligible, or regulable, the user group conflicts
may then be considered.

In Singleton's view, nuch of the environmental damage is
the result of a |lack of operator know edge about the potential
I npacts on bogs of off-road vehicle use.

1.4.2 Implications for Management in Tundra Ecosystems

Wbodi ng and Sparrow (1978) contend that it is al nost
inpossible to elininate ORV travel fromtundra ecosystens.
This has several inplications for ORV managenent in these
ecosyst ens. Geller et al. (1974) recomends a program of
restricting ORV traffic to specifically selected trails,
closing those in problemareas and re-routing trails to avoid
these areas. |In sone cases, they suggest, it may be necessary
to inmprove existing trails through the use of gravel or
cor dur oy constructidﬁ to make them nore attractive to ORV use.
Tundra ecosystens, say WIllard and Marr (1971), deserve "far
more care than they are now receiving" (p 189).

1.4.3 Implications for Management near Wildlife

Eckstein et _al. (1979) conclude that the responsible use

of snowrobiles has little effect on the winter habitat and

novenent of white-tailed deer. They say that deer are nore
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likely to be disturbed by the relatively silent approach of
hi kers and cross-country skiers than they are by snownbilers.

Doan (1970) considers that snowbile trails, if properly
managed, could be a good nethod of reducing malnutrition and
winter nortality in deer. This, he says, could be
acconplished by situating trails in clearings that woul d
provi de good browse, and by establishing trails that induce
deer to explore previously unexploited w nter areas.

In general, Dorrance et al. (1975) and Eckstein et al.
(1979) believe that it is nore appropriate to situate
snowmbi e trails to avoid deer wintering yards. This would
confine these trails to upland deciduous forests (Eckstein et
al.., 1979).

Mbst moose encounters occur in the winter (Denniston,
1956) a tinme when they are already critically stressed.
Hancock (1976) has shown that human disturbance may effect
noose up to two kilonetres fromthe area of the disturbance.
In planning projects in areas of moose habitat it is therefore
necessary to identify and avoid noose yards especially if no
alternate wnter habifat exi sts.

No literature on the effects of off-road vehicles on
avian populations directly addresses the question of ORV
managenent in these areas. Berry (1980) advocates "stringent
precaution and restrictions" (p 461) in this regard in
designating areas for ORV use.

2. THE STUDY AREA

12



The study area (Figure XXX) is on the Cape Breton
H ghl ands Pl ateau west of the Park Spur Extension Road at an
el evation of 425 to 450 netres above nean sea level. It is on
Provincial Crown Land which is under the jurisdiction of the
Department of Lands and Forests and adm nistered under the
Crown Lands Act (1987).

Access to the study area is by way of the Park Spur
Extensi on Road, the Penbrook Lake Road, Bell Cote Road, and
the H ghland Road. - Snownrobiles and ATV trails fromthe
Cheticanp area provide unofficial, off-road, access to what
may be considered as one of the nost renote areas in the
Provi nce.

The upl and slopes of this area are the highlands and the
upper surface, where the study area is located, is the
Hi ghl ands Pl ateau. The distinction of uplands, highlands, and
low ands is useful for general application, but because of the
varied nature of topography in this area "the terns have
l[ittle meaning" (Roland 1982, p54). Common usage has
designated the entire area as "the Highlands? This is the
use adopted in thiélkeport; the ternms plateau and highl ands
pl ateau have been used in the description of the study area;
however, "H ghlands " has been used el sewhere.

2.1 GEOLOGY

After the Cretaceous period the east coast of Canada rose

and subsided a nunber of times resulting in an uplifted

pl anation surface sloping towards the Atlantic. Ensuing rapid

13



erosion devel oped deeply incised south and east-flow ng
rivers. This was followed by a period of conplex and
i ntensi ve glaciations which left a Plateau surface dom nated
by conpacted basal noraine material derived fromigneous rock
(Keppi e 1979; Roland 1982)).

The Plateau is generally well-drained with a radi al
pattern of slownoving streams (Simmons et al. 1984,
Departnent of Devel opment 1986).

2.2 VEGETATION

The Pl ateau forest consists of even-aged boreal species
of balsam fir (Abies balsamea), White spruce (Picea glauca),
and white birch (Betula papyrifera). Wndthrow and insect
damage are the major natural successional agents in these
forests. Spruce budworm (Choristoneura fumiferana) is
responsible for the major insect damage with the nost recent
outbreak beginning in 1973. Al though some old burned areas
have been found, forest fire is not a nmajor successional agent
on the Plateau (Lands and Forests 1983; Sinmmons et al. 1984).

Five to ten percent of the total surface of the Plateau
I s Sphagnum bog, nuéh of which is raised bog (Simons et _al
1984).

2.3 WILDLIFE

The area does not contain a large diversity of snall
manmal s. However, due to spruce budworm danage, birds such as
woodpeckers are common (Sinmmons et _al. 1984). Mose (Alces

alces) exist in abundance with approxi mately 2000 on the
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Pl at eau and anot her 1500 i n Cape Breton H ghl ands Nati onal
Park (Banks 1990).

Snowshoe hare (Lepus americana) are plentiful and the
area contains sone of the last remaining habitat in the
province for |ynx. Deer (Odocoileus virginianus) use the
Plateau in the sumrer but congregate in yards on the Hi ghland
slopes in the winter (Simons et al, 1984).

2.4 RECREATION

In the winter, snowmbilers wuse the Plateau area
extensively and | ocal snowmobilers have organi zed into cl ubs.
Many people travel fromas far as Halifax to enjoy the
excel | ent snowobiling conditions. There are now three cabins
operated by clubs in or near the study area. One of these was
constructed with the aid of a federal governnment grant (Hanam -
1990) .

As the use of ATVs grew in popularity, year round access
to the Hghlands and Plateau became a reality. Since 1979 the
network of ATV trails has grown and concern has been voiced by
Lands and Forests over the possibility of long-term
envi ronnent al danagé.to bogs.

Hunting and fishing is popular and rewardi ng on the
H ghl ands and Pl ateau. However, previously unexploited |akes
are in danger of being over-fished because of the increased
access provided by ATvs. Fished-out |akes on the Plateau
which flow into the |akes and streans in the National Park

wll not be re-stocked, at the insistence of Canada ParKks
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Service (Forsythe 1990).

In 1988 the native and non-native noose hunt netted 223
ani mal s. Mostly were taken along the roads south of the
Nati onal Park (Patton 1989). In 1990, 222 noose were shot
during the two-week hunting season (Banks 1990).

2.5 FOREST HARVESTING

The nost recent outbreak of spruce budworm on the
H ghl ands and Pl ateau began in 1973. The Province did not
permt spraying to control the infestation until 1979, by
which tinme 67% of the nerchantable bal sam fir had succunbed.
In 1979 spraying with Baccillus thuringiensis kurstaki (Btk)
was sanctioned on a trial basis for 6000 hectares.

By 1981 the infestation of budworm had peaked. A survey
t hat sane year concluded that an average of 73% of the
sof twood had survived on the sprayed areas, and only 22%in
the unsprayed areas. The trial spray programwas terninated
in 1982 (Lands and Forests 1983).

