
Society for Conservation Biology

Effects of Rock Climbing on Populations of Presettlement Eastern White Cedar (Thuja
occidentalis) on Cliffs of the Niagara Escarpment, Canada
Author(s): P. E. Kelly and D. W. Larson
Source: Conservation Biology, Vol. 11, No. 5 (Oct., 1997), pp. 1125-1132
Published by: Wiley for Society for Conservation Biology
Stable URL: http://www.jstor.org/stable/2387394 .

Accessed: 06/07/2014 12:02

Your use of the JSTOR archive indicates your acceptance of the Terms & Conditions of Use, available at .
http://www.jstor.org/page/info/about/policies/terms.jsp

 .
JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of
content in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms
of scholarship. For more information about JSTOR, please contact support@jstor.org.

 .

Wiley and Society for Conservation Biology are collaborating with JSTOR to digitize, preserve and extend
access to Conservation Biology.

http://www.jstor.org 

This content downloaded from 128.255.6.125 on Sun, 6 Jul 2014 12:02:12 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/action/showPublisher?publisherCode=black
http://www.jstor.org/action/showPublisher?publisherCode=scbiol
http://www.jstor.org/stable/2387394?origin=JSTOR-pdf
http://www.jstor.org/page/info/about/policies/terms.jsp
http://www.jstor.org/page/info/about/policies/terms.jsp


Effects of Rock Climbing on Populations of 

Presettlement Eastern White Cedar 

(Thuja occidentalis) on Cliffs of the 

Niagara Escarpment, Canada 

P. E. KELLY* AND D. W. LARSON 
Department of Botany, University of Guelph, Guelph, Ontario, Canada, NlE 4T7 

Abstract: Cliffs of the Niagara Escarpment support a self-sustaining presettlement forest of eastern white 
cedar (Thuja occidentalis L.) in which some trees are over 1000 years old. Many of the cliffs are also popular 
locations for recreational rock climbing. Our study employed a stratified random sampling design to assess 
the impact of rock climbing on populations of cliff-face and cliff-edge trees. Tree density and age structure 
were compared between four climbed and three unclimbed sites in the vicinity of Milton, Ontario. Signs of 
physical damage were also recordedfor the trees sampled at each site. The results showed that living tree den- 
sity on the cliffface was lower in climbed areas. The age structures of these forests showed that the numbers 
of older and younger age classes have been reduced on climbed clifffaces compared with unclimbed areas. A 
high percentage of trees on climbed clifffaces showed evidence of damage by humans. These trends were not 
as apparent on cliff edges where other disturbances have affected age structure. We recommend that clifffaces 
be explored for the presence of presettlement forest and that recreation managers of lands with exposed cliff 
faces incorporate rock climbing considerations into their management plans. Monitoring programs would 
help track levels of disturbance. Education of the climbing community would be the most effective long-term 
solution to limiting disturbance in sensitive areas. 

Efectos del Alpinismo en Poblaciones Pre-colonizaci6n de Cedro Blanco del Este (Thuja occidentalis) en los 
Acantilados de la Escarpa del Niagara, Canada 

Resumen: Los acantilados del Niagara soportan un bosque auto-sostenido de cedro blanco del este (Tuja 
occidentalis) en el cual algunos arboles tienen mas de 1000 afnos de edad. Muchos de los acantilados son tam- 
bin localidades muy atractivas para el alpinismo. Nuestro estudio utiliz6 un diseflo de muestreo al azar 
estratificado para evaluar el impacto del alpinismo en las poblaciones de drboles ubicadas en la cara y el 
borde del acantilado. La densidad de arboles y la estructura de edades fue comparada entre cuatro sitios 
escalados y tres sitios sin escalar en los alrededores de Milton, Ontario. Sefnas de dafno fisico fueron tambien 
registradas para los drboles muestrados en cada sitio. Los resultados muestran que la densidad de arboles 
vivos en la cara de los acantilados fue menor en areas escaladas. La estructura de edades de estos bosques 
mostr6 que el ntimero de clases de edad avanzada y j6venes han sido reducidas en las caras de acantilados 
escalados en comparaci6n con areas no escaladas. Un alto porcentaje de arboles en la cara de acantilados en 
areas de alpinismo muestran evidencias de dafno humano. Estospatrones nofueron tan aparentes en los bor- 
des de los acantilados donde otras perturbaciones han afectado la estructura de edades. Recomendamos que 
las caras de los acantilados sean exploradas en busqueda de bosquespre-colonizacion y que los manejadores 
de areas con acantilados con caras expuestas incorporen en sus planes de manejo algunas consideraciones al 
alpinismo. Programas de monitoreo podrian ayudar a ser la soluci6n mas efectiva a largo plazo para la lim- 
itaci6n de perturbaciones en areas sensitivas. 

