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A B S T R A C T

Many have asserted that Sacred Natural Sites (SNS) play an important role in nature protection but few have
assessed their conservation effectiveness for different taxa. We studied sacred groves in Epirus, NW Greece,
where a large number of such SNS have been identified. Based on historical, ethnographic and ecological cri-
teria, we selected eight of these groves and matching control sites and in them we studied fungi, lichens, her-
baceous plants, woody plants, nematodes, insects, bats and passerine birds. Our results reveal that the con-
tribution of SNS to species conservation is nuanced by taxon, vegetation type and management history. We
found that the sacred groves have a small conservation advantage over the corresponding control sites. More
specifically, there are more distinct sets of organisms amongst sacred groves than amongst control sites, and
overall biodiversity, diversity per taxonomic group, and numbers of species from the European SCI list (Species
of Community Interest) are all marginally higher in them. Conservationists regard the often small size of SNS as a
factor limiting their conservation value. The sizes of SNS around the globe vary greatly, from a few square meters
to millions of hectares. Given that those surveyed by us (ranging from 5 to 116 ha) are at the lower end of this
spectrum, the small conservation advantage that we testified becomes important. Our results provide clear
evidence that even small-size SNS have considerable conservation relevance; they would contribute most to
species conservation if incorporated in networks.

1. Introduction

Conservation is closely aligned with modern ecological thinking and

over the last two centuries has become a major factor in policy deci-
sions (Klein et al., 2009; Keppel et al., 2015). Before the arrival of the
modern ecology-motivated concept, conservation has been practiced

https://doi.org/10.1016/j.biocon.2018.03.035
Received 20 December 2017; Received in revised form 28 February 2018; Accepted 26 March 2018

⁎ Corresponding author.
E-mail address: jhalley@cc.uoi.gr (J.M. Halley).

Abbreviations: Sacred Natural Sites, SNS; Species Abundance Relationships, SAR

Biological Conservation 222 (2018) 95–103

0006-3207/ © 2018 Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/00063207
https://www.elsevier.com/locate/biocon
https://doi.org/10.1016/j.biocon.2018.03.035
https://doi.org/10.1016/j.biocon.2018.03.035
mailto:jhalley@cc.uoi.gr
https://doi.org/10.1016/j.biocon.2018.03.035
http://crossmark.crossref.org/dialog/?doi=10.1016/j.biocon.2018.03.035&domain=pdf


for many centuries in a variety of more traditional, community-based
forms (Malhotra et al., 2007). One such form was through social taboos
and religious beliefs that prescribed management regimes in sacred
areas, often imposing limitations on certain activities, so as to secure
important resources and services for the whole community (Berkes
et al., 2000; Colding and Folke, 2001, Klepeis et al., 2016). These are
the so-called Sacred Natural Sites (SNS) that not only reflect the re-
ligious and social needs of the community but at the same time con-
tribute important ecosystem services, from inspiration to air regulation,
water and micro-climate quality, or conservation of biological diversity
(Jim, 2003; Soury et al., 2007; Yuan and Liu, 2009; Wassie et al., 2010).

Sacred Natural Sites have been found in all inhabited continents
(Hughes and Chandran, 1998) and woodland sacred groves can be
traced back to the time when human society was still in a pre-agri-
cultural state (Gadgil and Vartak, 1976). They have been associated
with a wide range of faiths and beliefs, socio-cultural systems, institu-
tions and ritual practices, and may be subject to changing conditions
(Verschuuren et al., 2010). Around the Mediterranean basin, forests
have long been recognized as a resource with a multifunctional role
that needs particular care and protection. Groves or specific tree spe-
cies, related mainly to sacrifice and burial, were considered as sacred
and thus gained a special protection status (Blondel and Aronson,
1999). This was normally achieved through restrictions imposed by a
local authority, usually a religious authority, threatening transgressors
with supernatural consequences (Byers et al., 2001; Virtanen, 2002). At
the same time, extended sacred forests served as a protective levee for
the local community against natural disasters, such as landslides and
floods (Stara et al., 2016). Sacred groves had flourished in Greece, since
the Ottoman period, mainly in the mountainous regions, where the
above-mentioned natural threats to local communities were much more
severe and where historical circumstances allowed the involvement of
the Church in their management.

