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EXECUTIVE SUMMARY

Few of the world's original old-growth white and red pine forests
remain. In fact, throughout the majority of their natural ranges, these
forests are threatened with extinction and in several states/provinces
they are already extinct. 0Old-growth forests are valuable for a number
of reasons: they maintain soil stability and water quality, retain large
amounts of limiting nutrients, provide a reservoir of genetic diversity,
provide uniqgue wildlife habitat and they act as carbon sinks which can
help to ameliorate global warming. Old-growth forests also provide the
best opportunity to study natural forest ecosystems - the results of
natural forest studies hold the key to developing better forestry
practices. These old-growth forests also represent a valuable cultural
heritage as exploitation of the original white and red pine forests
sustained many of eastern North America's regicnal economies in their
early years.

Throughout many portions of eastern North America, logging
continues to destroy the few remaining old-growth white and red pine
forests. This includes Ontario which has the greatest amount of
unprotected forest of this type in the world. Although the Ontario
Ministry of Natural Resources is aware of this, it contends that it
cannot protect the old growth until it has been defined. Thus, the
purpose of this study is to provide preliminary definitions of
old-growth white pine and red pine forests in central Ontario so that
these forests can be identified and conserved. Data from future surveys
of old-growth stands can be used to further refine these old-growth
definitions.

Because the Temagami Region is the centre of white pine and red
pine abundance in Ontario, its white and red pine stands are most
suitable for conducting initial studies to develop definitions of
Ontario's old-growth white pine forests. For this study, 30 of
Temagami's oldest and largest white and red pine stands were located and
sampled in order to develop old-growth definitions. Old tree density
was estimated by analyzing 1:15,840 aerial photographic diapositives
with a magnifying dissecting microscope. Forest composition, both live
and dead, was determined from field sampling.

A total of five old-growth pine forest types were identified
including white pine-deciduous, white pine-mixed, white pine-conifer,
white pine-red pine and red pine-conifer. The old-growth condition for
each forest type was defined by guantifying old live tree density; snag
density and size; and log biomass, density and size. Common tree
associates and basic canopy structure were also determined for each
forest type. General preliminary criteria for old-growth white and red
pine forest are as follows:

(1) old pine tree density -
a. old-growth white pine - at least 10 o0ld pine/ha, 140 years+,
b. old-growth red pine =~ at least 9 old pine/ha, 140 years+;

(2) snags (dead standing trees) - at least 30 snags/ha, minimum 10 cm
dbh and 2 m tall;

(3) logs - at least 10 logs/ha, minimum 25 cm diameter at the large end,
at least 8 m long; and

(4) minimal to no human disturbance.
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Future studies to finalize old-growth definitions must recognize
that forest ecosystems are variable and dynamic entities. Thus, both
young and mature successional stages must be investigated in relation to
old-growth development. However, because logging of old-growth white
and red pine forest continues in Ontario, the longer we wait to finalize
old-growth definitions, the more difficult and potentially fruitless
this task will be.



INTRODUCTION

Before the turn of the century, "...in the country around Lakes
Temagami and Lady Eve}yn and to the north, an area of red and white pine
of £ine quality was explored and estimated to contain about
3,000,000,000 feet board measure" (Defebaugh 1906). These natural pine
forests made Temagami "the best pinery in central Canada [containing]
the largest body of white pine timber in the hands of the Cxown in any
one locality in the province" (Hodgins and Benidickson 1989). It was
"...the harvest of eastern white pine [that) generated the capital and
Jobs needed to nourish the settlement of Ontario, and ultimately led to
the confederation of the provinces" (Aird 1985).

Following clearcut logging of these forests, however, these once
extensive stands of white pine declined to around 12% of the Temagami
forest area by the mid-Twentieth Century (McAndrews 1978) and eventually
to approximately 5% by 1978 (Day and Carter 1989). Currently,
throughout all of Ontario, "only a few stands of the 'giant pine'
remain" (Aird 1985). This is primarily due to a forest policy that
continues to demand "...an accelerated depletion rate in order to
harvest overmature timber with a minimum of further deterioration"
(Ontario Ministry of Natural Resources 1987). Although this policy of
old-growth forest liquidation facilitates efficient short-term fiber
production, it is rapidly causing the extinction of an ancient ecosystem
of great ecological, scientific and natural heritage value.

Old-growth forests maintain soil stability and water quality,
retain large amounts of limiting nutrients, provide a reservoir of
genetic diversity, provide unique wildlife habitat and act as carbon

sinks which can help to ameliorate global warming (Franklin et al. 1981,



Heinrichs 1983, Maser and Trappe 1984, Brown 1985, Whitney 1987, Maser
1988, Harmon et al. 1990). as well, "Old-growth forests have played a
prominent role in the development of ecclogical thought and theory"
(Whitney 1987). They provide the best opportunity to determine "the
cummulative effect of the factors of site on vegetational development”
(Lutz 1930). More recent workers have relied on the study of old-growth
forests as the end-point of succession in order to construct theories of
ecosystem development (Odum 19639, Vitousek and Reiners 1975, Bormann and
Likens 1979). 1In addition, tree ring analysis of old trees in natural
areas has aided in the understanding of hydrologic processes (Cook and
Jacoby 1983), forest decline (Cook et al. 1987), trace metals in the
environment (Brownbridge 1984) and historical climate conditions
(Sheppard and Cook 1988).

