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ABSTRACT: Understanding historical forest condition is important as a basis for forest restoration and 
the development of forest management policies. White pine (Pinus strobus L.) historically has been 
an important commercial tree species, and significant post-settlement declines in its populations have 
been suggested in eastern North America since the 1600s. Logging of white pine in eastern Ontario, 
Canada, began in the late 1700s. We estimated the loss of white pine and changes in white pine diam
eter distribution in Algonquin Provincial Park by direct sampling of old stumps, census sing trees in an 
area that has never been harvested, assessing Crown Surveyor's records from the 1800s, using a GIS 
mapping technique to assess probabilistic change in pine-dominated stands, and comparing our data to 
other published information. Stump and tree densities since the 1800s suggested a mean reduction in 
the number of white pine trees of 88% from about 3 to >8 pines/ha to <1 pine/ha today in mixed and 
deciduous stands. GIS-based mapping predicted a maximum decline of pine-dominated stands of about 
40% by area, from 539 km2 that may have historically supported such forests. The diameter distribu
tion of the current white pine trees was significantly smaller than in the historical forest (means, 44.5 
cm vs. 73.4 cm, P < 0.001). Aside from early over logging, the continued low density of white pine 
in all forest types can be attributed in part to intense post-logging fires in the 1800s and to the past 60 
years of fire suppression, which have eliminated seed sources and seedbeds. We suggest that a program 
using several silvicultural techniques will be necessary to restore the white pine in forest types that 
existed historically. 

Index terms: forest policy, forest restoration, historic landcover, old-growth, Ontario, white pine 

INTRODUCTION 

As a result of early logging practices fol
lowing European settlement (e.g., Frelich 
and Reich 1996), several eastern North 
American tree species have been substan
tially reduced in abundance over historical 
levels, including red spmce (Picea rubra 
Sarg.) (Mosseler et al. 2003), black oak 
(Quercus velutina Lam.) (Leverett 1996), . 
eastern hemlock (Tsuga canadensis L.) 
(Mearns (1899), and white pine (Pinus 
strobus L.) (Aird 1985, Leverett 1996, 
Hannah 1999). Another explanation for 
reduced abundance of some species is 
the introduction of insects or diseases 
(Karnosky 1979), such as American elm 
(Ulmus americana L.). These changes to 
forest ecosystems have had implications 
for forest community structure and biodi
versity' even within protected areas (Foster 
1992, Foster and Motzlin 2003). 

White pine has been a commercially valu
able tree species in eastern North America 
since the 1600s, when it was originally har-

, ... vested f()r Sl1ips'_masts, and la~el" for sawn 
timber (Wray 1986, Long and Whiteman 
1998). At the peak of white pine logging 
in Ontario, Canada, in the late 1800s, >4 
million m3 of pine was estimated to have 
been harvested in a single year (Aird 1985), 
as compared to present harvests of <0.5 
million m3/yr (Ontario Ministry Natural 
Resources 2002).White pine is absent or 

occurs at reduced density over much of its 
former range in Canada (e.g., Aird 1985, 
Rajora et al. 1998) and the United States 
(Howard 1986, Frelich 1995, Leverett 
1996), although in some States, white pine 
forests have recovered as a result of proac
tive management (Abrams 2001). 

Logging has been implicated as a major 
cause in the decline of white pine density 
(Aird 1985, Sharik et al. 1989, McRae et 
al. 1994, Zhang et al. 2000). This decline 
in white pine, especially of forest stands 
with large old white pines, has been a pub
lic concern for more than a century (e.g., 
Mearns 1899). Understanding the extent of 
decline in old growth white pine in forests 
relative to historical conditions can provide 
important information on which to base 
forest restoration projects and guidance to 
forest policies. While many studies have 
provided insights into historical occurrence 
of white pine in forests of the eastern 
United States, (e.g., Sharik et al. 1989, 
Foster 1992, Abrams and Ruffner 1995, 
Frelich 1995, Zhang et al. 2000, Abrams 
2QOl), oply lilllitedquantitative iI1[()fIIll!
tion is available in Canada. In the U.S., 
reported changes in percentage of white 
pine in forest stands, compared to historical 
densities, ranges from an increase of 20% 
in Massachusetts to a 35% decline in some 
Wisconsin forests, with an average decline 
of about 14% among the Great Lakes States 
(Abrams 2001). Frelich and Reich (1996) 
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reported that < 1 % of the American primary 
white and red pine forests remain intact. 
Compounding the loss of white pines to 
early logging were the often subsequent 
hot fires in accumulated slash that elimi
nated many of the remaining seed trees 
and on-ground seeds (Heinselman 1981, 
Frelich 1995). 

