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The strategy of managing for “naural” patterns towards ecological sustainability of
forests is currently limited to simple spatial atiributes of landscapes. Yet, there is
general agreement that landscapes are highly dynamic entities suggesting that tempo-
ral patterns may also be important. This study used historical estimates of 20-yr
disturbance vates, and a spatially explicit, stochastic landscape model to create
multiple possible landscape mosaic scencs for three different landscapes in the
foothills of Alberta. The results: were summaiized as- frequency distributions by
age-cluss, and the distributions compared to the percentage of area in the current,
and the pre-commercial landscapes. Results indicated that aside from one age-class in
one of the landscapes, both current and pre-commercial age-class distributions were
well within the historical ranges suggested by the simulations. More generally, the
simulations indicated relatively high, but landscape specific, levels of historical
temporal variability, This implies that there are patterns to temporal variability which
may be captured, quantified, and emulated as alternatives to single age-class munage-
ment targets. The research alsc demonstrates a method of assessing age-class

distributions within the context of historical ranges of distributions.

D. W. Andison (andisond@aol.com), Bandaloop Landseape-Ecosystem Services, 30
Debra Ann Road, Golden, CO, 80403, USA.

Thirty years ago, the value of forested land was mea-
sured largely by the amount of timber it held, or could
produce (Zonneveld 1987). Today, forests are also val-
ued for the role they play in regulating water and
autrient flows, fixing atmospheric carbon, influencing
climatic patterns, absorbing and transforming atmo-
spheric and water-borne toxins and providing the op-
portunity for the continued existence and eveolution of
flora, fauna, and aquatic species (Anon. 1992, Davis
1993). These non-timber functions are often referred to
as “biological values” and it is believed they are funda-
mental to the long-term sustainability of all aspects of
forest systems, including the production of timber
(Davis 1993).

Providing an ecological basis for forest management
is now an explicit goal of many government agencies
under the auspices of “ecosystem management” (Anon.
1693, Balsillie 1994, Hamilton 1994}, A strategy that
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many agenicies are now embracing to realize this goal is
the emulation of natural landscape structures and pat-
terns (Franklin 1993). By first understanding, and then
managing for the natural range In variation of the
ecological processes most active on a landscape, the risk
of losing biological functions is minimized since the
range, type, and frequency of change are familiar (Mer-
riam and Wegner 1992, Noss 1994). This is in sharp
contrast to the more traditional species-by-species ap-
proach of habitat management,

The success of a management strategy based on
natural patterns depends on being able to identify this
natural range of variability. Although progress has
been made on identifying ranges of disturbance sizes,
shapes, and frequencies (Yarie 1981, Eberhart and
Woodard 1987, Lorimer ct al. 1994, Taylor et al, 1994,
Andison 1996, Delong and Tanner 1996}, many natu-
ral pattern attributes remain unidentified. This is not
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Table 1. Summary of the major natural sub-region landscapes of the Weldwood FMA.

Type Natural sub-region Totals
Upper Foothills Lower Foothills Sub-alpine Other

Forested (ha) 569 295 263073 147 100 11113 945 158

Naon-forested (ha) 59743 36 789 2375 2741 107093

Total {ha) 629038 299 862 109 475 13 854 1052251

surprising given the difficulty of finding one or more
large, natural fandscapes to measure and study. How-
ever, because of this difficulty, we are obliged to pre-
sume that two mosaic snapshots, spaced several years
apart, are sufficient to portray changing landscape pat-
terns (Ripple et al. 1991, Mladenoff et al. 1993a, Wick-
ham and Norton 1994, Luque et al. 1994). This is a
dangerous and potentially misleading extrapolation; no
matter how representative single snapshots are, we
know landscapes to be highly dynamic entities (ie.,
Romme and Knight 1982, Forman and Godron 1986,
Risser, 1987, Noss 1990, Dunn et al. 1990, Forman
1995).