Little is known about the structure, function and development of
these rare ancient pine ecosystems (Quinby in press), yet, logging
continues to permanently alter the unique character of the few that
remain. Thus, "“working definitions are needed immediately...to guide
current planning efforts, to restructure inventory procedures, and to
clarify issues™ (0ld-Crowth Definition Task Group 1986). In particular,
until old-growth definitions are developed for Ontario, logging of
old-growth white and red pine forest in this province will continue
(Ontario Ministry of Natural Resources 1987, Ontario Ministry of Natural
Resources 19%0).

The purpose of this study is to provide preliminary definitions of

old~-growth white pine (Pinus strobus L.) and red pine (Pinus resinosa

Ait.) forest in central Ontario as the necessary first step in



conserving these rapidly diminishing ecosystems.

STUDY AREA

Because the Temagami Region is the centre of white pine and red
pPine abundance in Ontario {McAndrews 1978), its white and red pine
stands are most suitable for conducting initial studies to develop
definitions of Ontario's old-growth white pine forests. Thus,
approximately 3800 sqg. km in the Temagami Region were surveyed for
old-growth white and red pine stands (Figure 1). General climatic
teatures of this region were provided by Brown et al. (1980). Mean
daily temperature varies from -13 degrees C for January to 19 degrees C
for July. Mean annual precipitation is approximately 81 cm. The
frost-free period is approximately 100 days and the mean annual length
of the growing season is approximately 180 days. The terrain is very
rugged featuring steep topography and many escarpments with elevations
from 200 m to 700 m. Approximately one-quarter of the landscape is
covered by lakes of various sizes with interconnecting systems of
streams and rivers. In upland areas the surficial geological material
is dominated by glacial tills. These tills are composed mainly of dry
to moist silty loams (Johnson 1988). Some upland areas, usually knolls,
are characterized by exposed bedrock and bedrock with very shallow loamy
tills due to scouring during glacial advance. Valley bottoms are often
dominated by medium to fine grained sands of glaciofluvial origin
(Johnson 1988). A small percentage of the area is covered with organic

soils where drainage is impaired.



FIGURE ] ~ STUDY AREA AND LOCATION OF STANDS




The forest vegetation of the Temagami Region falls within the
Temagami Section, CGreat Lakes-St. Lawrence Forest Region (Rowe 1972},
These forests are typified by

eastern white pine with scattered white birch and white

spruce, although the spruce frequently rivals the pine

in abundance. Another common though variable type is a

mixture of the birch, pine and spruce, with balsam fir,

trembling and largetooth aspens. Both red pine and jack

pine are present, the former often prominent in bluffs

along ridges and the latter generally restricted to the

driest sandy or rocky sites. The tolerant hardwoods,

yellow birch and sugar maple, have only a scattered

occurrence. The prevalent forest cover on the uplands

is clearly a reflection of periodic past fires, and the

sandy solls have provided conditions especially favourable

for the propagation of eastern white pine, red pine and

jack pine. On the lowlands, in poorly-drained depressions

and in swamps, black spruce with tamarack or eastern white

cedar, form well-marked commumnities (Rowe 1972).

METHODS

Forest composition and structure within 30 stands of white and red
pine forest were field sampled during the summers of 1988 and 1989, and
0ld tree density was estimated using aerial photographs. These data were
subsequently used to produce preliminary definitions of old-growth white

and red pine forest.



Field Sampling

The following criteria were used to select stands for sampling:
(1) those dominated by white and/or red pine, (2) those with the oldest
trees within the local landscape as determined by forest stand maps,
(3) those covering the greatest area and (4) those with minimal human
disturbance. Based on both forest stand maps and field sampling, all
stands were found to be older than 140 years ranging from 178 to 378
years. Evidence of minor selective logging was observed in only three
of the stands sampled. Thus, the oldest, largest and least disturbed
white and red pine stands in the Temagami Region were sampled. A
minimum stand size was not applied as a stand criterion "...because of
objections that minimum acreages will depend on management objectives
and the nature of the surrounding areas" (Spies and Franklin 1988).

Within each stand at least one permanently marked 50 X 20 m plot
was randomly located with the singular criterion that at least two white
and/or red pine trees equal to or greater than 140 years of age be
present within the plot. A minimum age of 140 years for both old-growth
white and red pine forest was chosen because it is at that time or
earlier, on average sites, that net stand growth reaches its upper limit
(Ardenne 1950, Gilbert 1978, Ontario Ministry of Natural Resources
1989).

At the most basic level, old-growth forests are characterized by
minimum amounts of old live trees, snags (dead standing trees) and logs
(0ld-Growth Definition Task Group 1986). Thus, in total, 41 plots were

inventoried in the field for overstory trees, snags, and logs. Of the



30 stands studied, the 28 stands sampled in 1989 each had one plot, and
the two stands sampled in 1988 together had 13 plots. The overstory was
defined as all trees equal to or greater than 10 cm dbh and was sampled
by recording species and dbh. All snags equal to or greater than 10 cm
dbh and taller than 2 m within the plot were identified to species when
possible and measured for dbh. For each individual tree and snag
sampled, basal area was calculated from dbh values. Logs with a minimum
diameter of 15 cm at the larger end and a minimum length of 1 m were
also inventoried. Log diameter and length measurements were used to
produce log biomass estimates. Three to five of the largest pines in
each plot were sampled with an increment borer to obtain a tree age

estimate.

