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ABSTRACT

Longpre, Trevor W.F. 2008. Natural succession of stands in the jack pine-dominated
standard forest unit of boreal Ontario. Forest Ecosystem Science Co-operative Inc.,
Thunder Bay, Ontario. 20 pp.

Spanning boreal Ontario, photo chronosequencing was used to observe change through
time in 153 stands belonging to the jack pine-dominated standard forest unit. Survival analysis, a
non-paramentric analytical technique, was then used to derive natural succession inputs,
formatted for Ontario’s Strategic Forest Management Model (SFMM).
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This technical report has been prepared for the Forest Ecosystem Science Co-operative
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application of the research to forest management planning, and presents SFMM-formatted
results. The thesis is focused upon the ecological drivers of forest succession, and presents a
detailed literature review, and discussion in support of that topic.
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INTRODUCTION

While it is among the most common tree species in boreal Ontario and has a long
history of study, knowledge of jack pine (Pinus banksiana Lamb.) succession remains
predominantly qualitative.

A sound understanding of forest succession is an integral component of Ontario’s
current forest management planning process. This process mandates determinations of
ecological sustainability, the availability of wildlife habitat, and of continued industrial
wood supply to be supported by forecast models that extend for 160 years and more
(OMNR 2004). Despite this reliance however, forest planners and practitioners often rely
on professional opinion to generate the quantitative inferences of forest succession
required in the forecast models; inferences in which they themselves admit to holding
little confidence (Drescher et al. 2006).

While agreement exists amongst researchers that repeated measures of forest
sample plots over a stand’s entire development is the best method by which empirical
determinations of forest succession should be derived (Kenkel ez al. 1998; Caners 2001;
Hamel and Kenkel 2001), the logistical implications of such an approach and the urgency
of demand for the knowledge lead researchers to explore alternative means of study.

This report presents a logistically-effective alternative methodology to quantify forest
succession trends; one yielding empirical inferences formatted to the standards required

for Ontario’s Strategic Forest Management Model and many probability-based models.

METHODS

STUDY AREA

The study area is bounded to the south by latitude 47.5° N, to the north by
latitude 52.5° N, to the east by longitude 79.5° W, and to the west by longitude 96° W.
Extending throughout Ontario’s Boreal forest region (Rowe 1972), the study area has a
physiography that ranges from lowland peat bogs, to deep fertile upland soils, to bedrock
covered by thin layers of soil, moss, or lichens (OMNR 2005), and is well within the
distribution range of jack pine and many associate boreal tree species. Figure 1 shows

the location of the study sites and the corresponding ecoregions of northern Ontario.
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Figure 1. Distribution of study sites throughout Ontario (n = 153).

SAMPLING METHODS
Photo chronosequencing was adopted as the methodology by which forest

succession would be sampled. It supplemented one or more empirical measures of each
forest stand with multiple observations of the stand through time, via aerial photo

interpretation. This methodology was practical as it capitalized upon past investments
made by project partners; investments in aerial photographs, equipment, and empirically-

determined information for location and site.



221 study sites were identified from growth and yield monitoring plot networks of
the Ontario Ministry of Natural Resources and the Forest Ecosystem Science Co-
operative on the basis that the stand experienced no other form of disturbance since
initiation from wildfire, and jack pine was known to have occupied the site. For each
study site, aerial photographs were obtained from the province’s archive, which when
sequenced, captured the site at four points in time. The photographic record of
development typically spanned 45 years, ranging from 1946 to 1997, and averaged 15
years between photo captures. Growth and yield plot locations were marked onto the
aerial photographs, and corresponding stands were delineated to a maximum radius of
100 m from the plot (Figure 2). Ecoelements embedded within the stand that were
distinctly different from the targeted conditions (e.g. pockets of lowland black spruce or
uncharacteristic transitions in canopy or site) were themselves delineated and excluded

from consideration, so as to sample only the narrowest possible range of ecoelements.
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Figure 2. Example delineation of stands for photo interpretation.

