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Fig2 The density distribution of all species in the sample area of Point Pleasant
Park.
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Fig3 The density distribution of red spruce in the sample area of Point Pleasant
Park.
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tended to be found in more disturbed areas such as strata K and
J. Exotic species were found only in low density; never more than
5 individuals per plot and only once exceeding 100 stems/ha, in
stratum F. There was also a large patch of exotic species found
in the disturbed centre of stratum F. In addition, stratum F had the
highest density and proportion of total regeneration of exotics,
with134 stems/ha and 6%, respectively. No exotic species were
found in strata G and W.

Height Distribution

The distribution of regenerating trees among the three height cat-
egories varied among the species sampled (Fig 10). Approximately
50% of all white pine, balsam fir, and exotic species counted were
10-30 cm in height. Approximately 10% of all species were 101-
200 cm tall except for white spruce and eastern hemlock, where
approximately 30% of the trees were 101-200 cm tall. Red spruce,
white spruce, and eastern hemlock differed from white pine, balsam
fir, and the exotic species in that the majority of trees counted were
in the 31-100 cm category. Approximately 50% of the total observed
regeneration was 31-100 cm tall.
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Fig4 The density distribution of balsam fir in the sample area of Point
Pleasant Park.
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Park.
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Fig9 Regenerationfrequency histogramillustrating the proportion of area covered
by each density category in the entire sample area.
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Fig 10 Height distribution of regenerating species in the sample area of Point
Pleasant Park.

Pre-Disturbance Survey Comparison

The stand division of Jotcham et al (1992) was used for a com-
parison with the regeneration observed in this study (Fig 11). Their
area 2 covers the majority of the sample area, consisting of all of
stratum G, H, U, V, K, X, Y, and the majority of stratum F. Red spruce
was the dominant species in area 2 in the pre-disturbance survey
and this survey (Table 3). There was a large increase in balsam
fir density in areas 2, 5 and 8 from pre-disturbance conditions,
especially area 2 where balsam fir increased from 115 stems/ha
to 860 stems/ha. However, there was certainly a skew in the data
towards largerincreases from pre-disturbance conditions, especially
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Fig 11 Overlay of observed regeneration and the Jotcham etal. (1992) park survey
classification.

in balsam fir, because stems under 1 m in height were not counted
in the Jotcham et al (1992) survey.

White pine showed smallincreases in density from pre-disturbance
conditions in all three areas. A large increase in eastern hemlock
from pre-disturbance conditions was also seen, especially in areas
5 and 8 where it was not observed before the hurricane, though
it remained at very low densities (the highest being 38 stems/ha
in area 2). Exotic species in area 8 decreased from 80 stems/ha
before Hurricane Juan to 29 stems/ha after Hurricane Juan and
remained absent in area 5 in the post-disturbance survey. In area
2, exotic regeneration was nearly twice as dense as during pre-
disturbance conditions. White spruce decreased in density from
pre-disturbance conditionsinareas2and 8, more soinarea 8 where
it was surpassed by red spruce as the dominant species. There
was an increase in white spruce from pre-disturbance conditions
in area 5 (34 stems/ha) but it was not present before the hurricane.

Areas 6 and 7 were also found within the sample area of this
study, but no data were collected in them as they were occupied
by dense white birch and red spruce thickets, respectively.

Post-Disturbance Survey Comparison
Neily et al (2004) identified nine vegetation types, five of which
overlapped the sample area of this study: VT9, VT10 (unit 1), VT10
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Table 3 Comparison of the observed regeneration and the regeneration in the
overlapping areas defined by the Jotcham et al. (1992) Point Pleasant

Park survey
Area Species Stems/ha % of Total Stems/ha % of Total
(1992) (2006)

2 (17.36 ha) RS 894 74 1850 61
WP 107 9 175 6
BF 115 10 860 28
EH 4 0 38 1
WS 58 5 56 2
Exotic 36 3 67 2
Total 1215 100 3046 100