Aerial Photographic Sampling

For each of the 30 pine stands, density estimates of old white and
red pine trees were obtained using a Carl Zeiss dissecting microscope
with a drawing tube at 17.5X magnification to view tree crowns on
1:15,840, 1977 black and white aerial photographic diapositives
(Sayn-Wittgenstein 1978). Analysis of aerial photographs has also been
used to estimate old tree density of Douglas-fir forests (Morrison
1988}).

To evaluate the use of the 1:15,840 scale aerial photographic
diapositives for estimating old tree density relative to using larger
scale photos, seven different forested areas in the Chalk River, Ontario

area were analyzed for old tree density using the 1:15,840 diapositives



and 1:1500 color aerial photographs. It was assumed that use of the
large-scale photographs would result in a better estimate of tree
density which could subsequently be used as a baseline for comparison
against the estimates obtained from analysis of the small-scale
photographs. Only the inpner two-thirds of the large-scale photographs,
demarcated in the shape of a square, were used in the analysis due to
major crown distortions near the edges of the photographs.

For the 30 stands studied in the Temagami Region, all white and red
pine crowns were identified within 100 m wide transects inscribed on the
diapositives running perpendicular to the long axis of each stand such
that approximately 25% of the stand was systematically sampled. Wwhen
viewed from above, the irreqular, star-shaped crown of the white pine is
the tree's most distinquishing characteristic. Red pine, when viewed
from above, has a distinctly round or oval crown (Sayn-Wittgenstein
1978). As the white and red pine were identified, their crown
boundaries were digitized with a Sigma Scan software package (Jandel
Scientific 1989) that calculated tree crown areas. From the crown area
value the average crown diameter was calculated using CD=(2)(square root
of(Area/3.14)).

Because of correlations between stem diameter and crown diameter
(Avery 1978), and correlations between stem diameter and age (see
Results section}, it was possible to use crown diameter as a rough index
to tree age. A minimum of 38 cm dbh was chosen to represent old white
pine trees because only one of 35 randomly chosen white pine was found
to be younger than 140 years using this lower limit dbh value {(Table

l}). Correspondingly, @ 29 cm dbh lower limit was chosen to represent



o0ld red pine trees because only one of 38 randomly chosen red pine was
found to be younger than 140 years using this lower limit dbh value
(Table 1). The 140 year lower age limit is conservative relative to
that used by the Ontario Ministry of Natural Resources (1990) and the
United States Forest Service (DeGraff et al. 1980), both of which use
120 years as the lower age limit for old-growth white pine forest.
Using regression models, 140 years was represented by a minimum
crown diameter of 5.3 m for white pine and a minimum crown diameter of
4.5 m for red pine. Because crown diameter measurements from aerial
photographs are generally lower than those taken on the ground (Avery
1978), those obtained in this study from the diapositives actually
represented larger crown diameters in most cases. BeCause czrown
diameters provide only a rough index to tree age, it is necessary to
follow up with more extensive and detailed tree age estimates from

increment cores obtained ln the field.

Forest Type Classification

The specific attributes of old-growth forest vary by forest type
{(United States Forest Service 1989, British Columbia Ministry of Forests
1990). Broad old-growth white and red pine forest types in the Temagami
Region were distinguished as follows: those plots with white and red
pine both greater than 25% basal area and less than 75% basal area were
classified as white pine-red pine, those plots dominated by white pine
with less than 25% red pine and more than 75% deciduous species were

classified as white pine-deciduous forest, those plots dominated by
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white pine with less than 25% red pine and with both conifer and
deciduous species comprising more than 25% but less than 75% of the
total basal area were classified as white pine-mixed forest, those plots
dominated by white pine with less than 25% red pine and with more than
75% conifer species were categorized as white pine-conifer forest, and
those plots dominated by red pine with less than 25% white pine and with
greater than 75% conifer species were classified as red pine-conifer.
Detrended correspondence analysis (DCA} (Hill 1979, Hill and Gauch 1980)
was also used to classify forest types by ordinating all 41 field
sampled plots based on tree species basal areas.

Because old-growth forests are so complex in structure, multiple
criteria are necessary for their definition (0ld-Growth Definition Task
Group 1986). Thus, for each forest type, means and ranges for old tree
density, snag density, and log biomass and density were calculated.

Four of the 41 plots were excluded from the definition analysis due to a
forest type classification discrepancy between these four plots and
their corresponding stands. This occurred due to the relatively small
portion of the stand represented by a single randomly located plot and
to the patchiness of forest composition within these stands. Finally,
because "any 0ld growth attribute exhibits a range of levels over a
sample of stands...definitions are based on minimum criteria rather than

average values" (0ld-Growth Definition Task Group 1986).
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RESULTS

The comparison of old tree density estimates derived from the
large- and small-scale aerial photographs is presented in Table 1. For
white pine, analysis of the large-scale photos provided a density
estimate of 4.0/ha compared to the small-scale photo analysis which
provided an estimate of 3.1/ha. The same comparison for red pine
resulted in a larger diference between the two estimates, 4.1/ha for the
large-scale photos versus 2.8/ha for the small-scale photos.
Considering the density of the two species combined, analysis of the
large-scale photos resulted in a density estimate of 8.1/ha versus
5.9/ha for the small-scale photos. Thus, use of 1:15,840 black and
white aerial photographic diapositives to estimate the density of old
pine trees in old-growth pine forests of Temagami may, on average,
underestimate density by as much as 33%. However, due to the
prohibitively high cost of obtaining large-scale aerial photos for all
stands, the small-scale photos represented the only available
alternative.

