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Abstract

Sacred natural sites (SNS) have gained recognition from conservationists, and are regarded
as the oldest form of habitat protection in human history. Many case studies and literature
reviews have been published on the subject. However, an updated and global-level synthe-
sis on the effect of SNS on biodiversity conservation is still lacking. Here, we provide the
first systematic review on SNS and biodiversity conservation, aiming to evaluate the effect
of SNS across different: (i) continents; (ii) taxa; (iii) metrics. We checked 2750 papers and
by applying inclusion criteria we selected 27 relevant papers. From these, we extracted
descriptive data and 131 comparisons between SNS and Reference Sites. We applied vote-
counting, multinomial and binomial post-hoc tests to the 131 comparisons. We found
strong evidence that SNS have a positive effect on biodiversity, but also strong geographi-
cal and taxonomical biases, with most research focusing on Asia and Africa and on plants.
We found that SNS have mainly positive effects on taxonomical diversity, vegetation struc-
ture and cultural uses of biodiversity. Our results strongly support the view that SNS have
positive effects on biodiversity across continents and geographical settings, as found in a
number of local studies and earlier overviews. These effects should be given official rec-
ognition in appropriate conservation frameworks, together with the specific forms of gov-
ernance and management that characterize SNS. At the same time, further efforts are also
required to fill the geographical and taxonomical gaps here highlighted, and to advancing
our knowledge of SNS through more systematic research.
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Introduction

The accelerated rate at which biodiversity is being eroded (Diaz 2019) is moving scientists
to call for the conservation of large portions of the Earth (e.g., Locke 2013; Wilson 2016;
Baillie and Zhang 2018; Dinerstein et al. 2020). While Protected Areas (PA) are regarded
as the cornerstone of nature conservation, concerns are being raised about their capacity to
halt effectively the current biodiversity crisis (Laurance et al. 2012; Watson et al. 2014).
Interest has thus been increasing in complementary conservation measures, which may
integrate and possibly overcome some of the limitations of PA. One such type of measures
has been defined and legally ratified by the International Union for Conservation of Nature
and the Convention on Biological Diversity as Other Effective Area-Based Conservation
Measures (OECMs). These include a broad range of cases, from private estates to ancestral
lands, in which conservation is not the primary purpose of land management, as in the case
of PA, but consistently delivered as a by-product of other management goals IUCN WCPA
2019).

SNS are another example of nature protection independent of PA, despite being often
spatially overlapping with PA, which has received considerable recognition from conserva-
tionists over the last two decades. SNS have been defined as "areas of land or water having
special spiritual significance for peoples and communities" (Wild & McLeod 2008). SNS
are associated to a wide range of natural features, such as single trees or rock outcrops, riv-
ers, mountains, islands and even entire landscapes (Dudley et al. 2005), although it seems
that the majority are sacred groves and forest patches (Dudley et al. 2010). Sometimes,
SNS can also consist of built features, such as temples, shrines or monasteries, surrounded
by natural or semi-natural areas (Dudley et al. 2009; Frascaroli et al. 2016a,b).

From a conservation perspective, SNS are often regarded as the oldest form of con-
servation of habitats and other types of natural resources in human history (Dudley et al.
2005), in some cases having existed for many centuries or even millennia. For instance, the
oldest modern PA, the Yosemite National Park, has been considered sacred and protected
as such by local people for many centuries, the Bogd Khan Mountain in Mongolia has
been protected since the twelfth century and a Buddhist temple at Nikko (Japan) has been
constructed 1100 years ago (see Dudley et al. 2005 for details and other examples). Like
OECMs at large, it has been suggested that SNS may constitute a large network of “infor-
mal” PA (Dudley et al. 2009), potentially reinforcing the official PA networks (Frascaroli
et al. 2019) and contributing to conservation at global scale. Indeed, it has been reported
that SNS have the same, or even higher, levels of species richness as comparable areas
and even official reserves (see e.g. Bhagwat et al. 2005a,b,c; Brown et al. 2006a,b; Boadi
et al. 2017). Moreover, SNS sometimes act as refugia for endemic, threatened, rare or spe-
cialist species (see e.g. Gunaga et al. 2013; Kiihnert et al. 2019) and preserve old-growth
trees and forest patches (see e.g. Salick et al. 2007; Tiwari et al. 2010a,b; Frascaroli et al.
2016a,b; Stara et al. 2015). In some cases, SNS can also represent the only natural or semi-
natural patches of habitat within highly modified landscapes (Dudley et al. 2010). SNS
are found in association with both indigenous and mainstream faiths and in all continents,
except for Antarctic (Dudley et al. 2005). However, most of the research concerning SNS
has so far focused on Africa and Asia (Dudley et al. 2010).

