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Abstract

In a boreal forest in southeast Norway, we evaluated the relative importance of stand-level structures versus historical data on

forest age and absence of logging (at two spatial scales; stand and surrounding landscape), on the presence and abundance of the

wood-rotting fungi Phellinus nigrolimitatus and Cystostereum murraii. Both species are often considered to be indicators of

long-time continuous presence of downed logs in Scandinavian forest stands.

Of the stand-level variables, number of logs in late stages of decay was positively related to P. nigrolimitatus presence, while

diversity of coarse woody debris was positively related to the abundance of the species. Both the presence and abundance of P.

nigrolimitatus was strongly and positively correlated with the area of forest uninterrupted by major disturbance the past 240

years (equalling 140 years of ‘‘old growth continuity’’) in the surrounding landscape (80 ha). For C. murraii, consistent results

was not found.

We conclude that the causal relationships between ecological continuity and possible indicator species must be investigated on a

larger scale than the stand-level as the condition of the forest surrounding a stand can have a large influence on these relationships.

# 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

There has been an increasing concern over the past

10 years about how to harvest timber from Scandina-

vian boreal forests while at the same time minimising

negative impacts on forest biodiversity (Angelstam

and Pettersson, 1997; Fries et al., 1998). The need for

simple and rapid assessment methods has received

particular attention and the use of indicator species to

identify areas of high conservation value has been

suggested as one such method (Tibell, 1992; Nilsson

et al., 1995; Kuusinen, 1996). The indicator species

concept is not new (Lindenmayer et al., 2000) and it

has been applied in many different contexts (Landres

et al., 1988; Spellerberg, 1994). In Scandinavia, wood-

inhabiting fungi have attracted particular interest as

potential indicators of coniferous forest with ‘‘long

ecological continuity’’; that is, the continuous long-

term (200–300 years) presence of logs on the floor of a

given stand (Høiland and Bendiksen, 1996; Lindblad,
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1998). Two species widely used for this purpose are

the wood-rotting Phellinus nigrolimitatus (Romell)

Bourdot and Galzin and Cystostereum murraii (Berk

and Curtis) Pouzar that both occur in old spruce forest

(Nitare and Norén, 1994; Bredesen et al., 1997).

Both species are listed as ‘‘in need of care’’ on the

Norwegian Red List (Anonymous, 1999b).

The concept of ecological continuity recently has

become popular in Scandinavia where it is now widely

used in connection with forest management (Angel-

stam and Pettersson, 1997). Indeed, together with the

presence of rare and threatened species (hereafter

called red-listed species), the notion of ‘‘ecological

continuity’’ is currently one of the prime criteria for the

selection of forest sites for conservation in Scandinavia

(Nilsson et al., 1995; Esseen et al., 1997). Ecological

continuity has been defined as ‘‘an ecological attribute

that is maintained within an area over time’’ (Gunder-

sen and Rolstad, 1998; p. 21). Many authors consider

ecological continuity to relate best at the stand-level,

although several workers emphasise the importance

of landscape-level considerations (Kuusinen, 1996;

Økland, 1996; Ohlson et al., 1997). In boreal forest

management, 200–300 years—the natural generation

time for dominant tree species—is considered to be the

most relevant time-scale for ecological continuity

(Gauslaa and Ohlson, 1997).

According to the definition given above, ecological

continuity can be described for different attributes that

persist in a stand over a prolonged period (e.g. forest

floor conditions, the quantity and condition of dead

wood or large hollow trees). Ecological continuity in

old growth attributes is considered to occur in boreal

forest only if such attributes are unaffected by: (1)

large-scale natural disturbance (e.g. forest fire) in the

past 200–300 years; and/or (2) human disturbance

regimes such as logging (with the possible exception

of single tree removal harvesting methods) (Bredesen

et al., 1997). An old growth specialist species may be

dependent on 200 or even 300 years of ecological

continuity because of dependence on certain micro-

habitat structures which need hundreds of years to

develop (e.g. dead wood from trees of high age in an

advanced decay stage) or because of dependence on

continuous presence over the last 200–300 years of

certain structures and conditions. Possible explana-

tions for dependence on ecological continuity could

be: (1) ‘‘poor’’ dispersal abilities; (2) slow rates of

establishment, development or growth; or (3) a com-

bination of these factors. If some species may depend

on ecological continuity for either of the above rea-

sons, the species assemblage can reflect differences in

the forest history that are no longer discernible in the

forest structures as they can be measured at present.