In Ontario, available information suggests 
either significant decline, no change, or 
slight increase in the amount of white 
pine forest, depending on the source of 
information and the location of the study 
area (e.g., Aird 1985, Guyette and Cole 
1999, Jackson et al. 2000, Leadbitter et al. 
2002, Suffling et al. 2003).The disparity 
among these studies is not surprising, as 
the distribution of white pine in Ontario 
is variable and dependent on soils, fire 
regimes (Carleton and Arnup 1993), and 
logging history (Burgess and Methven 
1977). Further, some of the 'historical' 
information may actually refer to a period 
following the earliest logging. In no study 
has the decline in density of white pine 
trees been estimated. 

Determination of North American pre
settlement forest types has been attempted 
using diverse techniques. In Ontario, 
several authors have relied on the original 

Ontario 

N 

t 
o ro 100 
1 I I I I I I I I Ilkm 

notes of Crown Land Surveyors to assess 
historical relative tree abundance (e.g., 
Evans 1997, Jackson et al. 2000, Leadbit
ter et al. 2002).The value of the available 
information on pre-European white pine 
forests in Ontario is often diminished by 
the lack of distinction among red pine (P. 
resinosa Ait.), white pine, and jack pine (P. 
banksiana Lamb.) in some of the historical 
sources. This lack of distinction confounds 
the capability to compare species composi
tion between the current and past forests. 
Non-random selection of witness trees has 
been cited as a bias from some of the survey 
records (Bourdo 1956, Black and Abrams 
2001). Further, interpretation of the Crown 
Surveyors' notes to describe past forests 
requires several assumptions, including 
that the identification of tree species was 
correct, that the order of tree species re
corded was in order of abundance, that no 
species was over- or under-represented or 
disregarded, and that those trees above the 
canopy were not missed. 

White pine can be a minor to important 
component in shade-tolerant hardwood 
stands and mixedwood forests, but also 
occurs at high densities in pine-dominated 
stands. Our purpose was to examine the role 
that early logging (and subsequent fires) 
may have had on present tree community 

composition in Algonquin Provincial Park, 
Ontario, Canada. Our focal question was 
at what density, did white pine historically 
occur in stands of mixed species, and 
what portion of pine-dominated stands 
might have been replaced by other forest 
types? We developed several lines of evi
dence to assess possible changes in white 
pine density and age-class structure in 
pre-settlement time compared to changes 
in the current forest, including direct as
sessments, predictive mapping, literature 
surveys, and an assessment of Crown 
Surveyors' notes. 

METHODS 

Study Area 

We conducted our study in Algonquin 
Provincial Park (Figure 1), a 7653 km2 

forested area located in the Great Lakes
St. Lawrence Forest Region (Rowe 1972). 
The climate is temperate continental, and 
the eastern side of the Park receives about 
50 mm less precipitation and has about I 00 
fewer growing-degree-days than the west
ern side (Chambers et al. 1997). However, 
there were periods in history when the 
climate was more uniform across the entire 
area (Voigt et al. 2000). More area is over-

Quebec Algonquin Provincial Park 
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Figure 1. Location of Algonquin Provincial Park in eastern Ontario, Canada, showing townships surveyed for white pine stumps in grey. 

62 Natural Areas Journal Volume 26 (1), 2006 



lain by post-glacial and lacustrine silt and 
sand-dominated soils in the east, compared 
to less sorted glacial till soils in the west, 
but sandy outwash plains also occur over 
several large areas in the west (Geddes and 
McClenaghan 1983, 1984). 

The earliest logging in Algonquin Park 
occurred in the eastern areas during the 
1820s (MacKay, unpubl. data), but much 
of the logging in the southwest and central 
areas of the Park occurred in the 1890s 
(Long and Whiteman 1998). Most large 
pines had been taken from eastern On
tario by the early 1900's (Hughson and 
Courtney 1987, Strickland 1993, Long 

I and Whiteman 1998). Selection logging 
for pine was succeeded by the selection 
harvesting of eastern hemlock in the early 
1900s, and later for white spruce (Picea 
glauca Moench) (Macfie 1987). These 
harvests cumulatively contributed to the 
extensive shade-tolerant hardwood stands, 
where previously mixedwood forests had 
existed (Martin 1959, Leadbitter 2002), 
as has been caused by logging elsewhere 
in eastern North America (Frelich 1995, 
Frelich and Reich 1996). Nevertheless, 
even these former mixedwood forests were 
likely dominated historically by hardwoods 
(Nichols 1935, Lorimer and Frelich 1994). 
Human-caused fires were common during 
the late 1800s (Cwynar 1977, Heinselman 
1981, Thompson 2000), but fire suppres
sion has reduced the annual area burned 
since the 1920s and has had an additive 
negative effect on populations of pines that 
regenerate best on many site types follow
ing low-intensity ground fires (Frelich and 
Reich 1996, Carleton 2000). 