*Address correspondence to P. E. Kelly, email pkelly@uoguelph.ca 
Paper submittedJuly 15, 1996; revised manuscript accepted November 14, 1996 
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Introduction 

In eastern North America few forest ecosystems have es- 
caped the disturbance associated with the rapid expan- 
sion of humans across the continent. Presettlement for- 
ests persist in small, isolated pockets because they grow 
in soil conditions unsuitable for cultivation (Stahle & 
Chaney 1994), are relatively inaccessible (Hiebert & 
Hamrick 1984; Ogden 1985), or have been publicly or 
privately protected for many generations (Weaver & 
Ashby 1971; Parker 1989). A lack of presettlement forest 
creates problems for ecologists and land managers who 
wish to develop models of self-sustaining forests for 
management and restoration purposes (Whitney 1987). 

A presettlement forest of eastern white cedar (Thu]a 
occidentalis L.) persists on cliff faces of the Niagara Es- 
carpment, Ontario (Larson 1990; Larson & Kelly 1991). 
Although the cliff face has been appreciated for its aes- 
thetic value, it has not been logged because the cliff is inac- 
cessible and the trees have complex morphologies (Kelly 
et al. 1992), making them unsuitable for lumber. Trees 
in excess of 300 years are common along the escarpment, 
and in undisturbed habitats seedling recruitment is occur- 
ring (Larson & Kelly 1991). The oldest individual located 
thus far had 1653 annual rings (personal observation). 
The eastern white cedars on the Niagara Escarpment now 
represent the second longest-lived tree species in Canada 
(next to yellow cedar [Chamaecyparis nootkanensis] in 
coastal British Columbia [Stoltmann 1993]) and the long- 
est-lived trees in North America east of the Rocky Moun- 
tains. Evidence from radiocarbon-dated forest remnants in 
the talus (Kelly et al. 1994) and cedar stumps lying in 
rooted position under the waters of Georgian Bay (Larson 
& Melville 1996) indicated that this forest has persisted on 
the Niagara Escarpment for almost 10,000 years. 

This forest has important ecological values as part of 
the remaining natural heritage of eastern North America 
and is valuable to dendrochronologists and ecologists in- 
terested in climate change and forest dynamics beyond 
the time frame of the most recent logging activity 
(Whitney 1987). These values may be compromised by 
a recent increase in the recreational use of cliffs. Rock 
climbing on the Niagara Escarpment began after WWII, 
and climbing activity increased substantially in the 
1980s and 1990s (Valis 1991). Rock climbers represent 
the sole source of direct anthropogenic disturbance on 
this cliff face. 

Although more and better information is required on 
the effects of recreational activity on ecological systems 
(Cole & Landres 1996), little information is available on 
the impacts of rock climbing on the fauna or flora of 
cliff-face communities. The only two quantitative studies 
are those by Nuzzo (1995; 1996) in Mississippi Palisades 
State Park, Illinois. Nuzzo (1995) studied the impact of 
climbing on the threatened cliff goldenrod (Solidago 
sciaphila) and found that climbing activity had a signifi- 

cant, negative impact on the density of individuals in up- 
per cliff zones. Nuzzo (1996) quantified the community 
structure of the cliff flora in climbed and unclimbed sites 
and found that rock climbing activity significantly re- 
duced lichen cover and lichen species density but did not 
significantly reduce herbaceous vegetation. Shrub spe- 
cies, but not tree species, are described from this cliff. 

The goal of our project was to determine the impact 
of recreational rock climbing on old-growth eastern 
white cedar (Tbuja occidentalis) growing on cliffs of 
the Niagara Escarpment, Ontario. Specifically we tried to 
answer the following questions: (1) Is the density of 
eastern white cedar stems lower on climbed cliff faces 
than on unclimbed cliff faces? (2) Has the age structure 
of the cliff-face forest been altered by climbing activity? 
(3) Are there physical signs of human damage on the 
cliff face, and are they restricted to climbing routes? and 
(4) Are the patterns observed on the cliff face repeated 
at the cliff edge? 