The Province appointed a Task Force of Wod Allocations
and Forest Managenent in 1977, specifically to address the
probl em creat ed by’fhe spruce budworm. By this tine the pulp
and paper markets were depressed and pul pwood inventories were
hi gh. The Task Force recommended a sal vage program that
called for the cutting and storage of 1.44 mllion cubic
netres of softwood pul pwood. The Province decided to store
1.19 mllion cubic netres of sal vagewood but by the end of

1981 only 1.1 mllion cubic netres had been sal vaged (Lands

16



and Forests 1983). In the ATV study area clear-cutting,
al t hough not extensive, was conpl et edby 1980-81 (Hanam 1990).
2.6 M NERAL EXPLORATI ON

Wthin the general study area mneral occurrences of
copper, potassium nickel, and |ead have been recorded (Keppie

1979). At present Inco, Noranda, and Seabright Explorations

are exploring for gold. Some of these operations involve
digging exploration trenches in the bedrock and drilling test
hol es.

Al though snall-scale mining for various netals has
occurred sporadically in the Cheticanp area since the late
1800’s, there have been no mning operations conducted in the
Pl ateau area of the Highlands (McLeod 1903).

2.7 HYDRO PONER

In the md 1970’s the Nova Scotia Power Corporation began
construction of the Weck Cove Hydro Electric Project. This
invol ved diverting water from 22,015 hectares of the Pl ateau,
65% of which was covered by forest (Sinmms 1974) creating
approxi mately 2,072 hectares of reservoir in the form of
several |arge Iake;sul i nked by canals and tunnels to a 200
nmegawatt Peak Demand Station (Cape Breton's Magazine 1974).

Controversy over the project centred on the environnental
aspects of the devel opnent and the fact that it would be
"opening to human activity the | ast inaccessible wlderness in
Nova Scotia" (Cape Breton's Magazine 1974, p3).

2.8 CANADI AN HERI TAGE RI VER SYSTEM

17



In Cctober 1988 the Province and the Canadi an Parks
Service initiated a study to determne the feasibility of
designating the Margaree River as a Heritage River under the
Canadi an Heritage River System (CHRS) (Rutherford and Assoc.
1988, 1989) . Public consultations were held early in 1990
(CHRS 1984, 1990). A reconmendation was made by the Margaree
River Advisory Committee (MRAC) in June for nomnation as a
Heritage River (Chronicle-Herald 1990; MRAC 1990). 1In
February, 1991, the Mnister of Lands and Forests approved the
nom nati on of the Margaree-Lake Ainslie river systemto the
Canadi an Heritage Rivers program (Chronicle-Herald 1991).

The objective of CHRS is to conserve and protect the
natural and human heritage of rivers and the opportunities
t hey possess. Because the integrity of a river nust be
protected in order to gain and maintain its designation, a
designation as a Heritage R ver could have far-reaching
consequences for the Hi ghlands and Pl ateau. Any damage of
consequence in the Hi ghlands could effect the ecol ogical
status of the Margaree River systemwhich in turn could place
the Heritage River ”dési gnation in jeopardy.

2.9 TROUT LAKES STUDY AREA °

An in-depth exam nation of the inpact of ATVs was
conducted in the Trout Lakes area. Four bogs and 1525 netres
of ATV inpacted trail were surveyed. Bogs were classified in
the field by their visual characteristics according to the

Canadi an Wetland C assification System (NWAG 1988).
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Bog 4 is a small raised, or doned, bog of 5.4 hectares,
approximately 2 to 3 netres above the surrounding |andscape
Drainage is mainly to the north but it slopes also to the
south near the southern end.

The lake trail passes through a m xed stand of stunted
bl ack spruce (Picea mariana) and balsam fir with sone snall
poorly devel oped, tamarack and a small pocket of white birch.
It ends at bog 3, a slope bog of 0.2 hectares, which slopes
gently towards the |ake. Bog 3 receives the drainage froma
lagg area at the northeast end of bog 2. This lagg area has
a grade of 10/1 and is domnated by poorly devel oped-tamarack
(Larix laricina) and al ders (Alnus).

Bog 2 is a long narrow raised bog, 0.9 hectares, edged
wi th poor tamarack and black spruce. It contains severa
ponds, or flarks, which lie parallel to the contour of the
bog. The forest stand between bog 2 and bog 1 has been
éttacked by spruce' budworm, and has not been renoved by
salvage cutting; many dead snags renain. A natural
regeneration of fir and black spruce is growing in this area.

Bog 1is a horfibntal fen of 1.2 hectares. |t was chosen
for the ATV inpact study site for several reasons
Prelimnary investigation determ ned the vegetation present on
this bog is representative of that on other bogs in the area.
It is easily accessible by ATV from the Park Spur Extension
Road, relatively free from previous inpact by ATvVs, and

relatively protected fromfurther inpact by virtue of its
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proximty to the road and the main ATV trail.
3. METHODS
3.1 RESEARCH DESIGN

Four research approaches were used to understand the
effects of ATVs on bogs. First, a review of the relevant
literature provided an exanm nation of the inpacts on soil and
vegetation caused by recreational vehicles. To a limted
extent the inpact on wildlife was al so addressed. Second, an
anal ysis of aerial_. photography and topographical  maps
determ ned the extent of the various inpacts; the nature of
the inpacts was validated by a ground survey. Third, soil and
vegetation surveys were conducted to ascertain h
significance of ATV inpact. Fourth, experinental passages
with an ATV were carried out on a bog to relate damage to
i mpact frequency.
3.1.1 Aerial Photography and Map Analysis

This analysis determ ned the spatial and tenporal extent
of inpacts from ATVS, nineral exploration, and sal vage cutting
on the Cape Breton Highlands. A three-step process was used.
Nat i onal Topographfc‘SWsten1naps, conpiled from 1978 aeri al
phot ogr aphy, and orthophot ographi c maps, conpiled from aeria
phot ography flown 'in 1975, provided a baseline fromwhich to
deternmine the devel opnent of ATV trails. Next, vertical
aerial photography, flown in 1984, was analyzed to ascertain
t he expansion of the ATV trail network, and the areal extent

of salvage cutting and mineral exploration. Finally, field
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observations and oblique aerial photography froni 1990 provi ded
an understanding of the present: extent of the ATV network and
m neral exploration activities within the study area.

The result of this three-step process was digitized on an
AutoCAD system as Figure %.
3.1.2 Soil and Vegetation Surveys

Soi | nmoi sture concentration and soil conpacti on
neasurenents are the two nost widely used nmethods w th which
to quantify soil changes caused by ATvs (WIlshire et al.
1978).

Soi |l noisture content is the percentage of a field sanple

that is conposed of water. Soil noisture is a key factor
controlling plant growt h, weat hering rate, and the
susceptibility of soil to downslope novenent. Loss of

nmoi sture reflects a change in the structure and conposition of
Fhe soi|l by conpaction and erogjop (Wlshire ¢t al. 1978). t
I's calculated by:

[(W - W,) / W] * 100
where w; .is the field weight of the sanple and w, is the dry
wei ght of the same éénple.