Forests of Algonquin Park are typical of 
the Great Lakes-St. Lawrence biome in 
eastern North America. Dominant shade
tolerant hardwood tree species are sugar 
maple (Acer saccharum Marsh.), American 
beech (Fagus grandifolia Ehrh.) , yellow 
birch (Betulaalleghaniensis-Britton.),red 
maple (A. rub rum L.), white ash (Fraxinus 
americana L.), red oak (Quercus rubra 
L.), and ironwood (Ostrya virginiana 
(Mill.) K. Koch). Boreal-type mixed
woods are dominated by black spruce 
(Picea mariana (Mill.) B.S.P'), balsam fir 
(Abies balsamea (L.) Mill.), white birch 
(B. papyrifera Marsh.), trembling aspen 
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(Populus tremuloides Michx.), and large
toothed aspen (P. grandidentata Michx.). 
White pine-dominated stands occur mainly 
on shallow sandy soils, which have a low 
pH and low calcium content (Carleton and 
Amup 1993). 

Historical Forest Cover 

We used two survey techniques to develop 
inferences about historical forest cover. 
In 1998, we conducted random surveys 
for stumps in four townships (16-18 km2 

each) in the central area of Algonquin 
Park (Lawrence, Dickson, Clancy, and 
Clyde), which were all logged for white 
pine prior to 1900 and are currently oc
cupied by shade-tolerant hardwood and 
boreal mixedwood stands. These four areas 
were selected for ease of access and be
cause other data existed for the areas (see 
below). The stump counting method was 
previously employed by Martin (1959) in 
several stands in Algonquin Park to exam
ine changes in stand types. We classified 
stands into three broad forest types: (1) 
pine-dominated (>70% white pine and red 
pine), (2) shade-tolerant hardwoods (~60% 
hardwood), and (3) boreal mixedwoods. We 
partitioned our samples among the types. 
Stumps from the earliest logging were still 
present and in most cases had sufficient 
definition to obtain diameters. White pine 
and eastern hemlock stumps were readily 
distinguished by the greater lattice structure 
of hemlock and often by the presence of 
some bark. The precise date that the trees 
were cut was not important, as we were 
only concerned with whether the trees 
would have been mature individuals during 
pre-settlement. We divided each township 
identified on forest inventory maps in quar
ters and, within each, 1 to 3 stands >8 ha 
were randomly chosen for surveys. Stumps 
of cut white pine were censused using the 
corrected point-distance technique (Batch
eler 1975), with a search radius of 30 m 

------ -- --- ---- - --- ------ -- - - - ----- - - -- -- --

at 15 points per stand, located systemati-
cally 50 m apart along 250 m transects. 
We surveyed 6-9 stands in each township 
resulting in 439 sample points among the 
three forest types. Points were pooled by 
township for two of our broad forest types: 
shade-tolerant hardwood (N = 223, range 
50-73/township) and boreal mixed woods 

(N = 159, range 15-50 points/township). 
We measured the diameters of all stumps 
and if bark was missing we arbitrarily 
added 5 cm. We then calculated diameter 
at breast height (dbh) using a standard 
taper equation (Myers 1963). 

We avoided sampling in stands that, based 
on historical fire records (Perera et al. 
1998), had been burned since logging. 
We attempted sampling in former pine
dominated stands in Barron Township 
(Figure 1) in the eastern part of the Park, 
but found that these stands mostly had un
dergone post-harvest fires. Another broad 
forest type, dominated by shade-intolerant 
hardwoods, was not surveyed because these 
sites often had burned following logging 
(Cwynar 1977, Heinselman 1981) leaving 
few stumps. 

