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Abstract
Red-listed species are often used as target species in selection of sites for conservation. 
However, limitations to their use have been pointed out, and here we address the prob-
lem of expected high spatio-temporal dynamics of red-listed species. We used species 
data (vascular plants, bryophytes, macrolichens and polypore fungi) from two inventories 
17  years apart to estimate temporal turnover of red-listed and non-red-listed species in 
two forest areas (147 and 195 ha) and of plots (0.25 ha) within each area. Furthermore, 
we investigated how turnover of species affected the rank order of plots regarding rich-
ness of red-listed species, using two different national Red List issues (1998 and 2015). In 
both study areas, temporal turnover was substantial, despite minor changes in the overall 
number of species. At plot level, temporal turnover in red-listed species was higher than 
in non-red-listed species, but similar to non-red-listed species of the same frequency of 
occurrence. Adding the effect of changing identities of species red-listed according to the 
two Red List issues, further increased the estimated spatio-temporal dynamics. Recorded 
spatio-temporal turnover also resulted in substantial changes in the rank order of plots 
regarding richness of red-listed species. Using rare red-listed species for site selection may 
therefore be accompanied by a higher loss of conservation effectiveness over time than for 
more common species, and particularly at finer scales.
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turnover

Communicated by Dirk Sven Schmeller.

Electronic supplementary material  The online version of this article (https​://doi.org/10.1007/s1053​
1-020-02031​-4) contains supplementary material, which is available to authorized users.

 *	 Ivar Gjerde 
	 ivar.gjerde@nibio.no

1	 Department of Biological Sciences, University of Bergen, Thormøhlensgate 54A, 5020 Bergen, 
Norway

2	 Norwegian Institute of Bioeconomy Research (NIBIO), Thormøhlensgate 55, 5006 Bergen, 
Norway

3	 Norwegian Institute for Nature Research, NINA, Høgskoleringen 9, 7034 Trondheim, Norway

http://orcid.org/0000-0001-6592-961X
http://crossmark.crossref.org/dialog/?doi=10.1007/s10531-020-02031-4&domain=pdf
https://doi.org/10.1007/s10531-020-02031-4
https://doi.org/10.1007/s10531-020-02031-4


3430	 Biodiversity and Conservation (2020) 29:3429–3443

1 3

Introduction

One of the main tools for conservation of biological diversity is the selection and estab-
lishment of protected areas. The issue of selecting the most effective sites for this purpose 
has therefore gained much attention during the last decades (Kirkpatrick 1983; Butchart 
et  al. 2015; Asaad et  al. 2017). Various strategies and tools for site selection have been 
developed, both concerning target species data (e.g., Margules and Pressey 2000; Moilanen 
et al. 2009; Watson et al. 2011; Kukkula and Moilanen 2013; Lindenmayer et al. 2015), 
and establishment costs and other practical and societal issues (e.g., Naidoo et  al. 2006; 
Runge et al. 2016).

Despite Red Lists primarily are designed to address extinction risk, the lists are fre-
quently part of prioritization processes in selection of sites for conservation (Possingham 
et al. 2002; Eaton et al. 2005). Both global and national Red Lists (Gärdenfors et al. 2001; 
Baillie et  al. 2004) are used for selection of sites for conservation (Ricketts et  al. 2005; 
Rodrigues et  al. 2006; Martín-López et  al. 2011), and national Red Lists are among the 
most widely used tools at finer geographical scales (Schmeller et  al. 2014). Two exam-
ples are the sites selected for the EU Habitat Directive (Henle et al. 2013) and the “Wood-
land Key Habitats” (WKH) in Northern Europe (Gustafsson et al. 1999; 2002; Gjerde et al. 
2007; Hottola and Siitonen 2008).