A case in point is the determination of many land
management agencies to manage for “natural” propor-
tions of different seral-stages across landscapes. The
perceived value of old-growth forest initiated this de-
sire, but the idea has since matured into recognizing the
importance of all stages of forest development. Yet, the
manifestation of a seral-stage management strategy has
been to define averages, or maximum and minimum
percentages of broad age-classes for landscapes. These
percentages are generally based loosely on recent his-
torical averages (Anon. 1995). Using such targets may
be well intentioned, but a) assumes that change is not
an important biological component of natural land-
scapes, b) continues to encourage maximizing timber
productivity, and c) promotes stable forest management
ideals. Perhaps of greater consequence, it assumes that
single landscape snapshots are representative of long-
term averages, and that an average has some biological
meaning.

To develop alternatives to managing for static seral-
stage targets is challenging, but not beyond our capabil-
ities or our grasp. This paper demonstrates a modelling
exercise used to develop ranges of historical seral-stage
percentages from existing landscape information. The
frequency distributions that are generated allow com-
parison of existing proportions of arcas in different
age-classes, as well as provide some indication of the
temporal patterns that “natural” landscapes may
experience.

Background and data

In early 1996, the Foothills Model Forest of Canada, in
cooperation with Weldwood of Canada Ltd. in Hinton,
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Alberta, and Jasper National Park {JNP), initiated a
research program to study natural disturbance patterns.
Weldwood was particularly interested in defining the
most appropriate seral-stage percentages for long-term
management plans. These percentages were ideally to
be based on pre-commercial, “natural” levels over an
area of ca | million ha. As with many North American
forest types, the Weldwood Forest Management Area
(FMA) landscape mosaic is largely a result of forest
fires (Johnson 1992, Sapsis and Martin 1993).

Three major areas with distinctive disturbance be-
haviour characteristics were identified within the FMA,
These arcas are associated with the natural sub-region
boundaries of the provincial ecological classification
system (Beckingham et al. 1996). The Upper Foothills
natural sub-region consists of gently rolling tills and is
dominated by stands of pure lodgepole pine Pinus
conforta. The Sub-alpine natural sub-region ocours at
steeper, higher elevations, and is dominated by white
spruce Picea glauca. The third landscape, the Lower
Foaothills natural sub-region, occurs at lower elevational
fluvial areas, and has a mixture of lodgepole pine, white
spruce, and trembling aspen Populus tremuloides (Table
1).

As part of a larger disturbance dynamics study,
extensive spatial datasets were assembled representing
two landscape mosaic snapshots: the pre-commercial
fandscape of 1950, and the current managed landscape
from 1995. Although there is evidence that there was
some human intervention prior to 1950, this pre-dates
both large-scale harvesting and intensive fire control
activities in this part of Alberta. Polygon age-classes
were cross-referenced using a grid of 2016 permanent
sample plots (PSP’s) covering the entire FMA. For
those polygons with an “older than” (maximum) age,
age-classes were estimated by exirapolating the ages
measured in the field on 26891 hectares across the
entire FMA using methods derived from Arno and
Sneck (1977), as well as cross-referencing to the 303
PSP’s that fell into this oldest age category. These data
were used to calculate the 1995 age-class distribution.
The 1950 age-class distribution was then estimated by
eliminating the cut-blocks from the spatial database
and using the adjacent pre-harvest age-class, and sub-
tracting 45 yr from non-cutblock polygon ages. Since
the original time-since-fire mapping was done in the
early 1960’s, the potential bias of misrepresenting the
pre-harvest ages was minimized.
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Modelling strategy

The purpose of the modelling exercise was to project
estimated spatial variability through time. At the sim-
plest level, the range of area in existing 20-yr age-classes
represents variation in historical levels of disturbance
rates. However, these data require manipulation to
estimate original disturbance rates. The youngest 20-yr
age-class is the only class that represents the true
amount of disturbance within a 20-yr period. Every
other (older) age-class under-represents the actual area
disturbed, since more recent disturbances have overlain
older ones. Note that this does not imply that the area
in the most recent 20-vi age-class is the total area that
burnt in that period, only the net amount burnt at the
end of 20 yr. Two or more burns within a 20-yr peried
are possible.

