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ABSTRACT 
 
Baseline data pertaining to coarse woody debris (CWD) and overstory characteristics 
in a post-disturbance urban forest ecosystem were assessed. We identified four 
research sites that encompass the wide variety of post-hurricane conditions in Point 
Pleasant Park. Each site was representative of different conditions pertaining to 
disturbance intensity and post-disturbance salvage activity (cutting and salvage of 
CWD), and was represented in the study by three 20 m x 20 m sites for each type. 
CWD was sampled through census techniques (i.e. all pieces of CWD within a site 
were measured). Data collection on CWD included length, diameter at midpoint, 
species (where possible) and state of decay. Overstorey data were collected at each 
site to characterize further the ecological conditions. Data collected for each live tree 
within a site included tree condition, species, diameter at breast height (DBH), 
canopy class, and height category; canopy cover was recorded for each site. These 
measurements were used to calculate (live) tree density, proportion of species present, 
and height of main canopy. 
 
The volume of CWD ranged from 1.8 m3/ha in the low-disturbance site to 210 m3/ha 
in the high-disturbance/no-activity site. Average CWD piece volume was greatest in 
the high disturbance/no-activity site (0.20 m3) and lowest in the low-disturbance site 
(0.017 m3). CWD was softwood-dominated in all sites; the low-disturbance site had 
the smallest number of CWD species groups (3), whereas the high-
disturbance/salvage site had the greatest number of CWD species groups (7). CWD in 
all sites was mostly in decay class 2, with the greatest majority in the high-
disturbance/no-activity site. The greatest number of CWD pieces (2,292/ha) and the 
greatest CWD diameter range were found where there was high-disturbance/cutting-
activity, whereas the lowest number of CWD pieces (125/ha) and the smallest CWD 
diameter range were found in the low-disturbance site. 
  
Overstorey density ranged from 1,117 trees/ha in the low-disturbance site, to 17 
trees/ha in the high-disturbance/full-salvage site. Canopy cover ranged from 0-25% in 
all high-disturbance sites to 75-100% in the low-disturbance site. The majority of the 
sites were softwood-dominated, with greatest species richness in the low-disturbance 
area and the lowest species richness in the high-disturbance/full-salvage site. Average 
DBH was greatest in the high-disturbance/cutting-activity site, and lowest in the high-
disturbance/no-activity site. Diameter distribution was highest in the low-disturbance 
site. Snag proportion of total overstorey was lowest in the low-disturbance site and 
highest in the high-disturbance/cutting-activity site.  
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1. Introduction 

1.1 Overview 
 
Urban forest parks, as an important aspect of the urban landscape, offer not only 
recreational experiences for city dwellers, but also help to sustain natural ecosystems 
within urban areas. Situated within an urban setting, city forests are usually isolated 
ecosystems strongly affected by human activity.  
 
Point Pleasant Park, located at the south end of the Halifax peninsula, was hit by 
Hurricane Juan on September 29, 2003. Since that time, managers have been working 
to restore vegetation components of the park ecosystem for visitors. At the same time, 
researchers have recognized the value of the park as an area in which to research 
forest succession as it relates to disturbance recovery. 
 
The amount of dead wood in the park varies according to scale of disturbance and 
clean-up practices. Coarse woody debris (CWD) plays an important role in forest 
ecosystem structure and function, and as such is an important consideration in the 
overall study of forest succession in the park. This project sought to characterize 
CWD for the different areas that encompass the range of disturbance intensity and 
clean-up practices. The characterization of four sites provided baseline data on CWD 
and overstorey characteristics. These baseline data will be useful for future research 
projects pertaining to succession and soil characteristics, wildlife use, beetle 
population studies, etc. This is particularly important in Point Pleasant Park due to 
past brown spruce longhorn beetle (Tutropium fuscum) outbreaks. The results of this 
research project, and its contribution to future initiatives, are valuable assets to inform 
adaptive management processes. 
 
1.2 Aims/ Objectives 
 

• To establish four permanent research sites in Point Pleasant Park that 
encompass the following characterizations: 

1. Low-disturbance 
2. High-disturbance/cutting-activity 
3. High-disturbance/no-activity 
4. High-disturbance/salvage 

 
• To provide baseline data on CWD and overstorey for future research 

pertaining to forest succession after disturbance 
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2. Literature Review 

2.1 Point Pleasant Park: History 
 
Point Pleasant Park is an urban forest park on the tip of the Halifax peninsula that 
provides visitors with 65 hectares of recreational land (Appendix A). The area was 
originally intended  (in 1749) as the settlement location for what was to become the 
City of Halifax, but its shallow shore waters and intense winds redirected its historical 
use and it became a military defense base established by the British in the latter part 
of the 18th century to guard against French military threat. Throughout the following 
century, a number of military fortifications were built throughout the base, before 
focus shifted to public use (Park Planning Committee, 1994). The land was 
designated as a public park in 1866, at which time the British government offered a 
999-year lease of the land to the City of Halifax for the annual cost of one shilling 
(Park Planning Committee, 1994). At this time, the park became subject to various 
vegetation planting and removal activities over a number of years (Kitz and Castle, 
1999). Today Point Pleasant Park continues to provide visitors with a network of 
roads, trails and shorelines for various recreation activities.  
 
2.2 Point Pleasant Park: Physical Description 
 
2.2.1 Forest  
 
Prior to the hurricane, the forest at Point Pleasant Park was made up predominantly of 
late-succession softwood vegetation types dominated by red spruce (Picea rubens), 
white pine (Pinus strobus) and hemlock (Tsuga canadensis), as well as patches of 
late-succession mixed wood vegetation types dominated by yellow birch (Betula 
alleghaniensis), sugar maple (Acer saccharum), white ash (Fraxinus americana) and 
hemlock (Tsuga canadensis). Some small-scale disturbance throughout the park has 
allowed for some early successional species to become established, such as red maple 
(Acer rubrum), white birch (Betula papyrifera), balsam fir (Abies balsamea) and red 
oak (Quercus rubra) (Anonymous, 2003). The majority of the forest is made up of 
native species (predominantly red spruce), but also contains introduced, non-native 
species such as European beech (Fagus sylvatica), English oak (Quercus robur), and 
Norway spruce (Picea abies). See Appendix B for species list. 
 
Studies have shown low nutrient content in overstorey vegetation (Idziak and Rusak, 
1997), as well as general low vigour of the forest, dense canopy closure and little 
regeneration (LaHave Forestry Consultants Ltd., 1984). Crown breakup and 
breakdown in forest structure was predicted as a result of mature to overmature forest 
characteristics (LaHave Forestry Consultants Ltd., 1984). Red spruce dieback has 
occurred throughout Point Pleasant Park since the 1980s, and has been attributed to 
overmaturity of the forest (high canopy competition and age), insect infestation (e.g. 
bark beetle) and pathogens (e.g. root rot). 
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The forest is crisscrossed by a network of roads and walking trails, and is interspersed 
with remnants of military fortifications, manicured lawns and exposed bedrock. The 
park is bounded by oceanic waters (the Northwest Arm and the Halifax Harbour), as 
well as by streets and houses (Halifax south end). The Halifax shipyard is directly 
adjacent to the northeast corner of the park.      
 