Using Red List species as target species in conservation makes sense because they are 
by definition threatened or near threatened species, and using them for decision-making in 
conservation seem to have a high public acceptance (Lõhmus and Runnel 2018). However, 
this does not imply that occurrence data on red-listed species are ideal indicators of sites 
that should be prioritized for conservation. Several limitations to the use of red-listed spe-
cies in site selection have been pointed out, most of them related to the fact that red-listed 
species usually are rare species:

	 (i)	 Prioritizing red-listed species may be a suboptimal strategy for minimizing extinc-
tion rates. By definition, red-listed species have an elevated risk of extinction, and 
they are often rare species (IUCN 2016). As it is well established that rare species 
are more prone to local extinctions (Gaston 1994; Margules et al. 1994; Rodrigues 
et al. 2000), prioritizing red-listed species may not be the most efficient way of 
minimizing extinction rates (Possingham et al. 2002). It has also been suggested that 
the well-being of common species may be more important for overall biodiversity 
conservation (Gaston 2010; Inger et al. 2015; Jansen et al. 2019).

	 (ii)	 Evaluation of threat depends on spatial scale. Conservation planning at the national 
scale tends to encompass only part of the distribution range of species (Rodrigues 
and Gaston 2002). Many nationally evaluated species are red-listed because they are 
rare at the edge of their natural distribution range (Gustafsson et al. 1999; Tingstad 
et al. 2017), and threat status at the national level may not reflect threat status in the 
entirety of its range and therefore does not always reflect actual conservation needs 
(Eaton et al. 2005; Schmeller et al. 2014).

	 (iii)	 Shortage of data undermines robustness of decisions based on known occurrences 
(Lõhmus and Runnel 2018). Because most red-listed species are rare and tiny, they 
are also difficult to detect. As a result, sufficient surveys of such species may become 
so demanding and expensive that they are rejected as impractical (Maes et al. 2011).

	 (iv)	 Species composition of Red Lists changes over time due to regular revisions. With 
each new edition of the Red List, some species are delisted, while others are enlisted, 
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meaning that prior target species may be replaced by others. Such changes may erode 
the efficiency of sites selected to protect red-listed species according to a particular 
Red List issue (Gjerde et al. 2018).

In addition to the limitation pointed out above, the problem of spatio-temporal dynamics of 
species should be addressed. The identification of areas of high conservation value based 
on the occurrence of target species is commonly based on snapshots in time (Margules 
et  al. 1994), as data on temporal variability in most cases are not available (Virolainen 
et al. 1999; Magurran et al. 2010; Felinks et al. 2011). Temporal changes in distribution 
patterns can therefore be a real challenge, as reserve sites or networks may not continue to 
serve their original purpose if target species have a high rate of spatio-temporal dynamics 
(Margules et al. 1994; Virolainen et al. 1999; Rodrigues et al. 2000). As red-listed species 
are rare and threatened species one would expect them to experience higher spatio-tempo-
ral dynamics than non-red-listed species. In a conservation context it is important to take 
into consideration the degree of dynamics of target species, and to our knowledge no study 
has yet measured the spatio-temporal dynamics of red-listed species at finer scales and the 
implications for using them in fine-scale site selection.

In a case study we investigated the effect of spatio-temporal dynamics on conserva-
tion values based on red-listed species. We used species occurrence data from two inven-
tories conducted in 1997–1998 and 2014–2015 in two protected forest areas in Norway. 
Species dynamics was investigated at two different spatial scales, relevant for identifying 
small reserves and “Woodland Key Habitats”, respectively. We pooled species data from 
four organism groups to obtain a multi-taxa sample; bryophytes, macrolichens, polypore 
fungi, and vascular plants. The protected status of the study areas allowed us to study spe-
cies dynamics in forested areas where local anthropogenic disturbances have had a minimal 
impact on species in the 17-year period between the two inventories.

The main aims of this study were (1) to estimate spatio-temporal dynamics of red-listed 
species and non-red-listed species in the two forest areas and, and (2) to investigate how 
this dynamics in red-listed species translates into changes in the rank order of sites regard-
ing conservation values measured as richness of red-listed species at the finer scale. In 
addition, we added the effect of changing Red List species composition to extend the pic-
ture of dynamics experienced when using red-listed species as target species in conserva-
tion. We discuss how high spatio-temporal dynamics may have consequences for the effec-
tiveness of conservation sites over time, and how Red List species may be used as target 
species without using them directly in site selection.

