
Introduction

Halting biodiversity loss is perhaps the greatest ecologi-
cal challenge of the 21st century, especially in the light of the
ongoing climate change. Towards this goal, a lot of research
tried to elucidate the patterns of biodiversity and their envi-
ronmental drivers for different taxa, regions and scales (e.g.,
Kallimanis et al. 2011). Most of this research focuses on pat-
terns of species richness or other measures of alpha diversity,
i.e., on the number of species present in an area. Fewer stud-
ies examined the beta component of diversity, and more spe-
cifically the turnover of species among communities or lo-
calities and the factors responsible for such differentiation.
Due to the current focus on spatial patterns of diversity, the
temporal patterns of diversity and more specifically the tem-
poral turnover in species composition have received less at-
tention than the spatial turnover of species. The failure to take
heed of the time frame over which biodiversity data are col-
lected may lead to both artifacts and artifictions as pointed
out by Magurran (2008). Therefore, the temporal dimension
of diversity needs greater consideration and there are several
studies focusing on the temporal dynamics of species at fine

spatial scales (see, for instance, Zhang and Skarpe 1995, van
der Maarel and Sykes 1997). 

From the geological record we know that the vast major-
ity (perhaps more than 99%) of species that appeared on earth
are already extinct (Benton 1995). Also, fossil records show
the temporal fluctuation in species richness with mass extinc-
tions and recovery periods of high speciation rates (among
others McElwain and Punyasena 2007). However, this
knowledge refers to temporal scales of millions of years. Pat-
terns and processes operating over millions of years can
hardly serve as baseline for estimating the impact of phenom-
ena like climate change operating over decades or centuries.
We currently have limited knowledge regarding the short-
term dynamics of forests or the biodiversity fluctuations over
ecologically relevant time scales, such as years or decades
(but see, e.g., van der Maarel and Sykes 1993, Nygaard and
Ødegaard 1999, Dierschke 2009 and the bibliography in
Dierschke 2010). For example, Dölle et al. (2008) found that
diversity fluctuates during successional stages over four dec-
ades. Only a few studies so far examined species temporal
turnover; these studies focused on the species-time relation-
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ship, i.e., on how species accumulate over the period of time
the scientists examine a community, thus an analogue to the
more well-known species-area relationship (Adler 2004,
Klimeš 1999, White et al. 2006). Such studies showed that
although species richness remained relatively constant, there
were large differences in species composition (Brown et al.
2001, Parody et al. 2001). 

Even though we have an idea of how species accumulate,
we understand less well how species assemblages change
over time and what are the mechanisms affecting this species
temporal turnover. For instance, White (2004) distinguished
two phases in the species-time relationship: a short-term
phase (less than 5 years) when species turnover is attributed
to sampling, and a long-term phase when ecological proc-
esses take over. What if we could remove the sampling prob-
lem, through repetitive permanent plot observations by the
same researcher in a small area, and record only sessile non-
cryptic organisms (like plants)? We currently know that per-
manent plots serve as a means of indicating pathways such as
succession (Bakker et al. 1996), though the trend becomes
apparent in the long-term and not in the year-to-year vari-
ations in the early stages of succession (Dölle et al. 2008). In
the case of vegetation development after abandonment only
a few permanent plot studies are available that offer continu-
ous datasets over more than 15 years (e.g., Bornkamm et al.
2006, Pickett 1982). 

Previous studies examined and quantified species turn-
over in the short-term, mainly for grasslands and some for
forest floor vegetation (see Rusch and van der Maarel 1992,
Herben et al. 1993a, b, Herben and During 1995, Økland
1994a, b, 1995, Pärtel and Zobel 1995, Geisselbrecht-
Taferner et al. 1997, Dierschke 2009). These studies focused
on the small scale changes in the distribution of plant species
that showed little floristic variation (see for example van der
Maarel and Sykes 1993, 1997). Other studies focused on the
role of the species pool (e.g., Pärtel and Zobel 1995) and on
species mobility (Klimeš 1999, Palmer and Rusch 2001).
However, the role of disturbances, like grazing, as a driver of
the temporal turnover of species has received limited atten-
tion (but see Milberg and Hansson 1993) even though it is a
known driver of species diversity (Chaideftou et al. 2009,
2011). Furthermore, the relative importance of ecological
mechanisms like succession (a well-studied phenomenon
that refers to predictable directed changes in the species com-
position of a community) compared to natural processes
without trend in vegetation change, has not been investi-
gated. Where would temporal turnover be greater – in plots
recovering from disturbance, in undisturbed plots (with no
obvious long-term trend of vegetation change) or in dis-
turbed overgrazed plots? How does species life span affect
such patterns?