Bul k density nmeasures the soil water percentage by
volune; it is the ratio of the nass of the dry sanple to the
volunme of the field sanple. Bul k density varies with soi
structure, conpaction, and organic matter concentration

A bul k density sanpler of 450 cm® volune was used to

obtain volunetric sanples from which bulk density was*
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cal cul ated by:
W, / 450

Sanpl es for soil noisture and bulk density were dried at
90°C for 48 hours. Defining the dry state of porous materia
is difficult in these tests (Gardner 1986); however, the
drying method used in this instance is thought to be
sufficient for the purpose.

Soi | conpaction increases the resistance of soil to
penetration by roots and seedlings (Goudie 1984). Conpaction
al so reduces the rate of water infiltration and changes the
soil moisture status (Chancellor 1977). Conpaction was
measured directly in the field using a Proctor penetroneter to
measure resistance. A 2.54 cmdianeter needle was used as it
gave the nost consistent results on the bogs. The
penetroneter was pushed into the substrate to a depth of 5 cm
and the resistance reading was noted. The average of three
sinilar readings was used to deternine the resistance
measurement for each site. The penetrometer was calibrated in
i mperial units of lb[inﬂ whi ch was converted to pascals (Pa)
by multiplying by 6.9 X 10%.

Loss of weight on ignition tests were conducted on the
soil of the "lake trail" to determne the |oss of organic
content due to ATV tranpling. These sanples were oxidized in
a kiln at 500°C for 26 hours. The percent of oxidizable
organic matter was then cal cul ated by:

((w, - w) / w]* 100
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where w, is the initial sanple weight and W is the weight of
the sanple after oxidization.

A 0.25 netre sanpling quadrat was used to neasure
vegetative cover. An inventory of plants was conducted and an
estimation was made of their cover within the quadrat. The
Floraand Fauna Of Nova Scotia by Roland and Smth (1969) was
used to identify plants in the field. Those plants unable to
be positively identified were collected, pressed and |ater
identified with the assistance of Dr. B. Freedman of Dal housie
Uni versity. A 35 mm slide photographic record was nmade of
each quadrat and reviewed, with Dr. Freedman's assistance, to
validate the field observations.

Soi |l and vegetation sanpling was conducted at intervals
al ong the bogs and the lake trail. At each sanple l|ocation
the inpacted trail and a reference site were sanpled.

3.1.3 ATV Test Plot

The ATV test plot was established on bog number 1 (Figure
xiX). Five | anes each 3 nmetres wide and 20 netres | ong were
staked out on the bog. A reference |ane was established
adj acent to these. The first l|ane received one ATV pass; the
second | ane received five passes; the third, ten; the fourth,
twenty'; and the fifth, forty passes with the ATV. The ATV
operator was given the follow ng instructions:

* drive at a consistent speed.

* maintain the same track in each |ane.

* make half the passes in one direction and half in
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the opposite direction in each |ane.

* turn well past the ends of the lanes to avoid

creating quagmres and ditches near the test plot.

* do not drive or walk in the control |ane.

A Honda "Big Red" three wheel ATV was used for this test,
and driven by an experienced operator. This nachine had a
wei ght, exclusive of fuel and driver, of 170 kg, a wheel base
of 1,230 mm and 25 X 12.0-9 | ow pressure tubeless tires
(Honda 1983). -

On conpletion of the ATV runs, sanples were obtained for
soil nmoisture content and bulk density, penetronet er
measur ements were taken, and a vegetation survey was conducted
i n each | ane.

3.2 RESEARCH LI M TATI ONS

The data collected generated sufficient information to
enabl e conclusions to be drawn concerning the effects of ATVs
and to establish baseline data from which to gauge ongoi ng
i npacts and vegetation recovery rates. The nunber of sanple
sites, although suffipient to indicate trends, is not adequate
for an in-depth soi | or vegetation survey. The vegetation
survey did not inventory all of the vegetation at each site.
Species inventoried were the major taxa, and were adequate to
indicate inportant trends. The study does not address the
recovery of bogs after the cessation of ATV inpact. A number

of years of observation of the test plot will be required to

obtain such information
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4. RESULTS
4.1 MAP AND AERIAL PHOTOGRAPHY ANALYSIS

Until 1978 there was evidence of only one trail in the
study area (Figure 1). It had its origin at the end of a dry-
weat her road which follows the Cheticanp R ver valley from
Petit Etang.

By 1984 a snowrobi |l e cl ubhouse had been constructed which
became a focus for snowmbile activity and a network of
trails, in excess of 7.kms., Wth the clubhouse as the centre,
had spread to all lakes in the Trout Lakes system There are
two centres of focus for these trails: they have been used to
provi de access to the |akes and as a neans of access to the
Park Spur Extension road, where 1200 km of well-naintained
woods roads are avail abl e.

These trails cross the bogs longitudinally in alnmost all
cases because the bogs provide an attractive alternative to
cutting trails through the woods.

There were few obvious ATV trail |inks between Trout
Lakes and Jinlcanpbel[s Barrens in 1984. As with Trout Lakes,
trail activity in Ifhe Jim Canpbel | s Barrens area centred
around a snowmbile club cabin, located west of the barrens
near the end of a dry weather road |eading fromthe Pl ateau
and Cross Point area. This cabin is on topographical map
11k/10 edition 3 which was updated from 19'78 aerial
phot ogr aphs.

In 1978 there were no trails indicated on the
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t opographical maps in the vicinity of Jim Canpbells Barrens.
By 1984 a network of nmore than 8 km had developed in this
ar ea. Here too, the bogs have been used as a conveni ent
alternative to cutting trails through the woods. These trails
have no specific destination other than the Park Spur
Ext ension and Penbrooke Lake roads.

From 1990 field observations and oblique aerial
photographs it was noted that few new trails have been
established in the study area since 1984. The presence of
ATvVs has been nost strongly felt in this area through their
i npacts on the bogs. Quagmires have grown both in nunber and
In size since 1984, and the bogs have suffered nore traffic as
aresult of the all-season availability provided by ATvs.

These machi nes have affected the bogs both intensely and
extensively since 1984. Bog 4, Which in 1984 had a single
track through it, has been 25% inmpacted by ATVs since that
tine. Bog 2 also had asingle track through it in 1984, at
present about 75% of the bog has been inpacted and deep
channel s: have been cut parallel to the contour of the slope.
These provide a péfﬁ for drainage. Many areas have been
turned into quagnmires. This has led to the cutting of alders
and small black spruce in sone areas to provide a way around.
the quagmres.

Sal vage cutting began in 1973; by 1978 clear cutting had
still not taken place within the study area (Lands and Forests

1983). Between then and 1984 a major woods road W th pushoffs
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and | andings, the Park Spur Extension, had been constructed.

Thirty hectares of forest had been cut in the area at present
this is regenerating naturally. Logging ceased here by 1981
and there is no commercially viable tinber remaining (Hanam
1990) .