Materials and methods

Study areas

The two study areas were originally chosen to represent hemi-boreal forest in Western Nor-
way and boreal forest in Eastern Norway, and constitute 147 and 195 ha, respectively. Each 
area covers large internal variation in environmental characteristics including slope, aspect, 
vegetation type, age of trees and the amount of dead wood.

The Kvam study area is situated on the west coast of Norway (60°N, 5°E). It has an 
oceanic climate with mean annual temperature of 7.2  °C and a mean annual precipita-
tion of 2600  mm, following the normal period 1961–1990 (Aune 1993; Førland 1993). 
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Semi-natural coniferous forest (naturally regenerated forest including trees older than 
100 years) is the dominant forest type and the tree species assemblage is largely dominated 
by Pinus sylvestris. In addition, broad-leaved deciduous forest with Fraxinus excelsior, 
Alnus incana, Tilia cordata, and Ulmus glabra comprises about 11% of the area. The area 
has been protected as a nature reserve since 1997. The last 50 years prior to reserve estab-
lishment, cutting of trees or other forms of human disturbance were negligible (Gjerde 
et al. 2005).

The Sigdal study area is situated inland in southeast Norway (60°N, 9°E). It has a more 
continental climate than Kvam, with mean annual temperature of 3.7 °C and a mean annual 
precipitation of 800 mm, following the normal period from 1961–1990 (Aune 1993; Før-
land 1993). The area is dominated by flat areas with P. sylvestris stands interspersed by 
bogs, and slopes dominated by stands of Picea abies. The coniferous forest contains a 
varying amount of the boreal deciduous tree species Betula pubescens, Populus tremula, 
Sorbus aucaria and Salix caprea. The study area is part of a nature reserve established in 
2002. The area is dominated by semi-natural forest, but also includes planted P. abies and 
P. sylvestris stands. As in the Kvam study area, there are few signs of recent cutting of trees 
in the semi-natural stands. More ancient historical impact includes prescribed burning and 
dairy farming (Gjerde et al. 2005; Rolstad et al. 2017).

Species inventories

In 2014 and 2015, species inventories were carried out in the Kvam and Sigdal study areas, 
respectively. These inventories were repetition of earlier inventories in these areas per-
formed in 1997 and 1998 (Gjerde et  al. 2004, 2005), separating the two inventories by 
17 years in both areas. At the first inventory in 1997–98, each study area was divided into 
a grid composed of 1 ha grid cells; 147 grid cells in Kvam, and 195 grid cells in Sigdal. A 
smaller sample plot of 50 × 50 m (0.25 ha) was established in the southeast corner of each 
grid cell (Supplementary material Fig S1). In 2014–15, a re-inventory was performed in 40 
randomly selected plots in each area, stratified on main forest types to assure representative 
samples. The plots were re-located using a map with grid cells from which the southeast 
corner in each plot could be identified by permanent markings and terrain characteristics 
from detailed maps. We re-established the plot by using 50 m measuring tape and compass 
courses starting at the southeast corner. Plot corners were marked with coloured bands and 
GPS positions were recorded.

Occurrences of species of bryophytes (Kvam study area only), macrolichens, polypore 
fungi and vascular plants were recorded in sample plots. Vascular plants were recorded 
at all substrates, macrolichens and bryophytes on logs, rocks, bare soil, as well as trees, 
snags and rock walls below 2 m. Fruiting bodies of polypore fungi were recorded on logs, 
snags and standing trees. Experts were instructed to carry out exhaustive species search, 
and the time of field inventory depended on the time needed for species records to level 
off (0.5–8 h per plot, depending on species group and plot). The second inventory followed 
the procedures from the first inventory, and effort was made to perform it the exact same 
way. Exhaustive species search was carried out, and presence or absence was recorded for 
species within the same organism groups. Most specimens were identified in the field and 
the rest were collected for identification in the laboratory. In most cases the same surveyors 
performed the registrations at both inventories, or new surveyors that participated at the 
second inventory received field training from the former surveyors prior to the inventory. 
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However, for vascular plants inventory effort was higher in the second inventory as it was 
conducted by two observers in each plot.

