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Abstract

Knowledge of the distribution of rare species is crucial for species conservation in fragmented habitats. Species communities
often exhibit nestedness, i.e. species in species-poor sites comprise a subset of richer ones. Thus, rare species are confined to species-
rich sites. We evaluate whether plant and fungal communities in 46 old-growth spruce forest patches (0.17-12 ha) exhibit nested-
ness. The question whether a single large patch or several small patches capture most species (i.e. the SLOSS-issue) is evaluated in
combination with species saturation analyses. All species groups exhibited significant nestedness. Area was generally related to
nestedness, i.e. rare species were over-represented in the largest patches. Species saturation analysis indicated that large patches
accumulated more Red-list species in patch interiors than small patches. Thus, rare and Red-list species were best captured in large
patches. However, nestedness also emerged in equal sized sample plots, i.e. rare species were over-represented in high quality

habitats. Thus, small habitats of high quality should not be neglected in a conservation perspective.

© 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

During the last 150 years forestry has fragmented the
majority of the Fennoscandian natural forest ecosystem
and the forest landscape is now dominated by young
even-aged stands (Ostlund, 1993; Esseen et al., 1997;
Axelsson, 2001; Kouki et al., 2001). In Sweden for
instance, more than 95% of the forested land is used for
production of timber and wood pulp (Bernes, 1994).
The majority of the remnant old-growth forest is com-
posed of small (a few ha) and isolated fragments
(Anon., 1999). The relative amount of habitat edge has
increased as an effect of fragmentation. Consequently,
the influence of edges has increased which may affect
habitat quality in forest patches (Murcia, 1995; Moen
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and Jonsson, in press). In addition, the complexity of
stand structure in most remnant old-growth forests has
been reduced through selective logging, which has been
shown to deteriorate habitat quality (Bader et al., 1995;
Sippola, 2001).

The fragmentation and degradation of old-growth
forests have had negative effects on the persistence of
many forest-dwelling species (Larsson, 1997; Halling-
biack, 1998; Thor and Arvidsson, 1999; Cederberg,
2001). Taking all taxa in the Red-list into consideration,
some 115 forest inhabiting species have gone extinct and
1986 forest living species are currently classified as Red-
list species in Sweden (Gdérdenfors, 2000). To what
extent these species may survive and reproduce in small-
sized forest fragments is unclear. If extinction risks are
strongly increased in small fragments, species may also
risk going extinct at landscape and regional scale. At the
larger scales this process may take time and thus there
may be a time delay involved in the extinction of species
following habitat loss and fragmentation (i.e. the
‘extinction debt’; sensu Tilman et al., 1994; Hanski,
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1999). In order to develop a conservation strategy for
biodiversity in remnant old-growth forests, knowledge
of the distribution pattern of rare and Red-list species
becomes vital.

In many species groups a majority of species are rare
(e.g. Hanski, 1982; Hanski, 1999). This poses practical
problems on how to analyse the distribution of a large
set of species. Increasingly popular in this respect has
been to analyse to what extent species groups tend to
form nested subsets (Wright et al., 1998; Jonsson, 2001).
Nestedness occurs when species composition at species-
poor sites is a subset of richer sites (Patterson and
Atmar, 1986) and implies that rare species are statisti-
cally over-represented in species rich sites. Nestedness
has been shown to be a common feature of insular biota
(see review in Wright et al., 1998). Various processes
have been put forward to account for nestedness,
including differential extinction (Schoener and Scho-
ener, 1983; Patterson and Atmar, 1986; Cutler, 1991;
Atmar and Patterson, 1993), differential colonization
(Patterson and Atmar, 1986; Kadmon, 1995; Lomolino,
1996), and nested habitat requirements (Simberloff and
Martin, 1991; Honnay et al., 1999).