5 (0.56 ha) RP 267 100 - -
RS - - 431 66
WP - - 17 3
BF - - 155 24
EH - - 17 3
WS - - 34 5
Exotic - - - -
Total 267 100 367 100

8 (1.59 ha) RS 204 18 593 48
WP 44 4 111 9
BF 107 9 400 33
EH - - 4 0
WS 702 62 89 7
Exotic 80 7 29 2
Total 1138 100 1229 100

(unit 2), VT11 (unit 1), and VT11 (unit2) (Table 4, Fig 12). VT9 Red
spruce-Hemlock, Starflowercovered all of stratum G, and the eastern
ends of strata F and H. The dominant regenerating species was
balsam fir (2367 stems/ha, 67% of total). Red spruce represented
the second most-abundant species, and eastern hemlock was
more dense than in other vegetation types (139 stems/ha). The
only other area with higher densities of eastern hemlock than VT9
was stratum V, located in VT10 (unit 1).

VT10 (unit 1) Red spruce-White pine, Bracken covered most of
the study area, and was similar to area 2 in the Jotcham et al (1992)
survey. VT10 (unit 1) followed the most common regeneration pattern
in the park: red spruce was dominant, with smaller components of
balsam fir, white pine, eastern hemlock, white spruce, and exotic
species. VT10 (unit 2) Red spruce-White pine, Bracken, with Old
Field Patches covered all of stratum W and the portion of stratum
X on the eastern edge of the surviving immature red spruce stand.
This vegetation type had little regeneration, with a dominance of
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Table 4 Comparison of the observed regeneration and the regeneration in the
overlapping vegetation types defined by the Neily et al. (2004) Point
Pleasant Park survey

Vegetation Type Species Stems/ha % of Total
VT9 RS 665 19
WP 228 6

BF 2367 67

EH 139 4

WS 76 2

Exotic 44 1

Total 3519 100

VT10 (unit 1) RS 2421 65
WP 220 6

BF 909 24

EH 41 1

WS 53 1

Exotic 76 2

Total 3721 100

VT10 (unit 2) RS 802 64
WP 35 3

BF 317 25

EH 5 0

WS 94 8

Exotic - -

Total 1252 100

VT11 (unit 1) RS 452 54
WP 57 7

BF 217 26

EH - -

WS 62 7

Exotic 45 5

Total 833 100

VT11 (unit 2) RS 2423 44
WP 77 1

BF 3038 55

EH - -

WS - -

Exotic - -

Total 5538 100

red spruce and balsam fir. Most of the regeneration was adjacent
to the residual spruce stand in stratum X.

VT11 (unit 1) Red spruce-Balsam fir, Schreber’s moss (Mature)
overlapped the more disturbed, eastern portion of the sample
area and overlapped the majority of stratum K, the northern half of
stratum J, and the southern portions of strata X and Y. VT11 (unit
1) had the lowest regeneration density of all the vegetation units,
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Fig 12 Overlay of observed regeneration and the Neily et al. (1992) park survey
classification.

at 833 stems/ha, and was dominated by red spruce and balsam
fir. White spruce density in this vegetation type was 62 stems/ha
and constituted 7% of the total regeneration. VT11 (unit 2) Red
spruce-Balsam fir, Schreber’'s moss (Immature) consisted mainly
of the surviving red spruce stand, and overlapped only a few plots
with high densities of red spruce and balsam fir regeneration.

