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The relationship between the present distribution of some vascular plants in managed
forests and forest history was investigated in western Poland. A forest inventory report
was used as the source of data for plant distribution in the 211 subcompartments of
the forest, and archive maps for the stand history assessment. The “history” of a sub-
compartment (ancient vs. recent) increases the parsimony of the models, as assessed
with AIC, explaining understory plant species occurrence. Occurrences of Vaccinium
myrtillus and Pteridium aquilinum appeared to be most reliable predictors of forest
history. Among the 110 sub-compartments where the two species were recorded, 103
were covered by ancient forest. The two plant species selected as reliable predictors of
ancient forest continuity also appeared to be significant predictors of forest history in
the nearby control area. The use of indicator species described in the reports may be an
attractive source of knowledge on the ecosystem.

Introduction

Some of the changes in a habitat’s structure
and its spatial configuration in the landscape
may have a lagged impact on the distribution
of species found there. As a result, the temporal
aspects of habitat—organism interaction have to
be considered (Helm et al. 2006) to answer the
two most fundamental questions in ecology: why
is a species present in a particular area and why
do so many specimens of the species occur in a
given area (Krebs 1994). In the case of temper-
ate zone forest ecosystems, the lagged reaction
of forest organisms to changes in forest cover
can be driven by two main processes: delayed
extinction and delayed colonization — inde-
pendently of the fact that species’ colonization

capacities can be limited by the poor habitat
quality in recent forests (Baeten et al. 2009).
First, dispersal abilities of many forest-dwelling
organisms are low (e.g. Dzwonko 2001, Ver-
heyen & Hermy 2001, Hedin et al. 2008). There-
fore, newly created patches of habitat cannot be
colonized immediately by plants and animals
limited by weak dispersion. This problem affects
biodiversity of recent forests, which may remain
species-poor despite suitable habitat conditions
(Hermy & Verheyen 2007, Fritz et al. 2008).
For this reason, the continuity of forest habitat is
crucial for sustaining poorly dispersing species
(Mazgajski et al. 2010). Second, some organ-
isms are found not to experience the population
decline expected as a result of the rate of their
habitat decrease (Hanski & Ovaskainen 2002,
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Cousins 2009). As a consequence, the species
richness of recently and quickly reduced forest
patches may be higher than expected given the
amount of available habitat (e.g. Vellend et al.
2006). Historical habitat distribution can there-
fore be useful in predicting the current distribu-
tion of some species because of lagged coloniza-
tion as well as lagged extinction.

On the other hand, these lagged dynamics
may be considerably disturbed by additional fac-
tors, e.g. those related to human activity, such
as harvesting or changes in ownership struc-
ture, etc. (Wesotowski 2005, Mazgajski et al.
2010, Zmihorski et al. 2010). One might expect
that the considerable and permanent ecosystem
transformations taking place in managed for-
ests could weaken the importance of forest his-
tory for current species distribution (Bradshaw
2004, Svenning et al. 2009). Using a forest for
timber production clearly results in reduction
of the stand mean age as compared with that in
natural stands (Wesotowski 2005). Moreover,
some tree species are preferred (e.g. pine) in
managed stands, while the importance of others
is reduced (e.g. hornbeam), and some non-native
species are introduced (e.g. robinia, red oak). As
a consequence, managed stands may be weakly
related to the local features of a site. Addition-
ally, some timber harvesting and artificial regen-
eration practices (e.g. deep-soil ploughing) are
commonly used to this day.

In light of the facts presented above, an
important question arises: can the history of a
stand later managed for timber production still
provide an explanation for its current species
composition? In the present paper, I address
the importance of forest history for the present
distribution of some vascular plants in managed
forests and make an attempt to use indicator
species to make predictions about the land-use
history.