The aim of this study is to examine the importance of
temporal turnover in shaping ecological communities (like
the herbaceous layer of a submediterranean deciduous oak
woodland) over a short temporal horizon of few years and at
the fine spatial scale of 100 m2. We tried to discern if and

how ecological processes like continuous disturbance and re-
covery from disturbance affect species temporal turnover. Fi-
nally, we examined if the space for time substitution applies
for biodiversity patterns and especially for the beta diversity
component, and more specifically for species turnover. 

Materials and methods

Study area and field work

The study area is located in NW Greece (40° 02’ N, 20°
38’ E). The topography is hilly to mountainous and the alti-
tude of the site ranges between 300 m and 700 m a.s.l. The
climate is sub-mediterranean; mean monthly temperatures
range between 5°C in December and 24°C in July, mean an-
nual temperature is 14°C and annual precipitation is 957 mm
(Chaideftou et al. 2009). The site is surrounded by Mount
Grammos to the North, Mount Timfi to the South, Mount
Smolikas to the East and Mount Kamenik and Mount Ne-
merzika to the West. The soils are derived from flysch locally
substituted by limestone. 

Fieldwork was carried out in a private forest park occu-
pying an area of 200 ha, which is situated next to the River
Aoos approximately 4 km from the Greek-Albanian border.
This park served as a game park for 30 years but recently
(from 2002 onwards) it operates as an “environmental park”.
Herds of ruminants [red deer (Cervus elaphus), roe deer
(Capreolus capreolus), fallow deer (Dama dama), mouflon
(Ovis musimon) and wild goat (Capra hircus cretica)] and
wild boars (Sus scrofa) lived within the fenced park, since
1974. The large size of the herds’ populations compared to
the small park area led to severe overgrazing. The herb layer
in the disturbed woods is depleted, while in the adjacent un-
disturbed woods all vegetation layers are well developed.
Biodiversity of the vegetation and seed bank was diminished
due to overgrazing (Chaideftou et al. 2009). In order to im-
prove the environmental conditions of the park, the owner
ceased the grazing activity in a part of the park and allowed
vegetation to recover naturally without assistance. 

The studied woodlands are classified to the south-west-
ern Balkanic association Verbasco glabrati-Quercetum
frainetto (Quercion frainetto, Quercetalia pubescentis)
(Bergmeier and Dimopoulos 2008) and are part of the subhu-
mid bioclimatic region where the main tree species is Quer-
cus frainetto. Three other oak species, Q. pubescens, Q. cer-
ris and Q. trojana occur as well. Moreover, Carpinus
orientalis, Fraxinus ornus, Juniperus oxycedrus, Phillyrea
latifolia and Cotinus coggygria are also common in the study
area. The deciduous woodlands had been subject to coppic-
ing prior to becoming a park. The canopy is closed, between
6 to 12 (-16) m high, frequently with a subcanopy of 3-6 m
consisting of scattered shrubs of Juniperus oxycedrus,
Cotinus coggygria, Cornus mas and others. Quercus trojana
reaches 16 m high, the three other oak species, as well as
Fraxinus ornus in moister sites, can reach 12 m high. In the
overgrazed sites herbs cover less than 5% of the plot area,
with the exception of few plots where Helleborus odorus

Disturbance and temporal species turnover 89



subsp. cyclophyllus covers 20-25% of the plot area. In these
sites the canopy cover ranges between 60% and 80% and
shrubs are almost absent (0-15%). In the successional plots
the cover of herbs and shrubs reaches 30%. In the undis-
turbed plots, with all vegetation layers well developed, the
cover of herbs and shrubs ranges between 20% and 90% and
the tree layer covers 50-95% of the plot area. A more detailed
description of the studied woodlands was provided by Tsaliki
et al. (2005).