DISCUSSION

Successional Response of Point Pleasant Park

Concern has been expressed about the regenerative capabilities
of the park, based on existing vegetation surveys. It is possible that
due to the isolation of Point Pleasant Park from other possible seed
sources, and high fragmentation of the park due to trails, the post-
disturbance regeneration could consist largely of shade-intolerant,
short-lived, pioneer tree species (LeHave Forestry Consultants
Ltd 1984, Jotcham et al 1992, Neily et al 2004). While this pat-
tern of succession after stand-replacing disturbances is typical in
native Acadian forest, as well as most other forest types (White
1979, Loo & Yves 2003, Mosseler et al 2003), it is a concern in
Point Pleasant Park for two reasons. First, the park may stay in a
sub-climax community dominated by short-lived species, such as
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white spruce and balsam fir, due to poor soil conditions and high
disturbance levels (Mosseler et al 2003, Neily et al 2004, Burley
et al 2007). Second, Point Pleasant Park is a recreational area,
and the aesthetic value of the park forests is of high importance.
Prompt regeneration into red spruce-white pine-eastern hemlock
forest, typical of native Acadian old growth, could be an important
park management goal (Neily et al 2004, Keys 2005). Due to the
possibility of exposed mineral soil and fragmentation by trails, there
is also a concern that exotic species may regenerate rapidly in the
park (Moola & Vasseur 2004, Keys 2005).

Red spruce was the dominant overstorey species in Point Pleasant
Park prior to hurricane Juan, and was likewise found to comprise
60% of the regeneration in the sample area. Strata G and H were
the only areas where red spruce did not comprise at least 50% of
the observed regeneration. It is likely that Hurricane Juan did not
remove enough pre-hurricane vegetation, the main source of seed
dispersalindisturbed areas, to significantly alter the forest composi-
tion of Point Pleasant Park (Castelli et al 1999, Burley et al 2007).
The immature spruce stand found in the centre of stratum X is one
such source for seed dispersal and is most likely the seed source
for the dense red spruce regeneration seen to the north-east of the
stand. Red spruce is a long-lived species (250-450 years) and is a
shade-tolerant, climax species in native Acadian Forests (Mosseler
et al 2003), so it is a favourable species for regeneration.

White pine was the other dominant, pre-disturbance canopy
species, but was not found to be regenerating in nearly the same
density as red spruce. Despite the low observed pre-disturbance
regeneration of white pine (LeHave Forestry Consultants Ltd 1984),
it was predicted that white pine would be dominant in regeneration
because of both the residual white pine scattered throughout the
disturbed area and the affinity of white pine seedlings for exposed
mineral soil caused by uprooted trees and scarification from clean-
up operations (Neily et al 2004). In comparison to other observed
species, white pine was relatively evenly distributed through both
heavily disturbed areas and less disturbed areas, but the expected
dense white pine regeneration was not observed; strata U and V
were the only areas where white pine accounted for more than 10%
of the observed regeneration.

There are several possible explanations for the lack of dense
white pine regeneration. It has been observed that white pine has
cyclic propagule dispersals, with good seed crops occurring every
three to five years (Burns & Honkala 1990). Also, although white
pine was a dominant canopy species and constituted much of the
forest basal area before the hurricane, it was much less dense
than red spruce, and therefore had fewer individuals for seed dis-
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persal. For example, in area 2 in the Jotcham et al (1992) survey,
red spruce and white pine constituted 46 and 35% of the basal
area, respectively, yet white pine only had a total of 104 stems,
compared to 760 red spruce stems. Afinal hypothesis is that there
was a lack of exposed mineral soil that is well suited for white pine
regeneration, due in part to the high amount of ground covered by
coarse woody debris and litter. Burley et al (2007) found no signifi-
cant difference in soil quality between disturbed and undisturbed
plots. Like red spruce, white pine is a longer lived, climax species
in native Acadian forest (Loo & Yves 2003, Mosseler et al 2003)
and a main constituent of the ACR, where Point Pleasant Park is
located (Simmons et al 1984), so its regeneration should be closely
monitored by park managers.

Eastern hemlock was found in rather low densities throughout
the park; the only areas where hemlock constituted more than 1%
of the observed regeneration were strata G, F, and V (stratum V
had the highest densities at 214 stems/ha). Eastern hemlock is a
climax, shade-tolerant species, typical of AFR old growth that would
certainly be a favourable species for regeneration in Point Pleas-
ant Park. Although eastern hemlock had the lowest regeneration
of all species in the sample area, it was never a large component
of the park before Hurricane Juan (LeHave Forestry Consultants
Ltd 1984, Jotcham et al 1992) and was in fact observed at higher
densities than in pre-disturbance surveys.