Canopy composition was then interpreted' from the sequenced photographs for
each site (1%, by species). To minimize bias and improve accuracy in photo
interpretation, canopy data from the growth and yield plots were used as ground-truth
benchmarks. Figure 3 illustrates the application of photo chronosequencing to derive

dependent variable data for one of the study sites.

! Interpretations of photo images were made by this author, and may be subject to unknown bias related to
species identification and estimations of relative composition.



1950: Pj9_5 PO_5
22 yrs

1965: Pjg_a PO_4 Sb<_1
37 yrs

1982: Pj7 Sb2_5 PO_5
94 yrs

1995: Pj6_5 Sb3 PO_5
67 yrs

Figure 3. Example application of photo chronosequencing for a stand, observing ingress of black
spruce into a jack pine-trembling aspen canopy over a period of 45 years.



In the presented example, dependent variable data on relative composition by
species was interpreted for four points in the stand’s development (from photos dated
1950, 1965, 1982, and 1995). In 1950, 22 year old post-fire regeneration was observed to
be primarily comprised by jack pine and trembling aspen. By 1965, a strong black
spruce understory was just starting to ingress into the 37 year old canopy — accruing a
25% relative composition over the next 17 years. Ingress of black spruce into the

established jack pine and aspen canopy was observed to continue through 1995.

ANALYTICAL METHODS

The sampling design presented in this report expressly sought to utilize growth
and yield monitoring plot data to improve interpretation accuracy, as well as capture the
range of environmental variation typical to jack pine stands of northern Ontario, and was
therefore purposely non-random in nature. As a consequence, parametric testing was not
appropriate. Instead, survival analysis, a non-parametric analytical technique was used to
summarize successional patterns. Unlike parametric methods, survival analysis can
accommodate small, non-random sample populations.

Survival analysis is a technique to study ‘time-to-event’. For the current study,
stand succession from a jack pine-dominant forest unit (jack pine > 70% and trembling
aspen + white birch < 20%) to conditions with less or no jack pine (< 70%) or a greater
hardwood component (> 20%) was the ‘event’ of interest. Survival analysis was applied
to that subset of 153 stands which were observed to belong to the jack pine-dominant
forest unit. The remainder of the 221 candidate study sites” were found to have never
belonged to the jack pine-dominant forest unit during the period of observation.

A strong argument for the use of survival analysis to study forest succession is
that no assumptions are made as to when similar stands will experience the event.
Instead, the approach embraces the concept that stands having similar canopies, on
similar sites will still experience the succession-event across a broad range of ages.

Rather than generating a single trajectory to summarize the dynamics of all canopies,

? Candidate study sites were selected on the basis that some presence of jack pine (living or dead) was
tallied within the growth and yield monitoring plot, but not until the stands were interpreted for all photo
years could a determination be made whether it ever belonged to the jack pine-dominant forest unit.



survival analysis focuses upon the probability through time that stands will cross a
predetermined event-threshold.

The following example is provided to help describe the basic nature and
application of survival analysis: After a forest fire, a researcher observes six jack pine-
dominant stands as they establish and develop through time; recording the year in which

the canopy was observed to shift away from dominance by jack pine (Table 1).

TABLE 1. Elapsed time until canopy is observed to shift away from dominance by jack pine.

Time-To-Event

Study Plot (Years)
a 65
b 100
c 40
d 65
e 45
f 80

In generating a life table (Table 2), the dataset is partitioned into age classes, and
the proportion of stands that survive or terminate from one class to the next is calculated,
as is cumulative survival. Alternatively, the dataset could be parsed into the smallest
measures of time (1 year increments), and a step-function can be traced across years to
produce a precise cumulative survival trend (red, Figure 4). From the figure, the
predictive inference might be made that there exists a 33.3% probability that a jack pine-

dominant canopy will persist beyond 77 years of age.

TABLE 2. Example life table.