Material and methods

Study area

The research was conducted in a large (14 000
ha) forest complex located in western Poland
(52.8°N, 14.3°E). Before World War II, this
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Fig. 1. Distribution of the wooded area (pale grey) in
the two periods compared (1890 and 2004) in western
Poland. Selected sub-compartments (n = 211) used
for the analysis are marked in dark grey in the lower
subplot; geographical coordinates are given along the
picture borders. Note that both subplots are presented
in the same scale.

region was a part of Germany and was charac-
terized by a higher human population density
and less forest cover than today. After the war, a
considerable proportion of agricultural land was
afforested (Fig. 1).

The forest is dominated by poor, fresh habi-
tats with an acidophilous oak forest (Fago-Quer-
cetum petraeae) as the potential vegetation type
(Matuszkiewicz 2001). Sand and sandy boulder
clay prevail in the area. This has led to the for-
mation of podsols and poor brown soils. Most of
the forest area is flat, ca. 30-50 m a.s.l.; however,
some parts of the forest complex are located on
the overgrown slopes of the Odra river valley.
The region is characterized by a relatively mild
climate, with a mean annual January temperature
of approximately —1.2 °C and a mean July tem-
perature of 18.2 °C. The total annual precipita-
tion is 550 mm and the growing season lasts 220
days (Matuszkiewicz 2001, Kondracki 2002).
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During the period analysed (1890-2004), the
stand was managed for timber production and
is managed in this way to date. The tree stand
is dominated by pine (Pinus sylvestris) and oak
(Quercus spp.), with a considerably smaller pro-
portion of the latter. Clear cutting is used as the
timber harvesting method, so that open areas are
present within tree stands. New stands re-grow
as the result of artificial replanting.

Data on understorey plants

Forest inventory data were used as the source
of data for understorey plant distribution in the
forest complex. I used an official document cre-
ated as the result of a detailed forest inventory
conducted in 2004. During an inventory, every
sub-compartment (i.e. forest patch homogenous
in term of structure) is visited by an experi-
enced observer who describes many forest char-
acteristics in detail, such as: stand composition,
age, mean diameter at breast height for every
tree species, timber volume, tree height, forest
compactness index and site classification. The
observer also notes understorey plants, since this
vegetation characteristic can provide important
information on soil features, which in turn affect
the potential stand composition, its quality, opti-
mal management methods, timber harvesting,
etc. According to the standard methodology, the
observer notes occurrences of most abundant
understory plants.

It seems that there is one possible source
of error when analysing relationships between
understorey plant distribution and habitat fea-
tures on the basis of forest inventory data. Plants
sparsely distributed in the forest may not be
present in the smallest sub-compartments despite
the existence of suitable habitat features for
them. Therefore, for the analysis I used data
from the largest sub-compartments only. Among
all the sub-compartments in the forest complex
(over 3000), I selected all exceeding 10 ha (n =
211, 14.4 £ 0.29 ha (mean + SD), range 10.001—
31.786). Further analysis presented in this work
is based on the 211 sub-compartments only.

For each sub-compartment, I used data on the
occurrence (presence vs. absence) of all under-
storey plant species from the forest inventory

report. In total, I collected data on the distribu-
tion of 33 plant species or groups of species (not
all plants were identified to species during the
inventory). However, most of the species were
characterized by low frequency in the plots, so
for further statistics I used data for species whose
frequencies exceeding 20% (n = 8 species) in the
sub-compartments. The species or groups of spe-
cies were: (1) Rubus idaeus, (2) Rubus spp. other
than R. idaeus, (3) fern Dryopteris carthusiana,
(4) grass Calamagrostis epigejos, (5) moss Pleu-
rozium schreberi, (6) fern Pteridium aquilinum,
(7) bilberry Vaccinium myrtillus, (8) grass Des-
champsia flexuosa.