Despite the growing awareness of the importance of SNS for both conservation and
local livelihoods, no systematic review based on quantitative or semi-quantitative methods
has been published on the topic to date. Existing syntheses have introduced SNS to the sci-
entific and conservation communities and demonstrated their significance in a wide range
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of contexts (Bhagwat and Rutte 2006; Dudley et al. 2005, 2010). While classic literature
reviews have provided major insights, enabling syntheses and highlighting various gaps in
our knowledge, the growing number of primary studies offers in addition an opportunity to
deploy techniques of systematic review and meta-analysis. Systematic reviews can increase
transparency, reproducibility and objectivity by applying strict guidelines throughout the
whole review process (Pullin and Stewart 2006; Haddaway et al. 2015). Meta-analyses fur-
ther develop such results by investigating statistically the size, direction and significance of
various treatments across multiple studies (Vetter et al. 2013).

In the present work, we carry out the first review that applies a systematic approach
and semi-quantitative methods to address the following question: do SNS worldwide have
significant benefits for biodiversity conservation, compared to surrounding areas? We take
the comparison of SNS with nearby non-sacred areas as fundamental to objectively evalu-
ate their effectiveness in delivering area-based conservation of nature (see Coetzee et al.
2014 for a similar case). In particular, we asked if the reported effects of SNS on biodiver-
sity varies across: (1) continents; (2) taxa; (3) biodiversity measures. We investigated these
three facets through systematic review, while collecting evidence on the state-of-art litera-
ture on SNS and paving the way to future evidence-based synthesis.

Methods
Data collection

To carry out the review, we followed the guidelines proposed by Pullin and Stewart (2006)
for reviews in conservation and environmental management. A literature search was per-
formed using Scopus Database (last access on May 27, 2019). The search string was
composed of ‘OR’ and ‘AND’ statements combining key terms like "biological conserva-
tion" and "biodiversity" with SNS-related terms, such as “shrine”, “temple” and “church”
(Online Appendix A). We limited our search to peer-reviewed articles and book chapters
(henceforth “papers”). We excluded conference papers, as they often consist of still par-
tial, temporary or non-peer reviewed data (for the same reasons we removed records clas-
sified in Scopus as “note”, “erratum”, “letter” and “short survey”). No limitations were
placed on the year or country of publication. The literature search provided 2750 unique
results that were screened by title and abstract to remove entries clearly not relevant to the
review (Online Appendix B). This left a set of 473 papers, 95 of which, however, could not
be retrieved. We thus read the full-text of the 378 resulting papers and chose only papers
in English offering systematic comparisons between SNS and Reference Sites (RS) either
of taxonomical diversity indices or of vegetation structure measurements or both. Based
on these criteria, a final pool of 27 studies were identified as eligible for the review (see
Sect. *Data sources” for the full list of references). For each study we extracted publica-
tion metadata, geographical location (or its approximate centroid) and the taxonomic group
investigated. Taxa were aggregated at high taxonomical level, distinguishing among verte-
brates, invertebrates, plants and fungi. As lichens appeared in only one study, we decided to
group them with fungi. We finally determined the biome in which each study was located,
based on the WWF Ecoregion Map (Olson et al. 2001). Also, it has to be noted that the
number of SNS studied within each paper was rather varied (up to 32, with a median of 6).