From measurements taken on the ground, significant correlations
were found between stem diameter and age for white pine (r=.58;
significant at .01 level) and for red pine (r=.53; significant at .01
level) (Table 2). significant correlations were also found between stem
diameter and crown diameter for white pine (r=.62; significant at .01
level) and red pine (r=.70; significant at .01 level) (Table 3). The
“indirect relationship between age and crown diameter, which was

established through their correlation with stem diameter, served as the
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TABLE 1 - RESULTS OF WHITE AND RED PINE DENSITY ESTIMATES
FROM AERIAL PHOTOGRAPHS OF DIFFERING SCALES

Il Larqge Scale Photos H Small Scale Photos |

|
} If__Bo. Trees | Area | Density (trees/ba) || __ Ho. Prees | Area | Demsity (trees/ha} |
[ Plot || Pv | Pr ) PuiPr | (ha} | Pw | Pr | PwiPr || Pw | P1 | Pwibr | (hal] | Pv | Pr | Pwibr |

| (| I | [ I I (] I I ! ! | !
P Ib2s 1360 61§ %1 13501 S0 0 &6 120 )M 41 4 9.0 | 3.0 L I 4.6 |
| (1 | | | I i ! I [ I I
F2Imaese ) 63 1 71 {47 42 08 B2 48] 9.3 11 2.0 I 5.1 |
! n 1 1 I ! I ! It [ I I I I
I3 20 20 70 138 200 59 381230 61 ) 8.8 | 4.3] 2.6 | 6.9 |
| i | | | | | (1 I I I I I
o4 W] 125 1 15 1530 330 8.6 (1S40t B2 | 160 134 19 79
! i | I I | i1 | | | I | I
|5 10471684 105 | 133 {350 S0 0 8.6 1431751 118 | 149 12.9] 50 1.9 |
| 1 | i I I nr | I | ! | i
Foe 1130221 52 ) 8.8 1341 2501 59 11201 81 291 93 [2.3] .3 I 32 |
I | I ! I ! | i1 | ! ! I ! !
| 7 {129]56) 85 | 8.8 (3.3} 6.40 9.7 |[ 22 )48 70 | 9.1 )24 53 i 1.7 1
! 1 I | | I (1 I I | ! | |
L A1) []269 1274 | 543 | 66.5 | 4.0 ] 4.1 B.1 [234 1205 | 449 | 6.8 | 3014 2.8 | 5.9 l
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TABLE 2 - STEM DIAMETER AND AGE FOR WHITE AND RED PINE
{stem diameter (DBH) in cm)

White Pine
DBH Age DBH e DBH Age DBH e
17.7 106 46.5 156 61.4 182 70.5 209
21.4 112 51.0 200 6l.5 141 71.1 180
31.2  13% 52.1 157 62.3 229 72.0 191
34.6 233 57.2 204 62.4 141 73.3 164
35.0 237 58.6 215 62.8 146 75.3 219
36.3 135 58.8 184 3.5 251 75.3 252
38.3 217 53.7 200 64.9 191 80.5 198
39.1 197 60.0 184 65.9 218 81.4 375
42.3 126 60.6 232 69.0 205 86.1 301
45.6 141 60.7 233 70.0 152 92.3 299

(r=.58; significant at .01 level)

Red Pine
DBH Age DBH Age DBH Age DBEH Age
21.1 92 45.3 224 49.5 216 59.3 229
28.9 124 415.5 242 51.3 269 60.1 246
29.5 192 46.5 211 52.1 202 60.7 204
30.¢ 193 47.2 229 52.3 219 61.0 204
30.0 274 47.6 186 52.7 199 62.3 217
31.6 182 48.0 180 54,5 218 63.2 321
33.9 110 48.0 224 54.7 229 63.3 216
34.4 194 48.2 244 55.2 243 67.0 223
38.5 190 49.3 248 56.5 225 67.5 221
44.5 216 49.5 231 56.5 251 69.8 202

(r=.53; significant at .01 level)
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TABLE 3 - STEM DIAMETER AND CROWN DIAMETER FOR WHITE AND RED PINE
(stem diameter (DBH) in cm; crown diameter (CD) in m)

White Pine
DBH CD DBH CcD DBH CD
17.7 3.6 42.3 6.0 56.1 6.6
21.4 5.0 42.6 7.6 57.9 8.9
34.6 3.1 42.9 1.2 58.3 7.2
36.3 4.4 44.3 5.9 56.3 7.2
38.3 2.6 44.4 5.7 5.3 9.6
3.1 5.7 45.1 4.2 59.5 3.5
40.6 4.8 45.6 6.0 66.0 9.4
41.9 6.8 46.4 3.5 66.5 3.6
42.0 6.5 54.0 8.9 67.4 9.5
42.1 6.0 55.4 9.0 72.3 12.0
(r=.62; significant at .01 level)
Red Pine

DBH CDh DBH CD DBH CD
21.1 3.6 39.5 6.2 48.3 9.0
28.9 3.0 41.0 7.4 48.8 8.4
29.5 4.6 42.4 3.6 51.6 7.4
30.0 4.2 42.9 8.2 52.0 8.8
30.0 4.6 43.1 5.8 53.8 6.6
31.6 6.2 44.0 8.2 54.6 5.0
33.9 4.6 47.0 5.6 56.8 9.4
34.4 4.6 47.4 8.2 59.7 9.0
38.1 4.4 47.7 6.6 61.0 6.6
38.8 5.8 48.0 6.2 63.5 8.0

{(r=.70; significant at .01 ievel)
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basis for identifying old trees on aerial photographs. This was done by
predicting a minimum crown diameter for old trees from the minimum stem
diameter using regression models developed from ground measurements for
white pine:

CD=(0.1098) (DBH)+1.0902; R2=.38;
and for red pine:

CD=(0.1222) (DBH)+0.9932, RZ=.50.