Balsam fir and white spruce are two pioneer species that each
have properties indicative of the level of disturbance in an area
(Galipeau et al 1997, Mosseler et al 2003). White spruce is a good
disperser and tends to be the first coniferous colonizer in the most
disturbed areas whereas balsam fir is not as good a disperser and
tends to be found in more shaded areas, with some intact canopy
and existing balsam fir regeneration (Galipeau et al 1997). The
largest concentrations of balsam fir were found in strata G and
H, where it was the dominant regenerating species. These areas
were adjacent to less-disturbed areas in the northern portion of
the park and had some intact canopy (mainly in stratum G). The
more-disturbed, eastern strata, such as J, K, and W with lower
total regeneration, had higher relative white spruce densities. The
higher white spruce regeneration in these areas may be indicative
of higher disturbance levels and slower successional progress.
However, the areas were still dominated by red spruce regenera-
tion and did have a white spruce component before Hurricane Juan
(Jotcham et al 1992).

In the survey conducted by LeHave Forestry Consultants Ltd
(1984), most of the regeneration in Point Pleasant Park was scat-
tered (1-500 stems/ha) or understocked (500-1200 stems/ha). The
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coniferous regeneration observed in the entire sample area of this
study was adequately stocked (1200-4200 stems/ha), butwas over-
stocked in strata G, H, X, and Y and understocked in strata J and W.

Exotic Species

Urban forest ecosystems are often isolated from adjacent seed
sources that exist in native forests. Also, they are subject to seed
dispersal from many exotic tree species found in the urban environ-
ment, which may inhibit the growth of native species (Nowak 1994,
Dwyer et al 2003, Moola & Vasseur 2004). It has been found that
stand-replacing events, such as hurricanes, can lead to greaterinva-
sion of exotic species in the AFR, which are often shade-intolerant
pioneer species that favour disturbed conditions (Mosseler et al
2003, Moola & Vasseur 2004). There is also concern that forest
fragmentation due to trails and the existing presence of exotic spe-
cies in Point Pleasant Park could lead to the continued invasion of
exotics, as trails can act as vectors for invasive species into native
plant communities (Neily et al 2004, Keys 2005, Burley et al 2007).

The exotic coniferous species found in this study included douglas
fir, scots pine, austrian pine, and possibly norway spruce. Exotic
species were present at a higher density and frequency in areas
with lower total regeneration, but had lower density in some areas
in comparison to pre-disturbance conditions (Jotcham et al 1992).
Burley etal (2007)found no significant relationship between disturbed
areas and the distribution of exotic species and also found them to
be presentmainly in areas with better soil conditions. Native species
appear to be able to out-compete exotics in the acidic, shallow soils
found in Point Pleasant Park (Jotcham etal 1992, Burley et al 2007).
Exotic conifers found in the sample area were all present before
Hurricane Juan (LeHave Forestry Consutlants Ltd 1984, Jotcham
et al 1992) and are unlikely to inhibit existing advanced regenera-
tion in the park. However, they may impede regeneration in more
disturbed areas of the sample area with less dense regeneration,
especially in the centre of stratum F where exotics, mainly scots
pine, constituted much of the observed regeneration.

Pre-Disturbance Survey Comparison

Natural succession in forests is highly variable and a great deal of
the post-disturbance vegetation composition relies on chance (White
1991). Larger, stand-replacing gaps tend to favour the succession
of shade-intolerant, short-lived pioneer species, while smaller gaps
tend to be replaced by existing canopy species (White 1991, Gold-
blum 1997, Mosseler et al 2003). When high amounts of existing
vegetation remainintactafteradisturbance, the species composition
of succession should resemble that of the pre-disturbance state
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(Roberts 2004). Ithas been shown that succession following alarge
stand-replacing wind disturbance may also be strongly influenced
by undisturbed, understorey vegetation, as well as the level of soil
disturbance, more specifically, exposed mineral soil (Carlton &
Bazzaz 1998, Castelli et al 1999, Burley et al 2007).