We selected 30 plots to study species temporal turnover.
The plots represented three disturbance regimes: I) continu-
ous disturbance by overgrazing over the past 30 years (13
plots), II) formerly disturbed plots which were excluded
from grazing and vegetation was recovering naturally with-
out assistance (i.e., plots under ecological succession) (5
plots), and III) control plots from the nearby undisturbed for-
est (12 plots). Within each treatment (disturbance regime)
plots were distributed randomly. Plots were 10 m  10 m and
were permanently marked to monitor the aboveground vege-
tation changes during a 6-year period (2002-2007). The same
researcher (EC) recorded once annually and in a standardized
way the species composition of these permanent plots be-
tween spring and early summer. In each plot, only presence
and absence of species in the herbaceous layer was recorded.
A more detailed record including abundance estimates for
each plot and year, might have produced different results, but
the recording of only presence-absence data decreases the
misidentification error in vegetation recording and improves
the repeatability of the results (Archaux et al. 2006, Kirby et
al. 1986, Scott and Hallam 2002). 

Data analysis

 In order to estimate species temporal turnover we ana-
lyzed only the species composition of the herb layer and not
the species composition of the canopy layer. More specifi-
cally, we focused on herbaceous species, low shrubs and tree
seedlings and saplings.

Temporal turnover and disturbance. For each plot we
counted the number of species present in each year and also
the accumulated number of species over the entire sampling
period. We express temporal turnover as the percentage of
accumulated species richness. In order to estimate the contri-
bution of the temporal turnover to the six year accumulated
diversity, we partitioned diversity using the proportional ef-
fective species turnover index (Koleff et al. 2003, Tuomisto
2010). The index was calculated according to the formula: y
= 1 – Sy/Sa, where Sy is the number of species present in year
y, and Sa is the number of species accumulated over the entire
sampling period (Tuomisto 2010). This index quantifies the
proportion of the accumulated species richness that is not
present in a single year. It was originally derived using the
additive partitioning of diversity and is considered inde-
pendent of the number of species observed in any single year
(Crist and Veech 2006, Ricotta 2008). Furthermore, we di-
vided the number of species of the plant community accord-

ing to the species life span in two groups: perennials and an-
nuals/biennials and we calculated the index. 

In order to test if our disturbance regimes affected the
species temporal turnover we used one-way ANOVA (with
Fishers LSD post hoc comparisons). Temporal turnover was
estimated for each plot by the proportional effective species
turnover index. We performed the analysis for all species and
the two groups of short-lived and long-lived species sepa-
rately. 

In order to compare the temporal turnover of short-lived
species with that of long-lived species, we used paired t-test.
For each plot we paired the values of the short-lived species
temporal turnover with that of the long-lived species. We
performed the analysis for all plots and for each treatment
separately.

To test the existence of a relationship between the
number of species observed in a year and species temporal
turnover, we used Spearman’s rank correlation coefficient,
correlating average annual species richness of the plots and
the plots’ proportional effective species temporal turnover
index. We performed the analysis on the entire data set and
in each disturbance regime separately. 

Space for time substitution. We counted in how many plots
each species was present, as a measure of its frequency of
spatial occurrence. Also, we counted in how many years each
species was observed, as a measure of its frequency of tem-
poral occurrence. We correlated the frequency of spatial oc-
currence of each species with its frequency of temporal oc-
currence using Spearman’s rank correlation coefficient. 

Aiming at examining whether the temporal turnover in-
creases as time passes, we estimated for each plot all possible
pairwise differences in species composition using Jaccard
dissimilarity index, and correlated those values with the time
period separating the pair of observations using the ordinary
least squares method to calculate the slope of the relation-
ship. There are more repetitions for short-time intervals than
for longer time intervals. Also the repetitions are not inde-
pendent of each other; therefore they violate the assumption
of independence of classical tests for association. In order to
analyze the significance of whether the dissimilarity in spe-
cies composition increases with the passing of time we ap-
plied a null model approach based on the Monte Carlo
method. In the null model, we simulated communities where
the temporal turnover did not change with time. For each
simulated plot, the accumulated species composition and the
number of years each species was observed remained con-
stant (thus the total number of species records per plot re-
mained also constant). In each simulated plot, we randomly
assigned which species was observed in which year, and then
we estimated all possible pairwise differences in species
composition using Jaccard dissimilarity index. For each
treatment, in each iteration, we used the ordinary least
squares method to estimate the slope of the linear regression
between the Jaccard dissimilarity value and the time interval
separating the pair of observations. Also, we measured the
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average score of the Jaccard dissimilarity index for each time
interval and for each treatment. The whole randomization
process was repeated 1000 times. 