There are nunerous survey |ines which were established by
the mining conpanies for exploration sanpling. Although the
conpanies are reluctant to disclose any information about
their activities, some information has been obtained from 1984
aerial photographs. At that tinme there had been no obvious
exploration activity such as trenching, except for an area to
the west beyond the study area. This is in a well-drained and
wooded area away from bogs. Trenching activities are still
confined to well-drained, fir-forested areas (Hanam '1990).

Field observations and 1990 oblique aerial photographs
reveal ed that one of the mning conpanies had recently used a
section of Jim Canpbells Barrens through which to transport
its excavator. A nunber of trips had been nmade which resulted
in awde (4 m)trqqk which has turned into a quagmre in a
nunber of places. In one place the tracked vehicle had becone
mred and a consi derable section of the bog, to a depth in
excess of 1.5 m was destroyed while extricating the nachine.
I n another instance it crossed a small stream which flowed
into Jim Canpbel | s Brook and the North East Margaree River.
The stream course was, as a result, altered for a short

distance. When this damage was noted by Lands and Forests the
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m ning conpany was instructed to stay off the bogs, and to
confine their activities to the woods or the alders at the
edge of the bogs.
4.2 SOIL STRUCTURE MEASUREMENTS
4.2.1 Moisture Content and Bulk Density

Table 1 (a,b) contains a summary of the neasures of
central tendency for the various substrate paraneters. Bul k
density for all sites, both on the bogs and on the wooded
trail, was greater on-the inpacted trails than it was on the
reference sites.

Moi sture content varied negatively with bulk density.
This association followed the nodel

Y =a - bX

where Y equals the | og of noisture content and X equal s bul k
densi ty. This is useful in describing the relationship

bet ween noi sture and bul k density on the wooded trail (R* =

95.3%, p <.001, r = -.976). However, on the bogs it is only
marginally predictive (bog 4: R? = 40.9%, p<.001, r = -.640;
bog 2: R* = 43.4%, p<.001, r = -.659). This association wll

be addressed further in the discussion.
4. 2.2 Penetration Resistance

Penetration resistance was slightly greater on the bog
reference sites than it was on the inpacted bog sites. The

trail through the woods had a higher resistance on the

i npacted track than on the reference sites.
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BOG 4 (n=3)

1n Penetration on track off track
medi an 2.2 2.3
nmean 2.4 2.4
range 1.9 - 3.6 2.0 - 3.0
Bulk Densitz on track off track
medi an . 08 .05%
mean . 07 .05%
range .05 - .10 *
Soil Moisture on track off track
medi an 89.8 93.3
mean 90. 3 91.7
| range 86. 8-94. 3 88.4-93.4
* differences are not significant
BOG 2 (n=5)
1n Penetration on track off track
medi an 2.1 3.1
mean 2.2 3.1
range 1.9 - 2.8 2.3 - 4.1

_— =

Bulk Densitz on track off track
1 medi an .06 .04

mean . 06 . 05
range .04 - .07 .04 - .06
Soil Moisture on track off track
median 92.7 92.7
mean 92.9 92.6
range 91.4-94.7 92.6-95.1

TABLE I(a): Summary of the neasures of central tendenc
and median) of penetration resistance (Pa X 10°), bulk
(g/cm®), and soll noisture content (%).
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LAKE TRAIL (n=6)

1n Penetration | on track off track
7nedian 16. 6 12.4

nean | 17.3 | 12.9 I
ranse \ 8.3-27.918.0 -22.9
Bulk Density \ on track \ off track
medi an .22 .11

nmean .43 .24

range .14 - .96 .07 - .89
Soi | Moisture on track off track
medi an 68. 6 72.1

mean 58. 4 66. 7
range | 22.4-82.5 | 27.2-86.9

TABLE 1 (b) : Summary of the neasures of central tendency (nean

and nedian) of penetration resistance (Pa X 10°), bulk density
(g/cm?®), and soil noisture content (%).
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Penetration results were deceiving, especially on the
bogs. On bog 4 there was virtually no difference between the
medi an and nmean on the track and the nmedian and nmean on the
reference sites adjacent to the track. However, a flat-blade
shovel was easily shoved into the bog on the inpacted track in
most instances but it had to be driven in by foot to the sane
depth in the reference site imediately adjacent to the
inpacted track. This demonstrated that, while penetration
resi stance remained relatively constant, ATV inpact caused a
| oss of cohesion which accounts for the ease with which the
shovel could be driven into the inpacted site.

4.2.3 Soil structure Change

Table 2 presents the changes in structure fromon-trai
to off-trail sites. In the case of each bog and trail there
was an overall change in the substrate structure as a result
of ATV inpact.

4.2.4 Lossof Weight on Ignition

Figure 2 shows the results of the |oss of weight on
ignitiontests for the lake trail. There was a higher percent
of oxidizable organic matter in the substrate on the reference
sites than there was on the inpacted trail. This indicates
that there was nore mneral soil present in on-track sanples.
In forest habitats and in grasslands it has been noted that
the exposure of mneral soil increased significantly as the

nunber of ATV passes increased (Chappell et _al : Cole 1985).
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BOG 4

Site Bulk Density | % Moisture Penetration
1 60% 1. 7% 73. 3%
2 0% 1. 1% 9. 1%
3 100% 7. 1% 12. 1%
BOG 2
Site Bulk Density | % Moisture Penetration
1 20% 1.9% 17. 1%
2 " 0% 0.2% 35. 6%
3 25% 1. 1% 44, 1%
4 75% 1. 4% 13. 2%
5 0% 0. 4% 49. 1%
LAKETRAIL
Site Bulk Density [ % Moisture Penetration
1 87.5% 4. 9% 9. 1%
2 55_5% 8. 5% 93. 3%
3 736.4% 64.3% 100. 0%
4 128. 6% 28. 8% 51. 7%
5 2. 3% 6. 4% 77. 7%
6 64. 7% 4. 1% 4. 0%
TABLE 2: Change in soil structure fromreference to inpacted

sites;

t he woods.

increase or
to the inpacted trails,
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4.3 VEGETATION SURVEY

Tabl e 3 contains the nmeasures of central tendency for
species richness. In general about 50% of the species had
succunbed to the inpact of Arvs. In all cases the total plant
cover for all species on the trails was considerably |ess than
the total cover in the reference vegetation. The nore abundant
the species, the nore extreme the decrease in cover as a
result of vehicular inpact.

Table 4 shows the relative cover of sone of the abundant
speci es. Al t hough the bogs and the wooded trail had sone
species unique to their environnents, the nmost abundant
species were conmon to both ecosystens.

Sphagnum noss was the doninant species both on and off
the trail with an average of 6% and 59% cover respectively.
Scirpus cespitosus was the next nost abundant with 9.4% cover
on the trail and 26.3% in reference vegetation.

On the bogs the average inpacted site showed 76. 1%

unveget ated ground and the reference sites had only 2.5% bare

ground (Table 5). The wooded trail had 88.2% on inpacted
sites conpared to”only a trace of unvegetated ground in
reference vegetation.
4.4 ATV IMPACT EXPERIMENT

A vegetation survey was conducted on the lanes
imedi ately after ATV inpact was conplete (Plate 1). Wth one
pass vegetation was bent and the nmachine tracks were easily

discernable. In the lane with five passes the substrate was
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impacted to a greater degree.