2.2.2 Soil 
 
The soil at Point Pleasant Park is highly acidic, shallow and compacted. It is generally 
quite stony, derived from glacial till high in slate. The slope varies from less than 
10% to 60%, making soil susceptible to erosion (Anonymous, 2003). The pH and 
nutrient analysis in 1997 (Idziak and Ruzak, 1997) showed low nutrient levels and 
high acidity (pH 3.3 to 5.4). Nitrogen levels were especially low and attributed to a 
lack of organic matter on the forest floor. Past management, recreation and soil type 
have all contributed to high compaction of soil throughout the park (Park Planning 
Committee, 1994). 
 
2.2.3 Additional Characteristics 
 
The location of Point Pleasant Park makes it susceptible to coastal erosion and strong 
winds characteristic of coastal landscapes. Though there is no freshwater input to the 
park from adjacent ecosystems, there are several of ponds fed by groundwater as well 
as a small bog. Interestingly, the park fosters one of the few established heather 
(Calluna vulgaris) patches in North America (Park Planning Committee, 1994). 
 
Due to the park’s urban location and relatively small size, wildlife in Point Pleasant 
Park is limited in comparison to other forested areas. Red squirrels (Tamiasciurus 
hudsonicus), blue jays (Cyanocitta cristata), crows (Corvus brachyrhynchos) and 
chickadees (Poecile hudsonicus) are commonly sighted in the park. Ravens (Corvus 
corax), dark-eyed juncos (Junco hyemalis), flickers (Colaptes auratus), and white-
breasted nuthatches (Sitta carolinensis) have been known to use the area for nesting 
and feeding (Park Planning Committee, 1994). See Appendix B for species list. 
 
2.3 Management 
 
2.3.1 History 
 
The management of Point Pleasant Park has changed hands a few times throughout 
the history of the park, and various parties have been involved in management 
strategies throughout that time. At the time of park establishment in 1866, and the 
lease of the land to the City of Halifax, management responsibilities were assumed by 
the Point Pleasant Park Commission, consisting of two representatives from the City 
of Halifax, nine volunteers, and four life-long elected members. At the time of 
amalgamation in 1996, the Point Pleasant Park Commission dissolved and the newly 
established Halifax Regional Municipality assumed direct responsibility for the park. 
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In 1997, a Point Pleasant Park Advisory Committee was formed to assist the Halifax 
Regional Municipality with public input into park issues (HRM Parks and Natural 
Services-Recreation Facilities and Point Pleasant Advisory Committee, 1998).  
 
2.3.2 Goals and Guidelines 
 
In 1998 (HRM Parks and Natural Services-Recreation Facilities and Point Pleasant 
Advisory Committee, 1998) a “Master Plan” was drafted for Point Pleasant Park in 
which it was stated that the development and implementation of a long-term action 
plan is crucial to sustain both the recreational and natural resources of the park. It was 
also recognized that “the detailed research needed to offer definitive solutions has not 
been available” and suggested that information for such solutions must be acquired 
over the short term and compiled through long-term research of the park (HRM Parks 
and Natural Services-Recreation Facilities and Point Pleasant Advisory Committee, 
1998).  
 
Management of Point Pleasant Park is challenging in so far as management practices 
are continually changing according to newfound ecological values. For example, until 
the mid-1990’s the Point Pleasant Park Commission was removing dead wood and 
snags in an effort to protect public safety and improve the general aesthetics of the 
park.  Wood was then sold to a local mill and branches and brush were burned (Park 
Planning Committee, 1994). With an increased recognition for the importance of 
CWD, and the handover of the park to the HRM in 1996, management practices 
began to change in order to continue to protect public safety and leave CWD and 
snags as part of the forest ecosystem (John Simmons, personal communication, 
February 17, 2006). 
 
2.4 Disturbance  
 
2.4.1 Use  
 
The only user study that has been done at Point Pleasant Park (Corporate Research 
Associates Inc., 1993) concluded that 60% of HRM residents visited the park at least 
once in the year prior to the study. The main reasons for visiting the park were 
walking, dog-walking and running/jogging. It also concluded that some visitors come 
simply to enjoy nature. Park use places continuous stress on the forest ecosystem in 
the form of soil compaction, disturbance to vegetation, and litter, as well as road-salt 
use and various facilities/fortifications to facilitate year-round use of the park.  
 
2.4.2 Brown Spruce Longhorn Beetle 
 
In July 1998, the first observations of brown spruce longhorn beetle (BSLB) were 
made in Point Pleasant Park. The BSLB is native to Europe, and is presumed to have 
come from wood packing at the Halifax port adjacent to the park (NSDNR, 1999). 
The BSLB affects mostly mature red spruce, but has also been known to affect other 
softwood species. In Point Pleasant Park it was confirmed in March 2000 that BSLB 
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was established in the park and affecting mature red spruce trees. In May 2000, Point 
Pleasant Park was placed under federal plant quarantine by the Canadian Food 
Inspection Agency (CFIA, 2006). In 2000 (Guscott, 2000) a study showed that one-
third of living red spruce trees were under expected BSLB attack and that there were 
3,734 standing dead red spruce trees in the park.  
 
The BSLB mainly attacks trees that are already experiencing low vigour and growth 
rates and, through an infestation characterized by round holes and excess resin on the 
tree bark, serves to further decrease vigour and growth until it causes tree mortality 
(Natural Resources Canada, 2006). Though mostly mature and overmature trees are 
affected, the BSLB is a threat to the forest ecosystem mainly because older red spruce 
are important in stand-level seed production (CFIA, 2006). It also increases 
vulnerability of host trees to other disturbances. Because there is no known chemical 
treatment for the BSLB, the most effective management protocol is to harvest and 
burn the host trees (CFIA, 2006).  
 
2.4.3 Hurricane Juan 
 
A number of storms have affected Point Pleasant Park throughout its history. For 
example, in 1957 a hurricane uprooted more than 1500 trees, and in 1992 a winter 
storm damaged approximately 5000 trees (Park Planning Committee, 1994). 
Hurricane Juan was one of the most powerful and damaging storms to hit Canada in 
recorded history and as a result approximately 90% of mature tree growth in Point 
Pleasant Park was seriously affected by the storm. Of the 80,000 to 100,000 trees that 
stood in the park before the storm, 60,000 to 75,000 trees were wind-thrown in the 
hurricane (Bowyer, 2003). 
 
2.5 Response to Hurricane Juan 
 
2.5.1 Forest 
 
As a result of the hurricane, the forest characteristics of Point Pleasant Park have been 
drastically altered. Hurricanes of the strength of Juan can be considered a serious 
disturbance in that they “cause[d] significant change in the existing pattern in a 
system” (Forman, 1987) and cause the death/stress of the dominant plants in the 
system (Perry and Ameranthus, 1997). One important outcome of serious disturbance 
is the immediate and sizeable input of coarse CWD through mass tree mortality 
(Stevens, 1997, Sturtevant et al., 1997, Hagan and Grove, 1999, Ranius et al., 2004). 
 