No. Entering No. of Events Proportion Proportion that Cumulative
Age Class Age-Class Observed Terminated Survived Survival
1-20 6 0 0% 100% 1.0
21-40 6 1 17% 83% 0.83
41-60 5 1 20% 80% 0.67
61-80 4 3 75% 25% 0.17
81-100 1 1 100% 0% 0.0




7o
1.0+
0.8+
™
i
£ 0.6
=3
L]
o | V_ _ _ _ _ _____
=
E _______ |
2 0.4 :
5 I
3 0.333
Legend |
_ ——— True Survival -
0.2 Function
------ ‘Constrained’ :
Function 1
...... ‘Inclusive’ I
0.0+ Function
I 1 I ' ' y :
40 50 E0 70 80 =0 100

Time Since Fire (Years)

Figure 4. Example cumulative survival for true vs. ‘inclusive’ vs. ‘constrained’ functions.

But what if the researcher was not able to observe all study plots indefinitely? If
for whatever reason, the researcher was only able to monitor forests for 85 years, that
person would not have observed the event for study plot b. And what if plot d was
harvested at age 50? The true persistence times of 100 and 65 years for plots b and d
respectively, would be unknown to the researcher.

One option is to discard those samples where the event was not observed, and
generate a ‘constrained’ cumulative survival trend (dashed green, Figure 4). When
compared to the true function, discarding plots b and d yielded a ‘constrained’ function
that underestimates true probabilities of survival at any age. Further, the function
suggested that no jack pine-dominant canopies should be expected to persist beyond 80
years of age, despite the fact that we know one subject (plot b) had not yet been seen to
succeed when the period of observation ended in the subject’s 85™ year of development.

Survival analysis however, permits the consideration of censored cases when
deriving survival functions. Cases are considered censored when they were not observed

through the full range of their development. In this example, plot d was censored at age



50 because the stand was harvested and could no longer be monitored. Plot b was
censored at age 85 because the researcher terminated the period of observation. Because
plot d was observed for 50 years without noting an event, that information has value.
While it cannot provide insight to the proportions of stands that survived beyond 50 years
of age, it can help to derive the proportions of stands that persist up to 50 years of age.
Similarly, plot b can help to derive an ‘inclusive’ survival function (dashed blue, Figure
4) for the first 85 years of development; causing the function to more closely approximate
the true function. As depicted, the function derived via survival analysis, where censored
observations were considered when calculating annual survival, was a far better
approximation of the true function; in this case, matching it perfectly over the first 65
years of development, with some overestimation over the next 20, and indication that the
true function extends beyond the limit of what could be plotted — indicating a 20%
probability that stands aged beyond 85 years would remain dominated by jack pine.
When survival analysis is used to derive a life table (Table 3), censored stands
factor at half the weight of terminating (non-censored) and surviving stands when
calculating exposure to risk, which is subsequently used to determine proportions of
stands that terminate during-, or survive each age class. Here the inference is made that
33.3% of stands survive beyond 99 years of age. While there appears to be an
overestimation of survival in the last 20-year age class (as compared to the true function

in Figure 4) the difference is exaggerated in the example by the small number of stands.

TABLE 3. Example survival analysis-based life table.

Age Initial Censored Stands Exposed Succession Proportion Proportion = Cumulative
Class  Stand Count Stands To Risk Events Terminating  Surviving Survival
0-19 6 0 6 0 0 1 1
20-39 6 0 6 0 0 1 1
40-59 6 1 5.5 2 0.367 0.636 0.636
60-79 3 0 3 1 0.333 0.667 0.424
80-99 2 1 1.5 1 0.667 0.333 0.141

The Kaplan-Meier method of survival analysis was used in this study. A detailed
description of the application and mechanics of this technique is provided by Collett

(2003). The analysis was performed using the software: SPSS version 15.0 (SPSS 2006).



RESULTS

The dataset was first analyzed to ascertain whether the 70% threshold determinate
of jack pine-dominance appropriately captured jack pine succession. At issue, stands
shifting from 70 to 69% jack pine for example, could not be differentiated in the analysis
from those dropping from 100 to 20%; both would register as succession-events. An
overabundance of stands at or near the 70% threshold might confound efforts to model
jack pine persistence, either due to slight changes in canopy or sensitivity to measurement
error. This however, was not the case; stand distributions are plotted in Figure 5 as a
complete population, and then segmented by censored and non-censored (event) status.