Methods 

Sampling Sites 

Three unclimbed and four climbed cliffs were located 
on the Niagara Escarpment approximately 30 km south- 
west of Toronto, Ontario, Canada. All sampled cliffs 
were located within a 13 km area to reduce the influence 
of extraneous factors such as rock type and climate. Un- 
climbed transects were assumed to represent pre-climbed 
conditions. The climbed sites sampled were located 
within Kelso, Mt. Nemo, and Rattlesnake Point Conserva- 
tion Areas. The cliff face at Rattlesnake Point is 250 m 
long and is generally regarded as the most heavily 
climbed section of the Niagara Escarpment. Rattlesnake 
Point is the only section of cliff face in the region where 
rock climbing is taught. One hundred and forty-two estab- 
lished and graded climbs are located here (Valis 1991). 
Kelso is 100 m long and has 51 graded climbs (Valis 
1991). Both Kelso and Rattlesnake Point were opened to 
recreational rock climbing in the 1950s (Valis 1991). 

Climbed sites in Mt. Nemo Conservation Area were lo- 
cated at opposite ends of a 2.6-km section of the cliff 
face. There were 211 established and graded climbs 
listed for the entire length of this cliff (Valis 1991). Two 
of the unclimbed sites were also located here because 
climbing routes have not yet expanded along the entire 
length of this cliff face. Mt. Nemo has many long sections 
(>7 m long) of undisturbed cliff face between climbing 
routes. A third unclimbed site at Milton Heights is located 
on private property and is closed to climbing. Fourteen 
climbs had been established here but these portions of 
cliff were not included in the sampling. 

We refer to the latter three sites as unclimbed, but in 
actuality, this cannot be confirmed. It might be best to 
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think of these sections as "minimally climbed." How- 
ever, in 11 years of study at the Milton Heights location, 
sometimes involving studies with daily visits to the cliff 
over long periods of time (Bartlett et al. 1990; Matthes- 
Sears & Larson 1990; Matthes-Sears et al. 1993), only 
once have climbers been encountered. 

Sampling Design and Age Determinations 

Five sampling transects were selected at each climbed 
and unclimbed cliff site using a random numbers draw. 
Each sampling transect was 5 m wide and extended 
from the base of the cliff to the cliff top and 3 m back into 
the plateau. An area of 25 m X the height of the cliff was 
sampled at each of the seven cliff-face sites, and 75 m2 of 
cliff edge was sampled at each site (3 m X 5 m X 5 m). 
Every tree was measured and/or sampled within each 
transect. Each tree was sketched and data collected in- 
cluded tree height, basal diameter (bd), coring height, 
diameter at coring height, and distance from cliff edge. 
Observations were also made on growth form, cambial 
mortality, and anthropogenic disturbance. 

At climbed sites sampling transects were randomly lo- 
cated directly on top of climbing routes with grades of 
approximately 5.7 to 5.9 and those given a star rating in 
The Escarpment; A Climber's Guide (Bracken et al. 
1991) because these routes are climbed on a regular ba- 
sis. On unclimbed cliff faces at Mt. Nemo, sampling 
transects were located between sampled, climbed cliff 
faces and randomly selected from all unclimbed cliff sec- 
tions that exceeded 7 m in length. At Milton Heights 
five, 5-m wide transects were randomly selected from a 
previously measured 200-m length of cliff face. 

The ages of the trees in each cliff-face and cliff-edge 
transect were determined from tree-ring records ob- 
tained using increment borers. Access to the cliff face 
was made from the top using technical rock climbing 
equipment which allowed researchers to descend the 
cliff and position themselves at individual trees and hang 
in situ for measurement and sampling. This technique 
minimized impacts because the researcher did not have 
to climb the cliff to access the trees. The rooting point 
of each tree was the reference point for determining a 
tree's location within or outside a transect. The height 
of the cliff at each transect was also measured. Field- 
work was conducted between the months of May and 
October, 1995. 

