
Regeneration and Seedling-habitat Relationships of the Marginal Population of Pitch Pine (Pinus rigida) After Prescribed Burning, Easiern Ontario, Canada 

RESEARCH ARTICLE 

• 
Regeneration and 
Seed ling-habitat 

Relationships of the 
Marginal Population 

of Pitch Pi ne 
(Pinus rigida)After 

Prescribed Burning, 
Eastern Ontario, 

Canada 

Miroslav Srutek 1 

Institute of Botany 
Pruhonice, Czech Republic3 

Jiff Dolezal 

Institute of Botany 
Tfeboii, Czech Republic4 

c. Scott Findlay 

Biology Department 
University of Ottawa5 

R.A. (Bud) Andress 

Parks Canada6 

• 
1 Corresponding author: 

srutek@esnet.cz; +420-565433219; 
Benesov 14, CZ-394 70 Kamenice n.L., 
Czech Republic 

2-6 For complete address, see list below 
ABSTRACT. 

Natural Areas loumaI28:155-167 

Volume 28 (2), 2008 

ABSTRACT: Post-fire seedling establishment in relation to microsite conditions and relationships of 
seedlings (saplings) to older tree individuals was studied in two treatments (Le., burned and unburned 
sites) in an area known as the pitch pine (Pinus rigid a) ridge on Hill Island, St. Lawrence Islands 
National Park, Eastern Ontario. Pinus rigid a is a rare tree species in Canada at the northern limit of its 
range. Pinus strobus (eastern white pine) and Quercus alba (white oak) are also common species of 
the site. The negative correlation between density of mature P. rigida trees and total canopy cover and 
hardwood density was confirmed in unburned plots on the ridge. On the other hand, P. strobus density 
was positively correlated with those parameters. The density of P. rigid a seedlings is higher (by 48%) 
and P. strobus seedlings lower (by 82%) in burned plots than in unburned plots. Seedling recruitment 
was also dependent on the occurrence of seed tree's of both species. The density of P. strobus seedlings 
was generally higher than that of P. rigida seedlings, especially in unburned plots. The long absence of 
fire, high seed production of P. Strobus, and relatively low number of P. rigida seed-producing trees, 
which have a low amount of fertile cones, are probably the main factors influencing seedling recruit
ment on the ridge. Discriminant analysis confirmed different seedbed requirements of both species. 
Pinus strobus seedlings occurred within both treatments, especially on deeper soil profiles with thicker 
litter depth, although, for seed regeneration, a mineral soil seedbed or a greatly reduced organic layer 
was also important. Pinus rigida seedling recruitment on burned and unburned plots was comparatively 
higher on mineral soil, thinner litter layer, and moss and lichen cushions. 

Index terms: environmental variables, Pinus rigida, prescribed fire, regeneration, seedling recruitment 
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INTRODUCTION 

Modem management practices in protected 
forest areas should follow natural pro
cesses, especially disturbance, to result in 
greater variation over time and space than 
manifested through traditional silvicultural 
practices (Seymour and Hunter 2000). 
One of the essential natural disturbances 
in many Canadian national parks is fire 
(Weber and Stocks 1998). Prescribed fires 
are frequently applied for restoration and 
active management of selected vegetation 
types in many North American national 
parks (Weber and Taylor 1992; Elliott et 
al. 1999; Motzkin et al. 1999; Welch et 
al.2000). 
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Fire is a critical factor affecting the long
term dynamics of many biomes around 
the world (Goldammer and Jenkins 
1990; Bergeron et al. 1998; Johnson and 
Miyanishi 2007). Many tree species, 
particularly in temperate and boreal forests, 
exhibit a flush of seedling establishment 
following fire and show many other types of 
adaptations for the regeneration of various 
tree parts (LIoret 1998; Welch et al. 2000; 
Wang 2002; Goubitz et al. 2003; Ordonez 
and Retana 2004). 

Plant species response to fire can be 
fundamentally different in different 
communities. In temperate and boreal 
areas, conifers with serotinous cones 
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show seedling recruitment that is largely 
restricted to a single point in time related 
to a fire event (e.g., Lamont et al. 1991). 
This occurs despite repeated cone crops. 
Although being serotinous is particularly 
well developed in the family Cupresaceae 
(Keeley et al. 1998), examples from other 
families and genera are recognized as well 
(Gauthier et al. 1996; Midgley and Enright 
2000). Another widespread fire-induced 
reproductive mechanism is re-sprouting 
from dormant buds along the bole (Little 
and Somes 1964; Givnish 1981; Buchholz 
and Good 1982; H6llermann 1996; Sr tek 
et al. 2002). 