The analysis of nestedness provides important
descriptive information about community structure and
its relation to environmental variables (Worthen, 1996).
For example, if nestedness occurs over a range of pat-
ches of varying size, it implies that small patches only
contain a subset of the species in large patches. In such a
case, rare species will be confined mainly to large, spe-
cies rich patches. In this respect the degree of nestedness
relates to the “Single Large Or Several Small” (SLOSS)
discussion (Diamond, 1975; Simberloff and Abele, 1982;
Soulé and Simberloff, 1986) where the question was
whether a set of species is best captured by a single large
site or by several small. However, insular biota is never
perfectly nested which complicates the relationship
between nestedness and SLOSS. In fact, empirical stud-
ies have found higher cumulative species richness in
several small sites, even when the insular biota exhibits
significant nestedness and species—area relationship
(Cook, 1995; Boecklen, 1997). This comes from the fact
that the nestedness analyses only account for overlap in
species composition among sites. It does not incorpo-
rate the number of species per area unit in different sites.
Cook (1995) concluded that nestedness analyses are
important in that they indicate the degree to which rare
species tend to be found in the largest sites. To obtain a
more complete answer to the SLOSS issue, it has to be
combined with analyses (e.g. analysis of species satura-
tion; c.f. Cook, 1995) that explicitly incorporate the area
of sites.

Analysis of species distribution patterns in recently
isolated old-growth forest stands is complicated by
transient dynamics. Current distribution patterns may
change with time and results obtained in recently iso-

lated old-growth stands may be misleading. In this
paper we examine ancient old-growth patches in a for-
est-wetland mosaic. The forested patches consist of
moraine hills that rise above a wetland matrix and are
covered by old-growth Norway spruce [Picea abies ssp.
obovata (Ledeb.) Domin]. Extensive disturbances such
as forest fire have been absent for several hundred of
years and the forests have not been managed (Lovgren,
1986). Extinction and colonization should have reached
a dynamic equilibrium during the approximately 3000
years (c.f. Tallantire, 1972) since spruce colonized the
area. Thus, we can avoid temporary phases and the
long-term effect of stand size and habitat quality should
be detectable in the species distribution. In this study,
we examine if the species distribution among six plant
and fungal groups show nestedness in this insular old-
growth system. We also intend to explore to what extent
area and habitat quality relates to nestedness. The
assumption is that patch area could create nestedness
through differential extinction (Lomolino, 1996; Wright
et al., 1998), and if important habitat characteristics
occur in a nested way (Wright et al., 1998), nestedness
could also emerge in plots (or patches) of equal size. To
further investigate the SLOSS issue, the nestedness
analysis is complemented with the analysis of the
saturation index (SI; Quinn and Harrison, 1988), which
explicitly incorporates the area of different sites.

Thus, the main questions of this study are: (1) Do
plant and fungal species composition exhibit a non-
random nested structure, (2) to what extent are patch
area and habitat quality related to nestedness, and
finally (3) is a set of species best captured by a single
large site or by several small?

2. Material and methods

2.1. Site selection, stand variables and species
registration

The study area, Granlandet nature reserve, is located
in the north-boreal zone of Sweden (sensu Ahti et al.,
1968). It is composed of isolated forest patches situated
in a wetland matrix. In total Granlandet contains
almost 1000 such patches of varying size and shape. We
examined 46 patches that ranged in size from 0.17 to 12
ha, though the majority of the studied patches (n=34)
were less then 1 ha. The small patches were surveyed
during 1997 while the 12 larger patches were inventoried
during 1998. All fieldwork was performed during
August and September when most annual wood-fungi
produce fruiting bodies.

Separate recording of species occurrences were done
on two spatial levels; (1) ‘plot level’, representing a 0.1
ha circular plot in the centre of each patch and (2)
‘patch level’, representing the whole patch. Three plant
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species groups; vascular plants, mosses and liverworts,
and three fungal species groups; crustose lichens and
corticoid and polyporous wood-living fungi (hereafter
called ‘corticoids’ and ‘polypores’) were included in the
study. Red-list species (according to Gérdenfors, 2000)
were recorded and treated as a subgroup of species. The
included species were all restricted to forests and did not
occur in the surrounding wetland matrix. A list of the
recorded species has been published elsewhere (Appen-
dix 1 in Berglund and Jonsson, 2001, available at the
electronic archive http://www.opuluspress.se). For fur-
ther details on sampling procedure and study area see
Berglund and Jonsson (2001).