Explanatory variables

I used four habitat characteristics to describe the
current distribution of the plants. First, I used
the stand age in each sub-compartment (57.53 +
1.67 years), since age influences the light condi-
tions on the forest floor. One may expect that
more light is available for understorey plants
in older forests where stand density is lower
(e.g. Gaudio et al. 2008). Moreover, stand age
indicates the time elapsed since the last timber
harvest and artificial replanting, which consider-
ably reduces the understorey vegetation (Gode-
froid et al. 2005). Second, I used the stand type.
Because of the high level of habitat homogeneity
in the forest complex, only two stand types were
recorded: deciduous mixed forest (n = 55 sub-
compartments) or coniferous mixed forest (n =
156). One may expect that the stand type influ-
ences particular plant species according to their
ecological requirements. Third, I checked for the
presence of forest at the end of 19th century in
the locality of every sub-compartment. For this
purpose, I used German maps available for this
area (Messtischblitter series). The maps present
the landscape configuration in 1890 at a scale of
1:25 000 and were compared in a GIS environ-
ment with the current forest distribution. In the
case of sub-compartments whose areas were
only partially afforested in the past, I adopted the
result for the larger part of the sub-compartment.
As aresult, I obtained binary information on his-
tory of each sub-compartment (present or absent
forest in the past). As the fourth variable, I used
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the sub-compartment area, which may be related
to the sampling effort of the observers during the
forest inventory.

Statistical analysis

I used the Redundancy Analysis (RDA) imple-
mented in the CANOCO software (LepS &
Smilauer 2003) in order to visualize the relation-
ship between species distribution in the sub-
compartment in relation to the three explanatory
variables (forest age, habitat type and forest his-
tory). The fourth variable — sub-compartment
area — was used as a covariate in order to
exclude the possible effect of these character-
istics. I applied the Monte-Carlo test (LepS &
Smilauer 2003) with 5000 permutations to check
the significance of the general pattern and the
relationship between plant distribution and the
three variables.

To check the importance of the stand history
for the current distribution of 8 selected plant
species, I used a logistic regression implemented
in the SPSS 15.0 software. For each species, I
built three logistic models explaining the occur-
rence of a given species. The three models used
stand type, patch area and stand age as explana-
tory variables. Next, I checked whether inclusion
of stand history as an additional explanatory
variable in each of the three models, improved
their fit to the data of species occurrences. For
this purpose, I computed Akaike’s information
criterion scores (AIC; Johnson & Omland 2004)
for models with and without stand history as an
explanatory variable (e.g. AIC for model with
stand type vs. AIC for model with stand type
and stand history). In this way, it was possible
to check whether stand history contributed to
explaining the occurrences of plants.

As a next step, I used the data on the under-
storey plant distribution to build a model
explaining forest history (ancient vs. recent).
Here, I used the occurrence of selected plant spe-
cies as explanatory variables and forest history
as a response variable in the forward stepwise
logistic regression.

Finally, I checked the usefulness of the plant
species selected as indicators of forest history in
another forest complex, used as a control. For
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Fig. 2. Ordination diagram of the Redundancy Analysis
with the distribution of 8 understorey plant species in
211 forest sub-compartments explained by the three
habitat characteristics: stand age, stand type and forest
history. The sub-compartment area was used as a
covariate to exclude its effect from the general pattern.

this purpose, I used a nearby Warnice Forest
complex, located ca. 10 km to the east of the
study area. On the basis of forest inventory data
available for the Warnice Forest, I selected all
sub-compartments with the two species selected
as reliable indicators of forest history (n = 47)
and 47 randomly selected others. For each sub-
compartment, I assessed the history of the forest
habitat with the same method used for the Miesz-
kowice Forest. Then I checked if the species
used as forest history indicators in Mieszkowice
Forest were still significant predictors of forest
history in the Warnice Forest.