The term “red-listed” here refers to species in the Norwegian national Red List com-
pleted in 1998 (Direktoratet for naturforvaltning 1999) in the categories “declining, moni-
tor species” (DM), “declining, care demanding” (DC), “rare” (R), “vulnerable” (V) and 
“endangered” (E), and from the Norwegian Red List for species 2015 (Henriksen and 
Hilmo 2015) in the categories “data deficient” (DD), “near threatened” (NT), vulnerable” 
(VU), “endangered” (EN), and “critically endangered” (CR) following IUCN’s criteria and 
guidelines version 3.1 (IUCN 2012). The Norwegian Red List for species (Henriksen and 
Hilmo 2015) includes species listed with “data deficiency” as red-listed species, and we 
therefore include these species here. Below, the two Red Lists are referred to as RL98 and 
RL15, respectively.

Analyses

Spatio-temporal dynamics of species may result in changes in both species richness and in 
spatial distribution of species in an area over time. Accordingly, the comparison of spatio-
temporal dynamics of red-listed and non-red-listed species between the first and second 
inventory included both estimation of changes in the number of species recorded and esti-
mation of temporal turnover in species composition at sites for both spatial scales. Tempo-
ral turnover is here defined as changes in species composition over time within a study area 
or within a plot between the first and second inventory, based on presence-absence data. We 
used Jaccard distance, also known as Jaccard dissimilarity, estimated as 1 − (A ∩ B/A ∪ B), 
where A and B represent two sets of species compared (Levandowski and Winter 1971). 
The index ranges from 0 to 1, where a Jaccard distance of 1 corresponds to a total turnover 
in species, and 0 corresponds to equal composition.

We estimated temporal turnover of red-listed species at the study area level (n = 2) and 
at the plot level (n = 40 for each study area). At the study area level, temporal turnover 
was measured as Jaccard distance between the set of species recorded in the two invento-
ries and was based on species lists combining records from all plots. We used both RL98 
(Direktoratet for naturforvaltning 1999) and RL15 (Henriksen and Hilmo 2015) in separate 
comparisons, as the pattern of occupancy might change with different editions of the Red 
List (Gjerde et al. 2018). At the plot level, the estimation of turnover was based on calcu-
lation of Jaccard distance for each plot with occurrences of red-listed species in the first, 
second, or both inventories, following either RL98 or RL15. The mean Jaccard distance 
estimated for the plot level is hereafter referred to as turnover at plot level.

Turnover of red-listed species was compared to the corresponding turnover for the non-
red-listed species. Because turnover of species may be affected by their frequency of occur-
rence (Latombe et al. 2018), and red-listed species tend to be rarer than non-red-listed spe-
cies, estimated temporal turnover for the two groups would not be directly comparable. 
In order to address this issue in the analysis, we randomly selected a set of non-red-listed 
species with the same frequency of occurrence (number of plots where the species were 
recorded) as for the red-listed species. This allowed us to compare temporal turnover for 
both red-listed and non-red-listed species in general, and for red-listed and non-red-listed 
species with the same frequency of occurrence. For simplicity the selected non-red-listed 
species are hereafter referred to as “sister species”. The selection of sister species was run 
999 times with a random selection of species with the same frequencies of occurrences as 
the red-listed species in each permutation. The number of cases where the sister species 
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showed a higher or equal (or lower or equal) turnover compared to the red-listed species 
was counted and divided by 1000 (iterations plus the recorded turnover). This is a two-
sided test, and the significance level was therefore set to 0.025.

We also included the changes in the identity of red-listed species from RL98 to RL15 
(Gjerde et al. 2018) for an estimation of the total rate of spatio-temporal dynamics caused 
by the combination the observed temporal turnover of species, and the changes in target 
species caused by Red List updates. This combination was estimated with Jaccard distance, 
when using the RL98 for the species recorded in the first inventory and RL15 for the sec-
ond inventory (from a to d in Fig. 1).