Both trunk sprouting and seedling 
establishment in pitch pine (Pinus rigida) 
are somewhat rare in Canada, as Canadian 
popUlations occur on the northern margin of 
the natural distribution of the species. Pinus 
rigida prefers warmer and moister climate 
conditions (Greenwood et al. 2002; Day 
et al. 2005), which in Canada are limited 
to several sites along the St. Lawrence 
River (Vander Kloet 1973; Meilleuret et 
al. 1997). 

Although P. rigida individuals have either 
serotinous or non-serotinous cones (not 
both), some seedling establishment is 
expected in the absence of fire. However, 
negligible seedling density was observed 
over the last several years at St. Lawrence 
Islands National Park and other Canadian 
pitch pine sites (Donnelly and McCloskey 
1996; Meilleuret et al. 1997). Therefore, a 
prescribed burn was conducted in the spring 
of 1997 to promote P. rigida regeneration 
and reduce competition with other plant 
species on Hill Island. 

The pre-burn inventory of habitat relation
ships and seedling (saplings) densities was 
conducted by Donnelly and McCloskey 
(1996). The purpose of this study was to 
characterize post-fire seedling establish
ment in relation to micro-site conditions 
and the relationships of germinants and 
regenerated seedlings to older tree individu
als within a selected stand. Particularly, we 
attempted to answer the following ques
tions: (1) Does the fire treatment affect 
relationships between mature trees (density 
and estimated cover) and pine seedling re
cruitment and local site conditions? (2) Are 
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there differences in the regeneration pattern 
of pine seedlings between the burned and 
control (unburned) stands? and (3) Do the 
investigated biotic and abiotic factors affect 
the post-fire recruitment of pitch pine and 
white pine seedlings? 

MATERIAL AND METHODS 

Study site 

The research was conducted on Hill Is
land (lat 44°21 'N, long 75°59'W) in St. 
Lawrence Islands National Park, Eastern 
Ontario, Canada. Hill Island is one of the 
largest of 25 islands under the protection 
of National Parks of Canada (Anonymous 
1997). The island is approximately 400 ha 
in size. Hill Island's forest communities 
are extremely varied, ranging from wet 
marshy lowlands to high dry rocky ridges 
with bedrock plant communities. One 
rocky ridge, referred to locally as "the pitch 
pine ridge," is a significant granite feature 
on the island. The ridge is 110 m above 
mean sea level, going in SW-NE direction. 
The ridge is covered by the largest single 
stand of P. rigida in Canada (compare to 
the occurrence of pitch-pine communities 
in the northeastern United States; Motzkin 
et al. 1996); it is approximately 675 m 
long and 150 m wide. Eastern white pine 
(Pinus strobus), white oak (Quercus alba), 
and eastern hemlock (Tsuga canadensis) 
tend to dominate the southern slopes of 
the ridge. 

The Hill Island pitch pine ridge is af
forded the highest protection level under 
the park's zoning system (Zone I). The 
climate of the area is moderated by Lake 
Ontario. Mean annual temperature for the 
Kingston Region, which is appropriate for 
the study site, is 6.7°C, and mean annual 
precipitation is 964 mm. A noticeably 
unsuccessful regeneration of P. rigida 
over the last couple of decades suggest 
predation by mammals such as white-tailed 
deer (Odocoileus virginianus Zimmerman) 
and porcupine (Erethizon dorsatum) and 
the absence of wildfire (Olson and Lewis 
1999). Both factors appear to be contribut
ing to P. rigida decline on the ridge. Acid 
deposition from industrial areas of the 
nearby U.S. states (e.g., New York, Ohio, 

and Pennsylvania) could also contribute 
to the P. rigida population decline in the 
Thousand Islands region (McClenahen and 
McCarthy 1990). 

Sampling methods 

The fire was ignited on 27 April 1997 as 
the prescription conditions were met (Fine 
Fuel Moisture Code [FFMC] of 90, relative 
humidity ofless than 40%, wind speed less 
than 20 km.h- I , and Rate of Spread [ROS] 
of 1-3 m.min-I ) (compare van Wagner et 
al. 1992). Hand torch igniting was carried 
out along the southwest end of the pitch 
pine ridge. Fire behavior was within the 
prescribed ROS (average 1.0 to 3.0 m.min
I). Where fuel was relatively sparse, the fire 
crept in dried grasses and pine needles; in 
moss mats, the fire self-extinguished. The 
fire spread at higher rates in oak leaf litter 
(1 to 6 m.min- I ). Air temperature during 
the burn ranged from 24°C to 19°C and 
Relative Humidity [RH] ranged from 18 to 
23%. Flame heights observed were 0.5-0.7 
m, giving an intensity of 60-100 kWm- I . 

