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ABSTRACT

The diversity, expressed as species richness in equal-sized samples, of wood-living beetles in successional stages
of deciduous forest after forest fires approximately 100 years ago did not differ between patch sizes in this study.
Thus, the crucial question for conservation is whether the lack of reduction in diversity in small patches means
that a number of small patches can elevate the regional diversity as efficiently as can one larger area. In the
present study, the smaller patches did not differ from larger patches in substrate availability, quality, or
heterogeneity. The frequency of a group of species was measured as the number of occurrences, viz. the number
of trees on which a species was found, summed over all species in the group. The number of occurrences of
species unique to the specific patch-size group did not differ between large and small patches. The number of
occurrences of species that preferred matrix areas (managed coniferous forest and clearcuts) was, however,
larger than expected in small patches. The results indicate that small patches, although having high local (alpha)
diversity, are more similar in species composition to neighboring matrix areas (reduced beta diversity). Thus,
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small areas contribute less to the regional (gamma) diversity than do larger areas.

KEY WORDS: alpha (local) diversity, beta (between-habitats) diversity, deciduous forest, disturbance,
diversity, fire, gamma (regional) diversity, invasion, matrix habitat, patch size, species-richness.
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INTRODUCTION

Diversity is a key element in conservation, both for its own sake and as an approximation of an area's biological
importance when precise knowledge of the species composition, or the present threat status of the involved
species, is lacking (Wilson and Willis 1975). In many cases, its use as an approximation is probably a justifiable
strategy, but carries a risk of losing specialized species restricted to species-poor areas.

Diversity is a complex term that sometimes is used synonymously with species richness. However, diversity also
includes evenness of the distribution of individuals on species. As with most ecological terms, species diversity has
scale-dependent properties. A useful classification of these properties is the subdivision of diversity into three
categories (alpha, beta, and gamma diversity), as proposed by Whittaker (1972). In this scheme, alpha diversity
is the local diversity within a habitat, beta diversity is a function of the difference between habitats, and gamma
diversity is the diversity over a geographical range including a number of different habitat patches, viz. regional
diversity. Cody (1975), however, defines gamma diversity as a function of the change in species composition in
similar habitats in different geographical areas. To avoid confusion, | use the term regional diversity for gamma
diversity, sensu Whittaker (1972). If the goal of conservation is to preserve maximal species diversity within a
region (regional diversity), then this goal can be attained by either maximizing the diversity within each patch or
increasing the difference in patch properties and, hence, the variation of species composition among patches
(Murphy 1989). An important complement to information on the alpha species diversity of a patch is therefore
what contribution this patch gives to the regional species diversity (Andrén 1994).

It is not surprising that species richness and diversity on an island or in a habitat patch, in most cases, will
increase with island or patch area. This relationship has been studied for many decades (As et al. 1992, 1997)
and has been seen as one of the few genuine laws of modern community ecology (Schoener 1976). However,
many critical studies have found no difference in diversity between different-sized areas, and indeed, examples of
the reverse relationship also exist ( e.g., MacGarvin 1982, Lathi and Ranta 1985, Loman and von Schantz 1991,
Robinson et al. 1992, Vickery et al. 1994).

Although the diversity in a patch depends on its area, a less isolated patch may have increased diversity by
invasion from surrounding habitats, compared to a more isolated patch of similar size. | use the term invasion
because | include both normal immigration and mass effect, i.e., the establishment of species in sites where they
are not self-maintaining (Shmida and Wilson 1985). The size of the different patches also might influence
invasions, and a smaller patch should be more susceptible to invasions than a large one (Saunders et al. 1991,
Hobbs and Huenneke 1992, Halme and Niemela 1993). The impact of species from surrounding habitats is of
great importance, especially on habitat islands (e.g., Janzen 1983, 1986, Shmida and Wilson 1985, Wilcox and
Murphy 1985, Andrén and Angelstam 1988, Angelstam 1992, As 1993, Andrén 1994). Smaller patches may have
greater alpha diversity than larger patches of the same habitat because of invasions. The increased similarity
between the small patches and surrounding habitats (reduced beta diversity) may lead simultaneously to reduced
regional diversity if only small patches are preserved.

