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Abstract 

Mortality of canopy trees is an important process in forest dynamics, and can be sudden 

without relationship to past events or the culmination of a long decline.  For three spruce-fir 

stands in the ESSF Biogeoclimatic Zone, we reconstructed growth of canopy-size subalpine fir 

prior to death using dendrochronological procedures.  We compared both the trend and 

magnitude of growth of these snags to a control group of surviving trees.  The trend in growth, 

slope of the regression of growth rate, did not effectively separate trees that died from those that 

survived.  However, average growth rate (basal area increment) was substantially less during the 

last 10 years before death than for surviving trees.  Trees that died started diverging in growth, 

on average, from 20-40 years before death among the three sites.  About 50% of trees that died 

had chronically slow growth, 30% had pronounced declines in growth, whereas 20% had good 

growth up to death.  Although some trees die abruptly without evidence in their ring patterns of 

impending mortality, overall our results indicate that mortality of canopy subalpine fir in these 

old forests is a gradual process related to long periods of low growth or long-term declines in 

growth.  This pattern of gradual decline suggests that mortality is occasional and not primarily 

episodic in response to some major disturbance agent.  Thus, in these old spruce-fir forests small 

patch dynamics are likely to predominate and there may be a fairly continuous input of snags. 
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Introduction 

Mortality of mature trees is a key process driving the dynamics of forest stands (Franklin et 

al. 1987, Pedersen and McCune 2002).  The ascendancy of new trees into the canopy is typically 

contingent on the mortality of existing canopy trees.  Thus mortality is critical to understanding 

gap dynamics and stand development.  In addition, dead trees are a critical habitat component for 

many animals and an important structural component of forests (Franklin et al. 1987).  They are 

also important in nutrient cycling and other ecosystem processes.  The amounts of snags and logs 

(coarse woody debris) in a forest and the dynamics of this material are critically linked to 

mortality processes (Harmon et al. 1986).  Thus predicting mortality and understanding the 

causes of mortality are essential to the effective management of forests both for timber 

production and ecosystem protection.   

Tree-ring patterns give a good indication of tree vigour and can indicate periods of damage.  

Thus dendroecology can be used to evaluate growth prior to mortality and provide indications of 

possible causal factors.  Mortality can occur suddenly from agents such as fire or bark beetles, in 

which case there may be little relationship to tree condition.  In contrast, mortality can also be 

the end result of a gradual decline in tree vigour over a number of years, which may be attributed 

to multiple factors.  Declining growth prior to mortality is common in many situations, including 

conifers in Europe (Bigler and Bugmann 2003, 2004, Bigler et al. 2004) and oaks in the 

Midwestern United States (Pedersen 1998, 1999).  Low growth rates are often associated with 

mortality resulting from self-thinning or from some types of disturbance (e.g., Wyckoff and 

Clark 2000, 2002, Lussier et al. 2002).  Patterns can be complex as one disturbance event can 

reduce growth predisposing a tree to mortality in a subsequent disturbance (e.g., Lussier et al. 

2002).  Both the overall rate of growth and the trend in growth appear to be important in 
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predicting mortality (Bigler and Bugmann 2003, Bigler et al. 2004), although inadequate 

information exists for firm generalization.  The pattern and magnitude of growth prior to 

mortality can in a sense be considered as a fingerprint that can help distinguish causal agents.   

Dead trees are common in many old, subalpine spruce-fir forests of British Columbia, but 

little is known about the progression of factors leading to mortality.  An important question is: 

does mortality typically occur abruptly with no prior indication in the growth record or is 

mortality the end result some form of growth decline, possibly gradual and related to multiple 

factors?  Here we address this question for canopy subalpine fir (Abies lasiocarpa [Hook.] Nutt.) 

using a large data set of snags with cross-dated ring widths from three old-growth, subalpine 

forests in southern British Columbia.  Our overall objectives are: (1) to determine if the trend in 

growth shows a pronounced decline (abrupt or gradual decrease in rate of growth) before death, 

(2) to determine if the actual rate of growth of trees that died was low relative to trees that 

survived, (3) to evaluate how much individual trees differed in their trend and rate of growth 

before death, and (4) to interpret these patterns in terms of the possible factors that could be 

leading to tree mortality. 
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Methods 

Study areas 

During a detailed series of studies of the dynamics of old-growth, subalpine spruce-fir 

forests at three sites in the Southern Interior of British Columbia (Parish et al. 1999a; Antos and 