Several authors have emphasised the importance of

the matrix surrounding biodiversity study sites, both in

general terms (Franklin, 1993; Sisk et al., 1997; Lin-

denmayer and Franklin, 1999) and in species-specific

studies in boreal forest (Ås, 1993; Økland, 1996; Gus-

tafsson et al., 1999). The quality of this matrix, from the

perspective of the species in interest, can significantly

influence the future occurrence of the species in a

landscape of habitat patches embedded in less suitable

forest (Lindenmayer and Franklin, in press).

Obtaining reliable information on disturbance that

occurred in a boreal forest more than 100 years ago

demands reliable historical information or the use of

independent, labour-intensive methods like dendro-

chronology or analyses of coal in soil samples (Lor-

imer and Frelich, 1989; Dynesius and Johnsson, 1991;

Ohlson and Tryterud, 1999). These methods are not

operationally practical for widespread use in boreal

forest management. However, the presence of parti-

cular species of organisms (e.g. fungi) might be a

useful indicator that a form of ecological continuity

has occurred in a given stand. For example, Bader et al.

(1995) found that selective logging approximately 100

years ago decreased the present abundance of large

and highly decayed logs and that fungal species

characteristic of forest with old growth conditions

became rarer with increased past logging activity.

However, Ohlson et al. (1997) argued that the concept

of ecological continuity was based on correlative

assumptions and it had become established without

knowledge of the causal relationships with forest

history. Given this, in the present paper, we explore

the relationships between forest history (such as the

absence of past logging operations) and the occur-

rence of particular fungal species thought to be indi-

cative of ecological continuity of dead wood in a forest

stand. We address the following questions: (1) To what

extent can stand-scale structures alone explain the

presence of P. nigrolimitatus and C. murraii, both

suggested as indicators of 200–300 years of ecological

continuity of old growth forest? (2) How do changes in

the state of the forest surrounding a given stand over
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the past 140 years influence the presence and abun-

dance of P. nigrolimitatus and C. murraii in that stand?

(3) Finally, what are the consequences of our results in

a conservation management context, both for the use

of P. nigrolimitatus and C. murraii as indicator species

of continuity of old growth forest and for the con-

servation of these red-listed species themselves?

2. Study species

P. nigrolimitatus is a polypore fungus with peren-

nial, tough fruit bodies located underneath large,

downed conifer logs (notably Norway spruce Picea

abies (L.) Karst.) in late stages of decay (Kotlaba,

1972; Bader et al., 1995; Lindblad, 1998). After their

death, the fruit bodies decay slowly and can persist on

logs for several years. This species has a circumboreal

distribution and in North America and Asia it grows

on Picea, Abies and Pinus (Ryvarden and Gilbertson,

1993–1994).

C. murraii is a perennial, resupinate corticoid fun-

gus species with fruit bodies that occur underneath or

on the side of logs in intermediate stages of decay

where the bark is still present (Eriksson et al., 1976–

1988; Ryvarden and Gilbertson, 1993–1994; Bader

et al., 1995). The species is known from continental

and alpine Europe, Asia and North America. In Europe,

the species grows on logs and stumps of Norway spruce

and in North America it is mostly found on hardwoods,

such as Acer (Eriksson et al., 1976–1988).

3. Study region

The study was completed in boreal forest on a

35 000 ha forested area in the boreal zone in south-

eastern Norway, approximately 100 km north of

Oslo (latitudes: 608150–608300N, longitudes: 108430–
118050E) (Fig. 1). The altitude varied between 400

and 750 m above sea level. Norwegian spruce (P.

abies) is the dominant tree species in the old forest

and the vegetation is either mesic and Vaccinium-

dominated or more moist vegetation types that are

dominated by ferns.

The forest in the study area is privately owned and

the property has a well-documented history of exten-

sive logging throughout the 20th century. Information

on local forest age and the likely application of

selective cutting was recorded as early as 1906, but

mapping of stand age and condition was not com-

pleted for the entire area until 1954. After this time, all

management operations were recorded in all stands

(average stand size �5 ha) and an inventory of forest

age and condition was repeated every 10 years.