The Jaccard dissimilarity index was calculated according
to the formula 1–a/(a+b+c), where a is the number of species
present in both years, b is the number of species present only
in the first year and c is the number of species present only in
the later year.

Results 

In total 163 species were observed throughout the 6 years
of our study. Most of the species were identified to species
level, but for some samples this was not possible. The species
list with information on which species appeared in which dis-
turbance regime, in how many plots and in how many years
are given in the Appendix. 

Temporal turnover and disturbance

In six of the heavily and continuously grazed plots out of
the 30 plots of our study, only a single species (Helleborus
odorus subsp. cyclophyllus) was observed in the herb layer
throughout the six years. These were the only plots that did
not display any species temporal turnover. All of the remain-
ing 24 plots displayed temporal turnover. 

The number of species of the plant community ranged
from 1 to 20 in the continuously grazed plots, from 17 to 45
species in the control plots and from 4 to 30 in the recovering
plots (Table 1). In the continuously grazed plots, the propor-
tional effective species turnover index was on average
27.6%, in the control plots this index was on average 45.7%,
while in the plots recovering from grazing on average it was
49.4% (Table 1). ANOVA showed that the different grazing
regimes had a significant effect on temporal turnover
(F=3.88, df=2, p=0.033), and the LSD comparisons showed
that the grazed plots had significantly lower temporal turn-
over than both the control plots and the plots under ecological
succession. The latter two did not differ significantly. 

When we focused on short-lived species (i.e., annuals
and biennials), the results were similar (Table 1). ANOVA

Table 1. The values of diversity and temporal turnover indices of the different plots of our study overall and per treatment. For each
case where there is a range of values, the average value is given and in parenthesis the minimum and maximum value observed. 

Figure 1. The relationship between species richness per plot
and species temporal turnover (expressed as the proportional ef-
fective species turnover index, i.e., the percentage of the accu-
mulated species richness that is not observed in a single year).
In panel (a), plot species richness is expressed as the mean
number of species observed in a single year (average over 6
years) (Spearman R=0.31, p=0.099); while in panel (b) plot
species richness is expressed as the accumulated number of
species observed in each plot (Spearman R=0.39, p=0.03). The
three treatments are represented by different symbols: circles
for grazed plots, triangles for control plots and crosses for plots
where grazing ceased and where vegetation is recovering natu-
rally without assistance. 
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showed that the different grazing regimes significantly affect
the temporal turnover of the annuals (F=12.3, df=2,
p<0.001), with the grazed plots having significantly lower
temporal turnover than both the control plots and the plots
under ecological succession. The low temporal turnover of
the grazed plots is due to the six plots with only one perennial
species present. The other two treatments did not differ sig-
nificantly. For the long-lived species, the picture was differ-
ent with all treatments displaying similar values of temporal
turnover (Table 1). ANOVA showed that the grazing regime
did not significantly affect the temporal turnover of the per-
ennials (F=1.62, df=2, p=0.217). 

When comparing the temporal turnover of annuals and
perennials per plot with paired samples t-test, we found that
the turnover of annuals was greater (t=6.9, df=29, p<0.001).
However this was mainly due to the large differences ob-
served in the overgrazed plots (t=4.3, df=12, p=0.001), since
in the other plots the temporal turnover of annuals was not
significantly greater than the temporal turnover for perenni-
als (for control plots t=0.397, df=11, p=0.397; for succes-
sional plots t=2.31, df=4, p=0.082).