Epirus is a mountainous region in northwestern Greece, in which
sacred groves are a prominent component of the landscape; they form
habitats dominated by mature trees that are unique within the his-
torically intensively used landscapes (Stara et al., 2015; Stara et al.,
2016). These groves were established through a range of ritual praxes.
Some were dedicated to specific saints, some were little more than
community agreements, while others were protected by the threat of
excommunication. Different management regimes prevailed through
time with some groves being strictly protected, some subjected to
controlled management, whereas for others only the protection of
mature trees is reported. The groves appear either in the form of pro-
tective forests above or close to villages or as groups of veteran trees
that accompany outlying churches or icon stands (Stewart, 1993;
Nixon, 2006; See also Appendix G). Nonetheless, they served in many
cases as multifunctional forests for local communities providing
amongst others shaded grazing areas for livestock. Especially in de-
ciduous sacred forests, grazing could be intensive (Papanastasis et al.,
2008).

Different cultural groups coexisted in Epirus contributing to the
variability of the landscape, but they were all associated with sacred
groves. Long-term ethnographic research has revealed that of the 80
villages in the mountainous municipalities of Zagori and Konitsa almost
all had at least one sacred grove; these groves mostly lie within a
narrow range of elevation, typically from 800 to 1200m (Stara et al.,
2016). This is also the zone where most mountain settlements, char-
acterized by a mixed system of agriculture-animal husbandry, have
developed historically (Nitsiakos, 2016).

Even though the role of SNS in the conservation of biodiversity has
long been recognized (Kosambi, 1962; Gadgil and Vartak, 1976;
Haridasan and Rao, 1985), they have recently gained more attention
amongst conservation biologists because of the many threats to biodi-
versity due to anthropogenic activities (Pimm et al., 1995; Gao et al.,
2013). It has been suggested that incorporating these SNS into existing
protected area networks might increase their effectiveness in achieving

conservation objectives (Bhagwat and Rutte, 2006; Soury et al., 2007;
Corrigan and Hay-Edie, 2013; Ormsby, 2013).

Despite the increasing interest in SNS as biodiversity refugia
(Dudley et al., 2009), few studies have assessed their effectiveness
across taxa, while most have focused on specific groups of organisms,
such as plants (Boraiah et al., 2003; Khumbongmayum et al., 2006;
Frascaroli et al., 2016), small mammals (Decher, 1997; Reed and Carol,
2004) or butterflies (Nganso et al., 2012). Most of these studies have
been carried out in Asia, particularly India and China (Nganso et al.,
2012; Gao et al., 2013; Karthikeyan and Dhamotharan, 2015), or Africa
(Daye and Healey, 2015), with very little work in Europe (e.g.
Frascaroli et al., 2016). It could be argued that, as most SNS tend to be
small, their relevance to conservation, though tangible, is limited
compared to large reserves (Bossart et al., 2006; Aerts et al., 2006).
Area is expected to affect the conservation effectiveness of SNS in
several important ways. Firstly, the species-area relationship indicates
that smaller areas cannot support as many species as larger ones. If a
habitat shrinks, the level of biodiversity that it can sustain in the long
term also shrinks, but, in the short term, the habitat retains more spe-
cies than it can support. This surplus is called “extinction debt”
(Diamond, 1972) and it must eventually be paid. The process takes
time, with the magnitude of the delay being greater in larger fragments
(Halley et al., 2016). Both the extinction debt and the time to the new
equilibrium are also affected by the degree of isolation and the habit-
ability of the “matrix” (i.e. the area between fragments; Koh and
Ghazoul, 2010).