4. Materials and methods

4.1. Placement of plots

The field study was undertaken in the summer of

1997. The present study is part of a larger investigation

that included comparison of so-called ‘‘key habitats’’

Fig. 1. Map showing the study area, with the 45 study plots marked as dark dots. The geographic position of the study area is also indicated.
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and production forest, both within old (>100 years),

spruce-dominated forest. In the main study, there were

60 study plots, one plot in each of the 30 old forest key

habitats listed in the forest owners inventory and one

plot outside each of these key habitats in nearby

production forest. The distances between the WKH

sites and their corresponding production forest sites

were between 300 and 500 m. This paper focuses only

on the 45 plots for which information on forest age and

stand conditions dating back to at least 1954 was

available (22 plots in key habitats and 23 in production

forest) (Fig. 1). For further details of the sampling

method, see Sverdrup-Thygeson (in press).

The main study also included sampling for beetles

attracted to fungi and therefore, the plots were placed

around a randomly chosen log hosting the common

wood-rotting fungus Fomitopsis pinicola (Sw.:Fr.)

Karst. according to the following procedure. Within

the key habitats, all occurrences of F. pinicola were

mapped and then one of the occurrences was chosen

randomly. Because of the much greater area of pro-

duction forest, a different approach had to be used

there—a random walk was undertaken through the

stands of old production forest situated 300–500 m

outside the key habitats and the first sighted F. pinicola

was chosen as the midpoint of the plot. Sverdrup-

Thygeson (in press) found that the ‘‘key habitats

versus production forest’’ parameter could not explain

differences in habitat or presence of suggested indi-

cator species of fungus as a group in the study area.

Therefore, the data from the two forest types have

been pooled in the present study.

4.2. Recording of indicator fungus occurrences

The number of logs hosting fruiting bodies of

P. nigrolimitatus and C. murraii was recorded in

45 plots, each measuring 40 m � 40 m, within spruce-

dominated forest aged about 100 years and older.

4.3. Recording of explanatory variables

at the stand scale

Plots were considered to be representative of the

forest stands in which they were located and therefore,

the term stand-level was used also for recordings made

within a plot. Information on productivity (measured

as standing volume per ha), altitude, forest age and

condition was gathered from the forest management

plan and maps of the study region. We considered

plots classified as >100 years in 1954, 1974 and 1994

and with no record of thinning operations, to have a

minimum of 140 years stand-level continuity of old

growth forest.

Dead logs were classified into one of four decay

stages and two diameter classes. The following defini-

tion was used for decay stages (modified from Dyne-

sius and Johnsson (1991)): (1) wood hard, bark mostly

intact; (2) wood starting to soften, bark falling off,

texture smooth; (3) wood soft, with crevices, pieces of

wood lost so the outline of the log was deformed; and

(4) wood soft, possibly with a hard core, log often

covered by bryophytes, outer surface of the log hard to

define. Logs were also classified as small (those

between 15 and 30 cm in diameter) or large (those

exceeding 30 cm in diameter). Diameter was mea-

sured 1.3 m from the thickest end of a log.

The 45 sample plots were categorised according to

the occurrence of logs in the different decay classes:

plots lacking logs in at least one of the decay stages 2–

4; plots supporting small logs in decay stages 2–4; and

plots with large logs in decay stages 2–4. The number

of cut stumps, snags and standing dead trees was also

recorded in each plot (Table 1).

4.4. Recording of explanatory variables

at the 80 ha scale

We scanned the maps from 1954 and 1974 into a

computer and adjusted them to the 1994 digital map

using the ‘‘rubbersheeting’’ technique in the Arc View

extension called Image Analysis (Anonymous, 1999a).

We then digitised all stands belonging to the oldest

age class (>100 years) close to the survey plots. The

proportion of old forest in 1954, 1974 and 1994 within

a 500 m zone of each plot was then calculated.