The bum area was about 300 m long 
by about 95 m at its widest point and 
occupied roughly the southeastern quarter 
of the ridge (i.e., 1.7 ha (Saunders 1996». 
Approximately the same area located in 
a northeast direction along the ridge was 
studied as unburned. Four years had elapsed 
since the area was burned (1997) and, at 
first, higher recruitment (in 2000) of P. 
rigida germinants was observed. In fact, 
one cohort (2001) of P. rigida (P. strobus) 
germinants predominated in the area. 
However, regenerated seedlings of 2000 
were also recorded. We use the general 
term "seedling(s)" for both categories. 

In 2001, a grid of70 quadrat plots (5 m x 5 
m) was established along 14line transects 
40 m apart, which were perpendicular to 
the lengthwise axis. The axis was located 
approximately along the ridge center of the 
island. The starting point of the axis was 
located selectively on the southwestern 
edge of the burned area. Five plots (10 m 
apart), including one central plot on the 
lengthwise axis, were located along each 
transect so that eventually 35 plots were 
within the burned and 35 plots within the 
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unburned areas. Because it is difficult to 
replicate a disturbance event such as fire 
at small spatial scale (Hurlbert 1984), the 
sampling design as used in this study is 
commonly applied for assessing the effects 
of prescribed fires and wildfires on forest 
regeneration, although the sampling plots 
are not true replicates (see van Mantgem 
et al. 2001). 

To determine which plot-level attributes 
affect the regeneration pattern of P. rigida 
and P. strobus in control burned and un
burned stands, we counted all seedlings 
within each 5-m x 5-m plot (Table 1) and 
measured individual seedling height, crown 
length, and number of branches. Percent 
area covered by trees (> 2 m tall), shrubs 
(0.8 < h < 2 m tall), herbs, grarninoids, 
and ferns « 0.8 m tall) and the bottom 
layer ofbryophytes, lichens, and seedlings 
was recorded in each plot. Percent area 
covered by rock, litter, and woody debris 
(WD included tree branches > 1 cm in 
mean diameter, fallen trunks, deposited 
old bark, fallen cones, and exposed tree 
roots) was also estimated. The type of 
damage suffered by each seedling (dry
ing, browsing, insect-related, dead) was 
recorded as well. 

The number of each tree speCies was 

counted within each 5-m x 5-m plot and 
in an additional 5 m distance around the 
basic plot (i.e., within 1O-m x 10-m plots). 
Five categories of tree were distinguished: 
(1) seed trees of P. rigida, (2) seed trees 
of P. strobus, (3) trees of P. rigida without 
cones, (4) trees of P. strobus without cones, 
and (5) hardwood trees. 

To determine which factors are potentially 
responsible for seedling emergence within 
control and burned plots, we recorded the 
following individual parameters for each 
seedling found in each 5-m x 5-m plot: 
soil profile depth (i.e., depth to bedrock 
including moss, lichen, grass/sedge, and 
litter) measured by a calibrated steel probe, 
litter depth measured by ruler, litter type 
(needles, leaves, pulp/bark, needles+leaves, 
leaves+needles, needles+ blueberry (Vac
cinium spp.) leaves, hare droppings, moss, 
leaves or needles+grass/sedge leaves, 
grass/sedge leaves), and soil surface fea
tures beneath each seedling (litter, moss, 
lichen, mineral soil, rock, grass/sedge, litter 
beside rock, old wood/rotten wood/bark). 
To test whether values of the estimated en
vironmental variables differ between spots 
occupied and unoccupied by seedlings, the 
same parameters including profile depth, 
litter depth, litter type, and soil surface 
featUres were measured within each plot at 

randomly selected points whose numbers 
equalled the number of seedlings, generat
ing a total of 27,288 individual-level data 
records. 

Statistical analyses 

In order to explore the interrelationships 
between factors potentially responsible for 
the densities of P. rigida and P. strobus 
seedlings, Principal Component Analysis 
(PCA) was first calculated with the plot
level micro-environmental variables and 
seedling and tree counts. PCA was per
formed on the character correlation matrix 
(i.e., after centering and standardization 
as plot-level variables were measured in 
different units, each variable has then a 
zero average and· unit variance). PCA was 
performed separately for burned and un
burned plots using CANOCO for Windows 
(ter Braak and Smilauer 1998; Leps and 
Smilauer 2003). 

To test which plot-level micro-environ
mental factors significantly affect seedling 
density in burned and unburned plots, a 
generalized linear model (GLM) , with 
Poisson error or Quasi-likelihood distribu
tion and logarithmic link function (McCul
lagh and NeIder 1990; Crawley 2002), was 

Table 1. The total numbers and percent proportions· (in brackets) of seedlings of Pinus rigida and P. strobus in four vigour categories in experimental 
burned and unburned plots on Hill Island, St. Lawrence Islands National Park, eastern Ontario, Canada. Shown are also average (min-max) seedling 
height and crown length in cm. 