Increment cores were extracted from all living trees 
greater than 2.5 cm bd. Cores were extracted from as 
close to tree base as possible. These cores were stored 
in straws in the field and then air-dried, glued onto 
wooden mounts and sanded. The rings were counted us- 
ing a stereo microscope. In some cases the core did not 
pass through the pith of the tree. In these instances an 
age correction procedure adapted from Duncan (1989) 
was used to estimate the number of missing rings in the 

core. Wherever possible, the cedars were cored as close 
to the base or root/shoot boundary as possible; how- 
ever, in some instances the proximity of the cliff face, 
the morphology of the tree, or the presence of rot near 
the base precluded this. In trees where the coring 
height was greater than 5% of the total height of the 
tree, the following height correction factor was derived 
to correct for tree-rings lost: 

N- =(C)(A)+a 
(H- C) 

where N is the new age of the tree, A is the age of the 
tree at coring height (C), and H is the total height of the 
tree. Corrections were applied based on a mean longitu- 
dinal growth rate for the life of the tree. Coring heights 
<5% of tree height were exempted because of the er- 
rors inherent in determining the precise location of the 
root/shoot boundary. 

Because Thuja occidentalis stems will continue to 
produce uninterrupted radial growth for hundreds of 
years following the death of their main axes (Kelly et al. 
1992), adjustments for age lost due to coring height will 
be overestimated unless this missing height is taken into 
account. Theoretical heights were calculated from basal 
diameters for sampled cedars with aborted leaders or 
broken main axes. Quadratic equations were derived for 
the relationship between basal diameter and height for 
intact cliff-edge (R2 = 0.94, p < 0.0001) and cliff-face 
trees (RJ2 = 0.93, p < 0.0001), and new estimated 
heights were calculated when required. 

Tree-ring counts on the lowermost branch allowed for 
age determinations on trees too small to core, (i.e., liv- 
ing trees < 2.5 cm bd). These were adjusted for height if 
necessary. For small trees where sampling of any kind 
would involve the potential death of the tree, an esti- 
mate of age was made from its basal diameter. Although 
the strength of the relationship between basal diameter 
and age in trees can be variable (Veblen 1986), this rela- 
tionship is strong for small diameter eastern white cedar 
on the cliff. Using known data from 50 eastern white ce- 
dar seedlings and saplings collected from the Niagara Es- 
carpment cliff face in 1989 and 1992, the equation 

Age = 10.51 Ln(bd) 

[R2 = 0.84, p < 0.0001] 

was derived and the ages were determined. 
Age determinations of dead trees were made from 

cores or cut cross-sections. These cross-sections were 
sanded, and the rings were counted using a stereo mi- 
croscope. Tree-ring width measurements were made for 
all dead trees and living trees with problematic tree-ring 
records (i.e., rot or missing tree-rings) using a tree-ring 
incremental measuring system consisting of a slide table, 
stereo microscope, digitizer, and personal computer. 
Cross-dating is the principal tenet of the science of den- 
drochronology which uses the tree-ring records of trees 
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to date specific events in time (Fritts 1976). Eastern 
white cedar is especially useful dendrochronologically 
because most cliff-face cedars respond similarly to chang- 
ing environmental conditions; this change being recorded 
as fluctuations in tree-ring widths (Kelly et al. 1992; 
1994). We used Program COFECHA of the International 
Tree-Ring Data Bank Program Library (Holmes 1996) as 
the cross-dating program in this study. Trees were 
grouped into age classes and plotted for examination of 
age structure. 

Density and Human Impact 

The density of cedars on the cliff face was determined 
by dividing the number of living trees growing within a 
transect by the area of rock face sampled. The area of 
cliff face sampled at each location was calculated from 
the measured heights of the individual transects. The 
densities were expressed as numbers of living cedars 
per 100 m2 of cliff face. Differences in the density of 
trees between unclimbed and climbed transects were 
tested using two-tailed, unpaired t tests. 

Observed damage to the cedars was classified into 
three categories. Type 3 damage was damage that oc- 
curred as a direct result of human impact. Trees classi- 
fied with Type 3 damage included those that had been 
sawn or cut down and killed, those that had their main 
axis or branches sawn off but remained alive and those 
with serious rope abrasion that had resulted in the death 
of cambium under the bark layer. Trees with Type 2 
damage had probably, but not obviously, suffered from 
human impact. These kinds of disturbances included ex- 
tensive branch removal in the lowermost portions of the 
tree, extensive bark abrasion or broken (but not cut) 
main axes. Type 1 disturbance was minimal or unde- 
tectable. The data on damage was presented for the sam- 
pled total population of trees and for the >2.0 cm bd 
size class. This latter category, although arbitrary, was 
thought to be more useful for interpreting the magni- 
tude of damage because small trees are not likely to pre- 
serve physical signs of damage. They are more likely to 
disappear completely. All damage data are underesti- 
mates because they do not include trees that have been 

removed and for which there is no physical evidence of 
their existence. 