Focusing on a group of sacred groves in Epirus, the goal of this study
is to investigate the conservation effectiveness of SNS. We do this by
assessing their biodiversity and comparing them with matched control
sites. For each sacred grove, a nearby woodland area without any
sacred status but with similar characteristics was chosen to serve as a
control site. To achieve a substantial breadth of studied organisms,
eight different taxonomic groups were investigated simultaneously.
Estimates of diversity were assessed per taxonomic group and per site.
The importance of the size of the groves was also explicitly considered.
In addition, extensive ethnographic research highlighted the impact of
different management practices on the conservation status of these
groves. The specific hypotheses that we are testing are as follows: (I)
sacred groves have a higher alpha-diversity than their control sites
because they enjoyed greater protection; (II) alpha-diversity differences
will be accentuated for taxa, such as fungi or lichens, that benefit from
the presence of trees of great age; and (III) sacred groves have higher
beta-diversity than their control sites, since each sacred grove is ex-
pected to have its own distinctive land-use history (and therefore forest
structure).

2. Materials and methods

2.1. Study areas and sampling

Numerous sacred groves have been identified in a wide area of
north-western Greece (Fig. 1), of which 22 were mapped. Of these,
eight (1S–8S) were selected for the current study, based on an in-
tegrated set of historical, ethnographic, management and ecological
criteria (Appendices A and G). Each of the selected sacred groves is
situated in the mountainous region of Zagori and Konitsa (Fig. 1). Since
our main hypotheses are that sacred-grove status involves higher bio-
diversity, for each grove we chose a single non-sacred site attempting
an assessment of biodiversity differences as practiced in other similar
studies (Wortley et al., 2013; Derhé et al., 2016). We selected control
sites (1C–8C) in close proximity; these matched each sacred grove in
terms of substrate, topographic position and type of vegetation. In this
study, we identified three types of groves in terms of vegetation: those
dominated by (i) coniferous, (ii) evergreen broadleaved or (iii) decid-
uous broadleaved trees. We sampled in these eight pairs of sites over
two consecutive years (2013 and 2014) following a sampling protocol
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that was adapted to the unique characteristics of each taxonomic group
(Appendix B). The sampling effort was the same across all sites for any
given taxonomic group, so that estimates of biodiversity are compar-
able.

2.2. Dataset

In total, eight taxonomic groups (fungi, lichens, herbaceous plants,
woody plants, nematodes, insects, bats and passerine birds) were
sampled in each sacred grove and the corresponding control site. All
observed organisms of these groups were identified to species level,

except for nematodes, which were identified to genus level. The data
consist of abundance records per species, except for lichens, herbaceous
plants (including ferns) and woody plants, for which only species pre-
sence was recorded.

2.3. Biodiversity analysis

The biodiversity we assess here is the total number of species re-
corded in each site, which we call the species richness of the site.

Fig. 1. Identified sacred groves (circles) in the broad area of Zagori and Konitsa. For the current study, biodiversity was measured in eight of these sacred groves
(green circles) and in eight corresponding control sites (squares). Shown in the inset is the location of the Epirus study area in Greece. Red lines denote major roads.
(For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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2.3.1. Ordination
To visualize the difference in composition between sites, multi-

dimensional scaling analysis based on Bray-Curtis dissimilarity was
conducted for each taxon, separately, and for all taxa combined. This
index is widely used as a measure of multidimensional “distance” be-
tween samples for abundance data (e.g. Clarke et al., 2006; Birtel et al.,
2015; Nicol et al., 2017); it has the advantage, over some other ordi-
nation techniques, that differences in abundance are scaled pro-
portionally. The analysis was implemented in R 3.2.3 (R Core Team,
2015) using function isoMDS of the MASS package (Venables and
Ripley, 2002) and function vegdist of the VEGAN package (Oksanen
et al., 2016).

2.3.2. Species richness
Sacred groves and control sites were compared in terms of their

species richness per site (across all taxa), total species richness per
taxon (across all sacred and all control sites) and species richness per
site per taxon.