Several factors affect the overall tree mortality and subsequent CWD in different 
stands. For example, soil depth, soil moisture, geographic location, tree age and 
species, or prior damage due to disease, fire and insects (such as the BSLB) can 
significantly affect the vulnerability of a particular stand to wind disturbance (Foster, 
1988; Stevens, 1997; Foster et al., 1998). Previous land use and natural disturbance 
history also add to stand differences (Boose et al., 2001). A severe windstorm thus 
tends to result in a heterogeneous landscape with differing stand conditions 
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depending on the above variables (Oliver and Larson, 1996; Carlton and Bazzaz, 
1998). In effect, it intensifies pre-disturbance variability among stands. The amount 
of CWD will thus be variable throughout the post-disturbance landscape.  
 
The effects summarized above can all be seen in the post-hurricane landscape at Point 
Pleasant Park. Disturbance intensity, tree vulnerability and subsequent mortality, as 
well as clean-up practices, varied throughout the park to make a highly heterogeneous 
landscape. The park is characteristic of a post-disturbance landscape in that it is 
spatially heterogeneous in terms of light intensity, soil organic matter, moisture, and 
CWD amounts (Carlton and Bazzaz, 1998). Trees that survived the hurricane can be 
considered ecological and genetic legacies for future stands (Anonymous, 2003).  See 
Appendix C for landscape photo. 
 
2.5.2 Management 
 
The aftermath of the hurricane has provided a unique opportunity in the management 
of Point Pleasant Park as a forest ecosystem. Management initially had to respond to 
the hurricane aftermath with park closure and clean-up activity. Though operational 
constraints of cleanup included the desire to leave as many standing residuals as 
possible (Anonymous, 2003), actual CWD that was left in the clean-up process has 
not been clearly documented. John Simmons (personal communication, Feb. 12, 
2006), claimed that the clean-up processes followed guidelines set by the Nova Scotia 
Department of Natural Resources (NSDNR), but actual guidelines are ambiguous: 
“During this salvage operation, the operators must adhere to all other provisions of 
the Regulations and leave some trunks and/or large branches as coarse woody debris” 
(NSDNR, 2003). Thus, no clear characterization of CWD in the park since the 2003 
hurricane has been made. 
 
The hurricane disturbance provided an opportunity to devise a new forest 
management plan for the park (Bigelow, 2005). A design competition was launched 
by the HRM and the Point Pleasant Park Design Steering Committee in May 2005 to 
“regenerate, restore, renew” (HRM Corporate Communications and Point Pleasant 
Park Advisory Committee, 2005) the park after the hurricane. The new restoration 
plan that won the competition for park management calls for an adaptive management 
approach that manages “complex natural systems by building on common sense and 
learning from experience...We must learn how to learn from Point Pleasant Park” 
(EPD, 2005). Research in Point Pleasant Park is extremely valuable to understanding 
forest succession characteristics to inform management action. Urban forests should 
be utilized for scholarly research to improve restoration and management techniques 
(Li et al., 2005). Post-hurricane Point Pleasant Park is thus an invaluable asset for 
forest researchers. 
 
 
 
 
 

  



 7

2.6 Coarse Woody Debris (CWD) 
 
CWD can be defined as dead wood found in a forest, including fallen trees, large 
dead branches, and other large pieces of wood. The dead wood may be lying or 
elevated up to 45° but does not include live material, standing dead trees, separated 
bark, dead foliage, roots, or stumps (Waddell, 2002; Wilson and McComb, 2005). 
CWD is an important structural component of forest ecosystems and key to 
ecosystem functioning (Harmon and Hua, 1991; Stevens, 1997; Sturtevant et al., 
1997; Woldendorp et al., 2004; Williams et al., 2005). Specific functions of CWD 
include: small-mammal habitat, seedbeds for seedling establishment, food and habitat 
for decomposers, beetles and other heterotrophs, water storage, and important 
storage/release functions in nutrient cycling, and the return of organic matter to the 
soil (Harmon and Hua 1991; Edmonds and Lebo, 1998; Waddell 2002). 
 
CWD plays an important ecological role for many forest species, providing habitat 
upon which some wildlife has become dependent for survival (Kruys et al., 1999; 
Waddell, 2002; Norden et al., 2004; Woldendorp et al, 2004). Loeb (1999) showed 
that unsalvaged sites after a tornado in a Southeastern pine forest (i.e. where CWD 
remained) hosted more mammal visits than salvaged sites. Similarly, CWD has been 
shown to be crucial to the survival of threatened or red-listed species in different 
forest types (Kruys et al., 1999; Ranius et al., 2004). Hagan and Grove (1999) found 
that 28 bird species, 18 mammal species and hundreds of invertebrate and fungal 
species use dead wood as habitat. The stage of decay of the CWD is also an important 
factor in its availability as habitat for various species (Kruys et al., 1999). 
 
In addition to providing habitat for animal and fungi activity, CWD is also important 
to plant ecology. CWD logs effectively create raised seedbeds suitable for 
germination (Oliver and Larson, 1996). Simard et al. (2003) found that conifer 
survivorship was highest where decaying logs had formed important regeneration 
seedbeds. Forest succession is often characterized by initial growth of deciduous 
species, and subsequent conifer growth may be directly proportional to the 
availability of suitable germination sites, such as those supplied by CWD (Kruys et 
al, 1999). 
 
CWD has been linked to nutrient cycling and moisture storage in forests. As storage 
sites for both water and nutrients (Hagan and Grove, 1999; Waddell, 2002), CWD has 
been shown (Edmonds and Lebo, 1998) to provide sites for N-fixing bacteria, provide 
tree-growth nutrients (Oliver and Larson, 1996), supply carbon to adjacent soil 
(Spears et al., 2003), increase forest productivity, and play a role in carbon 
sequestration (Waddell, 2002). As an important element of nutrient cycles generally, 
CWD initially acts as a nutrient sink and after a period of time provides nutrients to 
the surrounding environment (Edmonds and Lebo, 1998). Laiho and Prescott (2004) 
found that up to 54% of accumulated organic matter in northern coniferous forests is 
yielded by CWD. CWD is also important to soil and slope stability (Hagan and 
Grove, 1999; Woldendorp et al., 2004) as well as soil acidification and podzolization 
(Stevens, 1997). 
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2.7 CWD Research: Rationale 
 
In an ecological framework, the lifetime of a tree extends far past its own biological 
life. A tree has an important influence on a forest ecosystem both as a living organism 
and as dead wood (Harmon and Hua, 1991; Hagan and Grove, 1999). Though interest 
in CWD has increased in the recent past, research pertaining to CWD over time, 
especially in relation to other ecosystem functions, is still in high demand by 
ecologists, biologists and forest managers (Waddell, 2002). CWD measurements are 
important in forest studies to understand its role and dynamics within managed and 
unmanaged forests (Fraver et al., 2002). A number of studies have compared CWD 
amounts in different forests, but research assessing the impacts of CWD over time has 
been sparse (Stone et al., 1998). Such research is important in its utility as a reference 
for forest-management strategies. For example, when assessing the amount of CWD 
that should be left in a managed forest, it is important to have research that elucidates 
the long-term effects of variable CWD volumes and species proportions. Researchers 
agree that there is a lack of information on CWD and that such information would be 
invaluable to forest-management initiatives (Sturtevant et al, 1997; Stone et al., 1998; 
Gove et al., 1999; Waddell 2002; Pregitzer and Euskirchen, 2004; Ranius et al., 2004; 
Wilson and McComb, 2005). 
 