As a second estimate of historical pine den
sity, we studied a large area known as the 
'Big Crow Wilderness Reserve,' a natural 
area reserve of primary forest in Algonquin 
Park that contains some 400-450 year-old 
pines (aged by Hosie [1953] at 350-400 
years old). We used Batcheler's (1975) 
point distance technique to estimate tree 
density from 100 random points for all tree 
species (dbh >10 cm) on a 30 ha portion 
of the reserve of shade-tolerant hardwood 
dominated forests. We also counted all class 
1 and 2 (Maser et al. 1979) fallen white 
pine logs and recently-dead standing pines 
as if they were still standing alive in order 
to obtain a more accurate assessment of 
the character of the stand at the tum of 
the century. We acknowledged that this 
method was conservative because some 
fallen trees may have already become class 
3 or 4 logs. 

Current Pine Density 

We collected data on the current white 
pine si:zt! (db~2 di~tribllti(m_ lJys~I)ling 
418 randomly selected white pines from 
many accessible areas of the study area, 
including the unlogged Big Crow Wilder
ness Reserve. We determined tree density 
for four pine-dominated stands in Barron 
Township from 10 prism plots per stqnd. 
In 1995, D. Voigt (Ontario Ministry 
Natural Resources) independently col-
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lected tree (> 10 cm dbh) density data 
with a prism on systematic transects in 
west-central Algonquin Park at 55 plots in 
boreal mixedwood stands and 56 plots in 
shade-tolerant hardwood stands. There is a 
significant correlation between tree density 
estimated from prism plots and Batcheler's 
(1975) modified point-distance technique 
(Thompson et al., in press). 

Map-based Probability Determination 
of Historical Pine-dominated Stands 

We used a geographic information system 
(GIS) to examine the relationship between 
present pine-dominated stands and soil 
types to predict the area of pine-dominated 
stands that may have been logged and con
verted to other forest types. The relation
ship was developed using current digital 
forest resource inventory and soil maps 
(Geddes and McClenaghan 1983, 1984, 
Algonquin Forest Authority, unpubl. data). 
We selected a ca. 2800 km2 test area in the 
northeastern portion of Algonquin Park. 
Here pine has remained a common species 
possibly because of more fires there than 
elsewhere during the past 60 years (Cwynar 
1977), as well as due to an abundance of 
soil types on which pine will regenerate 
in the absence of fire (Carleton and Arnup 
1993). To minimize spatial auto-correlation 
of pine stands on different soil types, we 
only counted the majority soil type for each 
pine stand polygon from among the associ
ated soil polygons. Counts of pine stands 
for soil types were analysed by chi-square 
contingency table. We then calculated a 
mean and standard error of probability of 
association between pine and the various 
soil types and extrapolated to the land area 
of the Park. The prediction was tested by 
field checking five stands in the west and 
central areas that were on soils having the 
highest probabilities of supporting pine. In 
these stands we censused pine stumps at 
50 random points. 

Data from Crown Land Surveyors' 
Notes 

We compared our stump survey results to 
data derived from the 1890 Crown Land 
Surveyors' notes, based on Leadbitter 
(2000) and Leadbitter et al. (2002) who 
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had sampled the same four townships that 
we surveyed (plus six others). The land 
surveyors' notes can be used to describe 
white pine occurrence in two ways: by 
specific occurrence (frequency of pine as 
a percentage of all trees mentioned) and by 
what we now refer to as 'working group,' 
where pine was the first tree listed for a 
given point. In the surveyors' notes, 'pines' 
were not always distinguished by species, 
but when the species of pine was recorded, 
the ratio of white pine to red pine was 
1.1:1.0. We used this ratio applied to all 
incidences of 'pine' to obtain an estimate 
of the proportion of white pine recorded 
by the surveyors. Jack pine also occurs 
in Algonquin Park but comprises <1.3% 
of the current forests (Algonquin Forest 
Authority, unpubl. data), so we considered 
it inconsequential. 

RESULTS 

Historical and Current Pine Density 

Our estimated mean historical white pine 
density in shade-tolerant hardwood stands 
ranged from 0-11 pines/ha, and in boreal 
mixedwoods ranged from 5-7 pines/ha 
from stump surveys (Table 1). We encoun
tered too few pine-dominated (or former 
pine-dominated) stands among our random 
samples to develop density estimates for 
this forest type from stump surveys. 