Stand unburned burned 

P. rigida count height crown count height crown 

no damage 210 (95) 5.6 (1.5 - 22) 4.2 (1 - 20.5) 337 (93.9) 4.7 (2.5 - 15.5) 2.9 (1 - 12) 

browsed 3 (1.4) 13 (9 - 20) 8.3 (5 - 14) 7 (1.9) 5.6 (2.5 - 12) 3.9 (1 - 11) 

insect 1 (0.5) 4.5 3 3 (0.8) 5.8 (3 - 8) 4.6 (2 - 7) 

dead 7 (3.2) 5.7 (4 - 11) 4.1 (2 - 10) 12 (3.3) 5.4 (3 - 10) 2.5 (1 - 9) 

Total 221 359 

P. strobus count height crown count height crown 

no damage 2193 (91.5) 6 (2 - 25) 2.4 (0.5 - 18) 419 (96.5) 6 (2.5 - 21) 2.6 (1- 12) 

browsed 22 (0.9) 6.3 (3 - 14) 3.3 (0.5 - 12) 2 (0.5) 6.5 (5 - 8) 3.8 (2.5 - 5) 

insect 0 0 

dead 182 (7.6) 5.5 (2.5 - 10) 2.3 (1 - 7) 13 (3) 4.9 (2.5 - 6.5) 2 (1.5 - 4) 

Total 2397 434 
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calculated. The significance of the linear 
model was tested using the analysis of 
deviance in the S-plus package (Chambers 
and Hastie 1992). If the form of linear 
dependence was not accepted, a second
order polynomial was fitted. We conducted 
two types of analyses using GLM. The 
first tested for the significant relationship 
between the density of emergent seedlings 
and an environmental variable by including 
that variable alone as a predictor in a single 
regression. The second tested for a signifi
cant relationship between seedling density 
and an environmental variable having sta
tistically controlled for factors that could 
potentially confound such a relationship. 
Akaike Information Criterion (Chambers 
and Hastie 1992) and the F-ratio-based 
test in analysis of deviance were used to 
decide upon acceptance or rejection of a 
particular predictor variable. 

non-seed 
P.strobus 

trees 

A stepwise discriminant function analysis 
(Manly 1998) was used to explore which 
individual-level factors are responsible 
for tree seedling emergence, using the 
attributes measured for each seedling and 
beside each random point (profile depth, 
litter depth, litter types, and soil surface fea
tures) as predictors of seedling emergence. 
Hence, discriminant analysis was used to 
investigate which variables discriminate 
between spots occupied and unoccupied 
by tree seedlings. 

RESULTS 

Effect of prescribed fire on local site 
conditions 

Pinus rigida, P. strobus and Quercus alba 
were the most important overs tory species 
both prior to and following the prescribed 

P. strobus 
seedlings 

iii burned P. rigida 
seedlings 

non-seed 
P.rigida trees 

seed P.strobus 
trees 

seed P.rigida 
trees 

Hardwood 
trees 

Total tree 
number 

o unburned 

o 5 10 15 

Rock 

Litter 

rvloss 

Herb 

Shrub 

Tree 

20 25 o 20 

bum. The burn reduced the densities of 
these species (Figure 1). Mean densities 
of mature P. rigida and P. strobus trees 
were 70% and 53%, respectively, lower in 
post-bum plots compared to the unburned 
stand. The density of mature P. rigida 
trees in unburned plots was negatively 
correlated with total tree canopy cover 
(Pearson correlation r = -0.51, P = 0.003) 
and hardwood tree density (r = -0.36, P 
= 0.033), whereas P. strobus tree density 
was positively correlated with total tree 
canopy cover (r = 0.37, P = 0.025, Figure 
2). In the burned stand, P. rigida trees 
retained the negative correlation with total 
tree canopy cover (r = -0.39) and became 
even more strongly negatively correlated 
with hardwood tree density (r = -0.69) 
compared to the unburned stand. 

The bum reduced the cover of the shrub 
and moss layers and increased the surface 

40 60 80 100 

Tree density 11 OOm 2 
% cover and seedling density 125m 2 

Figure 1. Comparison of mean density (± 1 SE) of Pinus rigida and P. strobus seedlings (plots 5 x 5 m, n = 75) as well as average cover values of vegetation 
layers and density of mature trees (plots 10 x 10 m, n = 75) between unburned and burned stands. All tested variables differ significantly between burned 
and unburned stands except for percent herb and tree canopy (GLM followed by F-test). 
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Figure 2. peA ordination diagrams (showing first and second ordination axis) displaying the correlation pattern of the plot-level variables and seedling and 
tree densities in unburned and burned stands. 
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rock cover and percent cover of the herb 
layer (Figure 1). Average shrub and moss 
covers in the burned plots were 97% and 
44%, respectively; lower compared to un
burned plots. Prior to the burn, there were 
some correlations between the vegetation 
layers. The herb stratum of the forest un
derstory in the unburned stand showed a 
negative correlation with moss (r = -0.35) 
and lichen cover (r = -0.50) and also with 
percent litter (r = -0.30) and surface rock 
cover (r = -0.50). 