2.8 Establishing Baseline Data for Future Research  
 
One way to further research on CWD is to monitor it over time to assess its ecological 
effects over the long term. This kind of study, suggested by Fraver et al. (2002), 
would initially involve volume/biomass estimates to provide baseline data against 
which the results of forest management could be compared. These data would be 
significant to future research initiatives.  
 
2.9 CWD Sampling Methods  
 
Researchers have found several methods to be effective in quantifying CWD in forest 
sites. With the increasing interest in CWD studies, a number of new methods have 
recently arisen (Williams and Gove, 2003). The two discussed here are line-intersect 
sampling (LIS) and census sampling.  
 

a. Line Intersect Sampling (LIS) 
 Definition: A sampling method where elements from a population are 
selected through their intersection with a chosen line (Cormack et al., 
1979). In the case of CWD, a line transects a certain forested area and 
wood pieces are measured if they are transected by the line.  

Limitations: LIS assumes that the elements in a population are 
distributed randomly. In the case of CWD, it assumes both randomness 
and that all CWD pieces are positioned horizontally on the forest floor 
(Waddell, 2001). Precision is dependent on spatial distribution, frequency 
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and size of CWD pieces (Woldendorp et al., 2004). The line often has to 
be long (up to 1 km in some cases) to reach acceptable accuracy (Williams 
and Gove, 2003). LIS results have not been adequately compared to actual 
CWD volume in a given site (Thompson, 2004).  
 Suitability: LIS sampling is most suitable when the area being assessed 
is large and the CWD randomly distributed. 
b. Census 
 Definition: Census sampling selects every element of specified 
characteristics within a given area. 
 Limitations: Census sampling is not feasible in large sites as fieldwork 
would be too extensive. Other factors, such as accessibility of all elements, 
are also relevant. 
 Suitability: Census sampling is suitable where site size is small (e.g. < 
50 m x 50 m) (Woldendorp et al., 2004) and all CWD pieces are 
accessible for measuring. 
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3. Methods 

3.1 CWD Definition 
 
CWD pieces were considered if their characteristics fell within the following 
parameters: 

• Fallen trees, large branches, large fragments of wood 
• Not including stumps or roots 
• Wood must be situated between 0° and 45° in relation to the forest floor 
• Diameter of wood at midpoint must be greater than 8 cm 

 
 
3.2 CWD Sampling Protocol: Census  
 
In choosing a sampling method for this study, disturbance history, distribution of 
CWD, and site size were considered. Due to variable CWD distributions according to 
variable disturbance intensity, as well as relatively small site sizes, census sampling 
was chosen as the most suitable method. Each piece of CWD (as defined above) 
within each chosen site was selected for measurement. If a piece of CWD extended 
past a site boundary, it was measured only if >50% fell within the site area.  
 
3.3 CWD Measurements 
 
Each piece of CWD selected in the census sampling described above was measured 
for length, diameter at midpoint, species and decay class. 
 

1. Length 
Length (nearest cm) of each piece of CWD sampled was measured. 
2. Diameter at Midpoint 
Midpoint of each piece of CWD sampled was determined using length 
measurement; diameter (nearest cm) was measured at this point. 
3. Species 
Tree species was recorded where possible. This was increasingly difficult with 
increasing decay class of a particular piece of CWD. Where exact species could 
not be determined, a more general (i.e. coniferous/non-coniferous) description 
was used.  
4. Decay Class 
Decay class was assigned by number (1-5) with 1 being the lowest amount of 
decay and 5 being the greatest. This is based on the descriptions provided by 
Waddell (2002) (See Appendix D). 

 
Flagging tape was used to mark CWD after it was measured and was removed after 
completion of the measurements.  
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3.4 Sampling Layout 
 
Four sites were chosen for CWD and overstorey analysis. The sites were chosen on 
the basis of two variables: intensity of disturbance and wood-salvage activity. These 
two characteristics were taken into account using qualitative visual assessment within 
the park, and through the knowledge of salvage practices by involved parties. The 
four sites were chosen to encompass the widest range of possible CWD-related site 
characteristics within the park.  
 
 Site 1: Low-Disturbance (no activity) 
 Site 2: High-disturbance/cutting-activity 
 Site 3: High-disturbance/no-activity 
 Site 4: High-disturbance/salvage 
 
Each site was measured using three 20 m x 20 m square plots. 
  
The sites were marked with permanent survey pins and will thus serve as permanent 
research sites within the park. This was decided in conjunction with Peter Duinker 
(Professor, Dalhousie University), Peter Bigelow (Manager, Real Property Planning 
HRM and PPP International Design Competition Administrator), Doug Brown 
(Senior Park Officer for PPP), Art Sampson (Park Superintendent) and Blair Pardy 
(Manager, Resource Conservation, Parks Canada Agency). Other parties interested in 
research in the park have also been informed/consulted about the site areas, to 
confirm that no such areas had already been chosen for study (personal 
communication with Bill Freedman, Sina Adl, Cindy Stacier, Biology Department 
Dalhousie University). See Appendix E and F for site photos and locations. 
 
3.5 Overstorey Sampling Protocol 
 
Within each site, some forest overstorey measurements were taken. All standing trees 
were considered if the diameter at breast height (DBH) was greater than 8 cm. Trees 
leaning below 45º were considered as CWD (above). Characterizing remaining 
standing forest structure helped fill out the picture in terms of the overall ecological 
characteristics of the sites. These characteristics may affect CWD decomposition 
rates (e.g. increased canopy cover reduces moisture loss at the forest floor). The 
following characteristics were measured for each standing tree (> 1 m tall): 
 

• Tree condition (Roberts-Pichette and Gillespie, 1999)- AS: alive/standing, 
AB: alive/broken, AL: alive/leaning, AD: standing/alive/dead top, DS: 
standing/dead, DB: broken dead or DL: leaning/dead (See Appendix G; Note: 
all fallen trees were considered to be CWD) 

• Species 
• DBH where applicable (nearest cm) 
• Crown class (dominant, co-dominant, intermediate, suppressed)  
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Canopy cover for each site was also recorded (0-25%, 25-50%, 50-75%, 75-100%), 
as well as the height of the main canopy. Ground cover was not measured because 
fieldwork was done in November and December, and exact tree heights and locations 
were not measured.  
 
3.6 Data Analysis: CWD 
 
The diameter and midpoint values for each piece of CWD were used to calculate the 
volume of each piece using the following cylindrical volume equation: 
 
 V= (d/2)2 π L               (Where d= diameter at midpoint and L= length) 
 
The volumes of individual pieces were then added for each plot to come up with total 
CWD volume for each site. The total volume can then be divided by the area of the 
site (m2) to give volume per metre, and multiplied by 10,000 m2 to get volume 
density (m3/ha). 
 
Volume of each species type per site was also calculated using the volume formula. 
The volumes of each species were added to come up with the proportion of species 
group per site. Average piece volume was also calculated. Volume of each decay 
class was calculated by adding volumes of CWD pieces that fall within each class (1-
5) for each site.  
 