Apart from their type (sacred or control), sites are characterized by
their location within the region of Epirus (Fig. 1), their vegetation (three
forest types) and the area of the site (being the area of the convex hull
containing the sample plots within each site) (Table 1).

To investigate the effect of the different site characteristics on spe-
cies richness, a generalized linear regression model S
~area+ type+ vegetation type+ area:type with Poisson response and a
logarithmic link function was used. The model is applied to the total
species richness per site and to the species richness of each taxonomic
group per site. In addition, we carried out a number of tests (regression
and paired t-test) comparing species richness in sacred sites and control
areas with and without conifer groves.

We also recorded the numbers of European SCI, Species of
Community Interest (Official Journal of the European Union, 2009;
Council Directive, 1992), for all sacred groves and corresponding con-
trol sites (Table E.1). We assessed the significance of the differences
between them using a paired Student's t-test.

2.3.3. Beta diversity
Apart from the species richness per site (alpha diversity) and the

species richness across sites (gamma diversity), the sacred and control
site communities were compared in terms of their beta diversity or
species turnover (Magurran, 2004). Beta diversity between the local
scale (sites) and the global scale (union of sites) was measured using
Whittaker index and N* index (Lazarina et al., 2013). Both indices give
a measure of species turnover in space, which in this case measures the
difference in species composition between the local scale (site) and
global scale (the union of all sacred or all control sites). N* is roughly
defined as the sampling effort (number of samples) above which the
samples accumulated will mostly contain species that have already
been found. The advantage of the N* index, as opposed to other indices,
is that it is independent of the sampling effort, provided that there are

enough samples for the index to be calculated (Lazarina et al., 2013).
The N* index was computed using the R function provided by Lazarina
et al. (2013). We tested the significance of differences between sacred
groves and control sites at the 5% level.

All statistical tests and analyses were performed in R 3.2.3 (R Core
Team, 2015).

2.3.4. Conservation capacity of SNS
By the term “conservation capacity” we refer to the ability of a

protected area to conserve biodiversity, assuming that management
measures to protect the site are implemented. Conservation capacity
involves two components: the number of species that an area of a given
size can support at equilibrium, based on the species-area relationship
(SAR, see for example Halley et al., 2013), and the duration for which
the area can retain species (if fully protected). This is based on an es-
timation of the species relaxation curve for extinction debt (Halley
et al., 2016), a prominent factor in extinction ecology and conservation
(Newmark et al., 2017). Extinction debt becomes important when a
fragment of habitat within a larger habitat network connected by dis-
persal gets isolated, with no further dispersal possible. Thereafter, the
viability of each species is dependent on its population size within the
fragment so that current species richness may be a relic of earlier bio-
diversity levels rather than true conservation capacity. The conserva-
tion capacity of the sacred groves was estimated for each taxonomic
group, separately, using the Arrhenius SAR:

=S cAz (1)

The constant z is typically between 0.2 and 0.3 for islands, while for
continental areas it falls within the range of 0.1 to 0.15 (Halley et al.,
2013). Calibration of the SAR was achieved by assuming a continental
area with exponent 0.15; then c was determined by using the number of
species found in the control sites through the formula c= S/Az.

The first time-constant of relaxation is the expected time for half the
extinction debt to be paid off, which actually is the half-life of extinc-
tion debt in a habitat remnant. In the absence of speciation and colo-
nization, the half-life of extinction debt is equal to the time for species
richness to fall to half its original value. Based on the models developed
in Halley et al. (2016), this is approximately (in years):
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Here, A is the area of the remnant forest, ρ is the typical total density
of individuals of the relevant taxonomic group, τ is the average gen-
eration time and S0 is the initial number of species in the area A at the
time of area reduction or isolation. The factor ρA/S0 is important, being
the number of individuals per species. If the initial number of species,
S0, is not known, the alternative is to use the SAR and substitute Eq. (1)
for species number:
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In order to get ρ and τ, we assume a single average for each taxo-
nomic group (Halley et al., 2016). For passerine birds, herbaceous and
woody plants, ρ and τ values are as in Halley et al. (2016). For nema-
todes, our measurements indicated typical densities of 7.5× 109 in-
dividuals per ha and we used a generation time of 19 days (Lee, 2002),
while for bats we used ρ=0.105 individuals per ha and for the gen-
eration time we used τ=8 years, which is half the average longevity
(Austad and Fischer, 1991). For insects, the value of τ=1 year was
typical of the species in our study, while ρ=7.83×104 individuals per
ha that we used is clearly a conservative number as it refers to ground-
dwelling beetles (Didham et al., 1998). We did not compute curves for
lichens or fungi owing to known complications of defining individuals
and generation times for these groups.