Results

The redundancy analysis, controlled for the sub-
compartment area, revealed correlations between
the occurrence of particular species and the
three habitat variables (Fig. 2). The three habi-
tat variables seem to be uncorrelated. Among
the eight plant species, Vaccinium myrtillus and
Pteridium aquilinum showed positive relation to
ancient forests, whereas Dryopteris carthusiana
and Calamagrostis epigejos showed a different
tendency. Rubus idaeus and Deschampsia flexu-
osa seem to be most strongly related (although
reversely) to stand type, whereas Pleurozium
seems to prefer younger stands (Fig. 2). The
distribution of the plant species in relation to
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the canonical axes extracted by RDA was not
random (Monte Carlo test: trace = 0.108, F-ratio
=8.39, p =0.0002).

The occurrence of most of the investigated
species was affected by the history of a given
sub-compartment. In 19 out of 24 model-pairs,
AIC scores for the model with history included
as an explanatory variable were considerably
lower than for models without this variable, and
in 15 out of 19 cases, the difference (i.e. AAIC)
exceeded 3 (Table 1). This tendency did not hold
only in the case of Rubus sp. and Dryopteris
carthusiana; however, the differences in AIC
scores between the with-history and without-
history models were not great (and AAIC did not
exceed 3). This indicates that the history variable
increases the parsimony of the models explain-
ing the understorey plant species occurrence.

Among the eight plant species, five appeared
to be significant predictors of patch history (for-
ward stepwise logistic regression). However, on
the basis of model fitting criteria (Table 2), I
selected Vaccinium myrtillus and Pteridium aqui-
linum for further analyses. This selection based
on the fact that the two species were the strongest
predictors (in the statistical sense). Moreover,

inclusion of Pteridium aquilinum significantly
increased parsimony of the model (AIC reduced
by 15.26, BIC reduced by 11.91), however inclu-
sion of another species, Rubus idaeus, did not
increase parsimony significantly (AIC reduced by
5.59, BIC reduced by 2.24), and the increase of
R? was not large (Table 2). Additionally, signifi-
cant co-occurrence of Pteridium aquilinum and
Rubus idaeus across the 211 subcompartments ()’
=749,df = 1, p = 0.006) lowered the reliability
of this set of three species as indicators and sup-
ported the rejection of Rubus idaeus from further
analyses. Finally, since the group of indicator spe-
cies should not be numerous to guarantee useful-
ness of the indicator-species approach, selection
of only Vaccinium myrtillus and Pteridium aquili-
num seems to be justified.

Occurrences of the two species, Vaccinium
myrtillus and Pteridium aquilinum, appeared to
be significant predictors of forest history (see
Table 3: Mieszkowice Forest). Among the 110
sub-compartments where Pteridium aquilinum
or Vaccinium myrtillus were recorded, 103 were
covered by ancient forest (93.64%), whereas
among the 18 sub-compartments where both
species were present, all (100%) were ancient.

Table 1. Comparisons of the logistic regression models explaining the occurrence of the eight understorey plants in
211 sub-compartments in a managed forest of western Poland. For each cell, differences between AIC scores com-
puted for the two models presented in the first column are given. Negative values indicate that the model including
history as an explanatory variable is more parsimonious then the model without this variable. The absolute values
> 3 are set in boldface. Ple sch = Pleurozium shreberi, Rub ida = Rubus idaeus, Cal epi = Calamagrostis epigejos,
Rub sp. = Rubus sp., Dry car = Dryopteris carthusiana, Des fle = Deschampsia flexuosa, Vac myr = Vaccinium myr-
tillus, Pte aqu = Pteridium aquilinum.

Competing models Plesch Rubida Calepi Rubsp. Drycar Desfle Vacmyr Pteaqu
Habitat vs. Habitat + History =~ —-6.418 —4.410 -6.553 1.847 0.676  -0.808 —28.995 -13.512
Area vs. Area + History -1.008 -8.133 -8.635 1.216 0.463 -13.093 -44.879 -14.235
Age vs. Age + History -0.064 -9.650 -8.480 —0.267 0.310 -14.950 -42.070 -15.974

Table 2. Model fitting criteria for the five forward stepwise logistic regression models explaining stand history
(ancient vs. recent) on the basis of plant species occurences. For each model, Akaike information criterion (AIC),
Bayesian information criterion (BIC), and Cox and Snell pseudo R? values are given. See Table 1 for abbreviations.