Parish 2002a, b; Parish and Antos 2002), we collected information on dead trees.  The three sites 

are Sicamous Creek (50° 49’N, 119° 54’W) in the Hunters Range of the Shuswap Highlands, 

Adams Lake (51° 20’N, 119° 30’W) at the north end of Adams Lake, and Damfino Creek (49° 

52’N, 118° 50’W) in the Okanagan Highlands.  The sites ranged in elevation from 1550-1950 m 

elevation.  Adams Lake was the highest and wettest site; the other two sites were of similar 

elevation, but Damfino Creek was drier than Sicamous Creek.  Subalpine fir was the 

predominant conifer at all three sites.  Engelmann spruce comprised <12% of the stems and 

lodgepole pine was present only at Damfino Creek.  

The stand at Sicamous Creek originated in the 1650s, probably after fire, and has 

subsequently been affected by periods of disturbance resulting from the balsam bark beetle 

(Dryocoetes confuses Swaine), which attacks subalpine fir; a minor event was occurring at the 

time of the study (Parish et al. 1999a, b).  This is the site of the Sicamous Creek Silvicultural 

Systems Project – a large, multidisciplinary silvicultural experiment (Hollstedt and Vyse 1997; 

Vyse 1999; Parish and Antos 2005).  The stand at Adams Lake is over 400 years old and showed 

no evidence of major disturbance; small-scale gap dynamics predominate (Antos and Parish 

2002a).  The Damfino Creek stand originated from a fire in the early 1660s (Antos and Parish 

2002b), and has subsequently undergone several episodes of disturbance by the 2 year cycle 
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spruce budworm (Choristoneura biennis Freeman), the most recent being 1989-1991 and 1943-

1957 (Parish and Antos 2002).   

Field procedures and ring measurements 

At each site we established 50 x 50 m plots, six at Sicamous Creek and four at Adams Lake 

and Damfino Creek.  In all plots, we mapped, tagged, and recorded the diameter at breast height 

(dbh) of all trees ≥4.0 cm dbh (both live and dead) before logging.  Basal discs were removed 

from stumps after logging: in 1994 at Sicamous Creek, 1996 at Adams Lake, and 1998 at 

Damfino Creek.  For the details of field sampling, see Parish et al. (1999a, b), Antos and Parish 

(2002a, b), and Parish and Antos (2002).   

The basal discs were sanded with progressively finer grades of sandpaper.  Annual ring 

widths along one to three radii were measured to the nearest 0.01 mm using a Measu-chron 

digital positiometer (Micro-Measurement Technology, Bangor, Maine).  The computer program 

COFECHA (Holmes 1983) was run to detect measurement and cross-dating errors.  Master 

chronologies were developed for each site (Parish et al. 1999b, Antos and Parish 2002a, b) and 

used to cross-date the discs of dead trees to determine the year of death.  We limited our analysis 

to mature subalpine fir that had reached the canopy, defined as trees ≥15 cm dbh, before death; 

there were too few dead spruce to consider.  We only used snags with good ring preservation, 

including the outermost ring, and that could be cross-dated.  Many snags had no bark or had 

rotten pith; these were discarded.  Tree-ring patterns from pith to bark were obtained and cross-

dated for 129 subalpine fir that had once been in the canopy.  We selected 73 live fir that cross-

dated especially well and were of similar size (dbh) to use as a sample (control) for comparisons 

of growth patterns and rates with trees that died.   
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Data analysis 

Before conducting the analyses of growth, we converted the tree-ring widths to basal area 

increment (BAI).  BAI is preferable to ring-width as an indicator of growth primarily because it 

changes much less with tree growth.  Ring-width often decreases strongly with tree growth, as 

wood is added to a larger circumference, whereas BAI is roughly related linearly to crown area 

and thus tends to increase, but slowly, especially in canopy trees with minimal crown expansion.  

We plotted basal BAI for the last 100 years before death for the 129 snags and for the last 100 

years before the study for the 76 live (control) trees. 

Both the pattern of growth and the rate of growth could be indicative of increased risk of 

mortality.  Declining growth before mortality seems likely if mortality is not the result of a 

single, sudden event.  Thus we first considered the pattern of change in growth.  Examination of 

the ring patterns of individual trees indicated that growth changes were often complex and single 

breakpoints (as used by Pedersen 1998, 1999) were not evident for many trees.  Preliminary 

analyses using segmented regression confirmed the difficulty of finding pronounced breakpoints.  