Table 1
Location, area and vegetation type of the eight sacred groves (S) and their re-
spective control sites (C). For vegetation type, D= deciduous broadleaf,
E= evergreen broadleaf, C= coniferous forests.

Associated village Vegetation type Sacred groves Control sites

Code Area (ha) Code Area (ha)

Aidonohori D 1S 19.8 1C 16.24
Elafotopos E 2S 29.11 2C 69.09
Kato Pedina E 3S 10.33 3C 55.23
Konitsa C 4S 115.7 4C 538.9
Mazi D 5S 10.37 5C 54.24
Mesovouni D 6S 17.02 6C 22.01
Molista C 7S 43.29 7C 41.29
Vitsa D 8S 4.87 8C 41.38
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2.3.5. SNS and National Parks (NP) size worldwide
To see how the size of the sacred groves that we studied fits into the

global picture, using a literature search, we assembled a database of
SNS from various countries, for which we could find the area (Table
F.1) as well of National Parks in three countries: Greece, the United
Kingdom and the United States (Table F.2).

3. Results

In total, across all taxonomic groups studied, 816 species were ob-
served and identified within the eight pairs of sacred groves and control
sites (Table C.1). There was great variability in the species richness of
the sacred sites relative to their respective control sites for different
taxonomic groups: in five of them, the total number of species observed
was higher in the sacred groves, and in three groups, it was higher in
the control sites (Fig. 2a), but these differences were not statistically
significant except for fungi (p=0.001, see Table C.2), for which rich-
ness was higher in sacred groves. Combining species across the taxo-
nomic groups, all except two localities had higher species richness in
the sacred grove than the corresponding control site (Fig. 2b). The two
exceptions are localities 4 and 7 (Fig. 1) that are associated with steeper
slopes and are dominated by conifers. The other six pairs are associated
with the lowland or southern-aspect slopes and are dominated by
broadleaved trees. There is a strong correlation (Fig. 2b) between the
species richness of the sacred groves (x) and control sites (y) in each
locality for the six pairs dominated by broadleaved trees, reflecting the
success of their matching in the sample design (y=0.727x+30.56,
R2= 0.912, p=0.003). For these localities, there is also a significant
difference between overall species richness in the sacred groves and
control sites (t-test, p=0.0085). These tests show a consistent trend for
greater overall species richness in the sacred groves than the control
sites.

Ordination shows that the patterns of species composition amongst
the three vegetation types (Fig. D.1) varied by taxonomic group.
However, with species of all groups combined, there was a clear dis-
tinction between the vegetation types. Regarding the site type, there
were no consistent differences in composition between sacred groves
and control sites for the individual groups of species or for all species
combined (Figs D.1 and D.2). The generalized linear regression analysis

shows (Table C.2) that the site area and type do not affect significantly
the total species richness per site (at a 5% significance level). However,
their interaction is significant meaning that the relationship between
species richness and area differs depending on the type of the site
(sacred or control). As sacred sites are mostly smaller in area than
control sites (Table 1). The total species richness is also significantly
affected by vegetation type. On a taxonomic group level, the locality is
not significant for any group. The type of the site (sacred or control) is
significant only for fungi, whereas vegetation type is significant for li-
chens, herbaceous plants, and woody plants; none of these predictors is
significant for nematodes, insects, passerine birds or bats. The inter-
action between site locality and type is also significant for herbaceous
plants and lichens, as was also the case for total species richness.