Results 

Summary 

In total, 843 eastern white cedars were measured and/or 
sampled during this study, 691 of which were living 
(Table 1). More living trees were located in the climbed 
cliff-edge locations relative to the unclimbed cliff-edge 
locations (173 to 136 individuals); however, nearly 
twice as many living trees were found in the unclimbed 
cliff-face locations (245) compared to the climbed cliff- 
face locations (137) (Table 1). A slightly larger percent- 
age of living trees were located in climbed locations. 

Cliff areas sampled varied little between climbed and 
unclimbed sites, whereas the range of heights on sampled 
cliffs was the same between unclimbed and climbed lo- 
cations. The mean height of the unclimbed cliff-face 
transects was 2.7 m taller than the mean height of the 
climbed cliff-face transects. Similarly, the mean area of 
sampled unclimbed cliff-face transects was 580 m2 com- 
pared with 520 m2 for climbed transects (Table 1). 

Age Structure 

In total, 32% of all tree ages were adjusted to compensate 
for missing rings from the pith of the tree and 44% of all 
tree ages were adjusted for missing rings lost due to cor- 
ing height (9% of the ages were adjusted using theoretical 
heights). The ages of 18% of the trees were estimated 
from size data because they were too small to sample. 

The mean number of trees in each age class was plot- 
ted for unclimbed and climbed cliff-face and cliff-edge 
locations (Figs. la & lb). On the cliff face, the mean 
number of trees was higher in unclimbed locations than 
in climbed locations for 9 of the 10 youngest age classes 
(Fig. la). Although the mean number of trees in climbed 
locations was slightly higher than the mean number of 
trees in unclimbed locations in the 151- to 200-year age 
class, there were six other age classes where the mean 

Table 1. Summary data for cliff heights, cliff areas, and total numbers of sampled living and dead Thuja occidentalis from climbed and 
unclimbed sites on cliff faces and cliff edges of the Niagara Escarpment, Ontario, Canada. 

Cliff bt. (m) Area (m2) Number of trees Percent 

Sampling location Status No. of sites Mean Range Mean Range Living Dead Total Living trees 

Cliff unclimbed 4 23.5 16.5-29.5 580 463-690 245 76 321 76.3 
Cliff climbed 3 20.8 16.5-29.5 520 465-623 137 22 159 86.2 
Edge unclimbed 4 75 75 136 33 169 80.5 
Edge climbed 3 - - 75 75 173 21 194 89.2 
Cliff both 7 22.3 16.5-29.5 554 463-690 382 98 480 79.6 
Edge both 7 75 75 309 54 363 85.1 
Both both 7 - 691 152 843 82.0 
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Figure 1. The mean age structure of sampled Thuja oc- 
cidentalis at climbed and unclimbed sites on clifffaces 
and cliff edges of the Niagara Escarpment, Ontario, 
Canada. 

number of trees in unclimbed locations was at least 
twice the number of trees in climbed locations. The old- 
est living cliff-face trees (>750 years) were located in 
unclimbed locations. 

The trends in age structure for the cliff edge (Fig. lb) 
show that the mean number of trees in the youngest age 
class was higher in climbed locations compared with un- 
climbed locations. A closer examination of the data re- 
vealed that 61 one-year-old seedlings in an otherwise 
empty climbed cliff-edge transect was responsible for 
this difference. The remaining five 25-year age classes 
up to 150 years show lower mean numbers of trees in 
the climbed locations compared with the unclimbed lo- 
cations (Fig. 1). In both unclimbed and climbed loca- 
tions, there were also higher mean numbers of trees in 
the 101-125-year age class than in the preceding two 
younger age classes (51-75 and 76-100 years). Sampled 
cliff-edge trees did not have ages over 200 years. 

Tree Density 

The density of trees in the three unclimbed locations 
was significantly (p < 0.0009) higher than the density 

in the four climbed locations. The density of living cedar 
trees on the cliff face varied between 2.1 and 7.8 trees 
per 100 m2 at the climbed locations and between 9.0 
and 21.2 trees per 100 m2 at the unclimbed locations 
(Table 2). At the cliff edge, there was no significant dif- 
ference between the unclimbed and climbed locations 
(Table 2). Similar patterns were found when only old- 
growth individuals were considered. Mean density of 
trees ?100 years was 2.3 at the climbed sites and 5.8 
trees per 100 m2 at the unclimbed sites (p < 0.003). 
There was no significant difference in tree density be- 
tween climbed and unclimbed cliff edges (Table 2). 
Mean density of trees ?300 years was 0.4 trees per 
100 m2 at climbed sites and 1.8 trees per 100 m2 at 
unclimbed sites (Table 2). No sampled cliff-edge trees 
exceeded 300 years in age. 