In the figure, few stands are shown to have highest observed abundances at or
near the 70% jack pine threshold. While only a 1% drop in jack pine was sufficient for 5
stands to register as experiencing the succession-event, on average, these stands were
observed to drop in abundance by 20%. When considering the distribution of non-
censored cases (stands that experienced the succession-event), their highest observed
abundances were very broadly-, and evenly-distributed throughout the 70 to 100% range.
Not surprisingly, it was mostly stands initially observed at the highest of abundances that

were never observed to drop below 70% (censored cases).

100
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°%§ 5
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Figure 5. Distribution of censored vs. non-censored (event) cases in dataset.
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The high number of censored cases (n = 119) relative to non-censored cases
(n = 34) indicates a mismatch between the persistence of jack pine-dominant stand
conditions, and the length of time that the sampled stands were observed; though not
prohibitively so. The survival analysis presented in this study showed a good distribution
of censored and non-censored cases, though ideally, researchers strive for the smallest
possible number of censored cases so as to ensure the greatest accuracy in their predictions.

A cumulative survival probability function (Figure 6) and survival table (Table 4)
were derived via Kaplan-Meier analysis. This function showed there was more than a 20
percentage point drop in survival probability (0.7961 probability of continued persistence
as jack pine-dominant forest unit) in the first 71 years after fire, then a 30 percentage
point drop over the subsequent 34 years (0.4926 probability at age 105) — this was a 1.5
times relative increase in succession events in only half the time. Although the survival
function later appears to level-off, there were few older stands to contribute to the
analysis. The resulting inference is that 31.66% of stands will persist in the jack pine-

dominant forest unit beyond 127 years after fire.

1.0 1 H—_ 71 105

| 7961

L 4926

L

2 4 Legend

Cumulative Survival
()]

—— Step Function

Censored
Cases

0 20 40 60 80 100 120 140 160

Time Since Fire (Years)

Figure 6. Cumulative survival function for all stands.
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TABLE 4. Survival table.

Time c lati con't con't
Since Status umu .atlve
X Survival . .
Fire Time . Time .
. Cumulative . Cumulative
Since Status . Since Status .
R Survival R Survival
8 0 Fire Fire
11 1 0.9934
12 0 57 0 76 0
14 0 58 0 77 0
21 1 58 0 78 0
21 1 0.9801 58 0 78 0
26 1 0.9734 58 0 79 0
29 0 59 1 79 0
30 1 0.9667 59 1 0.8515 80 0
30 0 59 0 81 0
30 0 59 0 81 0
30 0 60 0 83 1 0.7752
30 0 60 0 84 0
30 0 60 0 85 0
30 0 60 0 85 0
30 0 61 1 86 0
30 0 61 1 0.8317 86 0
31 0 61 0 87 1 0.7509
33 1 0.9595 62 1 0.8217 87 0
37 1 0.9524 63 0 87 0
37 0 63 0 88 0
39 1 0.9452 63 0 88 0
40 0 64 0 88 0
40 0 65 0 89 0
41 1 0.9378 65 0 20 1
42 1 65 0 20 1 0.6909
42 1 0.9232 67 0 20 0
42 0 67 0 90 0
44 1 0.9158 67 0 90 0
45 1 0.9084 67 0 90 0
47 0 67 0 92 0
47 0 68 0 94 0
48 1 0.9009 68 0 94 0
49 1 0.8934 69 1 0.8096 94 0
49 0 69 0 96 0
50 1 0.8858 70 0 96 0
50 0 70 0 97 0
50 0 70 0 98 1 0.6333
52 0 70 0 99 0
52 0 70 0 99 0
53 1 0.8780 70 0 100 1 0.5629
54 0 71 1 0.7961 105 1 0.4926
54 0 71 0 107 1 0.4222
55 1 0.8700 71 0 110 0
55 0 72 0 110 0
55 0 72 0 127 1 0.3166
55 0 73 0 135 0
56 0 74 0 146 0
56 0 75 0 150 0
56 0 75 0
57 0 75 0 Number of Cases: 153
57 0 76 0 Censored: 119 (77.78%)
57 0 76 0 Events: 34
57 0 76 0

Status = 0 represents a censored case
Status = 1 represents a succession event
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To derive SFMM inputs, the data was summarized by age class, into a survival

analysis-based life table (Table 5). Here, the reported proportions of stands that terminate

in each age class (depicted in Figure 7) represent succession from the jack pine-dominant

forest unit, across all destination forest units. The table indicates that 28.86% of stands

can be expected to survive beyond the 120-139 age class.