The ATV operator reported that

after 3-4 passes the nachine appeared to "float" on the bog.

Bog 4 Bog 2 Lake Trail
on “off on of f on of f
nmedi an 4 8 6 8 3 10
nmean 3.7 7.7 5.8 8 3.2 9.3
range 2 -5 5-10 4 -8 5-12 2 -8 5-12
n 3 5
TABLE 3: Central tendencies (nean and nedian) for species
ri chness. Quadrat size was 0.5 X 0.5 netres.

35




sphagnum spp.:

veget ative cover
was .5 X .5 netres

Tr < 0.1%
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for sone of the abundant speci es.

Quadrat

Bog 4 Bog 2 Lake Trail "
on of f on of f on of f
nmedi an tr 50 tr 50 tr 50
nmean 0.4 63.3 1.1 51 a. 4 63. 3
range tr - 25 | 40-100 0 -5 0 - 90 0 - 25 40- 100
n 3 5
Scirpus cespl tosus:
Bog 4 Bog 2 Lake Trail
on of f on of f on of f
medi an tr 20 15* 50 N/A N/A
mean 1.8 28. 3 26. 2 48 N/A N/A
range tr -5 | 15-50| 1-70 |10 - 80 N/A N/A
n 3 5
ndromeda glaucophylla:
Bog 4 Bog 2 Lake Trail
on of f on of f on of f
medi an 0 2 0 0 N/A N/A
| rean tr 2.4 tr tr N/A N/A
range 0-tr tr -5 0-tr 0 - tr N/A N/A
n 3 5
Aster nemoralis:
Bog 4 Bog 2 Lake Trail
on of f on of f on of f
nmedi an 0 2 2 5 N/A N/A
mean tr 2.4 3.5 4.4 N/A N/A
range 0 - tr tr - 5 | tr - 10 2 - 5 N/A N/A
n 3 5
TABLE 4. Central tendencies (mean and median) of the relative



Unvegetated ground:

Bog 4 Bog 2 Lake Trail
on of f on of f on of f
medi an 99.0 0 75.0 0 95.0 0"
nmean 82.7 0 69.6 5 88. 2 tr
ranse 50 - 90 0 40 - 98 | 0 - 15 50- 100 0-2
n 3 6
TABLE 5: Central tendencies (mean and nedian) of unvegetated
ground. Quadrat was .5 X .5 netres. Tr < 0.1%
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A faster speed caused the tires to spin. Ten passes resulted
in still deeper (7.6 cnm) ruts. After 7-8 passes the machine
began to till the sphagnum Very deep wheel ruts, tilling of
the substrate, and the beginning of a quagmre were the
results of 20 passes, and 40 passes led to very deep ruts
(17.8 cm which contained standing water. This run was
conpletely tilled and the ATV sank to it's axle in a nunber of
places. The driver reported that in other circunstances he
woul d have avoided this track thereby causing the quagmre to
grow in size.
4.4.1 Experinmental Plot Vegetation

On the experinental plot a strong negative association (r
= -.960) was observed between the nunber of ATV passes and the
| og of species richness (Figure 3). The nodel that best
predicts this relationship is Y = a - bX, where Y is the
predicted | og of species richness and X is the nunber of ATV
passes (R? = 92.2%, p<.001, DF = 1).

Figure 4(a,b) shows the response of the major species to
ATV tranpling. qu‘hxsvmscmmwedtothenmma of ATV
passes, a nore accurate picture of vegetation loss (Cole
1985). CGeneral ly, vegetative cover had been reduced to 50%
between 10 to 20 passes.

The nunber of passes is only a fair predictor of the
anount of bare ground and is predicted by the nodel: Y = -a +
bX where Y is the percent of bare ground and X is the nunber

of ATV passes (R* = 89.9%, p = .471, DF = 1) (Figure. 5).
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FIGURE 3: Regression plot of Io? of species richness and the
nunber of ATV passes for the test plot.
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Scirpus cespitosus

20% VEGETATIVE COVER

o 10 20 30 40
number of ATV passes

Sphagnum
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100K I—————k

40}

" A *
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number ATV of passes

FIGURE 4(a): Response of major species to ATV tranpling.
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Calamagrostis inexpansa
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Bare ground
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FIGURE 4(b): Response of major species to ATV tranpling.
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FIGURE 5: Regression plot of amount of bare ground and the
number of ATV passes for the test plot.
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A sensitivity index adapted from Cole was applied to the
maj or species on the test plot based on the following criteria

(Cole 1985):

very resistant if relative cover greater than 50%
after 40 passes

resi stant if relative cover greater than 50%
after 20 passes

nei ther resistant if relative cover greater than

nor sensitive 50% after 10 passes

sensitive if relative cover greater than 50%

after 5 passes

very sensitive if relative cover greater than
50% after 1 pass

The follow ng results were obtained:
very resistant none
resi stant Calamagrostis inexpansa

Drosera rotundifolia
Vaccinium oxycoccus

nei ther resistant Andromeda glaucophylla
nor sensitive Sphagnum spp.
sensitive - Chamaedaphne calyculata

Sarracenia purpurea
Scirpus cespitosus

very sensitive Clintonia borealis

No species were classified as very resistant to ATV
inpacts. Calamagrostis inexpansa, Drosera rotundifolia, and

Vaccinium angustifolia all had been deci mated between 30 and

40 passes. Andromeda glaucophylla and Sphagnuzn noss species
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were classified as neither resistant nor sensitive, and both
were reduced to 0% cover by 20 passes. Chamaedaphne
calyculata, Sarracenia purpurea, and Scirpus cespitosus Wwere
sensitive to the passage of ATVs. Chamaedaphne calyculata and
Sarracenia purpurea were elimnated by 10 passes, but Scirpus
cespitosus, although reduced to |less than 50% by 20 passes,
still retained a trace presence after 40 passes. Clintonia
borealis was the only very sensitive species, and had been
reduced to 0% cover-before 10 passes. The anomaly that
appears in the graph for Scirpus cespitosus (Figure 4a)is a
sanpling artifact, and not the result of ATV tranpling.
4. 4.2 Soil structure measurements

Penetration resistance varied negatively, Dbut not
significantly, with increased tranpling on the test plot (r =
-.468, p = .063). This was true also for bulk density.
However, after 10 passes it was inpossible to obtain further
bul k density sanples because the substrate had lost its
cohesi on. Moi sture content increased with tranpling (r =
, 790, R = 62.4%, p = .063) conformng to the predictive node
Y= -1987 + 20.8X mhére Y equal s the number of ATV passes and
X equal s the noisture content.

These results, although not conclusive in thenselves, do
indicate general trends that increasing inpact does have an

effect on structure and the substrate's ability to retain

noi st ure.

5. DISCUSSION
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Di scussion of the results exam nes three questions. 1)
How susceptible to inmpact are the bogs on the Cape Breton
H ghl ands plateau? 2) Is the inpact from ATVs significant,
and what is the extent of the effect? 3) How does ATV inpact
conpare to the inpacts from logging and mneral exploration in
the study area?