3.7 Data Analysis: Overstorey 
 
The overstorey data were used to calculate number of live trees per site, species 
proportion (by number), condition proportion (by number), tree density (# of trees per 
hectare), height of dominant crown, percent canopy cover, and number of snags per 
site. 
 
3.8 Limitations 
 

1. An assumption is made when using midpoint diameter and length data to 
calculate volume that the volume gained on one side of the midpoint due to 
up-taper (increasing diameter) is equivalent to volume lost to down-taper on 
the other side. It is assumed that the piece can be considered a non-tapered 
cylinder. This assumption could be overcome using two endpoint diameter 
measurements, but this was not feasible given the time constraints of this 
study. Also, considering the forest type and that many of the CWD pieces 
have been cut to shorter lengths makes midpoint volume calculations suitable. 

2. Site location was chosen according to qualitative assessment of forest 
characteristics in Point Pleasant Park. Site choice was purposive rather than 
random. The locations were chosen to encompass the wide variability of 
disturbance intensity and salvage/cleanup characteristics in the park, but no 
records were available to assess actual forest clean-up practices. In the site 
where CWD was cut but not salvaged, some CWD may have been removed. 
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3. This study is limited to providing baseline data for future long-term research. 
It cannot offer comparisons relating to previous forest characteristics (e.g. 
vulnerability of different stands to disturbance based on amount of CWD) due 
to lack of information on pre-hurricane forest characteristics.  

4. The plots in this study were spatially contiguous: all three plots were located 
in one 20 x 60 m area for each site. This limitation was imposed on the study 
because there was only one 20 x 60 m high-intensity site in which no post-
hurricane cutting or cleanup activity took place. Since all other sites were 
designed to replicate this site, no non-contiguous plots were laid out. This 
limitation, together with the purposive sampling of sites, compromises 
statistical analysis. Analysis of variance between sites was not done because 
sites were chosen based on apparent differences. 
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4. Results 

4.1 CWD data 
 
4.1.1 Volume per Site 
 
The volume of CWD per hectare varied significantly between the four sites, ranging 
from 1.8 m3/ha in site 1 (low-disturbance) to 210.0 m3/ha in site 3 (high-
disturbance/no-activity) (Figure 1). The high-disturbance sites showed significantly 
different CWD density depending on clean-up activity. Where all CWD was left after 
disturbance (site 1), CWD density was the greatest at 210.0 m3/ha. Where CWD was 
cut but not salvaged (site 2), CWD density was less at 85.8 m3/ha. Where CWD was 
salvaged after disturbance (site 4), CWD density was even lower at 17.3 m3/ha. The 
CWD density of site 4, however, was still higher than in the low disturbance (site 1) 
area. Variance between plots was highest within site 3, where CWD was neither cut 
nor salvaged after disturbance. 
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Fig 1: Volume of CWD (m3/ha) by site showing standard error. 
 

4.1.2 Average Piece Volume 
 
The high-disturbance/no-activity area (site 3) had the highest average piece volume at 
0.20 m3, as well as the greatest variance in average volume between plots (Figure 2). 
The low-disturbance site (site 1) had the smallest average piece volume at 0.017 m3. 
The other high-disturbance areas had average piece volumes of 0.038 m3 and 0.020 
m3 in the cutting-activity (site 2) and salvage (site 4) areas, respectively.  
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Figure 2: Average CWD piece volume (m3) by site showing standard error. 

 
4.1.2 Species Group  
 
In the low-disturbance site (1), there were only 3 CWD species groups present. Over 
half of the CWD was pine, with the rest being almost equal proportions of maple and 
spruce (Table 1). Where there was high disturbance (sites 2, 3 and 4) there were 
generally more CWD species groups present, with the greatest variety where there 
was salvage activity (site 4). Where there was cutting activity but no salvage (site 2), 
the majority of CWD species group was pine, following with spruce and other 
unknown softwoods, with a very small proportion of maple, unknown hardwood and 
fir. Where there was no cutting and no salvage (site 3), the majority of CWD species 
group was pine, followed closely by spruce, with a small proportion of white birch, 
unknown softwood and oak. Where there was full salvage, the majority of CWD 
remaining was comprised of spruce, followed by pine, white birch, unknown 
softwoods, yellow birch and maple. Thus CWD in sites that were not salvaged was 
mostly pine, whereas CWD in the salvage area was mostly spruce. All sites showed a 
large proportion of softwood as compared to hardwood species groups (Figure 1). 
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Table 1: CWD proportions of total volume by species group 
    Site (% of total volume) 
Species Group 1 Low-disturbance 2 High-disturbance/ 

cutting-activity 
3 High-disturbance/ 
no-activity 

4 High-disturbance/ 
salvage 

Fir - <1 - - 
Maple 18 3 - 1 
Oak - - <1 - 
Pine 66 57 52 24 
Spruce 16 28 44 50 
Unknown 
Hardwood 

- 1 - - 

Unknown 
Softwood 

- 8 1 10 

Unknown - 1 - <1 
White Birch - - 2 11 
Yellow Birch - - - 4 
Total Volume 
(m3/ha) 

1.7 85.8 210.0 17.3 

 

4.1.3 Decay Class  
 
All sites showed a majority of CWD in decay class 2 (Table 2). The most significant 
majority was where there was high-disturbance/no-activity (site 3). Where there was 
low-disturbance (site 1), decay classes 3 and 4 were present in almost equal 
proportions, together making up almost half of total CWD. Where there was high-
disturbance and some activity (either cutting or salvage), decay classes 3 and 4 were 
present, though in smaller proportions. Where no activity took place (site 3), there 
was no decay class greater than 3. Decay class 1 was only found where there was 
high-disturbance/no-activity (site 3), whereas decay class 5 was only found where 
there was high-disturbance/cutting-activity (site 2).  
 
Table 2: CWD proportions of total volume by decay class 
     Site (% of total volume) 
Decay Class  1 Low-disturbance 2 High-disturbance/ 

cutting-activity 
3 High-disturbance/ 
no-activity 

4 High-disturbance/ 
salvage 

1 - - 1 - 
2 57 75 96 66 
3 23 20 3 27 
4 20 5 - 7 
5 - <1 - - 
Total Volume 
(m3/ha) 

1.7 85.8 210.0 17.3 
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4.1.4 Diameter Distributions 
 
The area with high disturbance where CWD was cut but not salvaged (site 2) had 
both the highest number of pieces of CWD overall (2,292/ha), as well as the greatest 
diameter range (Figure 3). The area with low disturbance has the lowest number of 
CWD pieces (125/ha) as well as the lowest diameter range. 
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Figure 3: Amount of CWD (#/ha) by 5-cm diameter class for all sites. 