The presence of basidiocarps was used to detect
wood-fungi species. To control for the effect of between-
year variations in basidiocarp production among wood-
fungi, five plots from 1997 were re-inventoried 1998.
The mean between year differences in observed species
richness per plot (i.e. species richness in 1998 subtracted
from that of 1997) was —1.0+2.3 among corticoids,
0.440.9 among polypores and 0.0£0.7 among Red-list
wood-fungi. Thus, species richness did not differ sig-
nificantly between 1997 and 1998. The cumulative
number of species was 6.1 £1.9 higher for the corticoids,
1+1.4 for the polypores and 0.440.9 for Red-list
wood-fungi when comparing two years of inventory
(1997 + 1998) with a single year (1997). Despite the fact
that the corticoids exhibited notable between year var-
iations, we have chosen to retain the data on the corti-
coids in the study. This is done under the assumption
that the rate of basidiocarp turnover is fairly similar
among corticoid wood-fungi species of different fre-
quency (i.e. the turnover of species includes both rare
and common species). Thus, the species occurrences in
patches inventoried on two consecutive years are com-
parable.

2.2. Statistical analyses

To test if the species distribution exhibited nestedness,
species and sites were ordered in a site-by-species matrix
with sites in columns and species in rows. The species
were always ranked by frequency from the most abun-
dant species to the least abundant. However, in a first
step of analysis sites were ranked by species richness
from richest to poorest. In a second step of analysis we
ranked the sites by area according Lomolino (1996).
This was done to test whether area was related to the
nested subset pattern.

For each ordered matrix we computed the dis-
crepancy (d; Brualdi and Sanderson, 1999), which is the
number of occurrences that needs to be shifted to pro-
duce a perfectly nested matrix from the observed
matrix. The perfectly nested matrix is unique and the
occurrences in each row are as far to the left as possible
and the occurrences in each column are as far to the top

as possible. We applied a Monte-Carlo test with 1000
random matrices to test if observed distribution exhib-
ited significant deviation from randomness. We gener-
ated random null matrices through the RANDNEST
procedure described by Jonsson (2001) where the species
are randomly dispersed in the species—site matrix purely
based on the observed species frequencies. The basic
assumptions for this test procedure are that (1) the
observed species frequency is an estimate of the prob-
ability of occurrence for the particular species and (2) all
sites should be regarded as being equal. The observed
species—site matrices were considered to agree with the
nestedness hypothesis only when the observed dis-
crepancy was significantly lower than the mean dis-
crepancy of random matrices. Thus, only a one sided
test was used. For matrices ordered by area, the
observed index was in some cases larger than predicted
by the RANDNEST procedure. Such instances are
however statistical artefacts of a non-nested matrix sor-
ted by other site variables than species richness and thus
considered of no biological importance.

All six different species groups as well as the sub-
group of Red-list species (according to Gérdenfors,
2000) were tested separately on the two spatial levels of
species survey. The different analyses were assumed to
test different ecological aspects depending on spatial
level. When patches were ranked by species richness, it
was assumed to represent a neutral test of nestedness.
This test did not elucidate any relations between envir-
onmental variables and species distribution. However,
as suggested by Lomolino (1996) sites can be ordered by
patch area and isolation (not done in this study) in
order to test if these can explain the observed nested-
ness. Thus, any direct relation between nestedness and
area was explored on the patch level.

The size of sample plots was independent of patch
size. Thus, differences between plots in species occur-
rences were assumed to reflect differences in important
habitat characteristics (e.g. the occurrence of specific
habitat elements or substrates and microclimate condi-
tions). A nested subset pattern on the plot level that was
related to species richness was therefore assumed to
indicate that important habitat characteristics occurred
in a nested way.