Neither changes in target species identity nor temporal turnover necessarily change the 
importance or rank order of sites selected for conservation. Turnover might be high also 
in cases where the relative value of sites remains the same. Here we focused on the rank 
order of sites regarding richness of target species. We therefore investigated to what degree 
temporal turnover and changes in target species resulted in changes in the rank order of 
plots regarding their richness of red-listed species. The degree of changes in rank was esti-
mated by calculating the Kendall’s rank correlation coefficient based on the number of red-
listed species in the plots at the two inventories using RL98, and when adding the effect of 
changing from RL98 to RL15 (i.e., from a to b and from a to d in Fig. 1).

All calculations were performed in R version 3.6.1 (R Core Team 2019).

Results

Number of species

Within and among study areas, the total number of species recorded was nearly identical 
at the two inventories (Table 1). Species were almost exclusively (> 99%) native forest spe-
cies. Red-listed species comprised between 1.8 and 2.3% in Kvam and between 4.9 and 
7.1% in Sigdal, depending on inventory and Red List used. The highest number of red-
listed species was found using RL15 in both areas and inventories (Table 1). At the plot 
level, the mean number of red-listed species tended to increase from inventory 1 to inven-
tory 2.

Fig. 1   Four lists of recorded 
red-listed species used in the 
analysis (a–d), based on the 
combinations of two different 
inventories and two different 
Red List issues. Jaccard distance 
was used to measure changes in 
species composition as a result 
of temporal turnover using each 
of the Red Lists RL98 and RL15 
(from a to b and from c to d), to 
measure changes due to Red List 
updates for inventory 1 (from a 
to c), and finally to measure the 
changes when combining the two 
components (from a to d)

Inventory 1 Inventory 2

RL98

RL15

A B

C D
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The lower overall number of species recorded in Sigdal compared to Kvam was partly 
because bryophytes were not included in the Sigdal inventory, and partly because Kvam 
contained species-rich broad-leaved forest. For a list of all red-listed species recorded at 
each inventory, see Supplementary material Table S1.

The number of plots (out of 40) with occurrences of red-listed species in Kvam 
increased from inventory 1 (RL98: 13 plots, RL15: 21 plots) to inventory 2 (RL98: 19 
plots, RL 15: 29 plots). In Sigdal the number of plots with red-listed species did not show 
a particular trend from inventory 1 (RL98: 24 plots, RL15: 39 plots) to inventory 2 (RL98: 
26 plots, RL15: 36 plots). The number of plots with red-listed species increased when 
shifting from RL98 to RL15 in both areas and for both inventories.

Temporal turnover

Although the number of all species recorded was similar in the two inventories, a pro-
nounced temporal turnover in species composition was found at both spatial scales and in 
both study areas.

For species on RL98, temporal turnover at plot level was estimated to a mean Jaccard 
distance of 0.86 in Kvam and 0.77 for Sigdal, and for species red-listed in RL15 a lower 
Jaccard distance (0.68 and 0.52, respectively) was found for both areas (Table 2).

When comparing temporal turnover estimated for red-listed and non-red-listed spe-
cies, a clearly higher turnover was found for red-listed species, both at area level and plot 
level, and when using either RL98 or RL15 for red-listed species (Table 2). However, when 
adjusting for frequency (comparing red-listed species and the sister species), temporal 
turnover of red-listed species did not differ significantly from the estimated temporal turno-
ver of the sister species, except for Sigdal when using RL15 (Table 2).

The effects of Red List updates

The changes in red-listed species according to RL98 and RL15 resulted in six species no 
longer red-listed and nine new red-listed species in Kvam. In Sigdal, three species were 

Table 1   Number of all species and red-listed species recorded in study areas Kvam and Sigdal, and mean 
number (± 2 SE) of all species and red-listed species found in sample plots at the two inventories (Inv 
1 = inventory 1997–98, Inv 2 = inventory 2014–15)

Red-listed species followed Red List 1998 (RL98) and Red List 2015 (RL15), respectively
a Kvam: vascular plants, bryophytes, macrolichens, and polypore fungi; Sigdal: vascular plants, macroli-
chens, and polypore fungi