Thus we used a more flexible approach.  We divided the last 100 years of growth into 10 

segments each 10 years long.  For each segment we quantified the trend in growth using the 

slope of the linear regression for that segment and these segments are joined together using a 

piecewise polynomial spline (in our analysis we used a linear polynomial) to get a continuous 

characterization of growth.  These slopes represent the direction (positive or negative) and 

magnitude of the change in rate of growth (annual BAI) during a period.  We calculated the 

analogous values for the sample of live (control) trees using 10-year intervals based on the year 

of the study.  We anticipated that dead trees would have lower values for slope magnitude, and 

be more likely to have negative slopes during their last 10 years of growth (and also earlier 
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periods if growth decline was gradual) than live trees.  We also examined the change in slopes 

between 10-year periods; if trees declined abruptly in growth near the end of their life we 

anticipate a change in slope to more negative.   

Next we considered the actual growth rate (BAI); mortality could relate more to slow 

growth (perhaps during a long period) than to pronounced declines in growth prior to death.  We 

calculated mean BAI for each of the 10 year periods used for calculating slopes, as described 

above, for both dead and live trees.  We anticipated that BAI would be lower for trees that died 

than those that survived, especially for the last period but possibly for a number of preceding 10-

year periods.  However, the comparison to life trees is complicated because growth of the live 

trees varied considerably among periods, perhaps related to weather or herbivory, and snag 

mortality occurred over many years.  Thus a direct comparison of growth of snags during their 

last 10 years with growth of live trees during the 10 years prior to study could be confounded by 

climate or other variation among periods.  Consequently we further analysed the growth data to 

account for variation among years.  Because we had the exact year of death for all snags included 

in the study, we were able to make such an adjustment.  For each calendar year, we first 

calculated the average BAI of all trees in the data set that were alive in that year.  Then for each 

dead tree we subtracted its BAI for each calendar year from the average calculated for that 

calendar year.  Next we sorted the dead trees by years until death.  By averaging the values 

arranged by years to death we were able to attain the average deviation in growth of trees that 

died for each year before death accounting for variation in overall growth among calendar years.  

We used all trees, including ones that subsequently died, for the overall growth value for each 

calendar year because this is more realistic in that prior to death we would not know which trees 

would die in the near future.  Thus, when measuring a stand, a base value of all trees alive in a 
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calendar year is most relevant given that one would normally lack the foresight about mortality 

that we have using our retrospective data.  However, the lack of strict independence in this 

analysis between live and dead trees precludes significance tests; the pattern of deviation in 

growth of trees that died thus needs to be interpreted cautiously. 

Trees in the same stand could die for very different reasons, and have very different rates 

and patterns of growth prior to mortality.  We examined plots of BAI for all trees and classified 

individual snags based on general growth characteristics before death.  After initially using many 

categories, we settled on three basic types of patterns: chronically slow growth (BAI never 

exceeded 10 cm2/year for any 10 year period during the last 100 years of life); abrupt decline 

(some form of pronounced decrease in growth during the last 50 years); good growth (had no 

abrupt decline and fairly good growth rates up to the time of death).   

We conducted most analyses for each of the three sites separately and for trees from all the 

sites combined.  All spline analyses were conducted using proc TRANSREG in SAS (SAS 

Institute Inc. 2004).  Other analyses were performed with SAS and/or Excel. 
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Results 

 The snags that we sampled died over a long period, but most died within the last 30 years 

before the study (Fig. 1).  At Sicamous slightly more than half of the snags died in the last 10 

years whereas at the other sites mortality was much more dispersed through time.  Mean time 

since death was 23 years at Adams Lake, 42 years at Damfino, and 13 at Sicamous.  Mean snag 

dbh averaged between 24 and 26 cm among the sites.  Mean age at death was 210 years at 

Adams Lake, 204 years at Damfino, and 180 years at Sicamous.  