Model AIC BIC R?
Vac myr 202.30 219.06 0.20
Vac myr + Pte aqu 187.04 207.15 0.27
Vac myr + Pte aqu + Rub ida 181.45 204.91 0.30
Vac myr + Pte aqu + Rub ida + Ple sch 178.74 205.55 0.31
Vac myr + Pte aqu + Rub ida + Ple sch + Des fle 176.00 206.16 0.34
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Vaccinium myrtillus and Pteridium aquili-
num, selected as reliable predictors of ancient
forest, also appeared to be significant predictors
of forest history in the Warnice Forest (Table 3).
Usefulness of the two species’ distributions as
predictors of forest history was similar in both
areas: 95% confidence intervals for the odds
ratio of the two species computed for the Miesz-
kowice and Warnice forests overlapped. Among
the 47 sub-compartments in the Warnice Forest
where Pteridium aquilinum or Vaccinium myrtil-
lus were recorded, 42 were classified as ancient
forest (89.36%). However, no sub-compartment
with both species present was recorded.

Discussion

The concept of indicator species related to habi-
tat history has received much attention in recent
decades (Hgiland & Bendiksen 1996, Lindblad
1998, Sverdrup-Thygeson & Lindenmayer 2003,
Liira & Sepp 2009, Thomas et al. 2009), includ-
ing several critical papers (Norden & Appelqvist
2001, Rolstad et al. 2002). Rolstad and col-
leagues pointed out several problems with the
reliability of indicator species in correctly deter-
mining habitat history. Therefore, data on the
distribution of species related to habitat history
should be treated with caution and, if possible,
supplemented with direct measurements of forest
structures with the help of dendrological or pale-
oecological techniques (e.g. Groven et al. 2002).

The results presented in this paper show
that forest history is important for the current

distribution of the main understorey plants in
an ecosystem. This close dependence might not
have been expected since long-term forest man-
agement provides many occasions for, or even
forces, dispersion from ancient to recent tree
stands. Transportation of harvested timber, sap-
lings for afforestation and workers, as well as
automotive traffic lasting for decades may be
efficient ways for plants to colonize unsettled
forest patches (Zwaenepoel et al. 2006). Also
endo- and exozoochory are known as important
ways of plant movement in forested habitats
(Servigne & Detrain 2008, Jaroszewicz et al.
2008). Every patch of the Mieszkowice Forest
was logged at least once (i.e. the stand layer was
removed) and then afforested (with the use of
deep soil ploughing). Despite the high spatio-
temporal dynamic of the forest habitat, the clear
separation of ancient and recent woods is still
visible and forest history explains the current
distribution of many understorey plant species,
which is consistent with results of the previous
studies of this topic (Bradshaw 2004, Hermy &
Verheyen 2007, Fritz et al. 2008, Svenning et al.
2009).

It should be noted that I recorded dozens of
sub-compartments covered by ancient stand (i.e.
continuously wooded since 1890) where Vac-
cinium myrtillus and Pteridium aquilinum were
not recorded. These unexpected absences of the
species may reflect real gaps in their distribution
(e.g. caused by unsuitable habitat, anthropogenic
disturbances or forest history before 1890) or,
inaccuracy of the inventory (e.g. the species
may have been overlooked during the inventory,

Table 3. Results of the two logistic regression models explaining the history of sub-compartments (ancient vs.
recent forests) on the basis of two understorey plant species (Vaccinium myrtillus and Pteridium aquilinum) occur-
ring in the Mieszkowice and Warnice forests. The reference category of the dependent variable is 0.