A 38 com dbh lower limit was chosen for white pine because only one
of 35 randomly chosen white pine was found to be younger than 140 years
above this 38 cm dbh limit. Similarily, because only cne of 38 randomly
chosen red pine was found to be younger than 140 years above 29 cm dbh,
this dbh value was chosen as the lower limit for distinguishing old red
pine trees. Substituting these lower dbh limits into the regression
models, & minimum crown diameter of 5.3 +or-1.9 was predicted for white
pine and for red pine, a minimum crown diameter of 4.5 +or-1.3 was
predicted.

General stand and plot information is presented in Table 4. The
old-growth stand area estimated in this study was often less than the
area estimated on the forest stand maps. Stand areas according to this
study ranged from 11 ha to 813 ha with a@ mean of 90 ha and a median of
42 ha. BAge estimates of the oldest tree in the stand from this study
were higher in every case except one compared to forest stand map age
estimates. And, except for a few cases, there were no major differences
between percentages of pine relative to each other as estimated in this
study and as obtained from the forest stand maps. analysis of aerial

photographs indicated that 12 of the 30 stands sampled, or 40%, were
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contiguous to areas where logging had occurred resulting in
fragmentation of the local forested landscape.

Figure 2 shows the five old-growth forest types as identified by
DCA which produced the following eigenvalues: axis 1-.439, axis 2-.107,
axis 3-.045 and axis 4-.027. The large difference between the
eigenvalues of the first and second axes indicates that the majority of
variation in vegetation composition lies along the first axis. The only
forest types that occupy unigue ordination space are the white pine-red
pine and the red pine-conifer forest types. Table 5 shows the basal
areas for all 15 tree species according to forest type.

Characteristics of old-growth white and red pine forest types in
Temagami are presented in Table 6. Because the white pine-deciduous,
white pine-mixed and white pine-conifer forest types were not
distinguished from each other in the aerial photographic analysis,
density estimates were made for all three combined as one major forest
type, hereafter referred to as the white pine-other forest type. On
average, the density of old white pine trees in the white pine-other
forest type was about four times greater than the density of old red
pine trees. This compares with almost egual mean densities for old
white and red pine in the white pine-red pine forest type, and with
approximately twice the mean density of old red pine trees to old white
pine trees in the red pine-conifer forest type. The mean old tree
density of both pines combined was almost egual for both the white
pine-other forest type (19.8/ha) and the white pine-red pine forest type
(21.8/ha). This compares to a mean old tree density estimate for the

red pine-conifer forest type of 14/ha which is approximately 25% lower
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FIGURE 2 - FOREST TYPES AS IDENTIFIED BY
DETRENDED CORRESPONDENCE ANALYSIS
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TABLE 5 - OVERSTORY SPECIES COMPOS1TION OF OLD-GROWTH
WHITE AND RED PINE FOREST PLOTS

IPerest 1 151 Ares| species [basa) ares io néfha) |
W9ype [ Blet |38 | By Wh _Pg ) NS Pw__ B te bw  $b s R 01 B B 2|
Pea-p 56 | 8951 2.1 &4 11 Y w1l 13 2 5.8
| |84 1_20.81 .Y 1.3 L 1.3 1.8 .11
l ] Nean 1=l e} 0 N 5 W X % B T I A 1.1]
| 1 @41 8] 1l [ IX B N B | 1.4
| |4 | 1,5 KR T I R S 1.0 5.1
| | & 1 1,56 M L6 Ly Y [N ] .61
f I Nyt LE DL I 7% R 1 19 NS N N 2% B | il .41
| | W) ) (7% S § S TR Y N X R 18 R 9 | .6l
IPE-M | 38| 42,081 HS W .1 14 Lt 1 3.1
| | & 1 41,50 e 61l LY O 0 n.4
I I 42 | 46,68 B3 1.3 . L3 LY 0y 1.§ .51
| 1§ 1 5,1 Ly 1Y 8T L5 b .t 1) 0.1
i b6 | 55,50 ) 7% B | 1O R 9| i Ll kS .
| | 6 1 61,5 | LEona o1 on 1l 6.4 H.Al
{ oS 50 3 I Y D 7S R % S 19 S S §.3 H.n
| 131 19,43 | S 1.3 b4 10. 1.0 1.8 3.0 1.1
| J Nean | 8.2 1 1.5 M2 16 1.6 3.3 e 6.5 2.8 5.9
| I 111 e 6.1 LIS I S T 7 S 1S R N | 1.2 2.6l
1 i85 1 3,51 k)0 IO PO R VS B N 13 3% |
| 1750 1 10| 9 L Y% B U B N ) 1% I Y | 1®.11
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| (I LI T ns KL L LSl LS 15.51
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| 135 || 1 4 LEOSY LY LS ' .61
1 1,6 B FCRNN TS N P I P S MY | 1.6 L
[ 1M _§133,9 |, 1.2 8.7 103 1.5 1.4 1.1 1.3 .4 43.0]
L ] Nean ] [P 20 B S I N B X D T Y I {9 i1.9]
t | 57T | 15,50 | 1.4 LY W 1.6 1.5 i
| |52 | 151,90 § 6. PR B S R % B K| 1 M. 13 {t.H
t | 45 & 169,76 | L1 0s F | .1
| Be-C | S1 | 106,7% | 6.1 6.1 NN 1.t . .
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Abreviatioas: P¥-D - white pine-decidaoes; PE-N - white plae-decidwons and coniferoes; PU-C - white pine-conlferows; PR-PL - vhlte
plae-ted plae; PR-C - red plae-coplierous; By - yellow birch (Detula lutea Wichx. £.); Wb - sugar maple (heer saccharem Marsh.);
Pq - large-tooth aspes (Pepulos grandjdestata Wichs.}; A - white ash (Prazises asericasa L.); Bs - red maple (Acer pabrus L.};