Nestedness relates to the “Single Large Or Several
Small” (SLOSS) discussion. It has been suggested that
strong nestedness and species—area relationships indi-
cate that a single large site will harbour more species
than any combination of several small sites (Wright and
Reeves, 1992; Worthen, 1996). To further explore this
hypothesis, the nestedness analysis was combined with
the analysis of a “‘saturation index” (SI; Quinn and
Harrison, 1988). SI was calculated as the ratio between
the integrals of the cumulative species—area curves (1) for
sites sampled in order of the smallest to the largest and (2)
for sites sampled from the largest to the smallest. Both
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curves pass through the origin and a point representing
the total number of species at the total area of studied
sites. SI-values smaller than 1 indicate that large sites
contain more species than several small sites with the
same total area. Sl-values larger than 1 indicate the
opposite. However, if the two cumulative species—area
curves intersect between the extremes the importance of
patch size cannot readily be interpreted. The SI was
calculated on both patch and plot level. The area of the
patches was used to order sites on the plot level too.
However, 0.1 ha (i.e. plot size) was added for each plot
to the cumulative area when the species—area curves on
the plot level were constructed.

3. Results

Data on patch area and species richness are presented
in Table 1.

Most species were infrequent in the studied landscape
(Fig. 1) and as much as 50% of all species were noted in
nine or less patches. Only 5% of the species were noted
in all 46 patches and slightly less than 30% of all species
were recorded in more than 50% of the patches. The
species frequency distribution of Red-list respectively
non Red-list species did not differ significantly from
each other (Kolomogorov Smirnov two sample test,
P>0.05), and they were both dominated by rare species.

The species-by-site matrices for all six species groups
as well as Red-list species were significantly (P <0.05)
nested on the patch level when patches were ranked by

Table 1

The range (min- and maximum values), median, mean and standard
deviation (SD) of area and species richness values used to rank sites
(N=46) during nestedness analyses of the plant and fungal species
distribution patterns in the nature reserve Granlandet, northern Swe-
den

Ranking variable Min. Max. Median Mean SD

Area (ha) 0.17 12 0.82 2.2 3.1

Species richness

Patch level Vascular plants 7 26 12.5 13 4.3
Mosses 16 41 23 25 6.0
Liverworts 10 32 18 20 6.0
Crustose lichens 16 31 21 22 3.8
Corticoids 6 57 18.5 24 16
Polypores 5 30 13 15 6.7
Red-list 2 24 8 9.7 59

Plot level Vascular plants 4 20 8 8.0 2.7
Mosses 13 23 18 18 2.4
Liverworts 5 26 12.5 13 3.7
Crustose lichens 0 26 20 19 4.2
Corticoids 3 25 13 13 5.8
Polypores 1 16 8 7.8 3.5
Red-list 1 11 4 4.6 2.9

species richness (Table 2). The same was true for all
species groups as well as the Red-list species except
vascular plants and crustose lichens when patches were
ranked by area (Table 2). The species-by-site matrix for
Red-list species on the patch level is shown in Fig. 2. All
species—site matrices on the plot level, except those of
vascular plants and mosses, showed a significantly nes-
ted structure, when plots were ranked by species rich-
ness (Table 2). Area was not related to the nested
structure at plot level in any case (Table 2).

Vascular plants

Mosses

12 I Liverworts
0

Crustose lichens

Number of species

Polypores

30 Corticoids

15 Red-list

2 6 10 14 18 22 26 30 34 38 42 46

Number of patches

Fig. 1. The frequency distribution of six different plant and fungal
species groups as well as the subgroup of Red-list species in 46 old-
growth forest patches in the Granlandet nature reserve, northern
Sweden.
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Table 2

Results from the nestedness analysis of the different species—site matrices in the nature reserve Granlandet, northern Sweden®