If smaller patches are depauperated in terms of species richness, we should expect a difference in diversity
between equal-sized samples from large and small patches. | have shown in a previous study that this is not
necessarily the case for beetles living in dead wood. The diversity of wood-living beetles in small patches (<20 ha)
of deciduous forest does not differ from the diversity in larger areas (=100 ha) of similar habitat (As 1993). The
diversity in this investigation was measured as the residual from the regression of the log-transformed number of
species as a function of the logarithm of stem area examined of all dead trees rooted within the sampling plots.
This measure of diversity is area independent, and to distinguish between diversity per unit area and total
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diversity, | will refer to the former as relative diversity. It seems unlikely that the lack of significant reduction in
relative diversity is merely a consequence of inadequate sampling, because the mean value from small areas
actually exceeds that from larger areas. These patches of deciduous forest are successions after forest fires that
occurred approximately 100 years ago, and are distributed in an island-like manner in a conifer-dominated boreal
forest landscape. In order to evaluate the relative contribution of large and small patches to regional diversity, |
have reanalyzed these data to explore possible reasons for the lack of reduction of relative diversity in small
patches.

The hypothesis | test is: invasion and establishment of species from the surrounding habitats explain the lack of
reduction in relative diversity in small areas. | also test two alternative hypotheses proposed to explain this
pattern: (1) habitat differences between small and large areas explain the observed pattern, and (2) smaller areas
harbor more specialized species. If true, the second hypothesis may be attributed to either specialization for small
areas per se, or, more likely, specialization for edge habitats. If many species are specialized for edge habitats,
then small patches would have higher than expected diversity as a consequence of having a larger proportion of
their area as edges. Larger patches will, of course, have a larger total edge area, which will probably harbor a
larger total number of species. In relative terms, however, small areas might contain more species than expected
if the edge is much more species-rich per unit area than the core.

MATERIAL AND METHODS

Study areas

All areas examined in this investigation are situated in the middle boreal zone (Ahti et al. 1968) of central
Sweden, were burned in the late 1880s, and have since been unaltered by man. Samples were also taken in the
surrounding managed forest and from small patches of mostly deciduous forest in the vicinity of the areas. The
dominating deciduous tree species in all areas are two birch species, Betula pendula and B. pubescens.
Approximately 65-70% of the broadleaf trees belong to these species. Aspen (Populus tremula) is the third most
abundant species, with 25-30% of all individuals. Goat willow (Salix caprea), gray alder (Alnus incana), and rowan
(Sorbus aucuparia) occur regularly but sparsely. The surrounding coniferous forest is dominated by Scots pine
(Pinus sylvestris) on drier soils, whereas Norway spruce (Picea abies) dominates in more productive sites. Modern
forestry has converted practically all forested areas into managed coniferous forest that are homogenous, both in
age structure and in species composition. The surrounding coniferous forests, which later will be referred to as the
matrix, thus consist of both clearcuts and mature coniferous forest, and all age classes in between. All of these
areas are, to different degrees, exposed to different silvicultural actions such as thinning or removal of deciduous
trees. A more detailed description of the study areas can be found in As (1993).

Gasberget (60°18' N, 15°20' E) is the largest of the areas and is situated in the northeast corner of the county of
Dalarna, Sweden. Intense forestry has converted most of the natural forests to managed coniferous forests in this
landscape. The deciduous forest at Gasberget originated in 1888 after a fire that burned an area of approximately
4000 ha (Lundquist 1986). Of this area, 700 ha of naturally revegetated forest has been undisturbed, whereas the
rest has been converted to managed coniferous forest, except for a few scattered, small patches of mainly
deciduous mixed stands (Fig. 1). In the northern part of the originally burned area, 4 km north of Gasberget,
there is a smaller (<5 ha) deciduous-dominated forest, called Pajertjarn, that resembles the deciduous-dominated
mixed-forest patches within the Gasberget area, in terms of species composition in the tree and field layers (Fig._