It is highly advantageous when post-disturbance regeneration
studies have existing pre-disturbance vegetation surveys of the
sample area to use in comparison and evaluate to what extent
pre-disturbance forest structure dictates succession. Due to the
management history of Point Pleasant Park, there are several
vegetation surveys available for comparison (LeHave Forestry
Consultants Ltd 1984, Jotcham et al 1992, Neily et al 2004).

It is possible that following a large wind disturbance event, suc-
cession will consist of a reorganization of existing canopy species,
with relatively little regeneration of pioneer species, regardless of
gap size (Castelli et al 1999). Mature to overmature forests, such
as the majority of stands in Point Pleasant Park, will also likely have
depleted pioneer seed banks. Succession following large-scale
wind disturbances is dictated by seed sources from neighbouring
vegetation, surviving vegetation within the disturbed area, and
seed banks within the soil (Frelich 2002, Burley et al 2007). Spruce
seeds have a short lifespan within the seed bank (Burley et al 2007)
so the dominance of red spruce regeneration within most of the
sample area must be due to neighbouring spruce within the park
and surviving vegetation in the disturbed area. Area 2 is described
by LeHave Forestry Consultants Ltd (1984) as having a thick red
spruce understorey beneath the dominant/co-dominant white pine/
red spruce overstorey. The comparison between disturbed and
intact plots carried out by Burley et al (2007) found no significant
difference in understorey composition. The presence of both the
red spruce understorey and the immature surviving red spruce
stand located in stratum X is most likely the major seed source for
the park and could explain the dominance of advanced red spruce
regeneration observed in this study.

In pre-disturbance conditions, there was a considerable white
spruce constituent in the southeast corner of the park, especially
area 8 where 61% of the observed coniferous species were white
spruce (Jotcham et al 1992). The majority of area 8 is in stratum J;
and while stratum J was found to have the highest concentration
of white spruce in the park at 96 stems/ha (11% of the total), red
spruce is still the dominant regenerating conifer. In area 8, white
spruce decreased from 702 stems/ha in the pre-disturbance condi-
tions to 89 stems/ha in this study.

Area 5 showed a drastic change in species composition since
Hurricane Juan. The only coniferous species found in the area
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before the hurricane was red pine, which was not found during this
survey. Considering the level and age of coniferous regeneration
in the area, it is possible that there was an error in the Jotcham
et al (1992) survey. European beech was the other dominant pre-
disturbance species, butwas notincluded in this survey. Red spruce
and balsam fir were the main post-disturbance species, though total
regeneration in area 5 was low, at 367 stems/ha.

Itis difficult to discern the full pattern of succession in Point Pleas-
ant Park given that only coniferous species were sampled. Burley
et al. (2007) found substantial broadleaf regeneration in the park,
mainly red maple and white birch. However, the observed regenera-
tion in the park remains dominated by red spruce, as it was before
Hurricane Juan. There is a substantial increase in balsam fir from
pre-disturbance conditions, but the Jotcham et al (1992) survey
did not tally stems below 1 m in height. The majority of observed
balsam fir was 10-30 cm in height; this may explain some of the
observed increases in density from pre-disturbance conditions.

Post-Disturbance Survey Comparison

The VT9 Red spruce-Hemlock, Starflower vegetation type is
dominated by red spruce, with a hemlock-white pine component,
and is a climax community. There is also a smaller white birch, red
maple, and balsam fir component (Neily et al 2004). Much of the
canopy remained intact in this area following the hurricane, which
was likely the seed source for the hemlock found in this area.
Balsam fir is highly shade-tolerant, and is typically a pioneer spe-
cies found in disturbed areas (Galipeau et al 1997, Mosseler et al
2003). The dominance of balsam fir regeneration in this area was
not unusual, though balsam firis not as favourable as red spruce for
regeneration because it is shorter lived and not a dominant climax
canopy species (Jotcham et al 1992, Loo & Yves 2003, Mosseler
et al 2003). This finding also indicated a presence of balsam fir
regeneration in the understorey prior to the hurricane, as balsam
fir has limited dispersal capabilities.