The unlogged Big Crow Wilderness Re
serve had a white pine density of 8.4 ± 
2.8 pines/ha (3.3% of all stems) in what 
is a shade-tolerant mixedwood forest 
dominated by American beech, eastern 
hemlock, and sugar maple (33%, 29%, 
and 22% of stems, respectively). No young 
white pines (or red pines) were found with 
diameters <25 cm and only 3% of the 
pine stems were <30 cm. Present white 
pine densities in shade-tolerant hardwood 
and boreal mixedwood stands, which had 
been historically logged, were 0.2 ± 0.1 
and 1.08 ± 2.4 pines/ha, respectively (D. 
Voigt, Ontario Ministry Natural Resources, 
unpubl. data). Comparing the current pine 
density to our stump data indicated white 
pine declines in shade-tolerant hardwood 
stands ranged from 0 to 98 % (x = 94%) and 
in what are now boreal-type mixedwood 
stands of from 80 to 86% (x = 82%). 

The current mean white pine density 
(including 10% red pine) in four pine
dominated stands in Barron Township was 
235 pines/ha (SE = 40.6). Few stumps 
remained in the current pine-dominated 
stands in Barron Township, and we found 
considerable charcoal on logs and in the 
soils, suggesting a history of post-logging 
fires in this area, as documented by Cwynar 
(1977) and Perera et al. (1998). 

Table 1. Estimated historical density and 95% CL of white pine in two broad forest types, based on 
stump surveys in four townships in Algonquin Provincial Park conducted in 1998. 

Township 

Lawrence 

Dickson 

Clyde 

Clancy 

Combined 

Forest type 

White pine/ha in shade-tolerant 
hardwood 

o 
10.9 (8.1) 

o 
2.6 (2.3) 

3.4 (4.2) 

White pine/ha in boreal 
mixedwood 

5.3 (2.4) 

7.0 (3.9) 

6.3 (2.9) 

n.d. 1 

6.0 (3.4) 

In.d. = no data as insufficient boreal-type mixedwood stands were encountered in 
Clancy Township. 
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Probability Mapping of Pine
dominated Stands 

The probability of pine-dominated forest 
occurring on any of the 15 soil types in 
our test area was low (Table 2). There 
was a significant relationship between 
soil type and pine occurrence (X2 = 122.7, 
df = 13, P < 0.001), with table cells for 
'unsubdivided glacio-fluvial outwash' and 
'loose to moderately compact silty-sand' 
contributing most of the chi-square value. 
Based on the probabilities by soil type, 
our GIS-based mapping suggested that a 
maximum of 674 km2 (9%) of Algonquin 
Park may have historically supported high 
density white pine and/or red pine stands, 
as compared to the 321 km2 that currently 
exists (Table 2). Ten percent was close to 
the 12% of our random points that fell in 
pine-dominated forests among the four 
townships that we surveyed for stumps. 
Based on the existing ratio of red pine 

to white pine working groups (1:4) (Al
gonquin Forest Authority, pers. comm.), 
of that 674 km2, 539 km2 may have been 
occupied by white pine-dominated forest 
on the study area prior to original logging 
(a potential decline of 40%). For four of 
our five test stands, we recorded white 
pine stump densities of 52 ± 11, 63 ± 10, 
6.7 ± 2.5, and 5.2 ± 1.8/ha. The fifth stand 
was occupied by a white pine-dominated 
forest, contained no old stumps, and was 
within an area burned by wildfire in 1922 
(Perera et a1. 1998). 

Information from Surveyors' Notes 

The data extracted from Leadbitter (2000) 
for our four central townships indicated 
declines in Lawrence and Clyde Townships 
for trees and working groups, and in Clancy 
Township for pine working group (Table 
3). For Algonquin Park as a whole, based 
on his sample of ten townships, Leadbitter 

(2000) reported a slight average decrease 
in white pine since the 1890s. 

Tree Size Distribution 

The shape of the distribution of current and 
historical white pine diameters was similar 
and approximated a normal distribution 
(P > 0.1). The mean diameter of present 
white pine trees in Algonquin Park was 
significantly smaller than the mean diam
eter of historical trees (44.5 ± 14.6 (SD) 
cm vs. 73.4 ± 19.1 cm; t= 20.5, P < 0.001) 
(Figure 2). Only 4.5% of the current white 
pines from logged areas were> 70 cm dbh, 
compared to 50.0% of the historical pines. 
In the Big Crow Reserve, the 35 live or 
recently-dead white pines had an average 
diameter of 97 ± 21 (SD) cm. The largest 
historical pine (stump) that we found had 
a diameter of 117 cm, and the largest liv
ing white pine in the Big Crow Reserve 
was 92 cm. 

Table 2. Estimated maximum portion of Algonquin Park in white pine-dominated forest (>70% pine) based on the relationship between percentage of 
various soil types with and without pine-dominated stands. 