The rank correlation of the two components of biodiver-
sity (species richness in a year vs species temporal turnover)
showed no significant correlation (Spearman R=0.31,

p=0.099, Figure 1). There is a significant, although weak,
correlation between accumulated species richness and spe-
cies temporal turnover (Spearman R=0.39, p=0.03); however
this relationship is due to the overgrazed plots, which have
both low species richness and low temporal turnover (for the
grazed plots, Spearman R=0.88, p<0.001). If we remove the
continuously grazed plots from the analysis, the correlation
disappears (p=0.67). 

Space for time substitution

Analyzing and comparing the species frequency of oc-
currence in time and space, we found several similarities. In
both time and space more species are rare and only a few are
common (Figure 2). The skewness in the distribution is less
pronounced in time (Figure 2a) than in space (Figure 2b) be-
cause we collected data from more plots rather than number
of years. Furthermore, the species that were rare in space
were also rarely observed in time, and the species that were
common in space (observed in more than 40% of our plots)
were also observed in all years. The correlation between the
frequency of spatial and temporal occurrence for the species
was significant and strong (Spearman R=0.88, p<0.001).
However, this correlation was mainly due to annual species
(Spearman R=0.89, p=0.016), since perennial species did not
display a significant correlation. Throughout the six-year pe-
riod of our study we observed 45 species out of 163 species
(27.6%) only in one year and in one plot. 

When correlating the temporal turnover in species com-
position between a pair of observations in the same plot
(measured as Jaccard dissimilarity index) with the time pe-
riod separating the two observations (Figure 3) we found evi-
dence that the dissimilarity increases as the time period in-
creases in both the control plots and in the plots recovering
from overgrazing (Figure 3b; 3c). Characteristically, the av-
erage values of the Jaccard dissimilarity index for the longest
time intervals observed are greater than the average values
calculated in 1000 iterations of the null model represented by
the thick black lines in Figure 3. Only in the heavily grazed
plots there seem to be no changes in Jaccard dissimilarity
with time, mainly due to the six plots in which only Helle-
borus odorus was observed in all years (Figure 3a). The av-
erage values of the Jaccard dissimilarity index are within the
range of values observed in the 1000 randomizations (Figure
3a). However, when analyzing the slope between Jaccard
dissimilarity index and time interval, in all treatments the ob-
served slope was greater than the slopes of the 1000 randomi-
zations. For the heavily grazed plots the slope observed was
0.035 while the average slope of the 1000 simulated datasets
was -0.007 (range between -0.031 and 0.018). Correspond-
ingly, for the control plots the observed slope was 0.065
while the average slope of the simulated datasets was -0.0003
(with range between -0.017 and 0.018); and for the plots un-
dergoing succession the observed value was 0.063 versus
0.001 (with range between -0.028 and 0.043). So, in all cases
the observed trend of increasing dissimilarity with time was
greater than if species appeared randomly in years. 

Figure 2. Frequency of species occurrence in time (a) and space
(b). Frequency of temporal occurrence is expressed as in how
many years was each species recorded in at least one plot. Fre-
quency of spatial occurrence is expressed as in how many plots
was each species recorded in at least one year. 
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Discussion

Our results showed that species temporal turnover was a
pervasive phenomenon that accounts for a considerable pro-
portion of total biodiversity. In the present paper we express
temporal turnover as the percentage of the accumulated spe-
cies richness that is not observed in a single year. Only when
continuous disturbance (overgrazing) acted as a strong selec-
tive pressure, we observed the lack of temporal turnover in

species composition, i.e., all the species were observed in
each year. Counter-intuitively, plots recovering from distur-
bance naturally (i.e., plots undergoing succession), did not
display higher temporal turnover in species composition than
undisturbed control plots. Also, only in overgrazed plots,
short lifespan species contribute significantly more to tempo-
ral turnover than perennial species. 