Litter cover was also significantly influ
enced by the prescribed burn. Average litter 
cover was 28% higher in the unburned 
site (Figure 1) where the litter layer was 
composed of pine needles and a high 
proportion of relatively slow decomposing 
oak leaves. Litter cover in unburned plots 
increased with total tree canopy cover (r 
= 0.42) and the number of P. strobus trees 
(r = 0.34), and decreased with increasing 
shrub (r = -0.36), herb (r = -0.30) and 
woody debris cover (r = -0.41). Post-bum 
litter cover increased with total tree canopy 
cover (r = 0.51) and hardwood tree density 
(r = 0.47). 

Tree seedlings recruitment 

Pinus rigida and P. strobus responded 
differently to the fire treatment. The 
density of P. rigida and P. strobus seedlings 
differed between the burned and unburned 
plots (Table 1 and Figure 1). The average 
emergence of P. strobus was 82% lower 
in the burned plots, whereas average 
emergence of P. rigida was 48% higher 
compared to unburned plots. In terms of 
absolute seedling numbers, the recruitment 
in both unburned and burned plots was 
dominated by P. strobus. In the unburned 
stand, the total number of P. strobus 
seedlings was 10.9 times higher than that 
of P. Rigida; whereas, in burned plots, 
P. strobus emergence was only 1.2 times 
higher than P. rigida emergence. 

Principal component analyses and GLMs 
for the plot-level micro-environmental 
variables and P. rigida and P. strobus 
seedling densities indicate that the tree 
species may have been responding to 
different environmental factors (Figure 2; 
Table 2). In the control, unburned plots, the 
density of P. rigida seedlings was positively 
correlated with the density of mature P. 

rigida seed trees (r = 0.62) and woody 
debris cover (r = 0041) and negatively 
correlated with total tree canopy cover 
(r = -0.52), shrub cover (r = -0.29), and 
hardwood tree density (r = -0.30) (Figure 
3). When environmental correlations were 
examined for the burned plots, P. rigida 
emergence showed a positive correlation 
with the density of mature P. rigida trees 
(r = 0045) and moss cover (r = 0041) and 
a negative correlation with the density of 
hardwood trees (r = -0.28) and P. strobus 
seed trees (r = -0.18). This indicates that 
shrubs and hardwood trees have a negative 
effect, and conspecific trees, mosses, and 
woody debris a positive effect on P. rigida 
seedling abundance. The number of P. 
strobus seedlings in pre-bum plots was 
positively correlated with percent total 
tree canopy cover (r = 0.38), the density 
of mature P. strobus seed trees (r = 0.54), 
and litter cover (r = 0041) and negatively 
correlated with shrub cover (r = -0.33) 
and the number of neighboring P. rigida 
seed trees (r = -0.27). Pinus strobus 
seedling density in the post-burned plots 
was positively correlated with the total 
number of trees (r = 0.54) and moss cover 
(r = 0.33). 

Table 2. The results of GLM regressions modelling the response of tree seedling density with plot-level environmental characteristics (plots 5 x 5 m). The 
results are the F-values associated with adding each predictor variable alone to a single regression .... indicates an increase in seedling emergence with 
environmental variable. T indicates a decrease in seedling emergence. The F -ratio statistic is followed by the estimate of the Type I error probability: 
• P < 0.1, * P < 0.05, ** P < 0.01, *** P :s 0.001. 

Pinus rig,.ida Pinus strobus 

unburned :elots burned :elots unburned :elots burned:elots 

Tree cover (%) T 8.3 ** T 2.7 a ... S.6 * 0.1 

Shrub cover (%) T 6.S * 0.1 T 4.S * 0.1 

Herb cover (%) 1.2 O.S 0.2 0.1 

Moss cover (%) 3.8 a ... 34.3 *** 0.1 ... 12.7 *** 
Lichen cover (%) 004 3.3 0.3 0.1 

Litter cover (%) 1.9 1.S ... 7.1 * ... 3.1 a 

Rock cover (%) 2.0 0.1 1.5 1.5 

Branch cover (%) ... 4.S * 1.1 0.2 0.1 

Total tree number 0.1 0.1 2.0 ... 7.3 ** 
No. seed P. rigid a trees ... 18.1 ** ... 13.8 *** T 4.5 * 004 

No. seed P. strobus tree 0.2 T 2.9 a ... IS.2 *** 0.7 

No. hardwood trees T 5.S * T 6.S ** 1.6 0.3 
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Figure 3. Relationships between the densities of Pinus rigida and P. strobus seedlings in plots 5 x 5 m and plot-level variables in unburned (open circles, thin 
lines) and burned (filled circles, thick lines) stands. 
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Adjusting for confounding variables 

Our results suggest that several variables in 
our data set were confounded. For instance, 
the density of P. strobus seedlings in the 
unburned stand was positively related to 
total tree canopy cover and litter cover, but 
tree cover and litter cover were themselves 
positively correlated (r = 0.41). Pinus 
rigida seedling density in the burned plots 
was positively correlated with the density 
of P. rigida seed trees and moss cover, 
but P. rigida tree density and moss cover 
were also themselves correlated (r= 0.41). 
To assess the degree to which these inter
correlated variables could independently 
predict tree seedling emergence, we fit
ted multiple logistic regression models in 
which we controlled for the influence of 
the confounding variables (see Material 
and Methods). 