A simple way to estimate the original amount of area
disturbed in each 20-yr period is to normalize the areas
in each age-class (Murphy 1985). This method involves
taking the area in the youngest 20-yr age-class, and
distributing it proportionally among the remaining age-
classes. Thus, historical age-class distributions are re-
calculated every 20 yr back in time, At every iteration,
the youngest age-class will represent the actual area
disturbed, For example, consider a landscape in which
the first age-class (0-20 yr) covets 10% of the area, the
second (21-40 yr) 20%, and the third (41-60 yr) 5%.
To estimate the age-class distribution 20 yr ago, all
polygons in age-class 1 would be replaced with age-
classes 2, 3, etc. The estimated area of age-class 2 would
be (20420 x [0% =) 22% and the third age-class
(5+5x10% =) 5.5%. The second iteration to calcu-
late the age-class distribution 40 yr ago would dis-
tribute the 22% in age-class 2 above, into age-classes 3,
4, etc, in the same manner.

The original area disturbed in the youngest eight
20-yr age-classes were approximated using this method

Tabie 2. Normalized estimates of historical 20 yr disturbance
rates for each of the naturai sub-regions of the Weldwood
FMA.

Period Estimated original area burnt (percent of
landscape)
Lower Upper Sub-alpine
Foothills Foothills
1930-1950 1 2 <1
[910-1919 10 8 14
18901909 14 21 36
18701839 47 46 33
18501869 51 28 <1
1830-1849 60 39 26
18101829 io 1 2
17901809 7 13 I8
Average 25 20 16
Fire cycle est, 80 yr 100 yr 125 yr
Average age 80 yr 101 yr 123 yr

ECOGRAPHY 2i:5 (1998}

for each of the three major natural sub-regions (Table
2). As an internal check, the fire cycle was estimated
from the average 20-yr burn rates, and compared to the
average age estimated from the original age-class distri-
bution. All compared favourably (Table 2). These esti-
mates of disturbance rates were then defined as (three
separate) best-fit non-linear functions using SYSTAT
{Wilkinson 1988).

The disturbance rates in Table 2 were then fit to an
equation, and projected through time stochastically us-
ing a spatially explicit, raster-based, disturbance model
(LANDMINE) developed to test the sensitivity of vari-
ous disturbance regime parameters on pattern (Andison
1996). LANDMINE is based on the original cellular
automaton model formulation of Clarke et al. (1994),
and is very similar to the models of both Baker et al.
(1991) and Mladenoff et al. (1993b). The model
“grows” disturbances over large areas consistent with
observed patch-sizes and shapes, using the function of
the 20-yr disturbance rates (Andison 1996},

To avoid bias associated with starting LANDMINE
at any single landscape, 50 model runs were competed
in 20-yr time-steps on a blank landscape of a single age
before pattern measurements were taken. For brevity,
the original 20-yr classes were grouped into six broad
age categories: 0—40, 41-100, 101-140, 140-200, 210~
300, and >300 yr. For the next 50 model runs, the
percent area in each of the six age-classes was recorded
at the end of each 20-yr period. This generated 50
different possible age-class distributions under three
different disturbance regimes,

The results from the 50 model runs were summarized
using the range of observed {(simulated) percentages in
each age-class. The percentages of each age-class as of
1950 and 1995 were then compared to the simulated
ranges for each natural sub-region,

Results

Simulated frequency distributions for the first five age-
class percentages were compared to the pre-commercial
(1950) and current (1995) age-class percentages for the
Upper Foothills landscape. The simulation produced
only a very small amount of area in the oldest age-class
beyond 300 yr, and there were insignificant areas of
forest older than 300 yr in 1950 or 1995, so this
age-class was not included in the results, Of the five
age-classes compared, all were well within the range of
the simulation output (Figs la—e).