Human Impact 

There was a strong relationship between the presence 
of rock climbing and the frequency of Type 3 damage to 
trees on cliff faces and edges. At the climbed sites, 21.4% 
of trees >2 cm bd were damaged. For the same size 
class, 2.3% of the trees at the unclimbed sites showed 
Type 3 damage (Table 3). A similar trend was evident 
from the Type 2 damage data where 16.1% of trees at 
climbed sites >2 cm bd showed Type 2 damage com- 
pared with 2.3% at the unclimbed sites for the same size 
class (Table 3). At the cliff edges, 20.2% of trees >2 cm 
bd at climbed sites showed Type 3 damage compared 
with 4.3% at unclimbed sites. 

Table 2. The mean density of all living sampled Thuja 
occidentalis stems, stems ?100 years, and stems ?300 years at 
climbed and unclimbed sites on cliff faces and cliff edges of the 
Niagara Escarpment, Ontario, Canada. 

Sampling No. of Tree density (per 100 m2)* 

location sites All ?100 years ?300 years 

Cliffface 
Climbed 4 

Mean 6.1 2.3 0.4 
Range 2.1-7.8 1.3-3.0 0-0.6 

Unclimbed 3 
Mean 14.9 5.8 1.8 
Range 9.0-21.2 4.2-6.7 0.6-3.2 

Cliff edge 
Climbed 4 

Mean 34.6 5.8 0 
Range 5.3-137.3 1.3-25.3 0 

Unclimbed 3 
Mean 36.2 9.6 0 
Range 24.0-109.3 6.7-26.7 0 

*The difference in means between climbed and unclimbed clifffaces 
was highly significant (p < 0.001) for the three age classes. The dif- 
ferences in means between cliff edges at climbed and unclimbed 
sites were not significant (p > 0. 05) (excluding trees ?300 years). 

Conservation Biology 

Volume 11, No. 5, October 1997 

This content downloaded from 128.255.6.125 on Sun, 6 Jul 2014 12:02:12 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


1130 Effects ofRock Climbing on Cliff Cedars Kelly & Larson 

We thought Type 2 tree damage was attributable to 
humans. To determine if this was so, the percentage of 
trees >2 cm bd with Type 2 damage was compared 
with the percentage of trees >2 cm bd with Type 3 
damage (definite human impact) at the 14 cliff-edge and 
cliff-face sites. This relationship was found to be highly 
significant (R2 = 0.53, p < 0.003), and we concluded 
that Type 2 damage was also of human origin. An exami- 
nation of Type 2 and Type 3 damage data therefore pro- 
vided a summary of total damage to the trees. On 
climbed cliff faces 37.5% of trees >2 cm bd were dam- 
aged compared with 4.7% of trees >2 cm bd on un- 
climbed cliff faces (Table 3). The presence of some dam- 
age on unclimbed transects indicated that some 
unclimbed transects may have been climbed. A closer 
examination of the data, however, revealed that the 14 
damaged individuals rooted in unclimbed cliff transects 
were either accessible from the cliff edge or grew along 
the cliff and into neighboring climbing routes. 

At the cliff edges at climbed sites, 36.5% of the trees 
>2 cm bd were damaged compared with 12.1% of trees 
>2 cm bd at unclimbed sites. Similar trends in damage 
were found with the total population of trees (including 
the <2 cm bd class), although Type 2, Type 3, and Type 
2 + 3 percent damage values were less in all instances 
except Type 3 damage at unclimbed sites. For cliff-faces 
and cliff-edges, the percentage of trees damaged at 
climbed sites was considerably greater than at un- 
climbed sites. In actuality, these differences were much 
greater because trees that had been completely elimi- 
nated from the cliff face could not be censused. 

Discussion 

Old-growth forests have been recognized as sites with 
value at many different levels (Whitney 1987). Whether 

Table 3. The percentage of Thuja occidentalis stems (entire 
population and population >2 cm basal diameter) with Type 3 
(obvious human impact) and Type 2 (probable human impact) 
damage on sampled climbed and unclimbed cliff faces and cliff 
edges of the Niagara Escarpment, Ontario, Canada. 