 

4.2 Overstorey 
 
4.2.1 General Overstorey Data 
The low-disturbance area (site 1) had a significantly higher number of live trees than 
the three highly disturbed areas at 1,117 trees/ha (Table 3). The high-disturbance 
areas had very little overstorey, with 17 trees/ha in the high disturbance/ salvage area 
(site 4), 58 trees/ha in the high-disturbance/ cutting-activity area (site 2), and 233 
trees/ha in the high-disturbance/ no-activity area (site 3). The low-disturbance area 
(site 1) had 75-100% canopy cover, whereas the high-disturbance areas had very little 
canopy cover (0-25%). Surprisingly, the high-disturbance area with cutting activity 
(site 2) had the greatest average DBH. This was due to a few large live pines found in 
the third plot of site 2. The other three areas have similar average diameters, ranging 
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from 14.8 cm in site 3 to 18.3 cm in site 1. Canopy heights were similar for sites 1, 2 
and 3, whereas live trees in site 4 were shorter than in the other sites. 
 
Table 3: Overstorey data  
Site Number of Live 

Trees (per 1200 
m2 site) 

Live-Tree 
Density (#/ha) 

Canopy 
Cover (%) 

Average 
DBH (cm) 

Canopy 
Height 

1 Low-disturbance 134 1117  75-100 18.3 18m 
2 High-
disturbance/cutting 
activity 

7 58 0-25 33.4 19m 

3 High-
disturbance/no-
activity 

28 233 0-25 14.8 18m 

4 High-
distrubance/salvage 

2 17 0-25 16 11m 

 

4.2.2 Species 
 
Generally, overstorey in all sites was softwood-dominated, with the exception of site 
4, where no live softwoods were present (Figure 4). The greatest species richness was 
found in the low-disturbance area (site 1) with 12 species (Table 4), and the lowest 
diversity was found in the high-disturbance/ salvage area (site 4) with only one 
species present. The softwood-dominated sites 1 and 3 were dominated by red spruce 
while the high-disturbance/cutting-activity area (site 2) had white pine as the 
dominant species.   
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Figure 4: Live tree density (#/ha) by site. 
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Table 4: Overstorey proportions of total density by species  
 Site (% of total #) 
Species 1 Low-disturbance 2 High-disturbance/ 

cutting-activity 
3 High-disturbance/ 
no-activity 

4 High-disturbance 
salvage 

Balsam Fir 4 - - - 
English Oak 1 - - - 
European Beech 1 - - - 
Hemlock 8 - - - 
Red Maple 13 29 4 - 
Red Oak 4 14 4 - 
Red Pine 5 - - - 
Red Spruce 52 - 75 - 
Sugar Maple 1 - - - 
White Birch 4 - 10 100 
White Pine 19 57 7 - 
Yellow Birch 1 - - - 
Total (#/ha) 1117 58 233 17 
 

4.2.3 Tree Condition 
 
The majority of the trees in all sites were alive and standing (Table 6). The high-
disturbance/cutting-activity area (site 2) had a high proportion of broken and leaning 
trees compared with the other three areas.  
 
Table 5: Overstorey proportions of total density by tree condition 
 Site (% of total number) 
Condition 1 Low-disturbance 2 High-disturbance/ 

cutting-activity 
3 High-disturbance/ 
no-activity 

4 High-disturbance 
salvage 

AS 
(alive/standing) 

91 72 86 100 

AB (alive/broken) 3 14 - - 
AL (alive/leaning) 6 14 14 - 
Total  (#/ ha) 1117 58 233 17 
 

4.2.4 Diameter Distribution 
 
The low-disturbance area had both the highest live tree density and the greatest 
diameter range (Figure 5). The high-disturbance areas varied in terms of diameter-
class distributions. The high-disturbance/cutting-activity area (site 2) had some 
relatively large trees, whereas the trees in the high-disturbance/no-activity and high-
disturbance/salvage areas generally had small diameters. 
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Figure 5: Amount of overstorey (#/ha) by 5-cm diameter class for each site. 

 

4.2.5 Snags 
 
All four sites contained standing dead, leaning dead or broken dead trees that were 
standing at an angle greater than 45° (Table 7). The snags in the low-disturbance area 
(site 1) comprised only 5% of the total standing trees. In the high-disturbance areas, 
snags comprised over half of the standing trees in the cutting-activity site (63%) and 
in the salvage site (60%). In the high-disturbance/no-activity area (site 3), snags made 
up 35% of the standing trees.  
 
Table 6: Site snag number and mean DBH 
 Site (#/ha, mean DBH (cm)) 
Species 1 Low-disturbance 2 High-disturbance/ 

cutting-activity 
3 High-disturbance/ 
no-activity 

4 High-disturbance/ 
salvage 

Balsam Fir 8, 10 - - - 
Red Pine 8, 9 - - - 
Red Spruce 33, 22 75, 13 108, 17  8, 17 
White Pine 8, 26 25, 45 17, 31 - 
White Birch - - - 17, 15 
Total Snag 
Density (#/ha) 

57 100 125 25 

Proportion of 
total trees 
standing (%) 

5 63 35 60 

 

  



 21

5. Discussion 
 
5.1 CWD 
 
5.1.1 Total Volume  
 
The total volume of CWD showed great differences among sites. This result was 
expected since sites were chosen based on CWD differences. Interestingly, the low- 
disturbance area had very low CWD volume (1.8 m3/ha), far below the range that has 
been found in similar forest types. Stewart et al. (2003) found CWD volumes in two 
coniferous old-growth stands in Nova Scotia to be 71 and 91 m3/ha. Similar studies 
have shown CWD to range from 15.7 to 68.0 m3/ha in younger spruce-fir forest in 
central Nova Scotia (McCurdy and Stewart, 2004) and 39.2 to 77.5 m3/ha in un-
harvested mature and old coniferous stands, respectively (Thompson, 2004). 
 
The discrepancy in CWD volume between a representative low-disturbance area in 
Point Pleasant Park and similar forest types is probably due to park management 
practices throughout the history of the park, where almost all CWD was being 
removed for aesthetic reasons. (Park Planning Committee, 1994) The resulting CWD 
volume shows that the later recognition of the importance of CWD has not yet 
resulted in high enough CWD volumes in a representative undisturbed forest area in 
the park. To fully assess this, it would be necessary to do multiple site repetitions 
throughout the park.  
 
On the other hand, the high-disturbance/no-activity area had a very high CWD 
volume (210 m3/ha), much higher than the volumes found in similar forests but not 
unusual for a post-disturbance site (Carlton and Bazzaz, 1998). This site also had the 
greatest variance among plots, suggesting that high-disturbance and no post-hurricane 
activity results in a more heterogeneous site.  Sites with low-disturbance or post-
hurricane activity were more uniform throughout. The two other high-disturbance 
areas fell closer to the CWD volume ranges found by Stewart et al. (2003) and 
McCurdy and Stewart (2004) (17.5 m3/ha  and 85.8 m3/ha).  
 