Of the 13 European SCI species that were encountered in the study
area, more were found in the sacred groves (eleven) than in their
control sites (nine) especially for passerine birds (8 versus 4). However,
overall the difference was not significant (paired t-test; p=0.30).

The Whittaker and N* indices of species turnover reveal sig-
nificantly greater beta diversity amongst the sacred groves than
amongst the control sites (at the 5% level for both indices) (Fig. 3).
More specifically, beta diversity is greater in the sacred groves for five
taxonomic groups (lichens, herbaceous plants, woody plants, passerine
birds and bats); it is slightly less for insects, and very similar between
the two site types for nematodes and fungi. Notably, beta diversity is
much lower for the nematodes than for all the other taxonomic groups
of species, presumably because nematodes were identified only to
genus level and, hence, the majority of nematode genera are found in
all samples.

The area of the sacred groves was small, ranging from 4.9 ha to
115.7 ha with a median size of 18.4 ha. Both the area and the taxo-
nomic group are expected to affect the half-life of species loss following
habitat isolation (Fig. 4a) and, hence, their conservation capacity. The
predicted half-life varied greatly amongst taxonomic groups being low
for bats and passerine birds, under 100 years for most of the sacred
groves, but very high, above 1000 years, for nematodes and herbaceous
plants (because of their large populations) and for woody plants (be-
cause of large generation times). However, the general linear modelling
analysis did not find a significant relationship between area and species
richness.

Fig. 2. Representations of biodiversity in the sacred and control sites for various taxonomic groups: (a) Total species richness (genus richness for nematodes) in each
group of species across all eight sacred groves and their respective control sites (with mean and standard error bars). Taxonomic groups are: NM, nematodes; IN,
insects; PB, passerine birds; BT, bats; FN, fungi; LC, lichens; HP, herbaceous plants; WP, woody plants. (b) Scatterplot of species richness recorded in sacred groves
and their respective control sites. The fitted line (y=0.727x+30.56, R2= 0.912) was calculated after the two pairs of sites dominated by conifers (4 and 7) were
excluded. Open diamonds are deciduous broadleaved sites, closed diamonds evergreen broadleaved sites and closed triangles coniferous sites.
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In our literature search, we found 104 SNS for which the area was
recorded or could easily be inferred; these occur in all inhabited con-
tinents. To these we added the 22 sacred groves in Epirus that we
mapped, including the 8 whose biodiversity we studied in detail. The
histogram for this ensemble (Fig. 4a) shows that the size of SNS varies
greatly, ranging from a few square meters to over 100,000 km2, with
the groves that we studied falling in the smaller part of the range. By
contrast, National Parks are always at least 10 km2 (Fig. 4b).

4. Discussion

Globally, this is the first study to evaluate the conservation capacity
of SNS by use of a large and taxonomically broad set of species.
Regarding Hypothesis (I), our study shows that while sacred groves
contained more species overall, the difference between them and con-
trol sites was not statistically significant unless the north-facing conifer
sites were omitted from the analysis. Similar statistical issues have
arisen in a previous study comparing protected and unprotected areas
for several taxonomic groups (Gray et al., 2016), despite the expected
differences between such areas. These results suggest that the ad-
vantage of protected over unprotected areas becomes blurred when
more than one taxonomic group is examined (Khumbongmayum et al.,
2005; Gao et al., 2013). To avoid the bias of masking differences when
pooling together data from different taxonomic groups, in the present
study, biodiversity was assessed for each group separately. While spe-
cies richness was higher for most groups in sacred groves, only for fungi