P - white piae {Pipes strobes L.); ¥ - balsam fir {dbies balsamea (L.} MIF).}; Ce - eastera white cedar (Theja cecldestalis L.);
Bv - wkite birch iDetola papyrifera Mazsh.}; Sb - black sproce (Picea pariama (Mi11.) B.5.P.); Sv - white sprace [Plces qlavea
{Woench) Voss); Pr - red pise (Rivys resivosa iit.); Or - yed oab (fuerces pubra L.); Po - Poplar {Pepalus spp.); P} - jack pise
(Pines bankslasa Lash.}
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TABLE 6 - CHARACTERISTICS OF OLD-GROWTH WHITE AND RED PINE
FOREST TYPE IN TEMAGAMI, ONTARIO

|5tand | Torest ype |
ICharacteristics | I
| | White Piae- #hite Plae- Wbite Plae- | Wite Pime- | Beé Pine- |
| - | _Det]dwong Mized Conifer | 2ed Flue | Cenifer |
| | I | |
|Number of Stands | n | ¢ | { |
IStaad $ixe (ha} Bedr | 4.4 | .1 [ L1
| Tange | 16.3-913.2 | 26.0-140.4 | 3615010 1)
1014 Tree Demsity {me./ha) I i | |
| white ploe [ TTH | 15.1 | na | L5
| Tange | 1-25 ! 615 I -
| red plae seit | 1.1 | 1t.5 | 1.1 |
| Tangt | -1 | 8-1¢ | 5-13 |
| white & ted pise nmemn | 13.1 | HN | | nay |
| Tange ] 19-3 I 15-2 | -2 |
| i’ | 50 I 1 | T
| | ) | | | |
ISaag Deasity {no./h) ] ! } | | [
| namber of plots | ? i 1 I 1l | b | 5 H
| all species Bed | " | m | 112 I n | " |
| range {11y | 3-19% | §8-190 |__Sk-120 ] -1 |
I | | I | { I
liog Blomass & Deasity I [ | { I |
| aumber of plots | 2 | 1 | 11 | 4 | 5 |
| blomass (Mg/ha) nean [ I | 51.1 | 5.1 i .4 | ny
I 1ange | 1).3-66.1 | 15.6-131.4 | 16.5-0).8 | 12.4-0.2 I 5.8+43.4 |
| nember of larqe pieces/ba | | | I | |
| aean (I { X ] | 1.5 | .1 | .0 | e |
| Taage I10-10 I 18-10 | - | - | 18-7%

| 1 emdbh ¢ | (emdbhd | (MWeadbhs | 35 cadbh s | 125 c» dbh &1
1 ] § n long} | telong) 1 10ulenq) ] 0= loag} | Valosgl |

* Narinus Stasd Dessity - greatest nmaber of white asd red pine comblued fownd within one hectare withis a sisgle stand

Mverage deasity = 0.5 Xg/a® (from Narmon et al. 1905)
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than the mean old tree density estimates for the other two forest
types. Maximum old tree density ranged from a low of 35/ha for the
white pine-red pine forest type to a high of 60/ha for the red
pine-conifer forest type.

The mean density of snags {(all species) for each of the five forest
types varied from a low of 77/ha for the white pine-red pine forest type
to a high of 112/ha for the white pine-conifer forest type which is
almost a 50% increase in density. However, within each forest type,
snag density per plot varied considerably. For example, within the
white pine-conifer forest type, snag density varied by as much as
130/ha. The greater variation in snag density within forest types
compared to the smaller snag density variation between forest types may
reflect the problems of too few samples, the variation in site
productivity within each forest type, variations in species life history
characteristics or combinations of these. 1n any case, these problems
should be addressed in future studies.

Mean log biomass varied from a low of 37.9 Mg/ha for the red
pine-conifer forest type to a high of 57.7 Mg/ha for the white
pine-mixed forest type which is approximately a 50% increase in
biomass. The mean density of large pieces of logs varies from a low of
10/ha in the white pine-deciduous forest type to a high of 48.2/ha in
the white pine-conifer forest type which is almost a five-fold
increase. It is interesting to note, however, that log pieces in the
white pine-deciduous forest type are, on average, almost twice the
diameter of those in the white pine-conifer forest type. Again,

variation in both log biomass and density is greater within forest types
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than between forest types and must be investigated in the future.

Minimum values for old tree density, snags and logs presented in
Table 7 are simply those values at the low end of the range presented ia
each category in Table 6. Common associates (mean basal area > 1
m2/ha) were identified from the species composition matrix (Table 5)
and canopy structure descriptions were derived from field observations.