5.1 SUSCEPTIBILITY OF BOGS TO IMPACTS

Bogs that are the nost sensitive to inpacts are those
with a high water table, deep and noderate-to-well deconposed
organic material, and dom nated by Ledum shrubs; these types
of bogs are very slow to regenerate frominpacts (Jeglum et
al. 1974; Scott and Virgo 1977; Gemmell 1979; Nati onal
Wt | ands Working G oup (NWWG) 1988).

The bogs exam ned in the Hi ghlands all had high water
tables within 3 to 4 cmfromthe surface.

No determ nation was nade of the degree of organic
deconposition. The waterlogged nature of new peat restricts
air circulation, causing the soil to becone anaerobic thus
sl owing the deconposition process (Conmeau 1971). Therefore,
it may be hypot hesi' i‘ed that on non-inpacted areas of the bog
peat deconposition is slow However, on areas subject to ATV
use, especially where soil tilling has taken place, aerobic
conditions occur thus accelerating deconposition

Peat accunulates at a rate of 1to 2 nmper year on North
Anerican bogs (NWAG 1988). Fromthe results of pollen carbon

dating, it appears that organic sedinentation began on the
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Cape Breton plateau about 9000 years BP (Livingston and Estes
1967). Therefore, a peat depth between 9 and 18 netres would
be expected. Peat depths of up to 20 netres were reported by
t he m ning conpani es as determned in their exploration
drilling (Hanam 1990).

As previously stated, bogs npbst sensitive to inpacts are
domi nated by Ledum shrubs. |t was observed that Ledum shrubs
are nore abundant on the main part of the bogs. Near the bog
edges the ainus shrubs were predom nant.

These factors contribute to nake the bogs in the Cape
Breton Hi ghlands sensitive to inpacts.

5.2 SIGNIFICANCE OF ATV IMPACT
5.2.1 Definition of Significance

The definition devel oped by Beanl ands and Dui nker (1983)
provi des the basis for the discussion of the significance of
ATV i npact :

Wthin specified tine and space boundaries, a

significant inpact is a predicted or neasured

change in an environmental attribute that should be
consi dered |n(Fr01ect deci si ons, depending ?% Eﬂg

reliability and accuracy of the prediction a

magni tude of the change. (p45)

5.2.2 Spatial Boundaries

It is necessary to define-spatial boundaries to provide
a context within which to ascertain inpact significance.

Physically, the problem presented by ATvs on the bogs of
the H ghlands is not confined to a single bog or bog system
The consequences are nore far-reaching. The cunmul ative ATV
Impact initiated in such ecosystens nove downsl ope, eventually
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I npacting larger areas (WIlard and Marr 1971). On a regional
scale, serious inmpact to the bogs could eventually affect the
drai nage systens of the area with consequences for major
rivers such as the Cheticanp, Mirgaree, and North East
Margaree Rivers.

The Cheticanp River is wthin the National Park and
alnost the entire study area drains into it, except for a
portion of Jim Canpbells Barrens which drains east toward the
North East Margaree and Margaree Rivers. These also draw from
the bogs on Big Barrens and Western Barrens.

Bogs act in a water storage and regul ation capacity.
During periods of high precipitation the amount of water
stored in bogs increases with a gradual release during periods
of low precipitation. Thi s reduces the hazards posed by
floodi ng and sustains the supply of water during dry spells.
Bogs also act as water filters and purifiers. The organic
matter traps netal ions, pathogens, and other toxins that
deposit with precipitation (NWAG 1988).

Bogs in the H ghlands have an economc as well as an
ecol ogi cal functi on.n . They provide flood protection, ensure a
constant water supply, and protect the valuable recreational
fishery of the area. Therefore, in determning a spati al
reference, the systemnust be regarded as a whol e, because the
cunul ative inpacts of al | activities of suf ficient
signi ficance and nagni tude which occur in the H ghl ands bogs

w || have consequences for the econony of the larger area.
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5.2.3 Significance of Ecological Change

A significant inpact is a predicted or nmeasured change of
an environnmental attribute that should be considered in
proj ect decisions (Beanlands and Duinker 1983). Soil
structure and vegetation change were the conponents neasured
in the study.

When the change in bulk density and soil noisture content
is greater than 5%, and bearing capacity changes by nore than
10%, significant alteration has been done to the soil
structure (Crozier et al. 1978)

Conti nual ATV inpact such as that received by the bogs

and woods trails has significantly altered the bulk density

and penetration resistance of the inpacted soil (Table 3,
p58) . Soil noisture content varied little with inpact on the
bogs but changed significantly on the wooded trail. This may
be attributed to the tilling action of ATVs which produces a
| oss of cohesion on the inpacted areas of bogs. 'he noss is
rendered into finer particles which in turn are tightly
conpressed to provide a sinilar resi stance but |ess cohesion

than on the reference sites.

The changes in the structural Neasurements of the test
pl ot were inconclusive likely due to the short time between
i npact and measur enent s. If time had been allowed for the
i npacted area to reach a new equilibrium more meaningful
results would have been obtained.

In all cases vegetative cover was greatly reduced by ATV
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inpact. COverall cover reduction varied between 56 to 100%,
both on the bogs and trail surveyed. This conpares favourably
Wi th tests conducted in tundra ecosystens (Woding and Sparrow
1979). All trails examned in the H ghlands had a higher soi
mneral conposition on the inpacted trails than on the
reference sites. This indicates prolonged tranpling or a very
high level of trail use (Cole 1985). There was |ess
unveget ated ground on the inpacted areas of the bogs than
there was on inpactedareas of the trail. This may be due to
ATVs not being restricted to a single trail on the bogs, thus
causing inpact to be felt over a w der area.

Al t hough sone bog species may be classified as resistant
to ATV inpact, nost were found to have sone degree of
sensitivity when a sensitivity index was applied to the test
pl ot vegetation. No bog species were very resistant; that is
havi ng 50% of the relative cover survive 40 passes of an ATV.

Test plot results show that 50% of the vegetation had
been destroyed between 10 to 20 passes of the ATV. Because
there are no otherlsﬁudies of this nature on the inpact of
ATVs on bogs, there is no basis for direct conparison.
However, all researchers who have used this 50% reduction
criteria agree that is a useful threshold from which to
determne susceptibility to tranpling. After only 40 passes
hi kers had achi eved a 50% cover reduction in forest and
grassl and ecosystens and the nost damage in these ecosystens

occurred with the initial inpact (Cole 1985, 1988; Leonard at
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al. 1985).
5.2.4 Magnitude of ATV Impact

The magnitude of an inpact affects its significance
(Beanl ands and Dui nker 1983).

Bet ween 1957 and 1984 two cl ubhouses and 15 km of ATV
trails had been devel oped. The nost popul ar destination is
the Trout Lakes and the woods road system  From an analysis
of the maps and aerial photography it is clear that the bogs
have been used as a convenient neans of travel to these two
areas.