The selected studies provided very heterogeneous information. To keep the greatest
portion of available knowledge while at the same time enabling meaningful comparisons
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between such different studies, we opted for carrying out a semi-quantitative evaluation
through the vote counting method (Koricheva et al. 2013). Based on this method, different
outcomes of the tested comparisons are categorized as having an effect that is significantly
positive (+), significantly negative (—) or non-significant (0, henceforth “neutral effect”).
Hence, each comparison between SNS and RS casts a “vote” and the numbers of votes
are counted. In order to minimize subjectivity and enhance reproducibility, we chose to
include in the vote counting only comparisons whose statistical significance was reported
in the studies or could be determined based on the data. Comparisons stated as margin-
ally significant (0.05<p <0.10) were still retained as significant. When p-values were not
reported, we tried to use relevant data, such as raw or mean values, sample sizes, and con-
fidence intervals, to calculate the significance of the effect. When p-values were neither
reported nor retrievable on the basis of other available information, we excluded the com-
parisons from the vote counting. Similarly, we did not consider multiple comparisons on
the same data that were not followed by appropriate post-hoc testing (e.g., Bonferroni).
Finally, given the large heterogeneity of metrics in the pool of target studies, we reclassi-
fied them into a set of 6 classes (Online Appendix C) and we excluded metrics that could
not be reclassified, resulting in 131 comparisons (given that for one study we can have
more than one comparisons). Descriptive data about the 27 selected papers as well as the
131 comparisons can be found in Online Appendix D.

We divided the retrieved comparisons into classes according to different aspects of bio-
diversity sensu lato. The first three classes (“taxonomic diversity”, “evenness” and “beta
diversity”) are related to typical biodiversity measures. In particular, taxonomical diversity
is related to local diversity irrespective of taxonomical resolution and aims at measuring
that component of diversity that is the number of different classes without accounting for
their relative sizes, which in turn is measured by the evenness. As in our dataset Shannon’s
H was always employed along with species richness and in order not to use redundant com-
parisons, we chose to use Shannon’s H as a proxy of evenness when a direct measure of
evenness (like Pielou’s E o Simpson’s 1-D) was absent, otherwise we discarded it. “Pol-
icy species” gathers all metrics related to threatened, rare or endemic taxa. “Vegetation
structure” is made up by metrics calculated on stem characteristics, such as mean basal
area, mean diameter at breast height and number of stems per unit area, and is meant to
be a proxy of mature vegetation. Finally, within “cultural use” we included all the aspects
related to the use of biodiversity resources, such as medicinal or culturally important spe-
cies. This is also referred as or considered part of the Traditional Environmental Knowl-
edge (TEK) of local communities. Although these two last classes (i.e. “vegetation struc-
ture” and “cultural use”) are not biodiversity measures strictly speaking, we considered
them as complementary measures of biodiversity and conservation potential. Indeed, both
mature vegetation and TEK are often related to habitat conservation or traditional sustain-
able management.

Statistical analyses

To assess whether the positive, negative and neutral effects of SNS occurred in statistically
significant proportions, we used a multinomial exact test. This kind of test implies that
the response variable is a categorical variable with more than two values. In our case, the
observed effects were: positive, negative and neutral (no effect). The observed frequencies
of each value are then compared against a set of expected frequencies. We tested our obser-
vations against the assumption that positive, negative and neutral effects of SNS would
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have equal odds to occur. We tested both for all the recorded effects together and for sepa-
rate subsets, defined on the basis of relevant variables: the continent where the effect of
SNS was investigated; the taxonomic group under scrutiny; and the class of metrics used in
the comparison between SNS and RS. For each test, we calculated the log-likelihood ratio
statistic (LLR) and its relative p-value. We chose this metric given its demonstrated advan-
tages over more popular alternatives, such as Pearson’s Chi-square (Kotze and Gokhale
1980).

To test further which effects significantly deviate from their expected frequencies in
instances where the multinomial exact test was significant, we applied exact binomial test
(McDonald 2014). This test is based on the same logic as the exact multinomial but is
applied to categorical variables with two possible values. We thus tested the observed fre-
quency of each effect against the pooled frequencies of the other two, and an expected odd
ratio 1:2. Since this procedure entails multiple comparisons from the same sample data,
we applied Holm correction (Holm 1979) to the resulting p-values. This is similar to a
Bonferroni correction but retains slightly higher statistical power, while still controlling the
overall Type I error rate (Olejnik et al. 1997). Tests were performed in R version 3.6.3 (R
Core Team 2020) with the package XNomial v 1.0.4 (Engels 2015), while graphical out-
puts were produced with ggplot2 (Wickham 2016), patchwork (Pedersen 2020), ggthemes
(Arnold 2019), ggnewscale (Campitelli 2020), sf (Pebesma 2018) and rnaturalearth (South
2017).