Spatial scale ~ Ranking variable Species groups

Vascular plants ~ Mosses Liverworts  Crustose lichens  Corticoids ~ Polypores  Red-list
Patch S d 131 205 193 90 354 136 92
A d 159 222 211 124 385 169 110
z 0.6 2.8%* 3.7H** -0.3 10.9%** 3.7%%* 6.1%%*
Random d 164.4 252.6 247.0 121.5 552.9 207.9 162.6
SD 9.1 10.8 9.7 8.3 153 10.4 8.6
Plot S d 92 177 179 91 298 130 82
z 1.0 -0.3 1.9% 2.1%* 2.4%% 2.4%% 2.7%%*
A d 139 204 214 124 351 175 103
z -5.6 =31 -1.8 -1.7 —1.7 =31 —0.3
Random d 99.2 174.4 197.3 111.0 329.3 149.7 101.1
SD 7.1 9.7 9.5 7.6 13.1 8.1 7.0

4 Each of the six species groups as well as Red-list species was tested on the two spatial scales of species survey; patch and plot. The discrepancy
(d) from perfect nestedness when sites were ranked with respect to species richness (S) and area (A) are presented. The observed discrepancy was
compared with the mean discrepancy of 1000 random simulations on each species—site matrix. The z-values are the number of standard deviations
(SD) that the observed discrepancy differed from the mean discrepancy of the simulated matrices.

* One sided P-values: 0.01 < P<0.05
** One sided P-values: 0.001 <P <0.01
**% One sided P-values: P<0.001

In most cases the saturation indices (SI) were larger
than 1 on patch level (Fig. 3), indicating that small pat-
ches accumulate species faster than large patches.
However, only the species richness among plant species
groups and corticoids was clearly increased by habitat
subdivision since the small-to-large curve remained
consistently above the large-to-small curve. The curves
intersected among crustose lichens, polypores and Red-
list species (Fig. 3). These three species groups as well as
the liverworts exhibited an effect of area on plot level,
despite a general trend of SI <1 (Fig. 3). In these cases,
the large-to-small curve remained consistently above the
small-to-large curve (Fig. 3), indicating a faster accu-
mulation of species in large patches than in small.

4. Discussion

The study clearly shows that both plants and fungi in
old growth forests occur as nested subsets. This repre-
sents a non-random situation and implies that some
important processes regulate the occurrence of rare
species and make them over-represented in species rich
sites.

4.1. Nestedness and area
The fact that five of six species groups as well as Red-

list species exhibited nestedness in relation to area on
the patch level indicates that area was an important

factor for species distribution on the stand scale. Two
main mechanisms have been proposed to explain a
strong relation between area and nestedness. Wright et
al. (1998) argued that it could be explained by the fact
that species with large area requirements will tend to be
found in large habitat patches, while species that can
survive even in the smallest patches are likely to be
found everywhere. In addition, Worthen (1996) stated
that nested habitats could also create this pattern if
habitat diversity was related to area. The importance of
area in the studied landscape is further supported by
Edenius and Sjéberg (1997) who found that some bird
species avoid small patches while patches larger than 10
ha have more species then expected by random.

The distribution of vascular plants as well as crustose
lichens diverges from the general pattern of a relation
between nestedness and area on patch level. Other fac-
tors beside area seem to be decisive for these groups. In
general, the distribution of vascular plants and crustose
lichens seem to be more affected by random factors than
the other groups. The observed matrices of these species
groups diverged least from randomness (i.e. small z-
values; c.f. Table 2) in the neutral test of nestedness (i.e.
when sites were ranked by species number).

To investigate the SLOSS issue, the nestedness analy-
sis was combined with the analysis of the saturation
index (SI). Further, the relation between area and spe-
cies composition patterns was explored on two spatial
scales (patch and plot). Before examining the results
from a SLOSS perspective, it is important to first review



324

Patch

42 43 44 45 46 Species frequency

32 33 34 35 36 37 38 39 40 4

22 23 24 25 26 27 28 29 30 31

19 20 21

1 12 13 14 15 16 17 18

10

a2
42

1

1

H. Berglund, B.G. Jonsson | Biological Conservation 112 (2003) 319-328

32
29
28
27
22
19
18
15
14
13
12
10
9
9
8
8
3
3
2
2
2
2
2
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1
1
1
0
1
1
0
0
0
0
1
0
0
0
0
0
0
0
0
0