All speciesa RL98 RL15

Inv 1 Inv 2 Inv 1 Inv 2 Inv 1 Inv 2

Kvam
Whole study area 655 654 12 13 15 15
Mean no./plot 170.7 (± 15.08) 180.6 (± 16.72) 0.6 (± 0.35) 1.0 (± 0.48) 1.6 (± 0.69) 2.3 (± 0.82)
Sigdal
Whole study area 241 243 14 12 17 15
Mean no./plot 64.6 (± 5.08) 66.9 (± 5.18) 1.4 (± 0.50) 2.8 (± 0.49) 1.7 (± 0.52) 3.0 (± 0.49)
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no longer red-listed and eight new species were added to the list. The effects of composi-
tional changes in the Red List from RL98 to RL15 alone, led to an estimated mean Jaccard 
distance of 0.77 in Kvam and 0.85 in Sigdal for the red-listed species recorded at the first 
inventory (Table 3). The high Jaccard values recorded was partly because species added 
to the RL15 (not on RL98) often had a high mean frequency of occurrence, resulting in 
numerous new plots occupied by red-listed species.

When combining temporal turnover and compositional changes in the Red List, the 
result was an almost complete shift in species composition at the plot level between the two 
inventories, with mean Jaccard distances of 0.92 for both Kvam and Sigdal (Table 3).

Species richness rank order

The change in species occupancy of plots was accompanied by a change in the rank order 
of plots regarding richness of red-listed species. In Kvam, the maximum change in numeri-
cal rank order of plots was from rank 21.5 (0 RL-species) when using RL98 in inventory 1, 
to rank 6.5 (5 RL-species) using RL15 in inventory 2, and from 1 to 9 RL-species (Fig. 2b). 
In Sigdal, the maximum change in rank was also found when using RL98 in inventory 1 and 
RL15 in inventory 2, but with an opposite direction of change (from rank 1 to rank 28 and 
from 7 to 2-RL species) (Fig. 2d). The overall changes in ranks were reflected in the Kendall’s 

Table 2   Temporal turnover 
(Jaccard distance) between the 
first and the second inventory, 
estimated for red-listed and 
non-red-listed species at the 
study area level and plot level, 
following Red List 1998 (RL98) 
and Red List 2015 (RL15) in 
Kvam and Sigdal study areas

The “sister species” represent non-red-listed species of the same fre-
quency of occurrence as the red-listed species
** Significantly different from turnover of red-listed species, p < 0.01

Kvam Sigdal

RL98 RL15 RL98 RL15

Study area level
Non-red-listed species 0.17 0.17 0.27 0.26
Red-listed species 0.56 0.47 0.44 0.52
Non-red-listed sister species 0.52 0.37 0.33 0.33**
Sample plot level
Non-red-listed species 0.43 0.43 0.36 0.37
Red-listed species 0.86 0.68 0.77 0.52
Non-red-listed sister species 0.81 0.68 0.69 0.40**

Table 3   Mean changes in composition of red-listed species (Jaccard distance) at plot level when (a) regard-
ing only changes caused by shift from Red List 1998 (RL98) to Red List 2015 (RL15), and (b) when com-
bining the Red List shift and temporal turnover

Changes are expressed as mean Jaccard distance at plot level. The number of plot pairs included (n) is given 
in brackets

Area Cause of change Jaccard distance (n)

Kvam (a) Shift from RL98 to RL15 only 0.77 (22)
(b) Combining Red List shift and temporal turnover 0.92 (30)

Sigdal (a) Shift from RL98 to RL15 only 0.85 (39)
(b) Combining Red List shift and temporal turnover 0.92 (40)
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rank correlation coefficient with lower correlation between first and second inventories in Sig-
dal compared to Kvam (Fig.  2). Kendall’s rank correlation coefficient for richness of non-
red-listed species was higher than for red-listed species (0.73 and 0.59 in Kvam and Sigdal, 
respectively), indicating a more stable species richness for non-red-listed species than for 
red-listed species. Although adding the effect of changing Red Lists increased the numerical 
change in rank among the highest-ranking plots in both areas, it did not result in a lower over-
all rank correlation coefficient (Fig. 2).
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Fig. 2   The relationships between the number of red-listed species recorded in plots when a using RL98 
in Kvam for both inventory 1 and 2, b when using RL98 at inventory 1 and using RL15 at inventory 2 in 
Kvam, c when using RL98 in both inventory 1 and 2 in Sigdal, and using RL98 at inventory 1 and using 
RL15 at inventory 2 in Sigdal. Numbers on the right hand side of dots indicate the number of plots with 
identical values for that particular value. τ gives the Kandall rank coefficient for the four relationships
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Discussion