Estimated max. area 
Park area Test area Test area with historically dominated by 

Soil type (km2
) (km2

) pine (km2
) P of pine pine (km2

) 

Shallow drift soils over bedrock 1360 459 38 0.082 111.4 

Thick sandy and gravel tills 904 442 35 0.08 72.3 

Unsubdivided thick till 940 310 24 0.076 71.4 

Thick sand and gravel 114 15 2 0.133 15.2 

Unsubdivided silty-sand and sand 1120 618 42 0.068 76.2 

Compact silty-sand 211 122 8 0.064 13.5 

Loose to moderately compact silty-sand 95 4 0.250 23.7 

Glacio-fluvial stratified sand and 
gravel boulders 68 16 2 0.125 8.5 

Kames 255 74 9 0.122 31.1 

Eskers 22 9 2 0.222 4.9 

Unsubdiyigedglacio-fluvial ()utwash 836 452 106 0.235 196.5 

Glacio-fluvial sandy outwash 77 20 3 0.166 12.8 

Glacio-fluvial sand and gravel 
outwash 31 25 3 0.12 3.7 

Alluvium: sand, silt, minor gravel 104 21 2 0.095 9.9 

Organic 513 252 11 0.045 23.1 

Total 6660 2848 288 674.2 
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Table 3. White pine occurrence based on Crown land surveyors' notes for four Townships in central 
Algonquin Park (Leadbitter 2000), and present percentage of a stand that was white pine compared 
to current forest resource inventory maps. 

% white pine % white pine 

of all trees recorded by working group 1 

Township ca. 1890 1990 ca. 1890 1990 

Lawrence 8.33 0.5 6.49 0 

Dickson 5.49 6.01 5.75 9.98 

Clyde 4.38 1.03 5.47 1.2 

Clancy 7.4 6.78 14.14 6.53 

Mean 6.4 3.58 7.96 5.9 

Mean for Park2 7.23 6.36 9.14 9.71 

1 assumed from the surveyors' notes as % points where pine was the first listed 
species. 

2 mean for ten townships for which the surveyors' notes were translated by 
Leadbitter (2000). 

DISCUSSION 

We can never know if our methods pro
vided a true determination of historical 
forest conditions in Algonquin Park but 
our data, combined with various sources 
of information, enabled cross-check
ing among the methods that suggested 
consistency. Evidence from our surveys 
probably resulted in conservative estimates 
of historical pine density because some 
stumps may have rotted fully or burned, 
and some downed trees in the Big Crow 
Wilderness in decay classes >2 may have 
been living in the forest of 1800. There
fore, the decline that we have suggested 
is probably an under estimate of the true 
reduction in white pine. 

Extent of the Decline in White Pine 
Density 

We estimated that white pine density has 
declined by more than 80% in what are 
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Figure 2. Diameters at breast height for current (n = 405) and historical (n = 196) white pines in mixedwood stands, in Algonquin Park. 
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currently rnixedwood and deciduous forests 
throughout Algonquin Park, compared to 
density prior to logging in the l800s. The 
white pine density from the Big Crow 
Reserve provided a control measure for our 
estimated historical density of pine from 
stump surveys in shade-tolerant hardwood 
stands and boreal mixedwoods stands. 
There, the white pine density (8.4/ha) was 
well within the estimated range of error of 
white pine density from our stump surveys. 
Our estimated decline in white pine density 
from current mixedwood and deciduous 
forests was also similar to values derived 
from Martin (1959). From that study, we 
calculated mean values for percentage 
change in white pine density in boreal
type mixed wood stands, shade-tolerant 
hardwood stands, and pine-dominated 
stands of 60.0% (n = 5), 91.6% (n = 10), 
and 0% (n = 1), respectively (Table 4). 
No change in the amount of white pine 
was recorded by Martin (1959) for two 
stands that had never been logged or for a 
pine-dominated stand that had been logged 
and subsequently burned. Martin (1959) 
provided no information on how his plots 
were selected but it appears that his survey 
was at least arbitrary based on stand types 
and locations. 