In all plots but the most intensively grazed ones, a great
percentage of the number of species is accommodated as
temporal turnover. On average, the number of species re-
corded in a single year accounted for approximately half the
accumulated species richness of the six years of our study.
Van der Maarel and Sykes (1993) report that, in grazed lime-
stone grassland, species observed in a single year were on
average between 47% and 67% of the four-year accumulated
species richness, depending on the scale of observation.
Chytrý et al. (2001) reported high species turnover (as inter-
annual Jaccard dissimilarity) after disturbance treatments in
a heathland. Alarcón et al. (2008) found that in a single year
the plant species observed were between 56% and 73% of the
three-year accumulated species richness. Similarly, Petani-
dou et al. (2008) found that the plant species observed in a
single year were between 73% and 89% of the four-year ac-
cumulated species richness. In our study temporal turnover
accounted for a greater proportion of total diversity than in
those studies, because we recorded the community for a
longer period of time (six years) and at finer spatial scale
(100 m2). As we only analyzed the herb layer, whereas the
total community was analyzed in the previous studies, our
species composition might consist of a higher proportion of
short-lived species. 

These studies suggest that observation during a single
year, which is common in scientific literature, may greatly
underestimate species diversity of both annual and perennial
species. Plausible explanations for the high values of tempo-
ral turnover even among perennial species might include
natural processes whereby the death or short-term estab-
lishment of a single individual of a rare species in a 100 m2

plot may change the species composition, but also the possi-
bility that a rare or unobtrusive species in the plot might have
been overlooked during sampling. We tried though to ensure
a constant and comparable sampling effort between years, by
having the same scientist record the vegetation every year.
The sampling of the same plot by the same researcher mini-
mizes recording errors, but the repeated field visits in the
same small area may introduce some disturbance in the vege-
tation (Scott and Hallam 2002) and that might also influence
the observed patterns. Another explanation may refer to the
different germination rates of the different species, some-
thing that we have no data to verify. 

The significance of the contribution of temporal turnover
to overall species richness is more pronounced in the case of
estimating the negative effects of overgrazing on biodiver-
sity. Grazing, and especially detrimental overgrazing as in
our case, significantly reduces species richness every year,
but it also effectively limits species temporal turnover, and

Figure 3. How temporal turnover increases as time passes in
continuously disturbed plots (a), undisturbed control plots (b)
and plots under succession (c). In this analysis for all time inter-
vals we calculated all possible pairwise differences in species
composition using Jaccard dissimilarity index. The average of
all pairwise comparisons is presented in the figure as diamonds,
and the standard deviation of these estimates are the error bars.
There are more repetitions for short-time intervals than for
longer time intervals; therefore we only present the average
value of all corresponding pairwise comparisons. The dashed
line represents the linear model fit on these data. For the con-
tinuously grazed plots (a) the model is Y = 0.035 X + 0.230,
where Y is the value of the Jaccard dissimilarity index and X
the time interval. Correspondingly for the control plots (b) the
model is Y = 0.065 X + 0.488; and for the plots under ecologi-
cal succession (c) the model is Y = 0.063x + 0.544. The thick
black lines present the results of the null model analysis. For
each iteration and for each treatment, we estimated the average
value of the Jaccard dissimilarity index for each time interval.
The thick black lines are the minimum and maximum of those
1000 iterations. 

Disturbance and temporal species turnover 93



thus plays an even more detrimental role for biodiversity in
the long term. A thirty-year disturbance in woods reduced
not only the plant diversity in space but more importantly in
time. So the negative impact of grazing on the total number
of species accumulated over time was far more pronounced
than that on the number of species observed in any single
year. Our results differ from the results of Milberg and Hans-
son (1993), who reported that both grazed and ungrazed plots
had high species turnover. This difference might be due to
the more pronounced grazing pressure in our case than in
their case. 

In the ecological literature the assumption that space
could substitute time is often made. There are many illustra-
tions of ecological succession using the assumption that sam-
pling plots found at different successional stages can substi-
tute sampling repeatedly over time to document successional
changes (chronosequence approach) (e.g., Krebs 2001). In
addition to the application of the space for time substitution
for ecological succession there is continued use of chronose-
quences in current research on topics including genotypic di-
versity (Travis and Hester 2005), nutrient cycling (Vitousek
et al. 1995), productivity and carbon flux (Law et al. 2003),
natural and anthropogenic disturbances (DeLuca et al. 2002),
and restoration (Sluis 2002). Our study is not examining the
space for time substitution for detecting successional
changes, an approach that was recently criticized (Johnson
and Miyanishi 2008), but its applicability for exploring di-
versity patterns. Our results offer support to this applicability
especially for the patterns of species turnover. We found that
the species that are more widely spread in space (in any given
year or overall) are also the species that are observed in most
years. Correspondingly rare species are rare both in space
and time. Typically, 28% out of the total number of species
of our study are observed only in one plot and only once in
the six years. Another common pattern in space and time is
the relationship between the different components of biodi-
versity (i.e the relationship between species richness and spe-
cies turnover). The spatial species turnover (beta diversity) is
either negatively or not significantly associated to species
richness or alpha diversity (Kallimanis et al. 2008). There
was no significant correlation between the number of species
in a year and temporal turnover of species in total. 