Percent damaged 
(living and dead) 

Sampling location Size class Type 3 Type 2 Total 

Cliffface 
Climbed all 17.0 11.3 28.3 
Unclimbed all 2.5 1.9 4.4 
Climbed >2.0 cm bd 21.4 16.1 37.5 
Unclimbed >2.0 cm bd 2.3 2.3 4.7 

Cliff edge 
Climbed all 10.8 10.3 21.1 
Unclimbed all 3.0 5.3 8.3 
Climbed >2.0 cm bd 20.2 16.3 36.5 
Unclimbed >2.0 cm bd 4.3 7.8 12.1 

as reservoirs of biodiversity, areas to be exploited for re- 
search, education, and recreation, or as sites protected 
for their intrinsic value, the identification and conserva- 
tion of presettlement forests is becoming an important 
ecological priority worldwide. Despite awareness of 
these multiple values, there has been little emphasis in 
the recent literature on the mutual exclusivity of some 
of them. Although Cole and Landres (1996) pointed out 
that recreational use of such lands can result in signifi- 
cant losses to biodiversity, we know of no papers that il- 
lustrate the relationship between recreation activity and 
the structure or function of old-growth forests. This 
present work, therefore, represents a significant contri- 
bution to this literature by quantifying the relationship 
between recreational rock climbing and forest demogra- 
phy in what Swetnam and Brown (1992) would label as 
a "super old-growth forest." 

On the Niagara Escarpment recreational climbing has 
three apparent impacts on cliff faces: (1) lower density 
of living trees on climbed sections of cliff face relative to 
unclimbed sections; (2) different age structures with re- 
ductions in the numbers of older and younger on 
climbed cliff faces; and (3) six to eight times more phys- 
ical signs of damage on climbed cliffs compared with un- 
climbed cliffs. These results indicate that rock climbing 
has had a negative impact on populations of old-growth 
Thuja occidentalis on cliff faces of the Niagara Escarp- 
ment. No other form of natural or human disturbance 
could account for these trends. 

Along cliff edges the nature of the disturbance regime 
is less distinct. Climbed sites show (1) reductions in the 
density of trees >100 years; (2) fewer trees in all but the 
youngest age class; and (3) two to three times more 
physical signs of damage. Although the age structure of 
the trees at climbed cliff-edge sites showed the reverse 
"J" age structure indicating successful regeneration (Sil- 
vertown 1982; Holla & Knowles 1988), the unclimbed 
cliff-edge sites showed a broader age distribution. Al- 
though climbed cliff-edge sites showed more evidence 
of damage and a reduction in older individuals, the dis- 
turbance cannot be attributed solely to climbers. The ab- 
sence of younger trees along unclimbed cliff-edge sites 
may reflect disturbance from hiking (Larson 1990). The 
higher numbers of trees in the 101-125-year age class at 
both unclimbed and climbed sites may be a cohort that 
coincides with the logging of the plateau forest. 

Cole and Landres (1996) define the significance of an 
impact to a wilderness ecosystem as being a function of 
"attribute" and "impact" characteristics. According to 
this definition, the impact of rock climbing on the cliff 
face of the Niagara Escarpment is highly significant. The 
extreme ages of the trees (Kelly et al. 1994) make the 
forest irreplaceable except over extremely long periods 
of time and the conditions necessary to produce this ex- 
treme longevity in eastern white cedar have only been 
found on cliff faces (Walker 1987; Larson & Kelly 1991; 
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Young 1996). Climbing on Niagara Escarpment cliffs, 
which has occurred for almost 50 years, is changing as 
both the areal extent and intensity of climbing increases 
(Valis 1991). 

The cliff-face impacts are made more significant by the 
extreme ages of the trees that grow there. Maximum ages 
in the cliff-edge forest do not exceed 200 years. Also, 
disturbance-induced mortality on the cliff face has a more 
serious impact on the long-term demographics of its tree 
population than the same mortality at the cliff edge. In 
areas with an adequate soil cover, reproduction in eastern 
white cedar occurs through vegetative propagation and 
layering (Curtis 1946; Beals 1965). On the cliff face there 
is rarely a significant accumulation of potential rooting 
medium for layering to occur; thus, cliff-face individuals 
rarely have adequate space for root systems to develop 
(Matthes-Sears et al. 1995; Matthes-Sears & Larson 1995). 
On the cliff face reproduction is principally from seedling 
establishment in cracks and solution hollows. 