Minimum old tree density varied from 9/ha for the red pine-conifer
forest type to 10/ha for the white pine-other forest type to 15/ha for
the white pine-red pine forest type. Sugar maple and yellow birch were
found as common associates (>1 m?/ha) only in the white pine-deciduous
forest type and white spruce was found as a common associate only in the
white pine-red pine forest type. All other common associates occurred
in more than one forest type. The most frequently occurring common
associates were white cedar, which was found in all five forest types,
and white birch which was found in four forest types. A multilayered
canopy was characteristic of the white pine-mixed, white pine-conifer
and white pine-red pine forest types whereas the red pine-conifer forest
type was characterized mainly by a single layered canopy. 1n the white
pine-deciduous forest type, old white pine were often emergent above the
deciduous canopy.

Minimum snag density varied from 30/ha for both the white
pine-mixed forest type and the red pine-conifer forest type to 70/ha for
the white pine-deciduous forest type. Minimum log biomass varied from 6
Mg/ha for the red pine-conifer forest type to 32 Mg/ha for the white
pine-red pine forest type. The greatest density of large log pieces

(20/ha) was found in the white pine-red pine forest type, however, the
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TABLE 7 - PRELIMINARY MINIMUM STANDARDS FOR OLD-GROWTH
WHITE AND RED PINE FORESTS IN CENTRAL ONTARIO

-

[STAED
|CEARACTBRISTICS | deciduons

| 0ld Live Trees |

Density

Associates
(3 W/
basal area)

Canopy

Snags

Logs

all species )70/ha,
310 ca dbh and Z
tall

all species )69/ha,
310 cn dbh and 2 »
tall

|

!

I all species >30/ha,
| 210 em dbh and 2 m
| tall

|

|

all species »50/ha,
10 ca dbb and 2 2
tatl

|
|
| all species »30/ha,
{1 Yocadbhand 22
| tall

I
|

| FORES? TIPE |
] White Fipe- | thite Pine- | White Pine- | White Plne- i Red Plne- l
] Hized | Conlfer ] Red Plae | Conjfer i

; | | | | |
| | | | |

| Y19 trees/ba | 210 trees/ha | Y10 trees/ha | 315 trees/ha I ¥ trees/ha I
| 3140 years old | Y140 years oid } Y140 years old | 2140 years old | 2140 years old |
| | | | | |
| sugar maple, | white birch, | ted pine, | white birch, | white pine, |
{ red maple, | red pine, | vhite cedar, | balsam fir, | black spruce, |
| yellow bizch, | white cedar, | black spruce, | vhite cedar, | vhlte cedar, I
| white cedar { balsas fir, | white birch | white sprace | vhite bizch !
| | red naple | | I |
| | | | | I
| white pine emergeat | amltilayered | naltilayered | multilayered | maialy 2 single |
| above decidaons | canepy { canopy | casopy | layered canopy |
|

|

|

|

|

|

|

|

I 23 metric tons/ha,
1 18 pieces/ba 51 ca
| diam and ! = long

| 16 metric tons/ha, | 17 metric toas/ha,

| 32 metzic tons/ba

| § setric tons/ha

| 10 pieces/ha 37 em | 10 pieces/ba 20 co | 20 pieces/ha 15 co | 19 pleces/ha 25 en |

| diam and & » losq ) diam and & m long

| diam and 3 » long

| dian and 8 » long |




_zq_

largest pieces were found in the white pine-deciduous forest type.

PRELIMINARY DEFINITIONS

Five types of old-growth white and red pine forest were identified
in the Temagami Region. Those plots dominated by white pine with
greater amounts of deciduous than coniferous associates were classified
as white pine-deciduous (WP-D), those dominated by white pine with
nearly equal portions of coniferous and deciduous associates were
classified as white pine-mixed (WP-M) and those dominated by white pine
with greater portions of coniferous associates were classified as white
pine-conifer (WP-C). Those plots with nearly equal portions of both
dominant white and red pine were classified as white pine-red pine
(WP-RP) and those plots dominated by red pine with a greater portion of
coniferous associates were classified as red pine-conifer (RP-C).
Because more data are required to develop final old-growth definitions
for white and red pine, the following descriptions should be considered

only as preliminary or interim.
01d-Growth White Pine-Mixed Forest

The old-growth WP-M forest type is one of the two most common
old—growth white pine forest types in the Temagami Region. The minimum
density of old white and red pine trees is 10 per ha. Species commonly

associated with white pine in this old-growth forest type include white



birch, red pine, white cedar, balsam fir and red maple. Together the
white pine and its associates generally form a mmltilayered canopy. The
minimum density for snags (all species) is 30 per ha. Minimum log
biomass is 16 Mg per ha with at least 10 log pieces per ha, 37 cm in
diameter and 8 m long. The surficial geology most commonly associated
with the old-growth WP-M forest type includes outwash plains, dumped
till over bedrock and dumped till over moulded till (Ontario Ministry of
Natural Resources 1989). Also associated with this old-growth forest
type are hot and normal microclimates with soil moisture conditions

ranging from dry to mesic {Hills 1960).