Results
Distribution across continents and taxa

The geographical distribution of the study areas investigated in the 27 papers eligible for
systematic review was highly uneven (Fig. la), as 8 studies focused on the Kodagu Dis-
trict (India) and another 8 on West Africa. Overall, we found 13 papers related to SNS
located in Asia, 11 in Africa and only 3 papers related to SNS in Europe (Fig. 1b). The
final pool did not yield any paper concerning SNS from Oceania or Americas. India,
Ghana and China were the only countries for which more than 1 paper was found, with
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Fig. 1 Descriptive statistics of selected papers (n=27). a Geographical distribution of study areas. b Papers
by continent. ¢ Papers by country. d Papers by taxa. e Papers by biome
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11, 3 and 2 papers, respectively (Fig. 1c). The distribution of taxa studied within papers
was dominated by plants (n=21), followed by vertebrates, fungi and invertebrates (n=6, 5
and 4, respectively; Fig. 1d). In 5 papers a multi-taxa approach was employed. The tropical
and subtropical moist broadleaf forests biome, finally, was by far the most common biome
(n=16), whereas other biomes were more scarcely represented or not represented at all in
the pool of papers (Fig. le).

Effects of SNS

Overall comparisons extracted from our pool of papers showed that SNS had positive or
neutral effects in the vast majority of cases, whereas negative effects accounted for only ca.
10% of the total (Fig. 2). Dividing the comparisons by continent, Europe had the largest
proportion of positive effects and the smallest proportion of negative effects (about 55%
and 5%, respectively), with Africa and Asia also showing similar patterns. While verte-
brates, plants and fungi had similar patterns to all comparisons grouped together, inverte-
brates stood out as they had no positive effects. When considering different types of indica-
tor, vegetation structure and cultural uses had no recorded negative effects and the former
even had positive effects in ca. 70% of cases.
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Fig.2 Summary of the effect of SNS on biodiversity conservation. Bar-plots show the distribution of posi-
tive (+), negative (—) and neutral (0) effects according to different classifications: Total comprises shows all
the comparisons indiscriminately, Continent and Taxa show comparisons by geographical and taxonomical
classes respectively
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Multinomial tests for all groups of comparisons were statistically significant (Table 1),
whereas post-hoc binomial tests were significant only in a limited number of cases. In par-
ticular, for all comparisons the pooled positive and neutral effects were significantly more
than expected under the null hypothesis and negative effects were significantly less. When
looking at comparisons split by continent, negative effects were always less than expected,
while in the case of Europe we also found more positive effects and in Asia we found more
neutral effects. Plants and fungi showed significantly fewer negative effects, with plants
also displaying more positive and neutral effects than expected under null hypothesis.
Finally, taxonomical diversity, vegetation structure and cultural uses had fewer negative
outcomes than expected under the null hypothesis, with first also showing more cases with
neutral effects and the second more positive effects.

Discussion

Interest in SNS from a conservation perspective has been growing over the years. How-
ever, there have been only scant efforts at systematising available knowledge and drawing
key messages regarding their conservation effectiveness at a global scale. Despite the lim-
ited number of studies found with suitable criteria, our results somehow support the view,
already advanced in a number of local studies (see e.g. Bossart et al. 2006a, b; Ambinaku-
dige and Sathish 2009; Brandt et al. 2013; Frascaroli et al. 2016a, b; Nopper et al. 2017;
Avtzis et al. 2018a, b; Shepheard-Walwyn and Bhagwat 2018a, b) and earlier overviews

Table 1 Summary of the effect of SNS on biodiversity conservation displayed as results of Multinomial
and Binomial Post-Hoc post hoc tests