TABLE 5. Survival analysis-based life table.

Age Initial Censored Stands Exposed Succession 6 Proportion Proportion  Cumulative
Class  Stand Count Stands To Risk Events Terminating ; Surviving Survival
0-19 153 3 151.5 1 0.0066 0.9934 0.9934
20-39 149 11 143.5 7 0.0488 0.9512 0.9449
40-59 131 29 116.5 12 0.1030 0.8970 0.8476
60-79 90 44 68 5 0.0735 0.9265 0.7853
80-99 41 27 275 5 0.1818 0.8182 0.6425
100-119 9 2 8 3 0.3750 0.6250 0.4016
120-139 4 1 3.5 1 0.2857 0.7143 0.2868
140-159 2 2 1 0 0 1 0.2868
0.40 4
0.3750
’é 0.35 4
o
g
6  0.30 1
w
S
o
=
o 0.25 4
c
<
L
o 020 1
£
-
I
8 015
o
S
[72]
& 010
t
o
o
S 005-
0.00 -
0-19 20-39 40-59 60-79 80-99 100-119 120-139 140-159
Age Class

Figure 7. Proportions of surviving stands that shift to another forest unit, by age class.
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The proportions of stands in each age class that were observed to experience
succession out of the jack pine-dominant forest unit were then apportioned by destination
forest unit (Table 6). Regardless of how early in an age class that a stand may have been
observed to experience the succession event, the destination forest unit was determined to
be that to which the stand belonged in the first year of the subsequent age class. For
example, a stand in the 60-79 age class observed to shift to the jack pine-mixed conifer
forest unit at age 62, but observed to belong to the conifer mixedwood forest unit at age
80 (the first year of the 80-99 age class) was reported in Table 6 to succeed to the conifer
mixedwood forest unit. Standard forest unit definitions for Ontario’s northeastern (NE

Ont.), and northwestern (NW Ont.) administrative regions are provided in Appendix 1.

TABLE 6. SFMM-formatted inputs for natural succession in jack pine-dominated standard forest units.

Initial Destination

Age Forest Unit Forest Unit Stand Proport!on

Class Count Suceeding
(NW Ont. / NE Ont.) (NW Ont. / NE Ont.)

0-19 PjPur / Pj1 — SbMix / SP1 1 0of 1 0.00660

20-39 PjPur / Pj1 — PiMix / Pj2 50f7 0.03486

PjPur / Pj1 — SbMix / (SP1) 10of7 0.00697

PjPur / Pj1 — SbPur / (SP1) 10of7 0.00697

40 - 59 PjPur / Pj1 — PiMix / Pj2 90of 12 0.07725

PjPur / Pj1 — SbMix / SP1 20f12 0.01717

PjPur / Pj1 — ConMx / Mw1 10f 12 0.00858

60 -79 PjPur / Pj1 — PiMix / Pj2 50f5 0.07350

80-99 PjPur / Pj1 — PiMix / Pj2 4 of 5 0.14544

PjPur / Pj1 — ConMx / Mw1 10f5 0.03636

100 - 119 PjPur / Pj1 — PiMix / Pj2 10f3 0.12500

PjPur / Pj1 — ConMx / Mw1 20f3 0.25000

120 - 139 PjPur / Pj1 — PiMix / Pj2 1 of 1 0.28570

140 - 159 PiPur / Pj1 . ?
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As calculated from the stand counts in Table 6, 73.5% of stands succeeding out
the jack pine-dominant forest unit (PjPur for NW Ont., and PJ1 for NE Ont.) were
observed to shift to the jack pine-mixed conifer forest unit (PjMix for NW Ont., and PJ2
for NE Ont.). Second to this trend, 14.7% of stands shifted to the spruce-pine forest unit
(SP1) when formatted for the northeast region. When formatted for the northwest region,
this same complement of stands represented an 11.8% shift to the spruce-mixed conifer
forest unit (SbMix), and a 2.9% shift to the spruce-dominant forest unit (SbPur). And
finally, 11.8% of stands were observed to shift to a conifer mixedwood forest unit

(ConMx for NW Ont., and MW1 for NE Ont.).