1
1
1
1
1
1
1
1
1
1
1
1
1
0
1
1
0
1
1
0
0
0
0
0
0
1
0
1
1
0

19 19 17 15 15 14 14 13 12 11 10 10 10

21 20 20

24 21

1.4 0.96 0.53 0.81 0.45 0.49 0.96 0.79 0.96 0.64 0.89 0.89 0.63 0.75 0.82 0.82 0.33 0.84 0.90 0.38 0.43 0.51 0.58 0.43 0.21 0.17 0.48 0.90 0.83 0.48 0.25 0.22 0.96 0.50 0.17

10 98 66 59 89 49 38 26

12 78 54

Species Fomitopsis rosea P

Phellinus nigrolimitatus P

Anastrophyllum hellerianum L

Cyphelium karelicum CL

Amylocystis lapponica P

Lophozia longiflora L
Onnia leporina P
Skeletocutis odora P
Lophozia ascendens L
Cystostereum murrayi C
Phlebia centrifuga C
Skeletocutis brevispora P
Asterodon ferruginosus C
Sclerophora coniophaea CL
Trichaptum laricinum P
Aleuradiscus lividocaeruleus C
Steccherinum luteoalba P
Skeletocutis chrysella P
Skeletocutis kuehneri P
Skeletocutis stellea P
Byssocorticium molliculum P
Postia balsamea P

Arthonia incarnata CL
Crustoderma dryinum C
Laurilia sulcata C

Postia hibernica P
Perenniporia subacida P
Anomoporia bombycina P
Calopogeia suecica L
Chaenotheca laevigata CL
Steccherinum collabens P
Kavinia alboviridis C

Postia placenta P
Diplomitoporus lenis P

Tayloria tenuis M

Species richness
Area (ha)

Fig. 2. Species—site matrix for 35 Red-list species recorded in 46 old-growth spruce forest patches in the Granlandet nature reserve, northern Sweden. Species presences are marked with 1 and species
absences with 0. Patches (indicated by numbers 1-46) are ranked by species richness and species are ranked by frequency. The letters behind the species names indicate species group; C: Corticoids;

CL: Crustose lichens; L: Liverworts; M: Mosses; P: Polypores.
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the properties of the nestedness analysis respectively the
analysis of the SI. It is clear that under perfect nested-
ness and strong species—area relationships, a single large
site will contain more species than any combination of
smaller sites. However, perfect nestedness is almost
never attained in natural systems. Even if the relation
between nestedness and area is statistically significant, it
is possible that there are enough departures from perfect
nestedness so that species richness might be maximized
by collections of smaller sites (Cook, 1995; Boecklen,
1997). This observation comes from the fact that the
nestedness analysis only account for how much sites
overlap in species composition. It does not account for
the number of species per area unit among sites of dif-
ferent size. The actual size of sites is only used to rank
the sites during the nestedness analysis. The analysis of
SI accounts both for the overlap in species composition
between sites and the actual size of sites. Thus, the ana-
lysis of SI is complementary to nestedness investigating

Patch level

Vascular plants
SI=15

325

the SLOSS issue. The main merit of the nestedness
indices, though, is that they indicate the degree to which
rare species are confined to the most species rich sites, a
compositional patterns not revealed by SI (Cook, 1995).

The fact that nestedness was related to area on patch
level among most species groups indicates that large
patches tend to harbor more rare species than small pat-
ches even having taken random sampling effects into
account. In a SLOSS perspective this imply that a single
large patch will generally contain more rare species than
collections of smaller patches having the same total area.
By contrast, the results from the analysis of SI on patch
level showed that small patches generally accumulate
species faster than large patches. However, among the
Red-list species, the analysis of SI on patch level did not
provide a clear answer to the SLOSS question. Thus,
the combined result of both analyses indicates that large
patches generally are more important for Red-list spe-
cies than any collection of smaller patches.