Using ArcView (Anonymous, 1998) scripts, we

further calculated the proportion of overlapping old

forest, i.e. the forest that was recorded as older than

100 years both in 1954, 1974 and 1994 (Fig. 2). This

approach enabled us to identify areas that had been old

growth forest for at least 140 years, in 80 ha area

surrounding each plot. This was considered the max-

imum spatial scale of the buffer zones around the

plots, as the buffer zones of closely spaced plots

increasingly overlapped.
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4.5. Statistical analysis

Three types of statistical analyses were used. First,

univariate logistic regression analyses (Hosmer and

Lemeshow, 1989) were performed for the occurrence

(presence/absence) of P. nigrolimitatus and C. mur-

raii. Univariate analyses were run for all explanatory

variables. For multiple comparisons, there is a prob-

ability that some tests will be statistically significant

purely by chance (type I error). Therefore, we cor-

rected the P-values of multiple univariate comparisons

with Bonferroni correction (Weisberg, 1985). Because

the occurrence of C. murraii had a highly skewed bi-

modal distribution with many zero values and few

occurrences per plot when present (Fig. 3), further

analyses on this species could not be justified.

Second, stepwise forward logistic regression was

used to select a model explaining P. nigrolimitatus

occurrence. Stepwise logistic regression procedure is

an effective analysis tool to screen a large number of

variables for significant associations with the outcome

(Hosmer and Lemeshow, 1989).

Finally, a stepwise forward log-linear procedure

(Agresti, 1990) was used to select a model explaining

the abundance of P. nigrolimitatus (number of logs

with fruiting bodies).

Odds ratios for a continuous variable gives the

change in the log odds for an increase of one unit in

that factor. The exception is for variables relating to

the proportion of old forest surrounding the survey

plots. For these variables, the odds ratio corresponds

to an increase of 10 units (Hosmer and Lemeshow,

1989; p. 56). In the case of categorical variables, the

first category was set to zero as a reference class and

the odds ratios corresponded to the changes in the

log odds between a preceding category and the level

Table 1

Description of variables

Variable Description

Habitat variables

Productivity Productivity measured as standing cubic volume per area

Altitude Height above sea level, recorded from maps

Vegtype Vegetation type; mesic or moist

LaLog1 Number of large logs (>30 cm diameter) in first decay stage

LaLog2 Number of large logs (>30 cm diameter) in second decay stage

LaLog3 Number of large logs (>30 cm diameter) in third decay stage

LaLog4 Number of large logs (>30 cm diameter) in fourth decay stage

SumLaLogs Total number of large logs

SmLog1 Number of small logs (<30 cm diameter) in first decay stage

SmLog2 Number of small logs (<30 cm diameter) in second decay stage

SmLog3 Number of small logs (<30 cm diameter) in third decay stage

SmLog4 Number of small logs (<30 cm diameter) in fourth decay stage

SumSmLogs Total number of small logs

Standing Number of standing dead spruces

Snag Number of spruce snags, defined as upright basal part of dead spruce >60 cm high and lacking

more than upper 200 cm of the original tree

DWCont Degree of perceived continuity in plot judged from the presence of different decay stages: (1) logs

in at least one of the three last decay stages was lacking; (2) small logs in the three last decay

stages was present; and (3) large logs in the three last decay stages was present

Forest history

CutStump Number of cut stumps, 0–10 or more than 10

140yr_stand Forest age in stand recorded as >100 years in 1954 and not thinned since, i.e. forest continuity is

at least 140 years today, 0 or 1

Old54_matrix Proportion of forest >100 years in 1954 in the 80 ha surrounding the plot

Old74_matrix Proportion of forest >100 years in 1974 in the 80 ha surrounding the plot

Old94_matrix Proportion of forest >100 years in 1994 in the 80 ha surrounding the plot

140yr_matrix Proportion of forest with at least 140 years continuity in the surrounding 80 ha of a site, measured

as the overlapping area of Old54_matrix, Old74_matrix and Old94_matrix
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i. In the log-linear analyses, parameter estimates

refer to a logarithmic scale. For all multiple models,

we tested for biologically relevant interactions

between explanatory variables and included them

in the final model if they were statistically significant

(P < 0:05).

5. Results

5.1. P. nigrolimitatus

P. nigrolimitatus was present in 60% (27/45) of the

plots, the distribution varying between 0 and 6 logs per

Fig. 2. Map showing how the variable 140yr_matrix was constructed by calculating overlap between forest that was >100 years in 1954, 1974

and 1994 within a 500 m zone around the study sites.