In space the similarity in species composition decreases
as the distance separating two vegetation stands increases, a
phenomenon referred to as distance decay (Palmer 2005). In
restored grasslands, Sluis (2002) showed that species com-
position changes with time, and more specifically Jaccard
similarity decreased with time since establishment. We ob-
served a pattern equivalent to distance decay. As the time
separating two observations of the same plot increases, simi-
larity in their species composition decreases. This analogy
might imply that distance decay is a general principle in com-
munity assembly not associated with dispersal limitations
(after all the species were in place) and environmental het-
erogeneity (the local environment has not changed that much
from year to year). A possible mechanism explaining the ob-
served patterns should take into account factors like the spe-

cies life span, dormancy, germination, and propagules avail-
ability. Many perennial species are represented by one or few
individual plants. So the death of those individuals signifies
the local extinction of the species, while the establishment of
new individuals from different species contributes to species
turnover. This might indicate that in two continuous years
many of the same individuals are present in both years. But
as time passes the probability of local extinction of a rare spe-
cies (possibly a species being represented by a single individ-
ual) as well as the probability of establishment of a new indi-
vidual representing a new species increases, hence con-
tributing to the increased dissimilarity of the community with
time separation. Furthermore, Chaideftou et al. (2011) dem-
onstrated, for the same forest, the low congruence in the spe-
cies composition of the above-ground vegetation with the
species composition of the seed bank. 

An important limitation in our study is scale. We studied
100 m2 plots to enable us to thoroughly examine each plot
and thus to minimize the possibility of species present re-
maining undetected. Our study lasted for six years. So both
the temporal and spatial scale of our analysis was relatively
fine. The question which is the optimal spatial and temporal
scale of observations has not received an adequate answer;
observational or experimental investigations of sufficient du-
ration are a challenge (Bakker et al. 1996). Since the scale of
the analysis affects the pattern of diversity observed (Kalli-
manis et al. 2008), it is possible that our findings might have
been different if our scale of analysis was different, as was
observed in mountain grasslands by Herben et al. (1993b).
As van der Maarel and Sykes (1993) have shown, coarser
spatial scale is associated with decreased temporal turnover.
However, Palmer and Rusch (2001) showed that, in scales
between 0.125  0.125 m2 and 1  1 m2, interannual effects
of immigration and extinction are relatively scale inde-
pendent. In general, we expect that the larger the plot the
smaller the turnover rate in floristic composition. After all,
globally temporal turnover is a result of speciation and ex-
tinction, both rates are unknown but expected to be very
small numbers. On the other hand, we expect longer temporal
scales to increase species temporal turnover, as similarity de-
creases with time. Another limitation is that we visited the
plots only once per year between spring and early summer,
in the period of optimal plant development, and thus some
early spring and autumn geophytes may have been over-
looked. Finally, we surveyed the herbaceous layer of a Sub-
mediterranean deciduous oak woodland. Before generaliza-
tions can be made, our findings need to be verified for
different communities in different regions.

The high contribution of temporal turnover to total bio-
diversity and more importantly the high variability in species
composition from one year to the next, also raises the possi-
bility that stochasticity as a driving force for shaping ecologi-
cal communities may be more important than previously as-
sumed. This seems to be particularly the case for annual
plants (Jonzen et al. 2001, Guarino and Ilardi 2009).
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Appendix

List of the species found in all plots and all years. The file
may be downloaded from the web site of the publisher at
www.akademiai.com.
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