 

Figure 1.  Years since death for the 129 canopy subalpine fir snags studied at three sites in 

southern British Columbia.   
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Changes in growth 

 For trees that died, the slope of growth (BAI) during 10-year periods decreased rather 

steadily over their last 100 years.  A linear relationship fit the data well (r2 = 0.65) and there was 

no indication of an abrupt transition as might be expected if trees start rapidly changing in 

growth soon before death.  For the trees that died, the BAI rate decreased on average by 0.00235 

cm2/yr for the hundred years prior to death.  In contrast, growth varied much more among 10-

year periods for surviving trees and a linear relationship explained very little of the variation and 

there was no statistically significant decrease in the BAI rate for the living trees.  Slopes were 

similar initially between trees that died and those that survived, but steadily diverged over the 

last 100 years.  The percent of individuals with negative slopes (decreasing growth during a 10-

year period) increased fairly consistently at a rate of 0.408 percent per year for trees that died (r2 

= 0.76).  As with average slope, percent of trees with a negative slope was initially similar 

between trees that died and those that survived, but steadily diverged over the last 100 years.   

 Although different trends in average slopes were apparent, the slopes of growth overlapped 

greatly between trees that died and those that survived.  However, during the last ten year period 

dead trees tended to be more frequent in the classes with negative slopes than were surviving 

trees, and vice versa.  We also considered slopes of periods before the last for dead trees, and the 

change in slope between the final and penultimate 10-year period; none of these analyses yielded 

good separation of trees that died from those that survived.  Thus we conclude that growth 

patterns (slope of BAI) during the final years were not a good predictor of mortality for 

individual trees. 
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Growth rates 

 Average BAI of all live trees increased gradually with time (Fig. 2).  Average BAI of trees 

that died increased similarly until ca. 40 years before death after which it declined slightly.  Thus 

BAI was similar until divergence began about 40 years ago (Fig. 2).  When considering 

individual trees, mean BAI for the last 10 years is more effective than slopes in distinguishing 

trees that died from those that survived (Fig. 3).  Very few live trees were growing as slowly as 

many trees that died.  Of trees that died, 56% were growing <6 cm2/year in BAI, whereas only 

6% of surviving trees were growing this slowly.  However, slow growth does not relate to 

mortality in all cases; some of the trees that died were among the fastest growing. 

 

Figure 2.  Mean growth rate (basal area increment, BAI) for 10 year periods for dead and 

surviving canopy subalpine fir at three sites in southern British Columbia.  For trees that died 

(snags), the values are for the last 100 years (10 periods) before death, and for trees that were 

alive at the time of the study, the values are for the 100 years before the study.   
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Figure 3.  Distribution of the rate of growth (basal area increment) for individual canopy 

subalpine fir at three sites combined in southern British Columbia for snags (n = 129) during the 

last 10-year period before death and of surviving (control) trees (n = 73) during the 10-year 

period before the study.   
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 Growth differences between dead and surviving trees are most effectively portrayed when 

adjustments are made for time of death (see Methods).  At Adams Lake, the growth of trees that 

died was very similar to that of all trees until 40 years before death, after which there was a 

nearly linear increase in difference in growth (Fig. 4a).  By the time of death, growth was 

reduced substantially over that of trees still alive at that time.  Thus, on average, trees that died 

declined in growth fairly constantly over the last 40 years of their life.  The same situation 

occurred at Sicamous except that the decline occurred over a shorter period, the last 25-30 years 

of life (Fig. 4c).  However, at Damfino Creek the growth decline relative to surviving trees was 

much less in magnitude and was evident only during the last few years of life (Fig. 4b). 
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Figure 4.  Difference in growth rates (basal area increment) between canopy subalpine fir that 

died and that were alive in a given year for three sites in southern British Columbia: (a) Adams 

Lake, (b) Damfino Creek, and (c) Sicamous.  See the Methods for how the growth rate 

differences were calculated. 
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Variation among individuals 

 Both the rate of growth and patterns of change in growth varied greatly among the trees that 

died.  Half of the individuals had chronically slow growth, never exceeded BAI of 10 cm2/year 

for any 10 year period during the last 100 years of life.  Chronic slow growth was most frequent 

at Adams Lake and least frequent at Sicamous (Table 1).  Few trees with chronic slow growth 

had abrupt growth declines at any time, but some declined gradually in growth over many years 

prior to death; however, many showed no growth decrease before death.  Abrupt declines in 

growth within their last 50 years occurred in 30% of trees that died (Table 1).  The timing of 

declines varied and was not concentrated in the last few years of life.  Many trees declined 

substantially but then continued to grow at a fairly constant (often low) rate for one or more 

decades before dying.  Others, after declining abruptly, continued to decline (often at a reduced 

rate) before death, while a few individuals partly recovered in growth rate but died anyway.  