Plot level

Vascular plants
SI=0.98

—
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Fig. 3. Cumulative species—area curves used for the analysis of the saturation index (SI) for six plant and fungal species groups as well as the sub-
group of Red-list species on two different spatial levels; patch and plot, in 46 old-growth spruce forest patches in the Granlandet nature reserve,
northern Sweden. The area of the individual patches was used to rank sites on both spatial levels. On the plot level 0.1 ha (i.e. plot size) was added
for each plot cumulatively (range 0—4.6 ha) in the species—area curve. The Solid line represents the situation when sites were ranked from small to
large. The Dashed line represents the situation when sites were ranked from large to small.
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Fig. 3. Continued.

Area was not related to the nested structure on the
plot level. This result indicates that the species occur-
rences in patch interiors were not affected by area. By
contrast, the results from analysis of SI on plot level
suggest that the interior habitat of large patches accu-
mulated species faster than the interior habitat of smal-
ler patches among liverworts, crustose lichens,
polypores and Red-list species. A possible explanation
for this result is that the interior habitat of large patches
is less affected by edge effects than the interior habitat of
small patches (Moen and Jonsson, in press). Edge
effects could cause a harsher environment in the small
patches that may negatively affect the species occur-
rences.

In summary, the results of this study indicate
that the answer to the SLOSS issue is complex.
Often the results from the nestedness analysis and
the Sl-analysis may appear contradictory. This is to
some extent a result of the different emphases
invoked in the analyses. However, it is notable that
for Red-list species both nestedness analysis and SI
suggest that large patches better capture the species
pool. Based on other studies in Granlandet (Moen
and Jonsson, in press; Kruys and Jonsson, 1997,
Dettki et al., 1998) the probable causes are edge effects
that create a harsher environment in the small patches.
This observation is important since Red-list species
make up the ‘top’ components of the old-growth spruce
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forest plant and fungal species diversity that we seek to
conserve.

4.2. Nestedness and habitat quality

If important habitat characteristics occur in a nested
way (Wright et al., 1998), nestedness could also emerge
in plots (or patches) of equal size. Thus, nestedness on
the plot level was assumed to indicate that habitat
quality was important for species distribution. This was
the case for five out of six species groups as well as the
Red-list species. Such a pattern could arise if wide-
spread species use most habitats while rare species have
specific preferences that only occur in high quality
habitats (Wright et al., 1998; Worthen, 1996). The rela-
tion between nestedness and habitat quality seem to be
especially strong among the substrate-specific fungi and
the Red-list species. The clear effect of habitat quality is
somewhat surprising since the environmental gradients
could be assumed to be relatively short in the present
case (i.e. the forest patches are similar regarding forest
vegetation type, stand structure and stand history).

The occurrence of specific habitat elements and
microclimate conditions probably affect the quality of
habitat. Downed logs and old living trees are critical for
liverworts, crustose lichens and wood-fungi (Berg et al.,
1994; Rydin et al., 1997; S6derstréom, 1988). In fact, the
species richness within these species groups was strongly
correlated to stand variables such as tree and downed
log characteristics (Berglund and Jonsson, 2001). In
addition, liverworts and epiphytic lichens are more
abundant in interior parts of large patches than in small
patches, probably as an effect of adverse climate at for-
est edges (Eriksson, 1999; Moen and Jonsson, in press).

4.3. Conclusions

The fact that most species are infrequent in insular
old-growth spruce forest stands implies a major chal-
lenge to conservation management. Fortunately ran-
dom processes do not seem to be decisive and species
distributions exhibit predictable nested patterns.

The analysis of the relation between nestedness and
area is not the same as a species—area correlation, since
nestedness analysis takes random sampling effects into
account (Worthen, 1996). Thus, our results suggest that
rare species are over-represented in large and species
rich patches even given a general species area corre-
lation. In addition, large patches seem to host more
Red-list species in patch interiors than in small patches.
Besides area, the habitat quality of equal sized plots has
been shown to be of great importance for the nested
structure among the studied plant and fungi species as
well as the Red-list species. Thus, small old-growth
spruce forest habitats of high quality should not be
neglected from a conservation perspective.
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