The Crown surveyors' records for all of 
Algonquin Park (Leadbitter et al. 2002) 
indicated a small decline in white pine 
and red pine between 1890 and 1990. 
For that time period, this may be correct 
because most of the early logging had 
been completed before 1890, such as in 
Dickson and Clancy Townships (MacKay 
1978, Macfie 1987, Leadbitter et al. 2002). 
Examination of township records for areas 
where logging had not yet occurred sug
gested there had been decline in white 
pine (Leadbitter 2000). For Lawrence and 
Clyde Townships, the Crown Land surveys 
were conducted prior to the first logging in 
the mid-late 1890s (Long and Whiteman 

·1998); and comparison of the surveyors' 
notes for these two townships to current 
density indicated declines in white pine 
that were similar to those recorded from 
our stump surveys. 

Our data showed that there has been a 
widespread decline in the amount of 
primary forest with large white pines in 
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their oldest age classes. At Dividing Lake, 
another forest reserve in Algonquin Park, 
Guyette and Dey (1995a) reported ages of 
white pine trees from 267-486 years, with 
diameters ranging from 53-125 cm. Their 
mean diameter of 84.7 ± 19.8 cm was simi
lar to our data from the Big Crow Reserve. 
Aside from the evidence that we presented 
from stumps and the Big Crow Reserve, 
the loss of very large trees is supported 
by many historical photographs showing 
trees much larger than any seen today (e.g., 
MacKay 1978, Hughson and Courtney 
1987, Long and Whiteman 1998). Although 
photographs can present a distorted view 
of the true situation, it· would now be .. 
impossible to duplicate such pictures of 
groves of huge pines in the Park. Guyette 
and Cole (1999) discussed the current lack 
of available large old pines with respect to 
normal debris loads in aquatic systems. 
Diameter and growth in white pine, as for 
all trees, depend on site conditions (e.g., 
Plonski 1974), but diameter is related to 
age until well past 130 years of age for 
white pine on all site types in Algonquin 
Park (Puttock and Bevilacqua 1995), but 
not necessarily past 250 years (Guyette 
and Dey 1995a). 

Role of Fire in White Pine 
Regeneration 

In Algonquin Park, while logging has been 
a major cause for the lack of white pine 
in hardwood and mixedwood ecosystems, 
it may not solely responsible. Fire has 
played an important role in the ecology of 
white pine during the pre-settlement and 
post -settlement periods throughout eastern 
North America (Abrams 2001). The range 
in diameters and tree ages in the forest 
reserves at Dividing Lake (Guyette and 
Dey 1995a) and Big Crow Reserve sug
gested that mUltiple cohorts of pines within 
mixedwood stands resulted from various 
fire events between 1600 and 1900. On 

-- --- -- --- --- -----

most site types favourable to white pine 
as a sub dominant species, especially those 
sites with richer soils, mild to moderate 
fire is required for successful white pine 
regeneration (Ahlgren 1976, Holla and 
Knowles 1988, Sims et al. 1990). White 
pine regenerates best following ground fire 
that coincides with seed availability on the 

trees (Van Wagner 1971), especially in 
mixedwood stands where shrubs and de
ciduous stems can out-compete white pine 
(Carleton 2000). Ongoing fire suppression 
in Ontario and elsewhere will continue to 
result in reduction of pines from remaining 
mixedwood stands, as was observed at Big 
Crow (our data) and Dividing Lake Forest 
Reserves (Guyette and Dey 1995a). Similar 
observations were reported by Zhang et al. 
(2000) in Michigan, where shade-tolerant 
species have become dominant in areas 
with a long history of logging and fire 
suppression. 

The role of aboriginals in deliberate 
forest burning has been documented in 
many areas of eastern North America and 
related to the ensuing forest types (e.g., . 
Clark and Royall 1995). In the Algonquin 
Park area, evidence is not conclusive, and 
little is known, about aboriginal use of 
fire. MacKay (unpubl. data) suggested 
few natives existed in the area and that 
there were no permanent settlements in the 
park during the 1600s. Guyette and Dey 
(1995a,b) presented dendrochronological 
evidence suggestive of some anthropo
genic-origin fires, based on altered fire 
intervals during various periods, especially 
after 1780. Their data suggested that there 
were few human-caused fires during the 
period from 1636-1779, and no data ex
ist prior to 1636, when many of the large 
pines whose stumps we censused would 
have originated. The role of aboriginals 
(and later by European settlers) in causing 
fires apparently had a smaller effect than 
natural fire on the forests occurring at the 
time of European settlement. 