Nineteen per cent of trees had good growth in at least one period and had no abrupt decline in the 

last 50 years before death (Table 1).  Most of these trees (68%) still averaged good growth (>10 

cm2/year) during the last 10 year period before death; thus 12% of all trees that died showed no 

indication of factors such as poor growth or an abrupt decline in growth that could indicate 

imminent mortality. 
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Table 1.  Per cent of canopy subalpine fir with different patterns of growth before death at three 

sites in southern British Columbia.  Chronic slow growth = trees with consistently slow growth 

during the last 100 years before death (no 10-year period with BAI > 10 cm2/year); abrupt 

decline = trees that had a pronounced growth decline in at least one 10-year period during the 

last 50 years; good growth = BAI > 10 cm2/year during at least one 10-year period and no abrupt 

declines during the last 50 years.  

Site Chronic slow growth Abrupt decline Good growth 

Adams Lake 77.8 16.6 5.6 

Damfino Creek 57.7 26.9 15.4 

Sicamous 35.6 37.3 27.1 

All trees 50.4 30.2 19.4 
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Discussion 

Patterns of growth prior to mortality 

 Our results indicate that death of canopy subalpine fir in old-growth forests are typically a 

long, drawn out affair.  Most trees died following long periods of decline or chronically slow 

growth.  On average, trees that died showed perceptible decline in growth starting 20-40 years 

(depending on the site) before death.  Periods of decline before death have been shown for a 

variety of species and forest types (e.g., Pedersen 1998, 1999; Bigler and Bugmann 2003, 2004; 

Bigler et al. 2004).  However, some trees died while growing rapidly with no indication of 

impending mortality in their growth-ring pattern. 

 Among trees that showed evidence of impending mortality, ring patterns varied greatly.  

Trees with chronically slow growth often decreased gradually to very low levels of growth 

before death; however, others continued at slow rates for long periods and showed no notable 

declines near the time of death.  Subalpine fir is shade tolerant and able to persist for long 

periods in the shade with very slow growth (Alexander et al. 1990; Antos et al. 2000).  However, 

very slow growth indicates a substantially elevated probability of mortality for canopy trees.  If 

growth is already slow, any factor causing a further decrease or a sudden stress may be much 

more likely to contribute to mortality than in a rapidly growing tree.   

 Declines in growth were common before mortality, but varied in form.  Some individuals 

slowly declined in growth, indicating gradually deteriorating conditions for a tree.  Others 

showed abrupt declines, but these varied in timing from just before mortality to many years 

earlier.  Following an abrupt decline some trees continued with very slow growth, and were thus 

quite vulnerable.  More complex patterns also occurred, including more than one abrupt decline 
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separated by fairly constant reduced growth or some recovery in growth rate.  Thus defining 

breakpoints (Pedersen 1998, 1999) proved difficult as there is often no clear point where a tree 

started on a trajectory culminating in mortality.   

 Both the trend in growth and the magnitude of growth immediately before death can 

contribute to predicting mortality (Bigler and Bugmann 2003, 2004; Bigler et al. 2004).  We 

found that the trend in growth during the last 10 years was a poor predictor of mortality whereas 

the actual rate of growth provided better separation between trees that died and surviving trees.  

Over the longer term, trends in growth (overall declines) are clearly related to subsequent 

mortality, but during the last few years declines are often absent or not pronounced.   

Growth-ring patterns and possible causes of mortality 

 Gradual declines in growth could result from slowly deteriorating conditions for a tree, or 

frequent events, such as minor crown damage from breakage or defoliators, that appear as a 

fairly continuous decline.  Increasing competition could gradually reduce tree growth and 

eventually lead directly or indirectly to mortality.  However, increasing competition is an 

unlikely factor in our case because the trees have reached a canopy position and should be 

subjected to reduced competition, at least for light, as they grow larger.  Gradual declines could 

also relate to soil pathogens, although we have no data from our sites.  Pathogens could also 

interact with disturbance agents.  It is likely that gradual declines often result from a combination 

of factors. 

 Abrupt declines in growth likely relate to a specific event, such as the outbreak of a 

defoliator, and a series of abrupt declines in growth is indicative of multiple insults separated in 

time with inadequate recovery during intervening periods.  At Damfino Creek the period of 

reduced growth in live (control) trees at 40-60 years ago (Fig. 4) coincides with an outbreak of 
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the 2 year cycle spruce budworm (Parish and Antos 2002).  Although only a few of the sampled 

trees died during that period, a considerable number showed a major growth reduction from 

which they never recovered, even though some of these trees lived for many more years before 

dying.  The 2 year cycle spruce budworm is common in forests of British Columbia and can 

cause major reductions in growth of subalpine fir (Zhang and Alfaro 2002, 2003).  We suspect 

that it is a major factor contributing to mortality, often indirectly via growth reduction without 

subsequent recovery, in old-growth forests.  Predisposition of trees to mortality in a disturbance 

via an earlier disturbance may be a common phenomenon (e.g., Lussier et al. 2002).   