VVT10 Red spruce-White pine, Brackenis also a climax community
dominated by red spruce, with white pine, red maple, and balsam
fir. Unit 2 contained disturbed field patches that were occasionally
reverting to white-spruce-dominated patches before Hurricane Juan
(Neily et al 2004). Both units of the VT10 vegetation type showed a
similar regeneration pattern thatis consistent with the majority of the
sample area, with approximately 60% red spruce, 20% balsam fir,
and a lesser occurrence of white pine, eastern hemlock, and exotic
species. However, the regeneration density in unit 2 was consider-
ably lower than in unit 1, at 1252 stems/ha versus 3721 stems/ha.
This may be due to the presence of disturbed field patches that
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characterize unit 2, and the presence of european beech and the
heather patch. White spruce was more prevalent in unit 2 than unit
1, which is indicative of the higher disturbance levels expected in
unit 2 (Galipeau et al 1997, Mosseler et al 2003, Neily et al 2004).

VT11 Red spruce-Balsam fir, Schreber’s moss is the only mid-
successional community described by Neily et al (2004), and is
dominated by red spruce and balsam fir, with several early suc-
cessional non-coniferous species. Unit 1 was a mature stand, and
sustained almost complete canopy removal from Hurricane Juan.
Unit 1 was found to have a low regeneration density of 833 stems/
ha, though the area remained dominated by red spruce and balsam
fir. The higher densities of white spruce and exotic species than
the other overlapping vegetation types could be indicative of high
levels of disturbance (Mosseler et al 2003, Moola & Vasseur 2004).
Unit 2 was mainly occupied by the surviving immature red spruce
stand. The few plots that did lie in this unit are directly adjacent
to the stand and skew the data toward dense regeneration (5538
stems/ha). Neily et al (2004) argued that the VT11 vegetation type
has the potential to mature into a red spruce-white pine-eastern
hemlock climax community. Considerable attention should be given
to this location when deciding park management goals due to both
low observed regeneration and Acadian old-growth potential.

Park Management Recommendations

Stand-initiating disturbances such as hurricanes can alter forest
communities in such a way that they take hundreds of years to
return to a state similar to pre-hurricane conditions (Boose et al
2001, Mosseler at al. 2003). Park managers and visitors alike hope
to see relatively quick regeneration to a forest structure similar to
native Acadian old growth, as it was prior to Hurricane Juan (Keys
2005, PPPIDC 2005).

Several management techniques may be possible in achieve this
goal, given the findings of this regeneration survey. The first is the
use of overly dense plots as donor sites for seedling transplantation
to understocked areas. Slow tree growth rates have been observed
in Point Pleasant Park before Hurricane Juan and thinning was
previously suggested (LeHave Forestry Consultants Ltd 1984),
as individual tree growth is a function of density. It is encouraging
that red spruce regeneration was prevalent throughout the park,
so it is important to ensure adequate growth of the species. Areas
in the park that were considered overstocked, such as strata G,
H, X, and Y, could act as donor sites of red spruce for strata that
were understocked, such as strata J, K, and W. This transplantation
would also thin the overstocked red spruce regeneration to promote
faster and healthier individual tree growth.
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The import of favourable conifer species, such as white pine
and eastern hemlock, from nurseries for fill-planting in the park,
especially the most disturbed areas of the sample area, such as
strata K, J, and W, would further aid park regrowth into a healthy
red spruce-white pine-eastern hemlock climax community. Plant-
ing initiatives have been successful in the park in the past, and
in fact a small number of the observed seedlings may have been
planted prior to Hurricane Juan. Many of the areas with the lowest
observed regeneration, such as VT11, are believed to have the po-
tential to return to a red spruce-white pine-eastern hemlock climax
community, despite the high disturbance levels (Neily et al 2004).
Non-coniferous regeneration, especially red maple and white birch,
though not included in this study, should not be overlooked. The
planting of native deep-rooted non-coniferous species, especially
around the shore perimeter, would help to create a wind barrier and
shift the park forests to mixedwood stands that are more resistant
to catastrophic wind disturbance. Non-coniferous root systems are
also good nutrient sources for the park soil (PPC 1994).