Source Mieszkowice Forest Warnice Forest

B Wald p Odds ratio (95% Cl) B Wald p Odds ratio (95% CI)

statistic statistic

Intercept -0.14 0.52 0.471 0.866 (0.586-1.280) -3.93 14.96 <0.001 0.020 (0.003-0.144)
Pteaqu=1 223 12.10 0.001 9.269 (2.643-32.510) 2.06 9.31 0.002 7.808 (2.085-29.241)
Pteaqu=0 0 0*
Vacmyr=1 292 2810 <0.001 18.486 (6.287-54.354) 1.66 415 0.042 5.250 (1.064—25.897)
Vacmyr=0 0" 0*

* Due to its redundancy, this parameter is set to 0.
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and/or extremely small populations of the plants
may not have been noted intentionally by the
observer). Therefore, it seems that the absence
of the two species cannot be treated as a reliable
indicator of recent forests. In other words, the
occurrence of Pteridium aquilinum and/or Vac-
cinium myrtillus seems to be an indicator in “one
direction”. In contrast, occurrences of the two
species in a given sub-compartment were sig-
nificant predictors of sub-compartment’s history
both in Mieszkowice Forest and in the Warnice
Forest.

The relation between Vaccinium spp. dis-
tribution and forest history is not a novel find-
ing and has been reported in several studies
(summarized in Hermy et al. 1999). By con-
trast, it is interesting that Pteridium aquilinum
appeared to indicate ancient forests. This species
has been associated with more disturbed forests
(Rutkowski 2004), where it can even inhibit tree
regeneration (McDonald et al. 2008). As a fern,
it would also seem to have high colonizing abil-
ity. Therefore, its association with ancient forests
was unexpected. However, it seems that higher
fertility of recent relative to ancient stands can
drive the preferences of the fern to ancient
forest. Irrespectively of the causes of the pat-
tern obtained, the usefulness of forest inventory
reports as a source of data on the distribution of
this and other plant species is not well known. It
should be kept in mind that data on plants sum-
marized in forest inventory reports are not very
precise and do not allow as detailed inferences to
be made as the results of professional botanical
studies (e.g. Verheyen & Hermy 2001, Sven-
ning et al. 2009). They also provide much less
information (only presence—absence data), not
allowing for the detection of the more sophisti-
cated responses of plant biology to the environ-
mental factors being investigated (e.g. Nielsen
et al. 2007). However, forest inventory reports
have one great advantage over other techniques:
they are ready and available for free for most
of the wooded areas. For instance, in Poland,
forest inventories are prepared for each forest
district (over 400 in Poland) managed by the
State Forests National Forest Holding every ten
years using strictly the same methods. It is worth
noting that state forests comprise nearly 80%
of all forests in Poland (i.e. over 7 000 000 ha),

and this share is similar for many other cen-
tral European countries. However, maps used
in this study for inferences on stand history
(Messtischblitter series) are not available for
the whole area of Poland, and their analysis is
time consuming, requiring specific software and
knowledge. Therefore, the use of indicator spe-
cies described in the inventory reports may be an
attractive source of knowledge on the ecosystem.

Inventories of natural resources are always
expensive and time consuming, while their
results are reliable only for a short period. On
the other hand, precise data are necessary to
effectively manage an ecosystem and preserve
biodiversity. Therefore, indicator and surrogate
species are used as alternatives or supplementary
data sources, which, despite evident shortcom-
ings, allow inventory procedures to be simpli-
fied and reduced in cost (Niemi & McDonald
2004). The need to reduce the time and costs of
conducting inventories should also lead to the
search for new data sources, alternatives to tra-
ditional inventories. Therefore, it seems justified
to consider forest inventory reports, which can
be helpful in assessing the natural resources of
an ecosystem (e.g. Fernandes 2009). For exam-
ple, these data were recently used to model the
distribution of hazel grouse and middle-spotted
woodpecker in managed stands (Aberg er al.
2003, Miiller et al. 2009).
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