1).
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Fig. 1. Maps of the two larger study areas with a description of forest type. The two dotted
lines in the map over Sweden mark the northern and southern borders of the mid-boreal
zone. Black indicates open water. Note that the detailed maps over the deciduous-
dominated forest in the study areas are drawn in different scales.
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The other study area, Brassberget (62°12' N, 15947' E), is in the northwestern part of the county of Halsingland.
The forests surrounding this area have not been as intensively managed as those around Gasberget, and the
proportion of deciduous trees and areas with old forest is accordingly higher. The high proportion of deciduous
trees and the commonness of fire scars show that the whole region has had frequent fires in past centuries. The
forest in and around Brassberget had burned as often as, on average, once every 34 yr before the last substantial
fire that occurred in 1888 (Sturesson 1983). This fire covered an area of approximately 460 ha, of which a core
area of 109 ha has been left for natural regeneration. This area is now dominated by deciduous forest and is
surrounded by coniferous forest and clearcuts (Fig. 1). Five smaller areas, ranging from 5 to 20 ha, of deciduous

forest in the vicinity of Brassberget were also examined. Four of them originated after fires, and one is a
reforestation of previously cultivated land (Korpasen, Fig. 2). The species composition of the trees and of the field
layer in these areas are very similar to those in the deciduous forest in Brassberget, although Lindmoren is
somewhat lusher, with scattered individuals of more southerly species such as linden Tilia cordata.

Fig. 2. The positioning of the five smaller (<20-ha) patches of deciduous forest near
Brassberget, Sweden. Norrtjarnsberget and Orasjon are probably remnants from the
originally burned area that included Brassberget. Lindmoren and Tvaringsberget were also
burned approximately at the same time, whereas Korpasen is a reforestation of previously
cultivated land. Shaded areas are lakes and black areas are villages.
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Ssmall patches:

1. Tvaringsberget 10 ha
2. Norrtjarnsberget 20 ha
3. Orasjén 20 ha
4. Korpasen <5 ha
5. Lindmoren 10 ha

10 km

Substrate availability for beetles living in dead deciduous trees in small and large areas of deciduous forest,
measured as the mean basal area of dead deciduous trees (standing and lying) per hectare, did not differ. Large
areas of deciduous forest had a basal area of dead deciduous trees of 6.8 *+ 0.62 m2/ha (mean * 1 SE), whereas
the corresponding figure for the smaller patches was 7.0 = 0.98 m2/ha (for a more detailed description and
statistical evaluation, see As 1993).

Sampling method

To determine the species composition within large (=100 ha) and small (<20 ha) areas of deciduous-dominated
forest, | investigated a number of sampling plots on three or four occasions. On each sampling date, a 50 x 5 m
rectangle within the deciduous dominated forest was examined. From every dead tree (standing or lying) that

was, or had been, rooted within the rectangle, | removed bark, cambium, and all loose material between 1 and
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1.5 m from the root. All this material, including bark and cambium, was then sieved, and the animals were
extracted in Tullgren funnels within 24 hours. Because of the very low density of dead trees in the matrix areas, i.
e., managed coniferous forest, a different sampling technique was used. Because a 50 x 5 m area would contain
very few dead trees, approximately 20 dead deciduous trees first encountered along a transect were chosen, but
each tree was examined in the same way as in the plots. Each 50 x 5 m rectangle, or transect, could be sampled
only once, due to the sample technique used. Therefore, on the next occasion, samples were taken from areas
next to the one previously sampled. The analyses in this paper are only based on data from the most abundant
deciduous tree species, birch (Betula pendula and B. pubescens), aspen, goat willow, and gray alder.

Ten plots were sampled within the Gasberget area, six in the largest deciduous forest patch, and one in each of
the four smaller patches of deciduous forest. One plot was sampled in the Pajertjarn area. All plots at Gasberget
and Pajertjarn were sampled on three different occasions, May and August 1987 and May 1988. In the
surrounding managed forest, five sampling plots were selected at random, two in cleared areas and three in
mature coniferous forests, all within the originally burned 4000-ha area. Matrix samples were taken in May and
August 1988.

In the Brassberget area, three of the five sampling plots were situated in pure deciduous forest. The fourth was
located in a pure deciduous stand within the pine-deciduous mixed forest, and the fifth plot was in the spruce-
deciduous forest. In the smaller patches of deciduous forest near Brassberget, the two larger ones (Orasjon and
Norrtjarnsberget) were sampled with two plots, whereas the three smaller ones (Lindmoren, Korpasen, and
Tvaringsberget) contained one each. As at Gasberget, five plots of managed forest near Brassberget were
sampled. Three were in mature coniferous forest and two in clear-cut areas. All plots, except those in managed
forest, were sampled in May and August 1987 as well as in 1988. The plots in managed forest were only sampled
in May and August 1988.