Class Group N p-value multi- p-value posi- p-value neu- p-value
nomial test tive effects tral effects negative
effects
Total All comparisons 131 <0.001 0.012 1t 0.002 1 <0.001 |
Continent  Africa 41 <0.001 0.621 0.089 0.036 |
Asia 63 <0.001 0.108 0.02 1 <0.001 |
Europe 27 <0.001 0.044 1t 0.416 0.001 |
Taxa Vertebrates 16 0.002 0.791 0.123 0.088
Invertebrates 7 0.016 0312 0.458 0.691
Plants 96 <0.001 0.009 t 0.017 1 <0.001 |
Fungi 12 0.002 0.455 0.455 0.035 |
Indicator Taxonomical diversity 52 <0.001 1 0.002 1 0.002 |
Evenness 22 0.007 1 0.334 0.351
Beta diversity 13 0.006 0.279 0.77 0.22
Policy species 11 0.013 0.391 0.759 0.345
Vegetation structure 21 <0.001 0.001 1t 0.818 <0.001 |
Cultural uses 12 0.001 0..546 0..142 0.035 |

Each row represents a different group arising in a class of comparisons, classes are grouped according to
different classifications (e.g.i.e. “ClassGroup”). The first row shows all comparisons grouped together indis-
criminately. N is the number of comparisons. Bold numbers displaysdisplay significant results (alpha=.05).
Arrows show the direction of significant binomial post -hoc tests, up-arrows mean “more than expected”,
down-arrows mean “less than expected”
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(Bhagwat and Rutte 2006; Dudley et al. 2005, 2010), that SNS have positive effects on
biodiversity across continents and geographical settings. At the same time, our review also
underscores that the quantitative research to date has been limited to relatively few areas
and taxa, resulting in evident knowledge gaps.

In the first place, the final pool of papers showed strongly uneven distributions, both
spatially and taxonomically. As Dudley et al. (2010), we also found that research has
largely focused on two main regions, namely the West-Central portions of India and Africa.
These two areas approximate the Western African Forests and the Western Ghats of India,
two global hotspots of biodiversity (Myers et al. 2000). At the same time, no papers from
Americas, Oceania and large portions of Asia were retrieved. This limited geographical
range is likely to hide part of the story, as there are indications that important SNS also
occur in those macro-areas, although they have not been so far studied from a quantitative-
ecological perspective.

Similarly, we detected a strong bias towards plants, partly reflecting a common taxo-
nomical bias found in ecological and conservation research. Notably, plants are easier—
and probably cheaper (Geijzendorffer et al. 2016)—to study than many other taxa, as they
can be surveyed with relatively little time and resources and also as they already are much
better known than other taxa. Moreover, many SNS are quite small and hence likely more
successful in conserving plant species rather than animal species, especially medium to
large sized animals (Nilsson and Ericson 1997; Parker 2012). This in turns could have
potentially influenced scientists planning to study SNS, catalysing their focus towards
plants. Several high-rank taxa which are widely studied in ecology and conservation were
totally absent (e.g. fishes) or present in only one study (e.g. lichens), while the microbiota
were not studied at all. These spatial and taxonomical biases that we recorded are likely
due to the fact that the literature on the topic is small and largely contributed by a restricted
group of scientists, specialized in the geographical areas and taxa in question. At the same
time, we cannot rule out the possibility that the review protocol we adopted may have con-
tributed to partly exacerbating those biases. For example, some papers focusing on addi-
tional geographical areas and taxa were excluded from our final pool because they did not
satisfy some inclusion criteria (e.g. Castro and Aldunate 2003; Dafni 2006; Garcia-Frapolli
et al. 2007) or they were not present in Scopus at all (e.g. Deb et al. 1997). Indeed, includ-
ing the grey literature in future synthesis, while further enlarging the inclusion criteria, will
definitely help gaining a broader and more detailed comprehension of the phenomenon. We
also think that a public call for scientists and practitioners could help catalyse the attention
and offer the opportunity to collect larger and more structured datasets.

In the second place, we noted some methodological limitations in the literature, which
could be overcome in relatively easy ways. For example, some contributions have surveyed
elements of biodiversity at SNS without comparing them with appropriate RS. While stud-
ies of this kind can have very high value from the point of view of community ecology,
they do not offer a possibility of testing specific hypotheses to benchmark the conservation
effect of SNS compared with neighboring areas. In other cases, the possibility to quantita-
tively synthesize available knowledge can be inhibited by missing information about the
statistics employed, such as means and standard errors, or, more generally, by the unavail-
ability of primary data.