Fig. 3. Distribution of number of logs with (a) P. nigrolimitatus and (b) C. murraii.
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plot (Fig. 3). Analysis of the incidence pattern of

P. nigrolimitatus showed that the most significant

variable was the abundance of large logs in the latest

decay stage, followed by the proportion of the forest

surrounding a plot with 140 years of old growth

continuity. These two variables explained 68% of

the variation in the incidence pattern. A third variable,

the abundance of small logs in the last decay stage,

further improved the model. Together, these three

variables explained 80% of the variation in the occur-

rence of P. nigrolimitatus on measured logs (Table 2).

We used univariate analyses to assess relation-

ships between the probability of occurrence of P.

nigrolimitatus and the proportion of old (>100 years)

forest in the landscape at different points in time. The

historical variables showed increasingly better expla-

natory power with increasing time from the present

(Table 3). While the data from the present forest

management plan explained only 15% of the inci-

dence pattern of P. nigrolimitatus, the 1954 data

explained 28%. The highest R2 value (42%) was

achieved when using the variable 140yr_matrix, i.e.

the proportion of forest that was old in 1954 and had

not been managed (logged) since that time (Table 3).

This means that historical information on the land-

scape conditions adds significantly to the understand-

ing of the species’ present occurrence patterns.

Around plots where P. nigrolimitatus was present,

an average of 36% of the surrounding 80 ha forest

had 140 years continuity of old growth forest, while

around plots lacking P. nigrolimitatus, there was an

average of only 11% forest with patterns of ecological

continuity (Fig. 4). Local (stand-level) continuity

of old growth (140yr_stand) also was significant

in a univariate analysis (Table 3), but was not an

explanatory variable in the final model (Table 2).

The correlation coefficient between 140yr_matrix

and 140yr_stand was 0.62, indicating that these two

variables were not strongly correlated.

The 500 m buffer zones around some of the plots

partly overlapped. This was because several of the

plots were located less than 1000 m apart. Therefore, it

was possible that the plots were not spatially inde-

pendent. To assess this possible source of error, the

analyses were re-run on a sub-sample of the 21 plots

with non-overlapping zones. These analyses revealed

similar results as outlined above, except that the vari-

able describing the abundance of small logs in the

last decay stage was no longer statistically significant

Table 2

Multiple models for incidence and abundance of P. nigrolimitatus on complete sample (n ¼ 45) and on a sub-sample of non-overlapping zones

(n ¼ 21)

Step Variable Odds ratio 95% CI P-value Step Variable Odds ratio 95% CI P-value

Logistic model (n ¼ 45) Logistic model (n ¼ 21)

Intercept 0.001 (0.0, 0.02) 0.0136 Intercept 0.03 (0.0, 0.05) 0.02

1 LaLog4 36.5 (1.3, 1023.1) <0.0001 1 LaLog4 9.2 (0.7, 123.0) 0.004

2 140yr_matrix 5.5 (1.2, 25.6) 0.0001 2 140yr_matrix 2.9 (1.1, 7.6) 0.0005

3 SmLog4 6.7 (1.0, 47.1) 0.0086

Step Variable Ratio 95% CI P-value Step Variable Ratio 95% CI P-value

Log-linear model (n ¼ 45) Log-linear model (n ¼ 21)

Intercept 0.5 (0.2, 1.3) 0.15 Intercept 0.1 (0.0, 0.3) 0.0009

1 140yr_matrix 1.2 (1.1, 1.4) 0.0002 1 140yr_matrix 1.6 (1.3, 2.0) 0.0001

2 LaLog3 1.3 (1.1, 1.5) 0.003 2 LaLog3 1.6 (1.3, 2.0) 0.0001

3 SmLog3 1.2 (1.0, 1.3) 0.05 3 SmLog3 1.3 (1.1, 1.6) 0.0024

4 DWCont1–2 4.0 (1.4, 11.3) 0.01

DWCont2–3 1.1 (0.7, 1.8) 0.7

Table 3

Univariate analyses of the incidence of P. nigrolimitatus by the

forest history variables

Variable Odds ratio 95% CI P-value R2

Old94_matrix 1.8 (1.2, 2.7) 0.003 0.15

Old74_matrix 1.8 (1.2, 2.7) 0.0003 0.22

Old54_matrix 2.1 (1.3, 3.3) <0.0001 0.28

140yr_matrix 3.9 (1.7, 9.1) <0.0001 0.42

140yr_stand 7.0 (3.5, 14.1) 0.003 0.15
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(Table 2), indicating that spatial dependency was a

minor problem.