DISCUSSION

As a sampling technique, photo chronosequencing proved to be a logistically-
effective alternative method to observe forest succession. Ontario’s aerial photo history
spans much of the boreal region (including parks and forest management units), with
numerous vintages which together capture as much as 60 years of stand development.
This resource will only increase in value, where future photo captures will add to the
period of observed stand development, and where the collection will always have a 40-60
year advantage over Ontario’s contemporary growth and yield monitoring plot networks.
Of added value, inferences of forest succession drawn from aerial photographs are made
at the stand-level — the same scale at which forest resources are inventoried and wood
supply is modelled.

Regardless of the sampling method, survival analysis proved to be a practical
means to derive quantitative inferences of forest succession for SFMM, and shows
promise for probability-based forecast models. In addition to the information in Table 5,
the SPSS life table output also calculates probability density: the estimated probability of
a succession event (termination) within each age class, as well as hazard rate: the
proportion of stands that have survived to enter the age class which are predicted to
experience the succession event during that time interval. These values can be of use in
probability-based models, such as Ontario’s Boreal Forest Landscape Dynamics System

(BFoLDS) or Patchworks.
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While the application of survival analysis in this study was of the most basic
nature, more sophisticated designs (Collett 2003) can easily accommodate complex forest
unit definitions and situations where time-to-event is measured not from stand initiation,
but from the succession-event of another forest unit. For example, stands in a jack pine-
mixed conifer forest unit may have initiated as jack pine-mixed conifer, or may have
initiated as a jack pine-dominant forest unit, only later to shift to jack pine-mixed conifer.
For any forest unit, quantitative estimates could be derived for what proportions of stands
undergo succession to another forest unit, and what proportion never leave.

Survival analysis on its own, however, provides only half the picture. It addresses
the question: “When does it leave?’, but not ‘“Where does it go?’. For its suitability to
address the second question, logistic regression appears to be a likely complement to
survival analysis. In the current study however, the sample population was too small to
permit the application of logistic regression; only anecdotal evidence on successional
destination could be offered.

The survival analysis revealed that succession from the jack pine-dominant forest
unit occurred throughout the entire range of post-fire development, with as much as
31.66% of stands surviving beyond 127 years of age. The bulk of stands experienced a
gradual loss of jack pine relative to other species, bypassing the jack pine-mixed conifer
forest unit in only 26.5% of cases. Shifts to the spruce-dominant and spruce-mixed
conifer (NW Ont.) or spruce-pine (NE Ont.) forest units occurred mainly in the first 60
years after fire, which was likely a reflection of contemporaneously-established spruce
populations suppressed early in each stand’s development slowly growing back into the
canopies. Shifts to the conifer mixedwood forest unit occurred mainly after the mid-
century mark, which was likely a reflection of jack pine self-thinning in canopies shared
with trembling aspen and white birch. Trembling aspen generally had a competitive
advantage over jack pine in these stands, outlasting the jack pine component. White
birch generally entered the canopy at a similar pace to black spruce, and being shade-
tolerant, also outlasted the jack pine component.