Implications for Management and Planning 

Rock climbing on cliffs has an extended history (Bunting 
1973) but cliffs themselves have never been viewed as 
habitats that required specific conservation policies. Re- 
cent discoveries of presettlement forest on the Niagara 
Escarpment (Larson & Kelly 1991) show that the impor- 
tance of cliff faces extends beyond their use as recre- 
ational resources. It is likely that cliffs elsewhere sup- 
port presettlement forest (Stahle & Chaney 1994) but 
this is not known because few other cliff faces have at- 
tracted direct scientific inquiry (Nuzzo 1995; 1996). Land- 
owners may be unaware that cliffs on their properties 
support a unique flora or fauna and equally unaware of 
the impacts of rock climbing on these cliff faces. 

Evidence presented here shows that rock climbing is 
incompatible with the use of Niagara Escarpment cliffs 
for long-term goals of conservation and research. Short- 
term and long-term management goals specifically aimed 
at rock-climbing activity are required if this presettlement 
forest is to be preserved. Most importantly, rock climbing 
needs to be incorporated into management plans for pub- 
lic spaces where cliff faces are present. Recreation manag- 
ers often respond much slower than the general public in 
recognizing a rapidly growing recreational pursuit. For 
example, although mountain bike use in the United 
States increased 75-fold between 1983 and 1990, only 
8% of surveyed recreation managers of federal lands had 
incorporated mountain biking into their management 
plan (Chavez et al. 1993). Similarly, rock climbing is not 
discussed in the Niagara Escarpment Plan (Niagara Es- 
carpment Commission 1994) despite almost 50 years of 
activity and a recent surge in popularity (Valis 1991). 

Possible management strategies for recreation impacts 
include both direct and indirect techniques (Cole 1995). 

For rock climbing direct techniques would include limit- 
ing the number of climbers or closing climbing sites. 
These are not applicable on the Niagara Escarpment be- 
cause both would lead to a greater areal extent of dam- 
age as climbers would go elsewhere where limitations 
aren't in effect (Jim 1989; Cole 1993, 1994). Controlling 
access to the cliff face is difficult because of a lack of fi- 
nances for enforcement personnel and the accessibility 
of these cliffs from many different directions. The most 
effective direct technique would be to limit climbing to 
currently established climbing routes and sites, but again 
this could not be enforced. Indirect techniques such as 
increasing entrance fees (Cole 1995) may reduce num- 
bers at some sites but increase visitation to areas where 
there is no controlled access, thus increasing areal ex- 
tent. The above controls would be difficult to imple- 
ment in southern Ontario because rock climbing has de- 
veloped and flourished unchecked for over 40 years. 

Education of the climbing community is likely to be 
the most effective long-term management strategy for 
cliff faces of the Niagara Escarpment. Cole (1995) states 
that for recreation impacts, it is a waste of time and 
money to treat the effects of a behavior without trying 
to alter the behavior itself. Educating the climbing com- 
munity in southern Ontario (climbing organizations, 
clubs, gyms, and instructional schools) about the inher- 
ent values of this unique forest could help reduce the 
impact, especially if the most recent information is of- 
fered by the community itself. Climbing schools offer 
the greatest opportunity for disseminating information 
because young and novice users are easier to educate 
than others (Jim 1989). Experienced climbers could be 
educated through displays at climbing sites which allow 
visitors to appreciate and interpret the unique attributes 
of the environment (Jim 1989). 

Education, however, is not a short-term solution (Cole 
1995). Possible short-term solutions would include re- 
stricting or prohibiting climbing in areas that at present 
are little used or unclimbed. Management plans tend to 
give little consideration to areas that are currently undis- 
turbed, yet these are the most vulnerable to further dis- 
turbance (Cole 1994). Anticipatory management tends to 
be the most effective management strategy (Cole 1994). 
The immediate implementation of monitoring programs 
(Cole 1993) would also allow managers to establish clear 
conservation goals that acknowledge the existence and 
extent of the disturbance regime (Hobbs & Huenneke 
1992) on these cliffs. Surveys of usage extending over sev- 
eral years would provide valuable information for monitor- 
ing disturbance. Dendrochronological cross-dating of dam- 
aged trees would allow for a historical reconstruction of 
the temporal and spatial extent of the disturbance regime 
while permanent monitoring transects or plots on the cliff 
face that are censused on a regular basis would provide 
information on the current rate of disturbance at mini- 
mal cost. 
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