was this difference significant. This lends support to Hypothesis (II),
except that for lichens, the other taxon that should benefit from the
presence of older trees, the differences were not significant. For plants,
this lack of strong distinction contrasts with an earlier study (Frascaroli
et al., 2016) reporting significantly more species in sacred groves than
in reference sites. In contrast to the nuanced difference in species
richness between sacred groves and control sites, there was a clear
biodiversity benefit when beta diversity was considered (Hypothesis
III). Its higher value for sacred groves suggests that there is a greater
distinction (in the sets of species) between sacred groves than between
control sites. This might be explained by the groves different histories
of usage, which have a significant effect on sacred grove's vegetation
structure and therefore on the ecological community structure, thus
increasing the dissimilarities between groves. Different patterns of land
abandonment could also play a role. By contrast, the non-sacred control
areas arose largely through natural regeneration in the last 100 years
and thus have a more uniform structure.

Given the lack of evidence of a strong difference in species richness
or composition between sacred groves and control sites, other factors
were explored to explain the results found. The most obvious candidate
was vegetation type, as the eight pairs of sites were stratified between
topographic locations, with three different vegetation types being dis-
tinguished, dominated by coniferous, evergreen broadleaved or decid-
uous broadleaved trees. In all of the analyses, and for many of the
species groups examined separately, a clear distinction was found in
species richness and composition between the six site pairs dominated

Fig. 3. Species turnover measured as the beta diversity between the local scale (sites) and global scale (union of sites): (a) Whittaker index and (b) N* index for the
sets of eight sacred groves (black) and respective control sites (gray), by taxonomic group (NM, nematodes; IN, insects; PB, passerine birds; BT, bats; FN, fungi; LC,
lichens; HP, herbaceous plants; WP, woody plants) with error bars corresponding to the standard deviation of the species accumulation curve used to estimate the N*
index. In the case of nematodes, genus turnover is shown.
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by broadleaved trees (with either similar overall richness between the
site types or higher richness in the sacred groves) in contrast to the two
site pairs with conifer-dominated vegetation (where control sites had
higher richness). Other than the nature of coniferous forests per se, a
number of features might also contribute to the distinct biodiversity
pattern in these two site pairs. Firstly, these two groves and their
control sites are in closer proximity to the nearest village than is the
case for the other sites. This could have led to more intense anthro-
pogenic influence or, alternatively, it might have increased the effec-
tiveness of the protection associated with religious prohibitions (Frosch
et al., 2016). Secondly, they are located on very steep slopes, so these
groves would require strict protection to fulfil the role of erosion or
landslide control. Looking closely at each sacred grove, it becomes
apparent that its current status has been individually shaped by its
history. For example, despite a long history of protection, one of the
conifer groves is the forest of Konitsa (4S) was heavily logged for timber
and fuel wood in the 1940s, during the Second World War and the
following Greek Civil War. Subsequently, in 1953, the municipality
decided to manage the forest by removing mature trees in an effort to
raise funds for enforcing its protection, particularly of its most degraded
parts. Our review of the management history of the eight sacred groves
also reveals site-specific variation in the enforcement of restrictions on
tree cutting or livestock grazing, which are likely to have influenced
considerably the habitat properties and, hence, conservation capacity.

Land abandonment is another driving force in the evolution of the
landscapes of this area. In the postwar period, as agriculture in Western
Europe entered a productivity-orientated phase, agricultural change in
the study area coincided with decline of agricultural activity or simply
of its abandonment. Crop fields disappeared and grasslands gradually
developed into shrublands and forests due to a decrease in animal
grazing and subsequent natural succession. An exception to that is

Konitsa, where the surrounding fertile lowlands remain agricultural to
this day (Zomeni et al., 2008). This homogenization of the landscape
may explain the differences between sacred and control sites being only
marginal. Photos from 1945 and 2007 (Fig. H.1) reveal a changing
forest landscape with the forest areas around the groves most often
expanding. Thus, a possible hypothesis is that the sacred groves acted as
nuclei of expansion and dispersal of biodiversity into newly regenerated
forest areas.