Another possible management strategy is the culling of exotic
species, as they can be invasive in disturbed urban ecosystems and
prevent native growth (Dwyer et al 2003, Moola & Vasseur 2004).
Exotic species were found to have higher densities in areas with
lower total regeneration and occupied a patch in the centre of stra-
tum F. The planting of native species in understocked areas could
eliminate the chance of exotic conifer invasion, and park visitors
may also find this to be a more attractive management technique
than culling. It is also important to note that the exotic species
observed in this study were all found prior to Hurricane Juan and
were not considered a major invasive threat to the pre-disturbance
community (Jotcham etal 1992). The eventual phasing out of exotic
species in Point Pleasant Park would help to return the park to a
more natural state, but it is unlikely that the exotic conifer species
in the park pose a threat to native regeneration.

Follow-up regeneration studies will be necessary to ensure that
the regeneration observed in this study continues to be adequate
in the following years. Moreover, it will be necessary to monitor the
efficacy of any thinning/planting that may take place. This dataset
may also be useful for other future studies such the effects of edges,
fragmentation, and increased off-trail traffic on park regeneration.

Natural regeneration appears to be adequate in the majority of the
sample area. Acombination of passive managementand monitoring
in the majority of the park, and red spruce transplantation and fill
planting in the southeastern edge of the park could lead to the even-
tual regrowth of Point Pleasant Park into a stable climax community
similar to native Acadian old-growth forest. Point Pleasant Park has
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the benefit of having a high level of community concern because of
proximity to the urban core of Halifax, high recreational value, and
a long and colourful history of the area. Taking advantage of this
concern to establish a volunteer community program in the park,
such as a transplant/replant program, would be a low-cost tactic to
enhance park recovery, public involvement, and public approval.

Acknowledgements Thankyouto Tarah Wright, Blair Pardy, Jeremy
Lundholm, Johanna Kalkreuth, and the GIS centres at Dalhousie
University and the University of Guelph.

REFERENCES

Avery TA, Burkhart H (2001) Forest Measurements. McGraw Hill, New
York, NY.

Bertram H, Miller Cl, Beers TW (1982) Forest mensuration. John Wiley
& Sons, New York, NY.

Boose ER, Chamberlin KE, Foster DR (2001) Landscape and regional
impacts of hurricanesin New England. Ecological Monographs 71:27-48.

Burley S, Robinson SL, Lundholm JT (2007) Post-hurricane vegetation
recovery inan urban forest. Saint-Mary’s University, Halifax. Unpublished
manuscript.

Burns RM, Honkala BH (1990) Silvics of North America: 1. conifers; 2.
hardwoods. US Department of Agriculture, Washington DC.

Carlton GC, Bazzaz FA (1998) Resource congruence and forest following
and experimental hurricane blowdown. Ecology 79:1305-1319.

Connell JH, Slatyer RO (1977) Mechanisms of succession in natural .

communities and their role in community stability and organization. American
Naturalist 11:1119-1144.

Dwyer JF, Nowak DJ, Noble MH (2003) Sustaining urban forests. Journal
of Arboriculture 29:49-55.

EC (Environment Canada) (2004) Hurricane Juan: September 28 & 29,
2003. Environment Canada, Gatineau, PQ. Unpublished report.

FarrarJL (1995) Trees in Canada. Fitzhenry & Whiteside Ltd, Markham, ON.

Frelich LE (1995) Old forest in the Lake States today and before European
settlement. Natural Areas Journal 15:157-167.

Frelich LE (2002) Forest dynamics and disturbance regimes. Cambridge
University Press, Cambridge, UK.