Variation in P. rigida seedling density was 
most strongly associated with the density 
of neighboring mother trees (Figure 3). 
Having adjusted for the influence of con
specific trees, the previously strong positive 

correlation between P. rigida seedlings 
and woody debris on the forest floor in 
unburned plots was no longer significant. 
Also, after accounting for the influence 
of conspecific trees, the previously strong 
negative correlation between P. rigida 
seedlings and hardwood trees (mostly 
Quercus alba) was no longer significant. 
In this case, a pattern consistent with nega
tive density dependence arose because P. 
rigida seedling density was significantly 
higher and hardwood tree density lower 
in denser patches of P. rigida trees. The 
only factors that retained significant nega
tive correlations with P. rigida seedlings 
in unburned plots were percent total tree 
canopy cover and shrub cover (P < 0.05). 
When we statistically controlled for the 
influence of conspecific trees in the post
bum plots, P. rigida emergence retained 
a positive correlation with percent moss 
cover (F = 17.1, P = 0.001, Figure 3), but 
was no longer related to hardwood tree 
density and the density of mature P. strobus 
trees. Pinus strobus seedling emergence in 
unburned plots remained negatively related 
to percent shrub cover and P. rigida tree 

density (P < 0.05), after adjusting for the 
influence of conspecific trees, but was no 
longer significantly related to total tree 
canopy cover (F = 2.2, P = 0.147) or litter 
cover (F = 2.38, P = 0.132). Pinus strobus 
emergence in the burned plots was most 
strongly related to the total number of trees. 
Having adjusted for this variable, P. strobus 
seedlings were no longer correlated with 
percent litter cover, but retained a positive 
correlation to percent moss cover (F = 
5.22, P = 0.03). 

Stepwise discriminant analysis of tree 
seedling natural recruitment 

Stand attributes that contributed signifi
cantly to the discriminant function and 
maximized the difference between the two 
groups are shown in Table 3. Stepwise 
discriminant analysis of tree seedling 
emergence for P. strobus in the unburned 
plots revealed that bare rock cover, thick 
grass (sedge) cover, and woody debris 
are unfavorable, whereas pine, oak, and 
blueberry litter, moss and lichen, and a 

Table 3. The results of stepwise discriminant analysis of presence/absence of tree seedlings versus attributes measured beside each occupied and unoccupied 
spot (profile depth, litter depth, litter types and soil surface features) .... indicates a higher probability of seedling occurrence with environmental variable. 
T indicates a lower probability of seedling occurrence with environmental variable. "na" - not analyzed. The F -ratio statistic is followed by the estimate 
of the Type I error probability: * P < 0.05, ** P < 0.01, *** P :S 0.001. 

Pinus rigJda Pinus strobus 

unburned :elots burned:elots unburned :elots burned:elots 

Litter depth 1.1 'Y 18.9 *** 0 A 13.5 *** 
Profile depth A 3.9 * 0.1 A 19.0 *** 3.8 

Soil surface features 

Rock 'Y 7.1 ** 'Y 60.6 *** 'Y 149.7 *** 'Y 17.5 *** 
Mineral soil na 0.9 na na 

Moss and lichen A 29.7 *** 0.2 A 13.9 *** 1.8 

Grass (sedge) na 'Y 25.9 *** 'Y 29.5 *** 'Y 8.9 ** 

Litter types 

Needles A 21.2 *** 2.6 A 18.0 *** A 56.9 *** 
Oak leaves A 7.8 ** 1.1 A 22.8 *** A 41.9 *** 
Moss na 0.2 na 0.2 

Blueberry leaves 0.2 1.9 A 19.7 *** 'Y 7.7 ** 
Grass leaves na 0.1 0.14 2.1 

Fallen branches A 8.8 ** na 'Y 93.6 *** na 
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deeper soil profile are favorable seedbeds 
(Figures 4 and 5). Similar results were 
obtained when discriminant analysis was 
employed for P. strobus in the post-bum 
plots where bare rock and dense grass cov
ers and blueberry litter represented adverse 
seedbeds, whereas the presence of deep 
needle and oak litter layers represented 
favorable seedbed conditions. Averaged 
across all plots, P. strobus seedlings 
emerged on a deeper soil profile and litter 
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layer than P. rigida seedlings (Figure 4). 
Stepwise discriminant analysis for P. rigida 
emergence in the post-bum plots revealed 
that deep litter, bare rock, and dense grass 
have a significantly negative effect on P. 
rigida seedling emergence. Similarly, in 
the unburned plots, bare rock cover has a 
negative effect, while mosses and lichens, 
needle and oak litter layers, and woody 
debris have a positive effect on seedling 
recruitment. 
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DISCUSSION 