The CWD total volume values span two orders of magnitude, suggesting significant 
differences in CWD density across the park landscape. It has been shown that high 
variation across post-disturbance forest landscapes is common (Foster, 1988; Carlton 
and Bazzaz, 1998; Foster et al., 1998; Boose et al., 2001), which may partially 
account for the differences in CWD volumes across the park. For example, areas with 
low vigour, areas closer to the coast, areas high in conifer species, areas with higher 
mean tree age, and areas with shallow soil may have been affected more strongly than 
other areas. In the case of Point Pleasant Park, however, clean-up practices furthered 
CWD variation, having fully salvaged some areas and not salvaged others (John 
Simmons, personal communication, 2006). Different levels of CWD volumes will 
have differing effects on succession, such as amount of nutrient input to soil, light 
intensity at the forest floor, species diversity, and amount of seedbed-establishment 
sites.  
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5.1.2 Diameter Distributions and Average Piece Volume 
 
The site that experienced high-disturbance/no-activity had the largest CWD average 
piece volume and also the greatest range of diameter class. This site also showed the 
greatest average piece volume variance among plots. This is probably due to the fact 
that the windthrown trees were left intact as almost no cutting was done in this site. 
Many CWD pieces in this plot were actually entire fallen trees. CWD size plays a role 
in the kind of wildlife that might inhabit a particular area. Studies have found that 
diameter size and range increases with stand age in an undisturbed forest (McCarthy 
and Bailey, 1993; McGee et al., 1999) and affects both carbon storage and 
biodiversity. For example, the larger CWD pieces may provide habitat for nesting and 
foraging (Freedman et al., 1996) and, because of their slower rates of decay, have a 
greater potential for carbon storage and accumulation (Stevens, 1997). 
 
5.1.3 Decay  
 
The majority of the CWD in all of the sites fell into decay class 2, which represents a 
low level of decay (see Appendix D). Particularly the area of high-disturbance where 
no clean-up activity took place (site 3) had very uniform decay class, with 96% of the 
CWD falling in decay class 2. This is probably due to the fact that all of the trees fell 
in one major disturbance event, and decay had not yet set in because with such a large 
CWD piece size there is limited surface area. The area where cutting but no salvage 
was done (site 2) was the only area with some CWD in decay class 5, probably 
because the pieces were generally smaller (greater surface area to volume ratio) and 
are more exposed to moisture as they are mostly lying in contact with the forest floor.  
 
Where pieces are larger, and often elevated above the soil surface, there may be less 
moisture due to the drying effect of wind. The low-disturbance area had the most 
even distribution of decay classes, which should be expected as the CWD in that site 
was not a result of the hurricane and would have come down at different times. 
However, the complete absence of highly decayed material in the low-disturbance 
area attests to the fact that the park managers were in the habit of removing CWD. 
Further decay of CWD in all areas will depend on moisture levels, light intensity, 
piece size and the presence of decomposers. The state of decay will subsequently 
affect the types of species that inhabit a particular area (Kruys et al., 1999).  
 
5.1.4 Species Group 
 
The majority of CWD across all four sites was coniferous. This is probably due to 
two factors. First, the majority of overstorey in Point Pleasant Park was coniferous 
before the hurricane, as can be seen in previous inventories (Hudson, 2000) and in the 
low-disturbance plot that was studied here. Second, coniferous species have been 
shown to be more susceptible to windthrow in a hurricane situation (Foster, 1988; 
Foster and Boose, 1992). In addition, the pre-hurricane BSLB infestation in Point 
Pleasant Park may have weakened coniferous (particularly red spruce) trees and 
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predisposed them to damage/windthrow in the hurricane. Coniferous CWD provides 
seed beds for successional species (Waddell, 2002) and decays at a slower rate than 
hardwood species. 
 
5.2 Overstorey 
 
5.2.1 Density  
 
Similar to CWD volumes, there was a large range in the amount of overstorey present 
in the sites. The low-disturbance area had a relatively high density at 1,117 trees/ha, 
whereas the high-disturbance/salvage area had a paltry density at 17 trees/ha. 
Generally, the high-disturbance areas had little overstorey (17 to 233 trees/ha). 
Among the sites that experienced high disturbance, the area with no salvage activity 
had the highest live-tree density (233 trees/ha), showing that there is no direct 
relationship between volume of CWD and overstorey density. Compared to forest 
inventories done before the hurricane, which looked at much larger areas and thereby 
constitute a rough estimate of conifer density in sites in this study, the high-
disturbance areas lost from 97% (site 2) to 100% (site 4) of pre-hurricane conifers 
(Hudson, 2000). 
  
5.2.2 Species 
 
Species composition showed that all sites except site 4 have a conifer-dominant 
overstorey. This is to be expected in the low-disturbance area, as the forest was 
conifer-dominated before the hurricane. For the high-disturbance sites (except site 4) 
this suggests that dominance of pre-hurricane conifers in the forest was more 
significant than the fact that conifers are more susceptible to windthrow. 
 
5.2.3 Diameter distribution 
 
Diameter range for the overstorey was greatest in the low-disturbance area. This is 
most likely due to the fact that there are more live trees in the low-disturbance stand. 
This area was also documented to have greater mean diameter than the other areas 
before the hurricane (Hudson, 2000). Site 2 was the only other area with relatively 
large trees, which was due to a small number of large pines in one of the plots.   
 
 
5.2.4 Tree condition 
 
Tree condition across sites shows that live trees are mostly healthy and standing in all 
sites. Sites 2 and 3 had the largest proportion of leaning and broken trees, whereas in 
the full-salvage area live trees are all standing. This may be due to live-tree removal 
after the hurricane. Those that are leaning and/or broken may have experienced stress 
during hurricane Juan or some other disturbance. Presence of the BSLB was not 
assessed as a cause in this study. 
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5.2.5 Snags 
 
The number of snags varied across the four sites, with the greatest proportion of total 
trees present in the high disturbance/no salvage area (63%), followed closely by the 
high-disturbance/ salvage area (60%). The low disturbance area had a low proportion 
of snags (5%). Snag volume in similar forest types ranges from 25 to 57 m3/ha 
(Stewart et al., 2003; Thompson, 2004), which would be comparable to 100 trees/ha 
at DBH 17 cm and height 11 m (these are the mean values for site 1). Thus, it would 
seem that the low-disturbance area had a lower snag density than a forest in a more 
natural setting. This discrepancy could be due to the fact that park managers have 
removed snags for safety/aesthetic reasons. The higher snag proportion in disturbed 
plots is probably due to damage by the hurricane. Again, beetle infestation was not 
analyzed in this study. Snag volumes have been shown to be important for forest 
biodiversity, including species of secondary cavity nesters (Thompson, 2004), and 
provide nesting and foraging for woodpeckers, marten and other mammals (Imbeau 
and Desrochers, 2002). 
 
5.3 Forest Succession after Disturbance: Ecological Consequences for Point Pleasant 
Park 
 
With time since the hurricane disturbance, the forest at Point Pleasant Park will enter 
into and pass through an early succession phase. It is clear from the baseline data 
collected in this study that the park’s forest ecosystem as a whole varies greatly 
across its total area. Such a post-disturbance environment often increases species 
diversity, due to the fact that different areas offer not only different regeneration 
requirements through resource availability, but also vary according to resource 
congruency (Carlton and Bazzaz, 1998). Varying age and succession structures are 
created throughout the park, allowing a more diverse array of vegetation (Foster and 
Boose, 1992). For example, where vegetation and CWD have been removed in the 
park, light intensity increases at the soil surface and promotes the growth of all 
species. Alternatively, where CWD has not been removed, and creates a kind of 
elevated covering for the soil surface, shade-tolerant species will likely establish 
(Carlton and Bazzaz, 1998). 
 