In the third place, details about belief systems, management and governance would
be key to understand the mechanisms whereby SNS deliver successful conservation, and
evaluate their resilience or possible threats in the future (Dudley et al. 2005). Previous
research has highlighted how deeply belief systems can affect the relationship between
local communities and their environment. Also, different religions have different potential
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to influence in situ conservation (Mikusiriski et al. 2013). Systematic data would enable the
testing of possible relations between different faiths (e.g. monotheistic religions, animis-
tic systems) and specific conservation outcomes. However, even basic details about belief
systems are frequently omitted in the ecological literature on SNS. Similarly, governance
regimes regulate the way communities manage their environmental resources. It has been
suggested that one of the key characteristics of SNS is to include a set of mechanisms that
contribute to enforcing effective and environmentally beneficial governance (Rutte 2011).
However, no studies to date have systematically looked into the governance and manage-
ment created under SNS and, even worse, often this information is completely omitted
from research papers on the topic. This is a gap that should be urgently addressed in future
interdisciplinary research.

Besides these limitations, our results provided overall confirmation of the biological
importance of SNS worldwide. Indeed, all multinomial tests were statistically significant
as well as a part of the post-hoc tests, indicating that SNS positively affect local biodi-
versity. These effects may be the outcomes of both unique environmental characteristics
of SNS, as they often overlap with outstanding natural features (see e.g. Anderson et al.
2005; Frascaroli et al. 2016a, b), and particular cultural factors and governance regimes,
which regulate SNS use and prevent over-exploitation (e.g., Rutte 2011; Marini Govigli
et al. 2020). Moreover, while our analysis yielded no definitive proof that SNS are always
beneficial to biodiversity, it produced very clear evidence that only seldom they are detri-
mental (for example, acting as sources of invasive species; see e.g., Liu et al. 2013), despite
being areas primarily dedicated to cultural uses. Indeed, in the overall pool of comparisons,
positive and neutral effects were significantly more frequent and negative effects signifi-
cantly less than expected. Similarly, when post-hoc tests resulted in significant outcomes,
which occurred in less than half of all cases, positive and neutral effects were always
observed more frequently than expected under the null hypothesis, while negative effects
were always observed less frequently. The fact that the majority of the post hoc tests was
not significant, in contrast, may indicate the lack of a clear trend in the results or suggest
that the small sample size was enough to catch some signal at first, but insufficient to con-
firm the results when checking for the single effects.

Comparisons grouped by continent showed that Africa had the largest proportion of
negative effects, although also in this case they remained significantly less frequent than
expected, while Asia and Europe showed higher proportions of neutral effects and positive
effects, respectively. This is an interesting finding, given that SNS are commonly thought
of in connection with indigenous or non-Western context. The evidence we reviewed, in
contrast, indicates that they have a significant positive effect on biodiversity also in rela-
tively modernized areas of Europe. A possible explanation may be that the studies on SNS
in Europe are often located in relatively less populated and accessible areas, e.g. Central
Apennines (Frascaroli et al. 2016a, b) and Epirus (Avtzis et al. 2018a, b), while papers
from Asia are mostly from Kodagu District in India, which has a moderately high human
density. Therefore, we could hypothesise that geographical isolation has favored a conti-
nuity of traditional management and governance of those European SNS, although in a
context of broader secularization, with positive repercussions on their biodiversity. None-
theless, we underline that only three studies from Europe were retrieved, hence further evi-
dence is needed to confirm our results and draw general conclusions.

Results by taxa showed that SNS have a significantly positive effect on plants. While the
reason for this pattern is not clear, the discrepancies among significant results for different
taxa is likely due to the different sample sizes. Moreover, no positive effects were found for
invertebrates, although this result was not statistically significant due to the small number
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of observations. However, there could also be ecological reasons for the lack of positive
effects on invertebrates, as groups like butterflies or nematodes, for instance, are known to
produce very different assemblages as a response to the type of management and distur-
bance (see e.g. Hamer et al. 1997; Fu et al. 2000).