 At Sicamous Creek, the balsam bark beetle was active at the time of the study, and stand 

reconstruction indicated a major outbreak ca. 100 years earlier (Parish et al. 1999a, b).  The 

relatively high percentage of recent mortality relative to other sites in our sample (Fig. 1) is the 

result of this recent beetle outbreak.  The trees killed recently, almost all of which result from 

beetle attack, did not decline in growth, which is consistent with the rapid mortality expected 

from bark beetles.  However, many of these trees were growing slowly, in some cases as the 

result of earlier abrupt declines in growth.  Thus they may have been especially vulnerable to 

attack.  We suspect that the balsam bark beetle is the proximate agent of mortality in many cases, 

but that trees are often predisposed to mortality by other factors.  Mortality from the balsam bark 

beetle may be a major cause of chronic to occasional episodic mortality, especially of slow-

growing trees.    

 Much of the mortality of canopy trees in spruce-fir forests results from major stand-level or 

larger disturbances such as fires, windstorms, and major spruce bark beetle outbreaks (Peet 1981; 

Veblen et al. 1989, 1991, 1994; Agee 1993).  These factors are largely unrelated to previous 

growth of a tree, in contrast to factors causing low levels of mortality in stands during the long 
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periods without major disturbance.  However, some trees in our sample did die suddenly while 

growing well and with no change in growth prior to mortality, indicating a sudden development 

unrelated to tree condition.  These trees could have suffered major crown or stem breakage, 

possibly related to heavy snowloads in these subalpine forests, or could have suddenly 

succumbed to disease or insect attack.  Thus mortality is to some extent inherently unpredictable; 

vigorous, fast-growing trees may have a much lower risk of mortality, but the risk is not zero.  

Conversely, trees with very slow growth or even major declines in growth can persist for long 

periods if no proximate agent that could cause mortality happens to occur.   

Mortality and stand dynamics 

 Old-growth spruce-fir forests are fairly common in western North America and can go for 

long periods without major disturbance (Oosting and Reed 1952; Peet 1981; Antos and Parish 

2002a).  Small-scale gap dynamics predominate in these stands, and mortality of canopy trees is 

the pivotal process controlling gap initiation.  The more shade-tolerant subalpine fir could be 

expected to gradually replace Engelmann spruce, but this appears to be countered by much 

higher mortality rates of fir (Oosting and Reed 1952; Veblen 1986a, b).  Thus most of the 

mortality in these stands is of subalpine fir, which is consistent with the proportional distribution 

of snags among species that we found in the three old-growth stands we studied (Parish et al. 

1999a; Antos and Parish 2002a, b).  Although timing of death differed among stands, snags 

represented a wide-range of years since death.  Continuing mortality in these forests not only 

fosters non-synchronous small scale gap dynamics but provides a continuing input of snags – a 

critical structural component of old-growth forests.   
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Conclusions and Management Implications 

 Subalpine fir in the canopy of old spruce-fir forests tended to die following considerable 

periods of declining or very slow growth.  Thus, mortality appears to be more related to a 

gradually deteriorating situation or multiple minor disturbances than to a sudden event that 

induced mortality.  Some trees did die suddenly while growing well, but this was the exception, 

not the rule.  Overall, it appears appropriate to consider old spruce-fir forests as typified by 

persistence of slow-growing trees, long periods leading up to mortality, long persistent snags, 

and slow dynamics overall. 

 Managers can fairly safely assume that the development of snags is an ongoing process in 

these old spruce-fir forests.  Thus, there will generally be no need for intervention to create 

snags, if maintaining snags for wildlife or other purposes is an objective.  If managers wish to 

predict possible mortality so that trees at most risk can be targeted during various kinds of 

selection harvest, removal of the slowest growing canopy trees is the best option.  However, even 

slow growing trees can persist for long periods and often increase in growth if conditions 

improve.  Thus selection of slow growing trees would be useful, but does not seem critical to 

reducing losses to natural mortality. 
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