Different CWD levels will, through immediate effects (such as light intensity) and 
long-term nutrient inputs (i.e. edaphic effects), influence post-hurricane succession 
differently. Given that there are different stand conditions in Point Pleasant Park, we 
can now assume that succession will take various forms throughout the park 
depending on disturbance and clean-up intensity. Habitat characteristics, including 
amount, species, size and decay class of CWD, as well as the amount, species and 
condition of overstorey, affect the kinds of species that will become established, their 
rate of growth, the presence of beetle populations and/or other pathogens, and other 
edaphic and biological interactions (Bazzaz, 1991; Carlton and Bazzaz, 1998; Foster 
et al., 1998; Catovsky and Bazzaz, 2002).  
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6. Conclusions 
 
6.1 Point Pleasant Park as a Forest Ecosystem 
 
Overall, a hurricane disturbance has long-lasting impacts on the forest ecosystem, and 
all remaining habitat becomes the structural and genetic basis for future forest stands 
(Foster et al., 1998). It has been recognized that hurricanes can be a major factor in 
ecosystem functioning, and that affected ecosystems can take anywhere from 85 to 
hundreds of years to return to pre-hurricane ecosystem structure (Boose et al., 2001). 
In the case of Point Pleasant Park, the duration and character of succession after 
hurricane Juan can only be assessed through long-term research. The characterization 
of baseline data in terms of CWD and overstorey is a step toward this far-reaching 
goal. Confounding variables that were not examined in this study but play a crucial 
role in post-hurricane succession include soil characteristics, topography (including 
pit and mound microsites), presence of various nutrients, understorey, wildlife and 
insect biodiversity, and light intensity.    
 
One of the most challenging aspects of Point Pleasant Park, as has been witnessed 
through in this study, is balancing management of the forest as a natural ecosystem 
with management of the park as recreational land for visitors. The low vigour of the 
pre-hurricane forest had been recognized as early as 1984 (LaHave Forestry 
Consultants Ltd., 1984), and as such the intense effects of hurricane Juan were not 
totally unexpected. The importance of ecosystem management that acts in response to 
forest dynamics is crucial to a healthy park. Management practices and disturbance 
history based on usership, from the removal of important CWD and snags throughout 
the park, to BSLB establishment, all affected the response of the forest to the 
hurricane. The aftermath of such a disturbance, through tree mortality and subsequent 
clean-up activity, has left a highly variable landscape, particularly in terms of CWD 
and overstorey characteristics. Such a landscape is highly valuable as a research 
opportunity. Hurricanes are a major factor in controlling ecosystem function, but do 
so only over long periods. Thus, their ecological role can only be understood by 
assessing impacts in space and time over a period of centuries (Boose et al., 2001). 
 
6.2 Recommendations for Research and Management  
 
Based on this study, which has described but a sample of the variable conditions 
present in post-hurricane, post-cleanup Point Pleasant Park, research of forest 
succession in variable post-disturbance areas should be continued in the park. With 
the establishment of permanent research plots and baseline data, continued 
monitoring of forest succession, in terms of overstorey and understorey composition, 
nutrients, soil characteristics, type of regeneration growth, rate of regeneration, and 
beetle species and populations, should be carried out. The data compiled here will 
allow for assessment of the effects of CWD and overstorey characteristics on forest 
succession. 
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Management of Point Pleasant Park has the unique opportunity to use research 
findings in management practices. Such adaptive management (Duinker and 
Trevisan, 2003) fosters not only continued research but also use of this research to 
support ecosystem functioning. For example, based on research studies performed in 
similar forest types, managers should continue to leave CWD (especially in low-
disturbance areas) to provide habitat and nutrients. It would be beneficial to draft a 
detailed account of clean-up practices in the park to be able to assess more closely the 
CWD characteristics in all areas. Increased availability of baseline data would make 
research results more meaningful. Detailed reports on research and management 
should be kept at all stages. Management must, therefore, be a cohesive effort in 
which involved parties work together. In addition, since sound ecological 
management may not always correspond with aesthetic preferences, public education 
and awareness are crucial for the integration of ecosystem health and human use. 
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Appendix A: Location of Point Pleasant Park 
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Appendix B: Species List 
 
Overstorey-native 
 
Balsam fir—Abies balsamea  
Hemlock—Tsuga canadensis 
Red maple—Acer rubrum 
Red oak—Quercus rubra 
Red Pine—Pinus resinosa 
Red Spruce—Picea rubens 
Sugar Maple—Acer saccharum 
White Ash—Fraxinus americana 
White Birch—Betula papyrifera 
White Pine—Pinus strobus 
Yellow Birch—Betula alleghaniensis 
 
Overstorey- non-native 
European beech—Fagus sylvatica 
English oak—Quercus robur 
Norway spruce—Picea abies 
 
Wildlife 
Blue jay—Cyanocitta cristata 
Chickadee—Poecile hudsonicus 
Common Crow—Corvus brachyrhynchos 
Common Raven—Corvus corak 
Dark-eyed junco—Junco hyemalis 
Northern Flicker—Colaphes auratus 
Red squirrel—Tamiasciurus hudsonicus 
White-breasted nuthatches—Sitta carolinensis 
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Appendix C: Point Pleasant Park Landscape Photo 
 
 
 

 
        Photo: Kyle Mackenzie 
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Appendix D: Decay Class Description (Waddell, 2001) 
 
 
 
Decay 
Class 

Structural 
Integrity 

Wood 
Texture 

Wood 
Colour 

Presence of 
Invading 
Moss 

Condition 
of Branches 
and Twigs 

1 Sound. Intact; no rot; 
conks on stem 
absent 

Original colour. Absent. If branches 
present, fine 
twigs still 
attached with 
tight bark. 

2 Heartwood 
sound; sapwood 
somewhat 
decayed. 

Mostly intact; 
sapwood partly 
soft and starting 
to decay. Wood 
cannot be pulled 
apart by hand. 

Original colour. Absent. If branches 
present, many 
fine twigs gone; 
fine twigs still 
present have 
peeling bark. 

3 Heartwood 
sound; log 
supports its 
weight. 

Large, hard 
pieces; sapwood 
can be pulled 
apart by hand. 

Red-brown or 
original colour. 

Present in 
sapwood only. 

Large branch 
stubs will not 
pull out. 

4 Heartwood 
rotten; log does 
not support its 
weight but shape 
is maintained. 

Soft, small, 
blocky pieces; 
metal pin can 
push apart 
heartwood. 

Red-brown or 
light brown. 

Present 
throughout log. 

Large branch 
stubs pull out 
easily. 

5 No structural 
integrity; no 
longer maintains 
shape. 

Soft, powdery 
when dry. 

Red-brown to 
dark brown. 

Present 
throughout log. Branch stubs 

and pitch 
pockets have 
rotted away.  

      Source: Waddell, 2002 
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Appendix E: Site Photos (by P. Duinker) 
Site 1: Low-disturbance 

 
 
Site 2: High-disturbance/cutting-activity 
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Site 3: High-disturbance/no-activity 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Site 4: High-disturbance/salvage 

 
Appendix F: Map of Point Pleasant Park showing 
approximate location of research sites 
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       Source: PPP, 2005 

 
Appendix G: Tree Condition  
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       Source: Roberts-Pichette and Gillespie, 1999  
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