Turnover patterns

Recent studies have demonstrated that species assemblages can change considerably over 
a time period of years to decades (Parody et al. 2001; Chaideftou et al. 2012; Diekmann 
et al. 2014). Our multi-taxa species inventories in two northern forest reserve areas, con-
ducted 17 years apart, agree with these results. Furthermore, we found that Red-listed spe-
cies showed a consistently higher temporal turnover as compared to non-red-listed species, 
but not when compared with non-red-listed species of similar frequencies as red-listed spe-
cies. Therefore, the higher turnover of red-listed species in our study does not seem to be 
primarily related to their threat status, but to their generally low frequency of occurrence.

According to the species pool theory of Zobel (1997), referred to as “regional replace-
ment” in McGill and Nekola (2010), the abundances of species within a local community 
are controlled by regional replacement from a regional species pool. Red-listed species 
(and other species with low frequency of occurrence) may therefore have a higher tempo-
ral turnover than other species within a site simply because they have lower probability of 
colonizing the same site after extinction.

Temporal species turnover has in most cases been found to increase with decreasing 
spatial scale (Rodrigues et al. 2000; Adler et al. 2005; Chaideftou et al. 2012). In accord-
ance with this, temporal turnover in both our study areas was higher at the sample plot 
scale compared to the study area scale, for both red-listed and non-red-listed species. As 
estimated temporal turnover at study area level was based on data from the sample plot 
level, we were able to track the changes from plot to area level. The reduction in tempo-
ral turnover at area level resulted from species extinctions at the sample plot level being 
compensated by survival and colonization in other plots. An exception was found in Sigdal 
(using RL15), where estimated temporal turnover for red-listed species was similar to that 
on plot level. In that case the presence of a few frequent red-listed species found in both 
inventories lowered the mean temporal turnover at the sample plot level.

Interpreting results from resampling studies should be done with caution. In all field 
inventories, inventory bias might affect the results. Estimates of indices of similarity based 
on presence-absence data are sensitive to sampling effort (Engen et  al. 2011), and espe-
cially if the assemblage contains numerous rare species (Chao et  al. 2005). Resampling 
studies may be subject to three types of errors: relocation errors, seasonality errors and 
observer errors (Kapfer et al. 2017; Verheyen et al. 2018). We consider relocation errors 
to be limited in this study as the plots were identified using permanent markings and ter-
rain characteristics from detailed field maps. Seasonality errors are particularly relevant 
for the sampling of fungi as it is well known that amount of fruiting bodies of fungi vary 
considerably between years (Berglund et al. 2005). Observer error arises both because of 
different observers, as well as differences in time spent surveying in each plot between 
the two surveys (Archaux et al. 2006; Burg et al. 2015). The percentage of species found 
by one observer but not by another (i.e. pseudo-turnover) (Nilsson and Nilsson 1985) has 
been reported to be in the order of 10–30% of the recorded turnover (Morrison 2016). 
Despite our efforts to minimize inventory errors to the lower part of the error range above, 
it is likely that our results include some pseudo-turnover as a result of different observers 
and different efforts in the two surveys. However, it should be noted that observer errors 
in our data are much lower to that of species data usually available for site selection in 
conservation.
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The small changes in species richness of study areas and individual plots, and the con-
siderable level of temporal turnover are in accordance with several recent studies that have 
documented resilient species alpha-diversity and total abundance at the same time as con-
sistent high temporal beta-diversity (Dornelas et al. 2014, 2019; Gotelli et al. 2017; Magur-
ran et  al. 2018). As a case study, our results may suffer from some local conditions or 
choice of taxa that may not readily be generalized. However, we consider the finding that 
red-listed species, due to their rareness, had a higher temporal turnover than other species, 
to be an important result. This result may be of general relevance for nationally red-listed 
species at similar scales in other countries because it is rooted in general patterns of species 
abundance distribution.