The results of the analysis show a considerable departure from previously-
published resources regarding SFMM inputs for the jack pine-dominant forest unit. For

Northeastern Ontario, Chen et al. (2003) recommended three successional shifts in
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forecast models: an 80% shift to the jack pine-mixed conifer (PJ2) forest unit between the
ages of 100 and 140; a 15% shift to the conifer mixedwood forest unit (MW 1) between
the ages of 100 and 130; and a 5% shift to barren and scattered conditions in the conifer
mixedwood forest unit (MW1-B&S) between the ages of 130 and 150. In contrast, this
study estimated that 35.75% of stands experienced succession in the first century of
development (Table 5), and that succession to the spruce-pine forest unit (SP1) in the first
60 years of development was a greater trend than succession to the conifer mixedwood
forest unit (Table 6). While the authors chose to structure their succession rules as fewer
larger shifts between forest units versus the feathering of many smaller but growing —
peaking — then shrinking shifts (graphical appearance resembling a negatively-skewed
normal distribution curve, such as in Figure 7), their apportionment of stands shifting to
the jack pine-mixed conifer (PJ2) forest unit was close to that recommended in this report.

For northwestern Ontario, Ride et al. (2004) presented succession maps by
ecodistrict, where only about half of the ecodistricts (10 of 18) featured shifts to the jack
pine-mixed conifer (PjMix) forest unit in amounts greater than 30%. These maps instead
often showed significant shifts (> 30%) to the spruce-dominated (SbPur), spruce-mixed
conifer (SbMix) and/or conifer mixedwood (ConMx) forest units. While not presented in
their report, a review of the source models did show feathered succession rules of a
similar structure to that revealed in this analysis.

In light of the results of this analysis, both of the previously-published resources
could have considerable implications to wood supply and habitat availability in forecast
models. The northeast rules are likely to effect delayed representations of succession,
leaving forecast models to significantly overestimate the availability of mature jack pine
timber. In contrast, the northwest rules are likely to effect quickened representations of
succession, leaving forecast models to significantly underestimate jack pine availability,
and overestimate black spruce availability. The only recourse for modellers using these
inputs, would be to hope that other inaccuracies in the models (e.g. natural succession
rules for other forest units, post-fire succession rules or growth and yield estimations)

compensate for the defunct natural succession rules for jack pine-dominated stands.
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CONCLUSION

Photo chronosequencing is a logistically-effective means to observe the
succession of forest stands. The observations are made at a scale that complements the
source data used in forecast models (forest resources inventories). The resources already
exist to implement photo chronosequencing ‘en-masse’ across Ontario’s forest
management units and parks, and with every future inventory, the window of observation
increases, as does the inherent value of collected data. At the very least, interpreting
Ontario’s oldest photography to modern inventory standards would permit rudimentary
verifications of model inputs - by modelling the oldest inventories to see if results
resemble current inventories.

While otherwise an effective approach, the very narrow selection criteria used for
this study (targeting post-fire jack pine-dominant stands only) did prove burdensome.
The investment per sample stand during data collection ranged from 0.5 to 1 person days
(averaged across activities). However, the time required to exclude a sample, based on
the selection criteria took almost as long. If a similar study were to be undertaken, it is
advisable to apply less rigorous criteria for selection. Rather, it is recommended that
researchers invest the extra time to derive a much larger, much broader dataset — and
thereby achieve economies of scale.

While this study considered sites based on the pre-existence of a growth and yield
monitoring plot, this precondition was more to facilitate a companion study into the
environmental drivers of succession in jack pine-dominated stands of boreal Ontario. It
is therefore recommended that this study be expanded to consider a greater number of
jack pine-dominated stands, without the reliance on growth and yield data. It is further
recommended that similar research be undertaken into the succession trends for all forest
units.

Survival analysis is a robust non-parametric analytical technique, suited to the
task of deriving forest succession inputs for SFMM and other forecast models. The
succession rules presented in this report for the jack pine-dominant standard forest unit
provide forest modellers with an empirically-derived resource to accurately forecast

wood supply, wildlife habitat availability, and ecological sustainability.
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APPENDIX 1

DEFINITIONS OF STANDARD FOREST UNITS, BY ADMINISTRATIVE REGION

TABLE 7. Standard forest unit definitions for the northeast (Penner 2004), and northwest (Ride et al. 2004) regions.