The material from 1987 and 1988 was pooled in the analyses, because the ranked abundances of the different
species were significantly correlated between years. This is true for the two large areas as well as for the
combined small areas (As 1993).

On each sampling occasion, | measured the amount and quality of resources available for wood-living beetles. The
resource amount was measured as the basal area of dead deciduous trees per hectare, whereas the estimates of
substrate quality consisted of measurements of the state of decay and the abundance of tree fungi. Decay was
estimated for each trunk and divided into four classes: (1) fresh wood; (2) bark starting to fall off, some soft
wood; (3) large parts of the trunk with soft wood; and (4) almost no hard wood at all. The amount of fungal
infection was classified in a similar fashion: (1) no sign of fungi; (2) sparse occurrence of mycelium under bark or
in wood; (3) rich occurrence of mycelium under bark or in wood, with some (1-3) fruiting bodies; and (4) rich
occurrence of mycelium and many (>3) fruiting bodies. Because each plot was sampled on three or four different
dates and because each new sample was taken in a new 50 x 5 m rectangle close to the previously sampled one,
estimations of both means and spatial variability could be made.

The nomenclature of the beetles follows Lundberg (1986), and a more detailed description of the sampling
method can be found in As (1993).

There is a risk in using the number of individuals of different species when examining the relative abundance of
wood-living beetle species because of their clumped distribution. For this reason, the number of occurrences,
calculated as the number of trees on which a species was found within a plot, was used as a quantitative estimate
of the relative densities of the different species. Few species were found to occur more often in either small or
large areas (four and five species, respectively), and only 56 of the 155 species occurred in sufficiently high
numbers to allow an analysis of their distribution (As 1993). Therefore, the sum of occurrences for species found
only in large or only in small areas, respectively, weighted by the total number of occurrences, was used to
analyze whether small patches had more occurrences of specialized species than did larger areas.

As (1993) found that 13 species occurred more often than expected by chance in managed forest (including
clearings). These species were: Tachys nanus (Caribidae), Scaphisoma agaricinum (Scaphidiidae), Gabrius
exspectatus, Atrecus pilicornis, Acrulia inflata, Dinaraea aequata, and D. linearis (Staphylinidae), Bibloporus
minutus (Pselaphidae), Denticollis linearis and Ampedus nigrinus (Elateridae), Corticaria rubripes (Latridiidae), Cis
boleti (Cisidae), and Schizotus pectinicornis (Pyrochroidae). The number of occurrences summed over these
species, in large and small patches, respectively, was used to test if the lack of reduction in relative diversity is
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caused by invasions from matrix habitats.

RESULTS

In total, 3997 beetles of 155 species were collected. Of these, 1630 individuals belonging to 104 species were
found in large areas of deciduous forest, and 773 individuals from 83 species were found in smaller deciduous
forest patches. The matrix areas sampled in 1988 yielded 1594 individuals of 119 species (a complete species list
is available from the author on request or at http://www.zoologi.uu.se/zooeko/stefan/home.html).

To test whether smaller patches offered a more favorable habitat for wood-living beetles, | compared mean
substrate availability and quality in small patches to that of larger areas of deciduous forest. | also predicted that
a more variable patch would be inhabited by more species. Because it is not obvious whether a higher degree of
decay, or fungal infection, should be regarded as high or low quality, the test for these variables is two-tailed. All
other tests are one-tailed with Hg : small areas have equal or lower values than large areas. However, there were

no differences between small and large areas in any of the variables examined (Wilcoxon two-sample tests; see
Table 1).

Table 1. Difference between sample plots in large areas of deciduous forest (Size =L, n =
15) and smaller patches of deciduous forest (Size = S, n = 8) in the amount and quality of
substrate available for wood-living beetles. Because each plot was sampled with three or
four 5 x 50 m rectangles, the mean value of each variable is used. The standard deviation is
used as a measurement of the spatial variability of the variable. The differences between
the two size groups were examined with Wilcoxon two-sample tests.

*Two- tailed tests; all other tests are one-tailed, with Hy = S <= L.