The analysis of the number of logs supporting P.

nigrolimitatus showed that the proportion of surround-

ing forest with 140 years of ecological continuity was

the most significant explanatory variable, followed by

the abundance of logs in the third stage of decay and

the simultaneous presence of logs in medium and late

decay stages (Table 2). The final model explained 20%

of the variation in abundance of P. nigrolimitatus-

infected logs. An analysis on the sub-sample of non-

overlapping buffer zones gave identical results, except

that the last variable (simultaneous presence of logs in

medium and late decay stages) was no longer statis-

tically significant (Table 2).

5.2. C. murraii

C. murraii was present in 27% (12/45) of the plots,

and always occurred on logs. The probability of

recording C. murraii increased significantly (P <
0:05) with the total abundance of small logs, with

the abundance of small logs in early stages of decay,

with an increasing number of snags and when vegeta-

tion was moist rather than mesic (Table 4). However,

none of these variables remained statistically signifi-

cant after Bonferroni corrections and no multiple

model could be constructed. None of the variables

relating to ecological continuity, either on the stand-

level or in the surrounding 80 ha, were statistically

significant for this species.

6. Discussion

We compared the presence and abundance of fungal

species in plots with and without old growth continuity

on a time-scale dating back at least 140 years and

at two spatial scales (the stand-level and the level of

the surrounding landscape (80 ha)). We found that the

number of logs in decay stages 3 and 4 were the

stand-level structures that best explained the incidence

and abundance of P. nigrolimitatus (Table 2). How-

ever, forest conditions in the surrounding landscape

also was important in explaining both the presence and

the abundance of the species. Especially when we

extended both the spatial scale (from forest stand to

surrounding 80 ha) and the temporal scale (from pre-

sent day to 240 years back in time), we found that the

absence of forest fires, stormfellings, clearcuttings and

thinnings in the matrix the past 240 years increased the

chance of present occurrence of P. nigrolimitatus

within a stand.

Notably, the definition of old growth continuity

used in this present study did not require the complete

absence of human disturbance (such as single tree

removal). However, as clearcutting was not used

before the turn of the century, it is reasonable to

assume that the forest assigned to the oldest age class

in 1954 had never been clearcut. We were not able to

detect major disturbances further back in time than

1850. We have also focused on only two of the many

suggested indicator species of old growth continuity.

Fig. 4. Mean proportion of forest with at least 140 years of old

growth continuity within a 80 ha area surrounding the plots,

compared for plots where P. nigrolimitatus was present and plots

where P. nigrolimitatus was absent (ANOVA: P < 0:0001,

R2 ¼ 0:41). Standard errors are indicated by vertical bars.

Table 4

Univariate analyses of the incidence of C. murraii by the habitat

and forest history variables

Variable Odds ratio 95% CI P-value R2

SumSmLogs 1.2 (1.0, 1.4) 0.007 0.14

Snag 1.3 (1.0, 1.6) 0.01 0.12

SmLog1 1.4 (1.0, 1.9) 0.02 0.10

Vegtype 4.5 (1.1, 18.9) 0.04 0.08

Only variables that were statistically significant (P > 0:05) before

a Bonferroni correction for multiple testing are shown. None of the

variables were significant after such correction.
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Therefore, this study is a substantial but still preli-

minary attempt to explain the causal relationships

between potential indicator species and the entities

for which they are thought to be indicative.

The incidence pattern of C. murraii fruiting bodies

differed from that observed for P. nigrolimitatus, and

no statistically significant model could be constructed.

Notably, the lower sampling rate for this species and

the skewed distribution (Fig. 3) may have made it

more difficult to detect factors influencing its distribu-

tion pattern. Continuous presence of old forest sur-

rounding the survey plots did not explain the

occurrence of C. murraii. This species is often found

on small and intermediate diameter logs (Bader et al.,

1995; Bredesen et al., 1997) and is not as dependent on

large logs as P. nigrolimitatus. This may explain why

the total number of small logs was a significant factor

in statistical modelling (before Bonferroni correc-

tions) (Table 4).