Galipeau C, Kneeshaw D, Bergeron Y (1997) White spruce and balsam
fir colonization of a site in the southeastern boreal forest as observed 68
years afterfire.Canadian Journal of Forest Research-Revue Canadienne
de Recherche Forestiere 27:139-147.

Goldblum D (1997) The effect of treefall gaps on understory vegetation in
New York State. Journal of Vegetation Science 8:125-137.

Jotcham JR, Strong KW, Marvin TK (1992) An ecological survey of Point
Pleasant Park. Maricoba Incorporate & Maritime Testing Limited, NS.

Kalkreuth JM, Duinker PN (2006) Characterizing post-hurricane coarse
woody debris and overstorey in Point Pleasant Park, Halifax, NS. School



54 STEENBURG AND DUINKER

for Resource and Environmental Studies, Halifax, NS. Unpublished
manuscript.

Keys K, Neily P, Quigley E, Stewart B (2003) Forest ecosystem
classification of Nova Scotia’s model forest. Natural Resources Canada
- Nova Forest Alliance, Stewiacke, NS.

Keys K (2004) Ground disturbance survey for Point Pleasant Park: post-
hurricane Juan clean-up. Nova Scotia Department of Natural Resources,
Truro, NS.

Keys K (2005) Point Pleasant Park forest ecosystems and soils. Nova
Scotia Department of Natural Resources Truro, NS.

Kitz J, Castle G (1999) Point Pleasant Park: An lllustrated History. Point
Pleasant Publishing, Halifax, NS.

LaHave Forestry Consultants Ltd (1984)Aforest managementstrategy for
PointPleasant Park. LaHave Forestry Consultants Ltd, Bridgewater, NS.

Loo J, Ives N (2003) The Acadian forest: historical condition and human
impacts. Forestry Chronicle 79(3):462-474.

Moola FM, Vasseur L (2004) Recovery of late-seral vascular plants in a
chronosequence of post-clearcut forest stands in coastal Nova Scotia,
Canada. Plant Ecology 172(2):183-197.

Mosseler A, Lynds JA, Major JE (2003) Old-growth forests of the Acadian
Forest Region. Environmental Reviews 11(51):47-77.

Neily P, Keys K, Quigley E (2004) Ecosystems of Point Pleasant Park.
Nova Scotia Department of Natural Resources, Truro, NS.

Nowak DJ (1994) Understanding the structure of urban forests. Journal
of Forestry 92:36—41.

PPC (Park Planning Committee) (1994) Point Pleasant Park management
plan. Halifax Regional Municipality, Halifax, NS.

Pickett STA, White PS (1985) The Ecology of natural disturbance and
patch dynamics. Academic Press Inc, Orlando, FA.

Point Pleasant Park (2005) About the park: the challenge. Point Pleasant
Park, Halifax NS.

PPPIDC (Point Pleasant Park International Design Competition) (2005)
Stage one competition brief: regenerate, restore, renew. Halifax Regional
Municipality & Southwest Properties Ltd, Halifax, NS.

Roberts MR (2004) Response of the herbaceous layer to natural disturbance
in North American forests. Canadian Journal of Botany 82(9):1273-1283.

Rowe JS (1972) Forest regions of Canada (CFS Publication No. 1300).
Department of the Environment, Ottawa, ON.

StewartBJ, Neily PD, Quigley EJ, Duke AP, Benjamin LK (2003) Selected
Nova Scotia old-growth forests: age, ecology, structure, scoring. Forestry
Chronicle 79(3):632-644.

Simmons M, Davis D, Griffiths L, Muecke A (1984) Natural History of
Nova Scotia. Nova Scotia Department of Lands and Forests, Truro, NS.

Watt AS (1947) Pattern and process in the plant community. Journal of
Ecology 35(1-2):1-22.

White AS (1991) The importance of different forms of regeneration to
secondary succession in a Maine hardwood forest. Bulletin of the Torrey
Botanical Club 118(3):303-311.

White PS (1979) Pattern, process, and natural disturbance in vegetation.
Botanical Review 45:229-299.