Bet ween 1984 and 1990 few new trails had been devel oped
in the wooded areas. ATV use has been marked by a nore
extensive and intensive use of already inpacted bogs. ATV
drivers have unrestricted freedom on the bogs and avoid
driving through wet areas and quagnires. This distributes the
vegetation and soil damage nore widely, causing the quagnire
to grow. This practice is unique to bogs. Corduroys, which
are road or trail beds of 10gs crossing nuddy areas, were
constructed in simlar situations in the wooded areas.

On nore steepJ-restricted, areas of the bogs extensive
quagmires have developed with deep |ongitudinal ruts
containing more than 50 cm of standing water. These are areas
where accel erated bog drainage occurs. Natural drainage takes
place also and it appears to have been accelerated by ATV
activity between bogs 2 and 3. On inpacted areas of a bog

frost enters the ground earlier in the fall, penetrates
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deeper, and renains in the ground | onger, This creates ice
dans which hold back water and in time contributes to
vegetation differences between inpacted and undisturbed sites
(Anderson 1990).

Standing water was observed in the ruts which were
created after only 20 ATV passes on the test plot. Ruts such
as these which run parallel to the contour of the bog provide
channels for drainage to take place. Because sphagnum
requires in excess of.80% noisture to survive (Fuchsman 1986)
the potential to destroy large quantities of bog i s very real
i f drainage of the bog is accel erated.

5.3 IMPACT OF SALVAGE CUTTING

The study area has been inpacted from other sources. A
maj or woods road has been constructed and 30 hectares of
forest have been renoved from the study area by sal vage
cutting.

The sal vage cutting was acconplished by clear-cutting.
Al t hough there are no studies on the specific effects of the
clear-cutting operation in the Hi ghlands, several genera
I mpacts to the soilléé a result of this harvesting nethod have
been identified (Freedman 1982).

Cear-cutting contributes to accelerated nutrient renova
fromthe site than would | ess-intensive nethods such as
shel terwood cutting or strip and patch cutting. Wthin the
study area, these woods operations were confined to plots of

0.6 to 13.9 hectares in size which may be consi dered patch
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cutting.

The rate of nutrient export froma clear-cut site
increases due to groundwater flow and surface runoff.
However, in general, these are short term losses of relatively
smal | quantities of nutrient (Freedman 1982).

Soil erosion is accelerated with indirect effects such as
siltation of aquatic habitats and destruction of wldlife
habitat. In the study area the hanresting operation ended in
1981. No observabl e evidence of ongoing erosion could be
attributed to clear-cutting, although, elsewhere in the
Hi ghl ands, erosion due to woods road construction is an
ongoi ng probl em and road naintenance is required to upgrade
and replace culverts and repair washouts. This long-term
control of road erosion seens to be a project to which Stora
Forest Industries is commtted (Hanam 1990).

Finally, an increase in streamwater yields due to the
| oss of evapotranspiration opportunities has been identified
with clear-cutting. This declines markedly after the first
year after harvest (Freednan 1982) .

Nuner ous studi es have shown that clear-cutting has many
i npacts, both positive and negative, on the avian and mammal
popul ations of the forest. Studies have al so denonstrated that
t hrough the proper managenent of harvesting operations these
effects can be mnimzed and in many instances they can be
turned to the advantage of certain animals (Telfer 1970;
Freedman et al. 1981; Freednman 1982; Jordan 1986; Wilters
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1987). Because of the infestation of spruce budworm, the
habitat structure in the study area woul d have changed in tine
and may have produced effects simlar to those of clear-
cutting.

At present there is no commercially viable tinber
remaining wthin the study area.

5.4 IMPACT FROM MINERAL EXPLORATION

Exploration for gold has inpacted the study area.
Expl oration trenching is confined, Dby the nature of the
geol ogy, to well-drained wooded areas where its direct inpact
on bogs should not be felt (Hanam 1990). However, exploration
activities have caused negative inpacts on the bogs in other
ways. Some of the bogs in the Jim Canpbells Barrens have been
used to transport heavy excavators and to nove people and
other equipnent to the trenching sites. This has created an
obvious scar across Jim Canpbells Barrens. The exploration
conpany enpl oyees had not realized they were damagi ng such a
fragile ecosystem and have avoided the bogs since being so
instructed by Lands and Forests.

Al t hough therélis a requirenent for the trenches to be
filled in once they are no |onger needed, there is no
requirenent for the sites thenselves to be revegetated.

5.5 COMPARISON OF IMPACTS

O the three major activities affecting the bog systemin

the study area, the use by ATvs is of nost concern. Although

an in-depth assessnent of the effects of ATvs was undert aken
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only a prelimnary assessnent of the effects of clear-cutting
and mneral exploration was conducted. Cear-cutting was, at
the time, a nmajor alteration of the forest ecosystem though
t he spruce budworm infestati on would have produced simlar
results. Wthin the study area the degree of environnental

change and the magnitude of the change are small. Because it
is not ongoing in this area mtigation is not a consideration.

El sewhere in the H ghlands, where |ogging operations are
ongoing, the habitat  requirements of the wildlife are now
routinely considered (Hanam 1990).

Most of the damage attributable to mneral exploration
has been confined to wooded areas, a |less sensitive ecosystem
than that of the bogs. Any damage done to bogs in this regard
has been through | ack of know edge and was hal ted once the
situation becanme known. The degree of change and the
magni tude of the change is less than it is with [ogging.
Trenching operations are considerably smaller and nore
localized than are clear-cut sites.

In . ternms of spatial boundari es, change to the
environnent, and thé.nagnitude of inpact, ATVs pose a nore
significant threat to the bogs of the study area than do
m neral exploration or |logging. Because tile inpact of ATVs is
significant and will become nore so in the future, management
of this activity is required.

6. IMPLICATIONS FOR MANAGEMENT

The uncontrol |l ed use of wetlands by recreational vehicles
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must not continue on the H ghl ands. Several managenent
options are available to address this problem this chapter
presents a nunber of possible nanagenent scenarios and
recomrendat i ons. It is not intended to present a
conprehensive action plan. This would be contingent on
fostering a level of commtnent from Lands and Forest
managenent to protect the bogs, a better understanding of the
composition of CORV user groups, and further investigation into
the ability of the inpacted wetlands to recover

6.1 THE STATUS QUO OPTION

Opting to maintain the status quo in terns of ATV use
wll lead to continued degradation of the bog systemin the
H ghl ands. Doing nothing inplies that the bogs have no
i nherent value, and with zero value this resource is in danger
of overuse. The problem of ATV damage will intensify in the
bogs which are presently under attack. I n ad@ition, t he bog
systemw || becone nore extensively inpacted and new bogs wil |
likely be explored by ATV recreationalists.

This study has denonstrated that 50% of the bog
veget ative cover is destroyed after only 10 passes and by 40
passes of an ATv virtually 100% of the vegetation is
destroyed. As ATV rallies become popular it is possible that
atrail of destroyed vegetation could result from one such
event of fewer than 20 participants. Ruts resulting fromthis
activity may accel erate bog drainage. In tine there will be

a differential shift in plant species to those that are nore
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tolerant to these conditions. Wth an increase in ATV
activity of this type quagmres wll quickly spread and the
ecological integrity of large areas of the bogs may be
conprom sed.