6.1. Stand-level structures

The statistical relationship for P. nigrolimitatus

differed depending on whether the presence of the

species or the abundance of the species was the

response variable. Logs in the final decay stage (espe-

cially large diameter logs) were important for the

presence of P. nigrolimitatus in a stand. In contrast,

the abundance of logs with P. nigrolimitatus was

significantly related to the number of logs in the third

stage of decay (Table 2). If logs in the late stages of

decay are the preferred substratum for P. nigrolimita-

tus (Kotlaba, 1972; Bader et al., 1995; Lindblad,

1998), our findings indicate that large, viable local

populations also inhabit less than optimal logs.

The simultaneous presence of logs in all decay

stages has been used to assess the continuity of supply

of logs in a forest stand during the past 200 years

(Økland, 1996; Bredesen et al., 1997). However, in this

study, there was only a very weak correlation between

the variable DWCont and 140 years of continuity of old

growth forest in the stand (R ¼ 0:15). Many plots

lacking 140 years of stand-level continuity still sup-

ported logs in the three last decay stages. As DWCont

still significantly improved the model explaining abun-

dance of P. nigrolimitatus (Table 2), it is reasonable

to hypothesise that the variable is important because

it describes important habitat structures (i.e. diverse

dead wood habitats) rather than it being a reliable

indicator of absence of major disturbances within a

stand.

There was no significant effect of the number of cut

stumps on the presence or abundance of P. nigrolimi-

tatus. When studying threatened species of fungi (the

majority of which have been suggested to be indicator

species), Bader et al. (1995) identified significant

correlations with the number of cut stumps per area.

The differences between the two studies could be

attributed to our focus on a single species rather than

on an assemblage of threatened species of fungi. It

could also be related to differences in the amount of

old growth forest surrounding the survey plots.

6.2. Management consequences

Our findings weaken the potential value of P.

nigrolimitatus as an ‘‘indicator’’ of ecological con-

tinuity of old growth on a local (stand-level) scale,

because the presence of P. nigrolimitatus in a forest

stand depended on the landscape context of the stand.

If we assume that this is because a high proportion of

old growth in the surrounding landscape correlates

with a high probability of P. nigrolimitatus presence

outside the stand, this finding is in line with general

dispersal theory as well as metapopulation theory,

which suggests that isolation is an important factor

influencing species distribution patterns (Hanski and

Simberloff, 1997). Our data showed that presence of P.

nigrolimitatus in a stand was dependent on the con-

ditions in the surrounding matrix over a time-scale of

more than 200 years. This means it can be potentially

misleading to use P. nigrolimitatus as an indicator

species of continuity on the stand-level without know-

ing the history of the forest on a much broader spatial

scale.

Can P. nigrolimitatus instead be used as an indicator

of continuity at a larger scale, as its presence and

abundance was clearly associated with the ratio in the

surrounding landscape of forest with 140 years of

continuity? This question must be further tested in

different landscapes and at several spatial and tem-

poral scales. However, our results emphasise the need

to include the matrix when studying the relationship

between the occurrence of this species and ecolo-

gical continuity. Further testing of these relationships

is important to establish causal links between the
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occurrence of P. nigrolimitatus and significant expla-

natory variables like the presence of logs in various

decay classes and the extent of continuity of old

growth forest in the surrounding landscape.

Apart from being used as an indicator species, P.

nigrolimitatus is also listed as a species ‘‘in need of

care’’ on the Norwegian Red List. Few large areas of

old growth remain in Scandinavia (Esseen et al.,

1997). Even though there have been reports of rare

occurrences of P. nigrolimitatus on logs in managed

stands (Haugan, 1996; Bredesen et al., 1997), the

question of whether viable populations of P. nigroli-

mitatus can survive on isolated suitable logs or logs in

isolated woodland key habitats is unresolved. The fact

that the landscape ratio of forest unaffected by major

disturbances the past 240 years had such a large

influence on the presence of P. nigrolimitatus

(Table 2; Fig. 4) is discouraging in that respect. If

our findings are confirmed in further studies, it means

that conservation efforts for P. nigrolimitatus should

focus on retaining or restoring substantial areas of old

growth forest within managed forest landscapes.

As we have only compared a limited span of spatial

and temporal scales, we are not able to draw general

conclusions on the causal relationships between the

occurrence of P. nigrolimitatus and C. murraii and old

growth continuity. This, however, does not weaken our

main conclusion: that, the questions of continuity and

potential indicator species must be considered on a

larger scale than the forest stand, as the condition of

the forest surrounding a stand can strongly influence

the incidence and abundance pattern of species.
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