Results by type of metrics demonstrated that SNS affect mostly the number of taxa,
vegetation structure and cultural uses. Available evidence suggests that all these patterns
are likely to be dependent on the activities typically allowed or forbidden at SNS, often
codified in the forms of taboos (Colding and Folke 2001). Stara et al. (2016), for example,
reported that grazing and hunting as well as deadwood and non-timber products collection
are often permitted at SNS in Epirus (Greece), whereas bans and restrictions are mostly
connected to trees. A similar situation has been described with regards to the SNS of Cen-
tral Italy (Frascaroli et al. 2016a, b). In both cases, the traditional and extensive use of
these sites is likely to have produced a moderate degree of disturbance, which is known to
increase the local number of taxa, that is, the so called “intermediate disturbance hypoth-
esis” (Connell 1979). Similarly, taboos related to trees are likely to have promoted the
conservation of mature vegetation stands, explaining the significant effect found for veg-
etation structure (Marini Govigli et al. 2020). Finally, the possibility to collect forest and
understory products in a culturally prominent area can explain the persistence of TEK and
cultural uses of biodiversity at SNS. While these examples are both from SNS in Europe,
the importance of resource-related taboos and collection of useful plants is far from limited
to European SNS, having been similarly recorded in other different contexts such as, for
example, India (Ormsby 2013) and the Himalaya (Salick et al. 2007).

Overall, our results newly underline the importance of recognizing and possibly ratify-
ing the effectiveness of SNS for area-based conservation, while at the same time consider-
ing that they are culturally sensitive areas whose primary purpose is not conservation. This
would foster the application of appropriate policies and measures (IUCN-WCPA 2019),
while addressing such aims as increasing the coverage of rare or important ecosystems,
supporting the conservation of threatened species and enhancing the connectivity of PA
networks, among the others. Beliefs and practices associated with SNS should be part of
any form of official recognition or institutionalization, as research shows that they are often
key to driving the biodiversity patterns found in these areas. In this perspective, the broader
framework currently developed with regards to OECMs can serve as a valuable example
on which to build, to ratify the role of SNS without assimilating them to PA in the classi-
cal sense. At the same time, our review also shows that our knowledge of SNS needs to be
systematized, and a number of gaps filled, before the conservation potential of SNS can be
fully understood and recognized.

Firstly, it is pivotal to undertake large scale surveys of SNS networks at a national or
regional scale, as done for instance by Reynolds et al. (2016) or Frascaroli et al. (2019), to
acquire a better sense for the extent of those networks and their distribution across biomes
and altitudinal gradients. Moreover, such surveys would lay the foundation for an inte-
grated conservation planning, which simultaneously accounts for PA, OECMs and SNS.

Secondly, it would be desirable to elaborate standardized protocols for future studies
of SNS (see Borges et al. 2018 for an analogous case). Such protocols should concern the
sampling of biological communities, the characterization and classification of SNS (e.g.,
based on their geographical extent, ecological characteristics, belief systems), as well as
the analysis of governance and management mechanisms currently in place. This informa-
tion would help us disentangle the effect of SNS on different types of organisms across
faiths and, likely more importantly, management types, while systematically collecting evi-
dence for future syntheses.

@ Springer



Biodiversity and Conservation (2021) 30:3747-3762 3757

Finally, a number of local studies should address the taxonomic and geographical gaps
evidenced by our reviews, to understand whether SNS contribute to conservation of other
taxa than just plants and on a truly global scale. In particular, studies from Americas and
Oceania are lacking and from high latitudes in general, as well as studies on many animal
groups, fungi and other microorganisms. These efforts would advance our understandings
of SNS and help maximize their contribution to area-based conservation schemes.

Conclusions and outlook for future research

In light of the growing recognition of SNS and OECMs in conservation policy and
approaches globally, this study aimed at providing the first systematic review about the
effects of SNS on biodiversity conservation. Out of 2750 papers extracted, we found 27
that met our criteria for quantitative information and analysis of biodiversity or vegetation
structure. These came from studies scattered across Africa, Asia and Europe and inves-
tigated plants, animals and fungi. According to our analyses and based on a vote-count-
ing approach, the evidence that SNS improve biodiversity conservation is quite strong,
although this is not a conclusive proof given the small number of studies and their spa-
tially-unbalanced distribution. Also, the research on the topic has left large geographical
areas unexplored, while studying predominantly plants. New efforts towards filling these
knowledge gaps and towards improving our broader knowledge of SNS are urgent, to maxi-
mize their synergy with larger conservation schemes.
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