Pinus rigida is an important example of the 
temperate fire-dependent forest within the 
Canadian national parks system (Anony
mous 1997). With a consistent decline 
in regeneration, P. rigida is in danger of 
becoming rare or' extinct in both Canada 
and the United States (Motzkin et al. 1996). 
Our investigation evaluated a prescribed 
fire management event in what is likely 

8 

burned 

Figure 4. Comparison of average values of profile depth (A) and of litter depth (B) between Pinus rigida and P. strobus seedlings in burned and unburned 
plots. Each'bar represents mean depth (± 1 SE). 
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Figure S. The proportion of Pinus rigida and P. strobus seedlings that emerged in litter, moss (or Sphagnum), lichen layer, mineral soil, exposed rock, grass 
(sedge), litter near rock and old wood (and/or rotten wood, bark) in burned and unburned plots during 2000-2001. 
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Canada's largest stand of P. rigida in St. 
Lawrence Islands National Park. 

Prescribed fire, mature trees, 
seedlings and site conditions 

The fire reduced the density of mature tree 
species on the Hill Island ridge (Figure 
1). Mean density of mature P. rigida and 
P. strobus trees was 70% and 53% lower, 
respectively, in post-burn plots compared 
with the unburned stand. Density of mature 
P. rigida trees in unburned plots had a 
negative relationship with total tree canopy 
cover and density of hardwood trees (e.g. 
Q. alba and Q. rubra), whereas P. strobus 
tree density was positively related to tree 
cover. This shows that the less shade
tolerant P. rigida prefers open areas within 
the unburned stand. In the burned stand, P. 
rigida trees retained a negative correlation 
with total tree canopy cover, and became 
even more strongly negatively correlated 
with hardwood tree density compared to 
the unburned stand. High light and low 
litter are widely recognized as necessary 
for the regeneration of P. rigida and other 
fire-tolerant pines (Little and Garrett 1990; 
Waldrop and Brose 1999). There are many 
examples where hardwood and other 
fire-sensitive coniferous species (e.g., P. 
strobus; Wendel and Smith 1990) invade 
the overstory on sites where P. rigida stems 
are dying out in the continued absence of 
fire (Williams 1998; Copenheaver et al. 
2000; Welch et al. 2000). For example, 
in fire-suppressed P. rigida stands in the 
Great Smoky Mountains National Park, 
Tennessee, canopy density and basal 
area increased with the invasion of fire
sensitive Acer rub rum, P. strobus, and 
Tsuga canadensis (Harrod et al. 1998, 
2000). Substantial variation in geography, 
environment, and past human activities 
has also influenced the P. rigida-Quercus 
vegetation composition and structure 
across Cape Cod, Massachusetts (Motzkin 
et al. 2002). 

Mature trees of both P. rigida and P. 
strobus are more resistant to surface fire 
than seedlings (Williams 1990) because of 
thicker bark (Wyant et al. 1986; Trabaud 
and Valina 1998; Welch et al. 2000). 
Moreover, P. rigida has a high regeneration 
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ability by vegetative resprouting from fire
induced surface injury to stems, branches, 
and roots (Ledig and Little 1979). However, 
litter and understory burns make suitable 
conditions for regeneration from seeds, 
because seedlings of fire-tolerant species 
(such as P. rigida, P. resinosa, P. pungens, P. 
halepensis and P. Banksiana) are success
ful only on microsites that have exposed 
mineral soil or a thin litter layer (Engstrom 
and Mann 1991; Thanos et al. 1996; Wil
liams 1998). For P. rigida to regenerate 
successfully from seeds, Ledig and Little 
(1979) pointed out that plentiful sunlight 
is a required condition together with bare 
mineral soil and sufficient soil moisture. 
Day et al. (2005) found out that warmer 
and moister conditions favor P. rigida re
generation in contrast with P. banksiana, 
which prefers a cool and dry climate. 

The abundance of P. rigida seedlings was 
positively correlated with the density of 
P. rigida seed trees both on unburned and 
post-burned plots. A positive correlation 
between the basal area and density of par
ent trees and successful regeneration from 
seeds was suggested by many authors (see 
Greene et al. 1999 for review). Positive 
correlations between mature parent trees 
expressed by basal area and the density 
of seedlings and saplings were recorded 
within the treeline population of P. ca
nariensis on Mount Teide, Canary Islands 
(Sr tek et al. 2002). On the other hand, 
the negative correlation between P. rigida 
seedling density and total tree canopy cover 
on Hill Island supports findings about the 
negative effect of low light levels under 
dense canopy on seed germination and 
seedling recruitment (Copenheaver et al. 
2000; Goubitz et al. 2003). 