ATV danmage to the bogs has increased intensively and
extensively with tinme. There is no evidence that this type of
recreational activity wll decrease. It may increase in the
H ghl ands as other areas of the Province, where closures may
be nore easily enforced, becone off limts to CRV use.

The inpact froma four wheel ATV would likely be
marginally less than that of a three wheel machine because the
actual area inpacted by four wheel machine is smaller. It is
unli kely that a heavier mnachine of the sanme size as the
standard ATV would have a substantially increased inpact on
t he bog. During the inpact tests the driver reported that
after four passes the machine began to "float" with its
undercarriage on the bog. This woul d probably be the case
al so for heavier nachines. Fromthis study it appears that
the factors, other than repeated passage, that contributes to
the inpact on the Ib(.)gs are the physical dinensions of the
machine and the tire design.

6.2 LEG SLATED CONTROL OPTI ON

Lands and Forests, under the Crown Lands Act (1987) and
the Of-road Vehicle Act (1987), is enpowered to take the
| egi slated control approach to managi ng the ATV problemin the

H ghl ands. Al though this option nay be effective in a small
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discrete area, a nunber of factors mlitate against jts
effectiveness in the H ghlands.

The useful ness of legislated control as an option may be
seen as a function of enforcenent and the size of the fine
| nposed. Enforcement requires costly inputs of manpower,
support vehicles, and judicial personnel. This must be
considered in light of the great size of the area involved in
the H ghlands and the likelihood of apprehension. The use of
a fine as a deterrent also nmust be considered. A fine that
woul d act as an exanple to others could possibly be seen as
di sproportionate to the magnitude of the individual crime. It
is unlikely that this would be acceptable within the judicia
system

A consideration of the practicality and economc
realities of apprehension |eads one to conclude that the
application of legislated controls provides at best only an
“illusion of control" (Sheridan 1979, p79).

6. 3 | NTEGRATED MANAGEMENT OPTI ON

Conclusions reached by this study, and on-site
observations of ATV damage, indicate that an integrated
managenent approach is the preferred option. Such a plan

would incorporate education and training, recreational
planning, and consideration of alternative institutional
arrangenments, conbined wth |limted legislated control
(Johnson 1987).

During the summer and fall of 1990, in response to
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nunerous conplaints of illegal ATV and trail bike use, the
Hal i fax Police Departnent, in conbination wth Honda Canada
and the provincial Registry of Mtor Vehicles, conducted an
educational/training programin junior and senior high schools
on the city outskirts. This program in conbination with
enforcement, reduced the nunber of conplaints received by 90-
95% (Martin 1990). Many parents on learning, through this
program, Of the environnental danmage done by these nachi nes
returned their kids' trail bikes and aTvs to the deal ers and
the kids reported that they "didn’t realize the
(environnental ) damage" the nmachines could do (Martin 1990).

This program denonstrates the need for recreational
planning which would consider the requirenments of ATV
recreationalists. The lack of ORV facilities in the Halifax
area has been voiced by the Halifax Police Departnent and al so
provincially (Johnson 1987, Freedman and Willison 1989).
Qpportunities exist under the Trails Act (1988) to designate
aTv trails and also to close specific areas to these vehicles.
Qpportunities also exist for private operators.

Whien alternativé institutions are actively involved in
the programthe quality and effectiveness of the programis
enhanced w th alternative ideas. The credibility and
acceptance of the programis also increased. The potential
for confrontation is reduced, and the skills, know edge,
commtnment, and interest of these institutions will help

further the goals of the program Local area snowmobile/ATV
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clubs, that already have an investnent in the H ghlands by
virtue of their cabins, could be utilized in this regard.

An integrated managenent approach has several advantages
over the status quo and |egislated control options. Unli ke
the status quo option, the integrated managenent approach
denonstrates that the environnment is a resource worth
protecting. The integrated approach attenpts to address the
causes of the problem Finally, the application of limted
| egislated control in an integrated approach would act as a
deterrent to those who choose to disregard the nmanagenent
obj ecti ves.

1. CONCLUSIONS AND RECOMMENDATIONS
7.1 CONCLUSIONS

ATvs should be prohibited fromall bogs and wetlands in
the Cape Breton Highlands. This study has denonstrated that
these ecosystens are unsuitable for aTv travel as they are
very susceptible to damage from recreational vehicles. Trails
shoul d be situated through wooded areas or devel oped in upland
forests to avoid sensitive areas. Alternative trails should
be closed to ATV use to permt natural regrowmh to occur.
Qpportunities exist to include the snowmbile clubs in this
exercise of rationalizing thz trail systens. These trails
shoul d be constructed in such a manner as to provide an
attractive alternative to the trails through the wetl and
areas.

Significant damage to the bogs, in terns of vegetation
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and soil structure damage, has resulted from ATV use of these
areas. This inpact has been characterized by its growth both
in intensity and areal extent.

I npact from ATVs has been determned, by this study, to
be the nost serious ongoing threat to bog ecosystens in the
Hi ghl ands. At present this use has nore potential for
envi ronnent al damage than does either mneral exploration or
I ntensive forest harvesting.

Unl ess a managenent plan is initiated, ATV use in the
H ghl ands will increase. This relatively isolated area is
attractive to ATV and snowrobile enthusiasts fromas far away
as Halifax. As prohibitions on ATV use are inposed in other
areas of the province the pressure of ATV use in the H ghlands
wi Il increase.

The results of this study, in ternms of the inpact of ATVs
on bog, have application to bog ecosystens in general. It is
equal ly inportant that all bogs and wetlands be protected from
the pressures of recreational inpacts such as those of ATvs.
7.2 RECOMMENDATIONS

Recommendation 1

An integrated nmanagenent program, enconpassing the
conponents of education and training, recreation planning, use
of alternative institutional arrangenents, and limted
| egislated control, should be devel oped and instituted to
control ATV use in the Cape Breton H ghlands. Such a program

must incorporate a conmtnent, by the Provincial Governnent,
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to the preservation of bogs and other wetl ands.
Recommendation 2

A review of the literature and personal observations
indicates that snownbiles also have inpacts on these
ecosyst ens. Therefore, it is inmportant that snowrobil es,
trail bikes, and other off-road vehicles, be included in any
managenent pl ans.
R ndation

Further study is required to determ ne the effects of
ATVs and ot her recreational vehicles on bogs during other
seasons and to provide an indication of the recovery rates of
bog substrate and vegetation. This will provide a better
under standing of the inpacts of recreational vehicles and
assist in the evolution of an integrated managenent program

Further study of the consequences of snowrobile inmpact on
bog ecosystens is warranted. This subject, like that of the
effects of ATvVs on bogs, has not been widely investigated.

Recommendation 4

Danage to Ji m Canpbel | s Barrens, caused by the inproper
use of the bog for transportation by a mneral exploration
conpany was noted during the field investigation. This damage
resulted froma |ack of understanding by the exploration crews
of the inportance and fragility of these ecosystens.
Information courses designed to foster awareness and
appreci ation of these ecosystens should be a requirenent for

t hose working comercially in, or near, fragile ecosystens
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such as bogs or wetl ands. Such courses should be nade a
condition of |icensing agreenents.
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