Variable |Size |Mean | SE | z | [3)
_ | L |6.22 |0.64
Mean basal area of dead deciduous trees 0.55 |0.29
| S |6.99 |0.98
1 SD of basal area of dead deciduous | L | 2.74 |0-72 0.29 |0.39
trees | s [2.31 o041 ’
| L |2.68 |0.05
Mean degree of decay * 0 1
| S |2.7o |o.o7
1 SD of d fd | L [0.78 [0.03 0.93
of degree of decay | S | 072 |0.02 1.45 |0
M d ff | infection * | - |2'91 |0'08 " lo.e7
ean degree of fungal infection | S | > 84 |0.07 0.42 |0
_ _ | L |0.89 |0.02
1 SD of degree of fungal infection 0.48 |0.32
| S |0.90 |o.03

Consistent differences in tree species composition between large and small habitat patches could also influence
the result. | compared the mean stem area examined of the different tree species per plot in large and small
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patches, using MANOVA and a t test for the separate tree species. Neither the MANOVA (Wilks' lambda = 0.832, P
= 0.33) nor the t test (Table 2) revealed any significant difference between plots from the different-sized habitat
patches.

Table 2. Mean stem area examined per plot of the dominant deciduous tree species from
large and small patches of deciduous forest. Numbers within parentheses are standard
errors. The differences between patch-size groups were examined with t tests. No correction
for unequal variance was used because no significant difference in variance was found.

Patch size |Betula sp. Populus _Alnus Salix
tremula INCana caprea
1.05
Large ©.07) 0.74 (0.08) 0.54 (0.11) | 0.40 (0.08)
Small 0.87 0.83 (0.11) 0.50 (0.09) | 0.50 (0.12)
(0.08) ) . . ) ) .
] t 1.54 | -0.70 0.28 | -0.64
] P 0.13 | 0.49 0.78 | 0.53

The sum of the number of occurrences over all species was 647 (O)) in samples from larger areas, whereas it was
275 for small patches (Og). Species unique to larger areas accounted for 17 of these occurrences (U)), and 11
occurrences were due to species unique to smaller patches (Ug). Hence, the expected number of unique
occurrences for large areas was (U+Ug)0/(O+04)=19.65, and for small patches was (U;+Ug)O4/(0O+04)=8.35.

Large and small areas did not differ in the number of occurrences of unique species (chi-square = 1.234, P =
0.27: Fig. 3).

Fig. 3. Observed and expected number of occurrences of wood-living beetle species unique to
small patches and larger areas of deciduous forest. The number of occurrences is calculated as
the number of trees in which a species was found, summed over all species occurring only in
large areas or only in small patches, respectively. The expected number of occurrences is
calculated as the total number of unique occurrences (large + small) times the proportion of
total occurrences (summed over all species) found in the respective size group. There is no
significant difference between the number of occurrences of unique species in large and small
areas (chi-square = 1.234, P = 0.27).
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If the reason for the enhanced diversity within smaller patches (i.e., the lack of reduced diversity as expected
from a species-area relation) was invasion of species from the surrounding managed forest, we should expect a
relatively higher proportion of occurrences of these species in the smaller patches compared to the larger areas.
This prediction was supported. The number of occurrences summed over species preferring matrix habitats was
45 (M) in smaller patches and 54 (M)) for larger areas. The expected number of occurrences for smaller patches

was (M| + Mg)O4/ (0O, + O4)=29.53 and for larger areas (M, + Mg)O}/(O, + O5)=69.47. There were significantly

more occurrences in samples from smaller patches than from larger areas (chi-square = 12.947, P = 0.001; Fig.
4).

Fig. 4. Observed and expected number of occurrences of wood-living beetle species preferring
matrix areas (managed coniferous forest and clearcuts) in small and large areas of deciduous
forest. The number of occurrences is calculated as the number of trees in which a species was
found, summed over all species preferring matrix habitats in large areas or small patches,
respectively. The expected number of occurrences is calculated as the total number of
occurrences of matrix-preferring species times the proportion of the total number of occurrences
(summed over all species) found in the respective size group. There are significantly more
occurrences of matrix specialists than expected in the small patches compared to larger areas
(chi-square = 12.94, P = 0.001).
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DISCUSSION

Preservation of the largest possible number of native species in a region is an obvious goal of conservation
(Murphy 1989). This goal of maximizing regional diversity can only be achieved by maintaining alpha or beta
diversity, or both. It is, however, possible that there is a trade-off between alpha and beta diversity. For example,
consider a mosaic of habitats that is replaced with the most diverse habitat type. When converting patches of
different habitats to resemble the most species-rich habitat type, most of the species that will be added to the
local fauna are species that were already present in the existing patches of the most species-rich habitat. On the
other hand, species that were specific to the habitat under conversion may vanish. The end result of this
conversion is that each patch will gain species, but the region as a whole will become less diverse (Andrén 1994,
Davis 1994). In other words, alpha diversity will increase in each patch, but beta diversity simultaneously will
decrease and the net result will be a reduced regional diversity.