White pine can regenerate successfully in 
the absence of fire on certain low productiv
ity forest sites, such as those with shallow 
and sandy soils that are calcium-limited, 
with a low pH (Burgess and Methven 1977, 
Chapeskie et al. 1989, Carleton andAmup 
1993); Unless seed sources are removed 
entirely from these sites, white pine can 
continue to be an important component 
in, or dominate, the stands (Burgess and 
Methven 1977, Heinselman 1981, Carleton 
and Amup 1993). Somewhat surprisingly, 
therefore, our mapping suggested that even 
on sites where pine was capable of self-re
placement in the absence of fire, the prob-
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Table 4. Summary of stands surveyed by Martin (1959) for white pine stumps in Algonquin Park, and our calculated percent change in pine density. 

Area description Present forest type Present white Historical white Historical stand type Percent 
pine density pine density change 

trees/ha stumps/ha 

Sunday Creek Boreal mixedwood 0 0 Boreal mixed no change 

Boreal wet 0 0 Boreal wet no change 

West side along Boreal conifer 0 12 Pine dominated -100 
highway corridor 

Boreal mixedwood 0 6.8 Mixedwood with -100 
white pine 

Tolerant hardwood 14 261 White pine mixedwood -44 
dominated mixedwood 

Teepee Lake Mixed deciduous 0.04 261 White pine mixedwood -98.5 

Joe Lake Mixed deciduous 0.03 26 White pine mixedwood -99.9 

Tolerant hardwood 0.4 12 White pine mixedwood -96.7 

Taylor Statten Boreal mixedwood 0.04 26.4 White pine mixedwood -99.9 

Deer Lake Boreal conifer 0 6.8 Mixedwood with -100 
white pine 

Achray White pine 105 burned White pine no change 

Reed Lake White pine ca. 120 ca. 120 White pine no change 
(never logged) 

Biggar Lake White pine/hem10ck/ 12.4 12.4 White pine/hemlock/ no change 
(never logged) tolerant hardwood tolerant hardwood 

Tea Lake Tolerant hardwood! 0 4.4 Mixedwood dominated -100 
spruce by tolerant hardwood 

Tolerant hardwood 0 3.2 Mixedwood dominated -100 
by tolerant hardwood 

Smoke Lake Tolerant hardwood 0 0.4 Tolerant hardwood -100 
/hemlock/white pine 

1 Martin (1959) did not indicate actual historical density of pine trees for this plot, but instead referred to the stand as 
"dominated by pine". The value of26 pines/ha is taken from two other stands (Taylor Statten and Joe Lake) where he 
provided the density and also referred the stand as to as "dominated" by white pine. 
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ability of pine occurrence was low. Sharik 
et al. (1989) suggested that white pine inva
sion of a given site is non-deterministic and 
specification of probability, such as we have 
done, is therefore an appropriate approach 
to identifying expectation occupancy by 
white pine. Among our five test stands, one 
was occupied by a pine-dominated stand 
and two stands historically had moderate 
densities of large white pines, indicating 
that pine was at least a co-dominant in 
some of the stands, indicating our predic
tions were robust. Therefore we believe 
that our predicted maximum decline of 
pine-dominated stands of about 40% was 
realistic. 

Conclusions About the Extent of 
Decline in White Pine 

The evidence for a decline in white pine 
in pine-dominated stands remains an open 
question, based on our mapped evidence 
(see Carleton 2000) and because of low 
probabilities of occurrence on all soil 
types and the lack of remaining stumps 
that would enable surveys. However, the 
evidence for a decline in white pine from 
mixedwood forests is robust. The scope of 
the decline of white pine from mixedwood 
ecosystems (mostly now deciduous eco
systems) in Algonquin Park since ca. 1800 
has been immense. Tolerant hardwoods and 
boreal-type mixedwoods are the dominant 
types on the study area, comprising more 
than 90% of the forests. If these stands 
had 3-8 white pine trees per hectare on 
average, as we suspect they should, then 
this conservatively translates to more than a 
million fewer white pine trees in Algonquin 
Park now than occurred there historically. If 
the amount of pine-dominated forest has in 
fact declined by 40%, then at 235 trees/ha, 
an additional several million fewer white 
pines occur now compared to in the pre
settlement forests of Algonquin Park. The 
present low white pine density as a result 
offogging, cOllpled-witllfire suppression 
(since the 1940s) inside and outside of 
reserves, suggests that white pine cannot 
become a common species in deciduous 
or mixedwood forests without an active 
restoration program. Directed management 
would include the use of low- to moderate
intensity prescribed burning in the spring 
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(e.g., McRae et al. 1994) accompanied 
by under-planting in gaps because of the 
lost seed source, followed by tending as 
required to remove competing shrub to 
restore the original mixedwood and pine
dominated stand types. 
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