01d-Growth White Pine-Conifer Forest

Also one of the two most common old-growth white pine forest types
in the Temagami Region, the old-growth WP-C forest type has a minimum
density of 10 old white and red pine trees per ha. Species commonly
associated with the white pine include red pine, white cedar, black
spruce and white birch. Generally, all woody vegetation combine to form
a multilayered canopy. The minimum density for snags (all species) is
60 pexr ha and the minimum log volume is 17 Mg per ha including at least
10 pieces per ha, 28 cm diameter and 8 m long. Common surficial geology
associated with this old-growth type includes outwash plains, dumped
till over bedrock, and dumped till over moulded till (Ontario Ministry
of Natural Resources 1989). It is also commonly associated with a hot
to normal microclimate with dry to mesic soil moisture conditions (Hills

1960} .
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01d-Growth White Pine-Deciduous Forest

An uncommon old-growth white and red pine forest type in Temagami |
is the WP-D forest type. The minimum density of old white and red pine
trees for this old-growth type is 10 per ha. Species commonly
associated with the dominant white pine include sugar maple, red maple,
yellow birch and white cedar. The white pine often penetrate and emerge
above the deciduous canopy. The minimum density for snags (all species)
is 70 per ha and the minimum log volume is 23 Mg per ha with a minimum
of 10 pieces per ha, 51 cm diameter and 8 m long. The old-growth We-D
forest type is commonly found growing on sites with dumped till over
moulded till and lacustrine deposits {Ontario Ministry of Natural
Resources 1989). This old-growth forest type is also most common where
a hot microclimate combines with mesic soil conditions and to a lesser
extent where a normal microclimate combines with dry soil conditions

(Hills 1960).
0ld-Growth White Pine-Red Pine Forest

This old-growth pine forest type has similar amounts of both old
white and old red pine trees. 1t typically has the highest density of
old trees of all five old-growth forest types in Temagami. Common
associates include white birch, balsam fir, white cedar and white spruce
all of which combine with white pine to form a multilayered canopy. The
minimom density for snags (all species) is 50 per ha and the minimm

biomass for logs is 32 Mg per ha with a minimum of 20 log pieces per ha,
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35 cm diameter and 8 m long. Common surficial deposits include outwash
plains and dumped till (Ontario Ministry of Natural Resources 1989).
The old-growth WP-RP forest type is commonly found where dry soil
conditions combine with a hot microclimate, where dry soil conditions
combine with a normal microclimate, and where mesic soil conditions

combine with a normal microclimate (Hills 1960).

0ld-Growth Red Pine-Conifer PForest

The minimmm density for the old-growth RP-C forest type is 9 old
red pine trees per ha or 9 old trees of both red and white pine per ha.
This is the lowest minimum density of all five old-growth forest types.
The common associates, which include white pine, black spruce, white
cedar and white birch, combine with red pine to form, in most instances,
a single layered canopy. In some stands, however, a lower or mid-level
canopy of white pine is present. Minimum density of snags (all species)
is 30 per ha and the minimum log volume is 6 Mg per ha with at least 10
log pieces per ha, 25 cm diameter and 6 m long. Common surficial
deposits include outwash plains and dumped till over bedrock (Ontario
Ministry of Natural Resources 19839). The old-growth RP-C forest type is
also common where dry soil conditions combine with a hot or normal
microclimate (Hills 1960).

General preliminary criteria for old-growth white and red pine
forest in central Ontario include the following: (1) white pine - at
least 10 old pine/ha, 140 years+, red pine - at least 9 old trees/ha,

140 years+, (2) at least 10 logs/ha, at least 25 cm diameter at large
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end and at least 8 m long; (3) at least 30 snags/ha, at least 10 cm dbh
and 2 m tall; and (4) minimal to no human disturbance. »additional
studies are required to identify minimum levels of human disturbance for

old-growth white and red pine forest.

FUTURE OLD-GROWIH DEFINITIONS

Forests are highly variable and dynamic ecosystems. Thus, we must
be careful not to develop a precise definition of old-growth forest that
characterizes the structure and function of what may be a transitory
phenomenon. "“In effect, if today's definition of old growth is too
exact, it cannot serve as a model for tomorrow's old growth" (Spies and
Franklin 1988).

Perhaps the best way to avoid a restrictive definition of
old-growth forest with limited application is to characterize both
structural and functicnal teatures of forest ecosystem succession by
including at least the young, mature and old-growth stages (Parker
1989). 1In addition to structural features such as old trees, snags and
logs, other structural features such as heterogeneity of understory,
species diversity, forest floor depth and live wood biomass should be
considered (Spies and Franklin 1988). Barnes {1989} stressed that
functional features such as regeneration, nutrient cycling,
productivity, energy flow and gene pool dynamics should also be included
in the context of the old-growth abiotic environment. Thus, we should

expand the focus to the landscape ecosystem to include the interaction
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of factors such as climate, soil, landform and natural disturbance with
the biotic commnity. Combinations of these factors determine site
productivity which in turn determines the minimum age of old-growth
forest. For example, on sites of low productivity, the old growth
condition will occur at a younger age relative to sites of high
productivity where the old growth condition will occur later.
Initiation of the old growth stage needs to be determined for the
variety of landscape ecosystem types associated with old-growth white
and red pine forests.

Size may be the most critical factor determining the long-term
viability of an ecosystem (Harris 1984). Once a forest is smaller than
10 ha it may be entirely edge habitat and may no longer have the
properties of the original forest (Franklin and Forman 1987). The
minimum viable size of an old-growth stand "...varies depending on
species composition, management objectives, location of the stand in the
landscape, and successional stages of neighboring stands" (Spies and
Franklin 1988). It has also been determined that old growth is not
necessarily "virgin" (Barnes 1989, United States Forest Service 1989).
It remains, however, to identify acceptable levels of human disturbance
for Temagami's old-growth forests.

Due to continuing pressure from logging and lack of provincial
old-growth forest policies throughout eastern Canada, the few stands of
old-growth white and red pine remaining throughout their natural ranges

should be located, studied and conserved as quickly as possible.
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