The relative increase in diversity in small patches can, at least temporarily, be even more exaggerated if the small-
sized patches are results of a fragmentation process. When the size of an area is restricted because of

modification of the surrounding area, it may initially have a large fraction of the original species present. Due to
low population sizes, many of these species may go extinct, causing a relax to a number, the size of which
depends on area (MacArthur and Wilson 1967). At the same time, the area is exposed to invasion of species from
the altered surrounding areas. If the relaxation in the number of species that was originally present is slow

relative to the invasion of new species, then the diversity may increase initially as a consequence of the
fragmentation (Verner 1986, Murphy 1989, Webb 1989, Harris and Scheck 1991, Saunders et al. 1991). This
phenomenon may occur in my study area, because most of the intensive forestry actions responsible for the
fragmentation of the deciduous forest are fairly recent (< 50 yr; Esseen et al. 1992, 1997, As 1993).

The invasion of species into a small patch is an edge effect. The species that will gain from a fragmentation of
larger habitat patches are those that thrive in edge habitats, independent of whether or not the edge is their
prime habitat (Andrén 1992, Angelstam 1992, Hobbs and Huenneke 1992). It is true that a larger patch will have
a larger edge area, which probably will harbor more species than the smaller edge area from a smaller patch. In a
landscape with a given amount of habitat, however, fragmentation into small patches will lead to an increase of
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the total amount of edge area. The relative proportion of edge-thriving species will therefore increase, probably
with negative impact on the species restricted to the patches. If small patches are more species-rich than
expected, and this increase in species number has been caused by species that are specialized on edge habitats,
then small patches could increase the regional diversity, depending on whether edge habitat was common or rare
before fragmentation (Andrén 1994). In the present case, however, a more probable cause of a higher than
expected relative diversity of wood-living beetles in small patches is the addition of species from the managed
matrix forest which, hence, will reduce the beta diversity.

If invasion from the matrix is the prime reason for the presence of extra species in the edge, an edge from a large
patch is probably not equal to an edge from a small patch, in terms of species composition. Assume that
population density and mean dispersal distances are equal for patch and matrix species. If patch size were
considerably larger than the mean dispersal distance of an individual, a dead tree at the edge of a patch would get
approximately 50% of all new individuals from within the patch. With decreasing patch area, a diminishing part of
the area within the dispersal range would be patch habitat. As a consequence, a larger amount of all individuals
reaching the dead tree will originate from the matrix habitat.

In the case of wood-living beetles in boreal-zone deciduous trees, a great part of the high diversity in the small
patches of deciduous forest is clearly due to invasions by species from the managed forest. Most of these species
mainly inhabit clear-cut areas. This is not surprising, because disturbance by forest fires and windstorms, under
pristine conditions, frequently creates large, open patches with abundant substrate available for a limited time.
This type of habitat should favor species with good colonization ability. Likewise, these species should also be
superior in invading edge habitats in the vicinity.

In this experiment, different-sized patches did not differ in habitat quality or in the occurrence of unique species.
It seems reasonable to assume that smaller patches become more similar to matrix areas in their species
composition over time and, thus, contribute less to the regional species diversity than do larger areas. Because of
the relatively short time since the fragmentation of these deciduous forests, it is possible that the loss of
specialized species from small patches might be exacerbated with time. On the other hand, these small patches
are probably important in a landscape context. They may act as sink areas that increase the population size of
species otherwise restricted to larger areas (Pulliam 1988, Danielson 1992, Dunning et al. 1992). They may also
increase the landscape connectivity and, as a result, facilitate colonization of new, large patches of deciduous-
dominated forest (Taylor et al. 1993). These positive effects of small areas thus depend on the presence of larger
areas, which need to be preserved to maintain regional diversity.
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