Implications for conservation

Spatio-temporal dynamics of target species and using selection strategies based on static 
species distributions derived from single year data, can easily lead to insufficient represen-
tation of species over time (Runge et al. 2016; Tulloch et al. 2016). Understanding dynam-
ics in species distributions and how it may affect defined conservation values is therefore of 
key importance for long-term conservation planning.

We hypothesized that using red-listed species as target species in site selection will 
enhance the challenges associated with spatio-temporal dynamics, due to the threatened 
status and rareness of these species. Our case study demonstrated that high species tempo-
ral turnover of rare species lead to a situation where sites selected based on initial richness 
of red-listed species did not sustain these numbers over time. In addition to the effects of 
species temporal turnover, the compositional changes in the Red List due to revisions may 
also contribute to the dynamics experienced if red-listed species are used as target species 
for site selection. National Red Lists are frequently updated, and with each update some 
species are removed, and some are added. Gjerde et al. (2018) investigated how composi-
tional changes in the Red List affected target species distribution at plot level and the con-
sequences of these changes for site selection, and found that sites in boreal forest selected 
based on an older version of the Red List captured a lower proportion of red-listed spe-
cies of the latest Red List 2015. In the present study, we have shown how the combina-
tion of temporal turnover and the changes in Red List composition due to updates gives 
an estimate of almost complete turnover of target species at sample plot level (Jaccard dis-
tance > 0.9) in our two forest sites.

A high temporal turnover of species does not necessarily affect species richness or the 
differences in species richness between sites. For instance, sites in forest types that differ 
substantially in their capacity for species richness, including target species, may largely 
retain their relative rank order regarding species richness, despite high species turnover 
(Gjerde et al. 2018). For sites within in the same habitat type, however, the rank order of 
plots regarding richness of target species may be more susceptible to temporal turnover. 
That was the case for our 50 × 50 m sample plots in the boreal forests of Sigdal, where 
the change in rank regarding richness of red-listed species was particularly high. Selecting 
plots based on richness of red-listed species would give a largely different set of plots in 
2015 as compared to 1998.

Forecasting changes in biodiversity of species over time is essential for developing suc-
cessful conservation plans to mitigate biodiversity loss (Dornelas et  al. 2013), and may 
work well for climate change scenarios, or other long-lasting environmental trends. The 
population effects of stochasticity, however, are more difficult to implement in conservation 
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decisions (Melbourne and Hastings 2008). Whereas demographic stochasticity results from 
chance events of individual mortality and birth causing population fluctuations primarily in 
small populations, environmental stochasticity causes populations of all sizes to fluctuate 
randomly (Lande et al. 2003). As our study was performed in nature reserves where direct 
impact from human activities were low, and within a time frame of 17 years, observed spe-
cies dynamics may be attributed mainly to demographic and environmental stochasticity. 
In such cases, spatio-temporal dynamics might affect future distribution of target species in 
a rather unpredictable way and may cause the initial effectiveness of sites in hosting spe-
cies for conservation to deteriorate over time (Magurran et al. 2010).

High spatio-temporal turnover in rare species, together with other limitations associated 
with rareness, challenge the possibilities to predict future distribution of red-listed species, 
and particularly at finer spatial scales. A better understanding of spatio-temporal dynam-
ics, which may contribute to partitioning stochastic factors from predictable trends, has the 
potential to improve strategies for site selection. Even so, our results suggest that a moder-
ate expectancy to the effectiveness of fine-scale set-asides selected based on occurrences of 
red-listed target species is warranted. Thus, instead of using dynamic positions of red-listed 
species in fine-scale site selection, one alternative strategy would be to use species-habitat 
data to designate important habitat types for each red-listed species (e.g., Leathwick et al. 
2010; Moilanen 2012; Lindenmayer et al. 2015). This approach will not escape the chal-
lenge of spatio-temporal dynamics of species, but sites will be selected based on docu-
mented long-term association between habitat types and species, and not on a snapshot 
distribution of species. Then red-listed species will still be target species, but the specific 
species present at a certain site at a certain point in time is of secondary importance.
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