Because sacred groves along the mountainsides of Epirus were es-
tablished for their benefits in terms of cultural and religious beliefs, hill-
slope protection, recreation or even scenery (visual amenity), rather
than for biodiversity conservation per se, they can be described as
suffering from a kind of “rocks and ice syndrome” (Terborgh, 1999).
Biodiversity conservation was not the priority in delimiting these areas;
this has emerged as a secondary benefit. For that reason, the sites
chosen for sacred status were not selected according to conservation
criteria. This is especially the case with respect to their size. Size is a
major factor limiting conservation capacity (Halpern, 2003; Ramesh
et al., 2016), both with respect to the number of species that can be
supported in the long-term and in the length of time an extinction debt
can be sustained following isolation (Fig. 4). However, people estab-
lishing sacred groves might settle for much smaller areas than are ne-
cessary in conservation terms, as can be seen at a global scale in Fig. 4.

No size dependence was observed for the diversity of sacred groves.
This was initially surprising, given the expected dependence of species
richness and relaxation time on area. However, as the actual sampling
area (given any taxonomic group) is the same in each site we expect this
to increase only weakly with site area (Phillips et al., 2017). Further-
more, we should not think of these groves as islands of forest in a
landscape of cultivation. The groves have always existed in a matrix of
habitable or partially-habitable landscape, so for this reason also, it is
not so surprising that measurements of diversity fail to show the lim-
iting effect of size expected from Eq. 1. Finally, consistent with his-
torical and photographic evidence, the area of groves is not constant.
Most have expanded since 1945 while some were not isolated even in
1945. Also, the variability of areas is not so great (Fig. 4a), so that area
dependence is not easily detectable if statistical power is low. Thus,
while Eqs. (1)–(3), based on isolated fixed-area island models, can il-
luminate our understanding of conservation capacity and relaxation
time, they must be used in conjunction with historical and landscape
information when their basic assumptions are not met.

These results show a conservation benefit of SNS, which is variable
amongst taxa and is affected by the type of grove and by management
history. Other SNS in Epirus or elsewhere are likely to behave similarly,
particularly if they are of similar size. Thus, in the wider context, if SNS
are to play a role in modern conservation, these factors must be care-
fully assessed. Extension of the analyses reported here should prioritize
a landscape-scale assessment of the relative fragmentation of the dif-
ferent sacred groves and control sites, and the extent to which this
explains the variation in their species composition and diversity
(Echeverría et al., 2007; Daye and Healey, 2015). A fuller knowledge of
the historical context can help in this, especially regarding changes in
management regime. The issue of vegetation type should be also ad-
dressed so as to clarify if it really plays an important role in con-
servation efficiency.

The sacred groves studied here are small in size and have been af-
fected by changing degrees of protection and management throughout
their history. Many of them could not function as a reserves or con-
servation areas by themselves. However, following another modern
paradigm, that of the European Natura 2000 system (Official Journal of
the European Union, 2011), a network of protected areas existing in an
agricultural matrix (following the “countryside SAR” principle) (Pereira
et al., 2014) offers an alternative approach. If SNS were incorporated
into wider parks or networks, the small conservation advantage that we
observed here could become more important. Moreover, a conservation
network based around such areas might gain local recognition more

Fig. 4. (a) Histogram of area for 126 SNS: 22 mapped in Epirus and 104 found
in our literature search. Superimposed on this is the expected half-life of species
loss following habitat isolation using Eq. (3) for all taxonomic groups except
fungi and lichens for areas ranging from 0.01 ha to 100,000 km2. The taxo-
nomic group name appears below the line except for nematodes and woody
plants for which it is above the line. The sizes of the eight sacred groves of
Epirus in this study are shown as black dots just above the horizontal axis. (b)
Histogram of area for the National Parks in Greece (light blue), Great Britain
(red) and the USA (dark blue). The main divisions (powers of 10) in the hor-
izontal axis are the same for both panels. (For interpretation of the references to
color in this figure legend, the reader is referred to the web version of this
article.)
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readily than a park or network developed on a purely scientific basis. As
a large proportion of SNS are small, this approach is likely to be im-
portant globally.
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