Differences in regeneration pattern 
of pine seedlings 

Seedling emergence in relation to fire 
treatment clearly follows the ecological 
adaptations of both pines (Little and Gar
rett 1990; Wendel and Smith 1990). The 
post-burn density of P. rigida seedlings 
was 48% higher, and P. strobus seedlings 
82% lower, than in the unburned stand. 
However, the density of P. strobus seedlings 
was generally higher than for P. rigida 

seedlings, especially in unburned plots (see 
Table 1). Long absence of fire, high seed 
production of P. Strobus, and the relatively 
low number of P. rigida seed-producing 
trees (which contain a low amount of fertile 
cones) are probably among the main fac
tors affecting the low seedling recruitment 
on the Hill Island ridge. At the Waterboro 
Barrens, southern Maine, the persistence 
of a P. rigida and Q. ilicifolia forest has 
been documented to depend on frequent 
fire disturbances, which prevent invasion 
of fire intolerant species such as P. strobus 
and hardwood trees (Copenheaver et al. 
2000). In our stand, the apparent negative 
effects of total tree canopy cover, shrub 
cover, and hardwood tree density on P. 
rigida seedling density correspond with 
findings from other areas with long-term 
controlled fire suppression (Motzkin et al. 
1999, 2002). 

A positive relationship between P. rigida 
seedling density and woody debris cover 
was not apparent on post-burned plots, 
probably due to the low amount of woody 
debris remaining after surface fire. In 
subalpine popUlations of Abies lasiocarpa, 
woody debris was important for initial tree 
regeneration on burns because it reduced 
soil moisture stress in summer (Little et 
al. 1994). Similarly, in P. pungens, the low 
amounts ofleaf litter was found to enhance 
establishment by reducing evaporation 
from the soil, whereas deep leaf litter was 
a major barrier to seedling establishment 
and survival (Williams et al. 1990). 

Effects of various factors on post-fire 
pine seedlings recruitment 

Our analysis revealed different require
ments of both species for the seedbed. 
Pinus strobus seedlings occurred within 
both treatments on deeper soil profiles with 
higher pine, oak, and blueberry litter (com
pare Wendel and Smith 1990; Williams 
1990), although for seed regeneration, a 
mineral soil seedbed or a greatly reduced 
organic layer is also important (Weber and 
Taylor 1992). However, outcrops (bare 
rock cover with thin litter or, in our case, 
soil layer) on the one hand and thick grass 
(sedge) layer on the other are unfavorable 
microsite features for regeneration. 
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Pinus rigida seedling recruitment on burned 
and unburned plots was comparatively 
higher on mineral soil, lower litter layer, 
and moss and lichen cushions. Sedia and 
Ehrenfeld (2003) documented both the 
inhibition of seed germination by lichen 
tissue extracts and the inhibition of 
germination by thick cover of cryptogamic 
mats (lichens and mosses). On the other 
hand, they pointed out that the erect 
growth form of Polytrichum stems (it also 
occurred on the Hill Island ridge), low stem 
densities, or spaces between stems would 
allow seedlings to emerge. A moss mat can 
support seedling emergence to increase soil 
moisture (Williams et al. 1990). 

Moreover, the abundance of lichens 
and mosses would be related to the 
accumulation of organic matter in and on 
top of the soil. In post-burned sites, the 
presence of an organic horizon beneath 
an especially rapidly growing moss mat 
is crucial to supply the emerged tree 
germinants by nutrients (particularly 
nitrogen) in dry outcrops and sandy soils 
(Ehrenfeld et al. 1997; compare DeLuca 
et al. 2002). 

Surprisingly, needle and oak litter played 
a more positive than negative role for 
seedling recruitment, because of the very 
dry micro site conditions on the Hill Island 
ridge top. However, often conifer tree 
regeneration is reduced on hardwood leaf 
litter when compared with conifer needle 
or moss seedbeds (Williams et al. 1990; 
Greene et al. 1999; Waldrop and Brose 
1999). 

Obviously, a prescribed burn in spring 1997 
had more positive effects on P. strobus 
than P.rigida seedling recruitments. The 
problem was that the fire's intensity was 
too low to open the understory, as well as 
the overstory, of forest stands. In general, 
medium-disturbance regimes would be 
a successful management practice for 
maintenance of P. rigida in St. Lawrence 
Islands National Park (compare Williams 
1991; Waldrop and Brose 1999; Welch et 
al. 2000; Welch and Waldrop 2001). 
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