More generally, it is interesting to note how wide the
range of “possible” age-class percentages was for the
simulated landscapes. This is particularly true of the
frequency distribution of the younger age-classes, which
are wide and flat. The lack of a central tendency in the
first two age-class frequencies suggests that there is an
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equal probability of between O and 70% of the Upper
Foothills [andscape being occupied by either of these
two age-classes (Figs la and b). The older age-classes
show narrower distributions of simulated percentages,
and also demonstrate an increasing negative bias. The
oldest ape-class has the strongest tendency towards
small percentages, although it still shows the {rare)
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Fig. 1. Frequency disiributions of percentages of age-class |
a), 2 b), 3¢), 4d), and 5 ¢) created from simulation for the
Upper Foothills natural sub-region of the Weldwood FMA,
compared to the actual percentages from 1950 and 1995.

potential for comprising 20% or even 30% of the land-
scape area {Fig. le).

The same comparison for the Lower Foothills age-
class percentages included only the first three age-
classes (Fig. 2). Beyvond 140 yr, the percentages of areas
from the simulations were very small, and highly nega-
tively skewed, According to Fig, 2, the Lower Foothills
1995 and 1950 age-class percentages for the first two
age-classes are well within the simulated range. In fact,
it would be difficult for a percentage of age-class 1 or 2
not to be within this range. The Lower Foothills dis-
played the widest range of disturbance activity. Tt is
interesting to note that the youngest age-class frequency
distribution suggests bi-modal behaviour of either very
fow or very high fire activity in any given 20-yr period.
The trend can also be seen in the disturbance rate
estimates for the Lower Foothills (Table 2). On the
other hand, the 1993 percentage of age-class 3 is well
beyond the range predicted by the simulations. In other
words, the simulations suggest that the amount of

ECOGRAPHY 2i:5 (1998)




forest currently beyond 100 yr of age in the Lower
Foothills may be unusually high (Fig. 2¢).

The age-class comparison for the Sub-alpine natural
sub-region included ounly age-classes 1, 3, and 5 for
brevity., The age-class distribution of age-class 2 was

- much like that of age-class 1, and age-class 4 was much
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Fig. 2. Frequency distribution of age-class 1 a}, 2 b), and 3 ¢)
for the Lower Foothills natural sub-region of the Weldwood
FMA from simulation, compared to the actual percentages
from 1950 and 1995,
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lixe that of age-class 5. Comparisons to all age-classes
for the sub-alpine landscape showed that age-class per-
centages from both 1950 and 1995 were well within
simulated limits (Figs 3a--c). it is also interesting that
the frequency distributions for the Sub-alpine suggest a
central tendency, unlike the results from the other two
landscapes. The range of possible percentages for the
youngest age-class is also much narrower than that of
either the Upper Foothills or Lower Foothills naturat
sub-regions (Fig. 3),

Discussion

Based on the simulated range of age-class landscape
behaviour, neither the 1950 nor the 1995 distributions
can be identified as being more appropriate, or “natu-
ral”, than the other for the Upper Foothills landscape
and the sub-alpine landscape. All observed percentages,
at both times, were within the simulated ranges.

For the Lower Foothills landscape, the 1995 area in
the 101-140 yr age-class is over 15% beyond the maxi-
mum amount determined by the simulations. This sug-
gests that the area in forest over 100 yr of age is beyond
that observed historically, and that disturbance may be
overdue. This is consistent with observed stand dynam-
ics in the Lower Foothills area. Recall that this particu-
lar landscape is mixedwood dominated, consisting of
aspen, white spruce, and lodgepole pine (Beckingham et
al. 1996). The combination of intensive fire control and
lack of harvesting in this area has allowed many stands
to reach advanced stages of development. It is not
uncommon to see declining aspen and invading all-aged
spruce, essentially converting mixedwood stands to
conifer dominated ones (Pojar et al. 1984, Clark 1994).

Overall, the simulated frequencies suggest that varia-
tion in disturbance rates allows for a highly dynamic
landscape. This is consistent with what is known of
fire-dominated landscape behaviour (Romme 1982,
Romme and Knight 1982, Baker 1989, Turner and Dale
1991, Antonovski et al. 1992). The percentages of very
young forest (040 yr) for each landscape were particu-
larly agile, covering between 0 and > 50% of the land-
scape, and often higher. The breadth of percentages of
older age-classes was less, as one would expect.