Northeast region
standard forest unit

Abbreviation

Species composition*

Red pine-dominant
White pine-dominant
Mixed red and white pine
Lowland hardwood
Tolerant hardwood

Black spruce bog
Lowland black spruce
Jack pine-dominant
Lowland coniferous

Jack pine-mixed conifer

Black spruce-jack pine mix

Mixed upland conifer
Trembling aspen-dominant
White birch-dominant
Conifer mixedwood

Boreal mixedwood

Northwest region
standard forest unit

PR1
PWA1
PW2
LH1
TH1
BOG
SB1
PJ1
LC1
PJ2

SP1

SF1
PO1
BWA1
MW1
MW2

Abbreviation

Pr=0.7

Pw+Pr+Sw+He 2 0.4 and Pw = 0.3

Pw+Pr = 0.4

LH=>0.3

LH+MH+UH = 0.3

Sb+La = 0.7 and Pw = 0 and Site Class = 4

Sb = 0.8 and MH+UH+Pr = 0 and Pw+Pj < 0.1

Pj 2 0.7 and Po+Bw+MH+UH+LH < 0.2

Ce+La+Sb = 0.8 and MH+UH+Pr = 0 and Pw+Pj =0

(Pj+Sb+Pr = 0.7 or (Pj 2 0.5 and Pj+Sb+Bf+Sw+He+Pw+Pr+Ce+La
2 0.7 and Bf+Sw+He+Pw+Ce+La < 0.2)) and Pj = Sb

Sb+Sw+Bf+Ce+La+Pw+Pj+Pr+He = 0.7 and
(Bf+Ce+Pw+La+Sw+He < 0.2 or Pj 2 0.3)

Sb+Sw+Bf+Ce+La+Pw+Pj+Pr+He = 0.7
Po+Bw+MH+UH+LH = 0.7 and Po =2 0.5
Po+Bw+MH+UH+LH = 0.7

Pj+Pr=0.2

all other compositions

Species composition*

Red pine-dominant

White pine-dominant
Mixed red and white pine
Tolerant hardwood (other)
Lowland coniferous (other)
Lowland black spruce

Jack pine-dominant

Black spruce-dominant
Jack pine-mixed conifer
Black spruce-mixed conifer
Balsam fir-dominant
Trembling aspen-dominant
White birch-dominant
Conifer mixedwood
Deciduous mixedwood

PrDom
PwDom
PrwMx
OthHd
OcLow
SbLow

PjPur
SbPur
PjMix
SbMix
BfDom
PoPur
BwDom
ConMx
HrdMw

Pr=0.7

Pw > 0.4

Pw+Pr = 0.4

LH+MH+UH = 0.3

(Ce+La = 0.5 or Working Group = Ce or La) and Pr+Pw+Sw+Bw < 0.1

(Sb+Ce+La 21 and Site Class = 3 or 4) or
(Sb+Ce+La = 1 and Ce+La = 0.1 and Site Class = 1 or 2)

Pj = 0.7 and Po+Bw+MH+UH+LH < 0.2

Sb+Sw = 0.7 and Po+Bw+MH+UH+LH < 0.2

Pr+Sb+Pj+Sw+Bf 2 0.7 and Bf < 0.1 and Po+Bw < 0.2 and Pj = (Sb+Sw)
Pr+Sb+Pj+Sw+Bf = 0.7 and Bf < 0.1 and Po+Bw < 0.2 and (Sb+Sw) > Pj
Bf+Sw+Sb+Pj > 0.5 and Bf 2 0.4

Po20.7

Po+Bw = 0.7 and Bw =2 0.5

Pw+Pr+Sb+Sw+Bf+Pj+Ce+La = 0.5

all other compositions

Where Bf - balsam fir; Bw - white birch; Ce - cedar; La - larch; LH - lowland hardwood species; MH - hard maple species; Pj - jack pine;

Pj - jack pine; Po - trembling aspen; Pr - red pine; Pw - white pine; Sb - black spruce; Sw - white spruce; UH - upland hardwood species.



	Cover
	Title
	Abstract
	Foreward
	Copyright Statement
	Contents
	Tables
	Figures
	Acknowledgements

	Introduction
	Methods
	Study Area
	Sampling Methods
	Analytical Methods

	Results
	Discussion
	Conclusion
	Literature Cited
	Appendix 1