The bi-modal distribution of the youngest age-class
of the Lower Foothills is particularly notable in that it
indicates either very high or very low levels of distur-
bance. One can imagine mixedwood areas experiencing
very high levels of disturbance only when infrequent
spring fires occur, prior to hardwood leaf-out when fuel
moisture is at its lowest (Bradley et al, 1992). However,
when spring fires do not occur, fires cannot spread
easily through mixedwood in full leaf even when burn-
ing indices are quite high, creating low levels of distur-
bance. Intermediate levels of disturbance are thus not
common.
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Fig. 3. Frequency distributions of age-class 1 a), 3 b), and 5 ¢)
for the Sub-alpine natural sub-region of the Weldwood FMA
from simulation,compared to the actual percentages from 1950
and 995,

The age-class frequency distributions did not suggest
a single “average” rate of disturbance, except for the
oldest ape categories, In fact, for most of the younger
age-classes, simulated frequency distributions were
quitc flat, indicating that any percentage of young
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forest would be equally representative. This raises two
important questions, First, what is the point in defining
average age-class targets for management if any single
number is arbitrary? At the very least, upper and lower
Iimits of age-class percentages should be defined as a
sort of confidence interval. Situations such as the exces-
sive arca in the [00-140 yr age-class in the Lower
Foothills landscape could be anticipated and avoided
using such limits, Note that this solution still Hmits the
“natural” behavioural range to the most recent histori-
cal range.

The second question raised by these simulations is
whether we should be looking closer at temporal as-
pects of pattern, rather than focusing on spatial ones.
‘Whether or not there are biological functions associated
with temporal variability is unknown, but there is
agreement that ecological phenomena respond to hoth
spatial heterogeneity and changes over time in the
number and type of organisms, and nutrients, water,
and energy availability (Romme and Knight 1982, Pick-
ett and Cadenasso 1995). For example, Holling (1996}
suggests that it is the change itself (i.e., the movement
between states) that maintains the structure and diver-
sity allowing species to co-exist. In any case, to ques-
tion the validity of maintaining temporal variability on
the basis of a lack of proof of ecological relevance is
antithetic to the concept of pattern and structure ap-
proximation under the auspices of scosystem manage-
ment. Given the tremendous levels of change suggested
by the simulations, this variation needs to be studied,
quantified, and included as an integral part of natural
pattern emulation through management planning.

Conclusions

This landscape simulation exercise was valuable for
identifying where age-class percentages for at least one
area of a landscape in the foothills of Alberta may be
beyond histerical Hmits. Independent field evidence cor-
roborates this suspicion, warranting further investiga-
tion and consideration. The simulations also suggest
that the historical natural range of variability of the
area in younger age-classes is far greater than that of
older age-classes. This may be interpreted to mean that
younger forest areas allow greater levels of manage-
ment flexibility.

More generally, the simulation exercise imiplies that
change is a regular part of the pattern of these land-
scapes. Furthermore, the imposition of any age-class
percentage targel is, at best arbitrary and, at worst,
perilous. Change is an important element of both eco-
logical and evolutionary processes.

Clearly, sustaining biological values through emulat-
ing “natural” patterns entails much more than first
anticipaled. Aside from many of the details of spatial
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pattern that we have yet to understand and quantify,
there is a prominent temporal aspect to pattern. Until
now, ignorance has given us the luxury of overlooking
the temporal dimension of landscape pattern and vari-
ability. However, conducting simple simulations
through extrapolation of existing spatial information
through time is within our capabilities, technically and
intellectually. Given this ability, we are obliged by the
ideals of ecosystem management to investigate these
patterns further,

This exercise was not necessary to prove that artifi-
cial stabilization of large forested areas is an unnatural
phenomenon. It is well accepted that fire-dominated
landscapes do not experience age-class stability. How-
ever, the simulation was useful for drawing attention to
ways and means of beginning to understand and deal
with temporal variability on large scales,
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