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Abstract

Human-nature interactions are ubiquitous and are commonly represented in the digital
realm. Here, we aim to harness the rapidly accumulating wealth of new digital data sources
and demonstrate that using multiple digital sources can help better understand societal as-
pects of biodiversity conservation. We explored different digital data platforms, including
social media platforms, search engines, online encyclopedias, popular media articles, large
online scientific databases, and citizen science platforms. These sources can represent
different types of engagement people have with nature by different sectors of society. We
assessed and compared the salience of 53 wildflower species in Israel across these digital
sources as a test case. We found that different digital platforms highlight different species.
Importantly, different platforms focused differently on a) narrow versus wide-ranging spe-
cies, b) species found in locations that are closer or further away from roads, c) different
plant growth forms, d) protected versus non-protected species, and e) endangered versus
non-endangered species. These results suggest people have different engagements with
nature, in different locations, across different digital data sources. We further show differ-
ent relationships between salience across the different platforms. For example, the social
media platform Flickr highlights unique species not represented in any other platform.
Overall, our exploration of digital salience towards wildflowers in Israel demonstrates the
importance of analysing multiple digital sources to allow for a more inclusive representa-
tion of the public and to better reflect species’ cultural importance online.
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Introduction

The Information age offers new prospects for science to explore patterns at scales unimagi-
nable until recently (Bollier and Firestone 2010; Ladle et al. 2016; Theocharis and Jungherr
2021). One such rapidly expanding field is culturomics - a form of computational lexicol-
ogy that studies human behaviour and cultural trends through the quantitative analysis of
digitised texts, images, videos, and sounds (Correia et al. 2021a; Albuquerque et al. 2023).
This new field aims to better understand various facets of human cultures and behaviours
by exploring the imprints different people leave when using search engines, social media
sources, online encyclopaedias, and other digital platforms (any other website such as
blogs, popular media, etc.). Conservation culturomics explores human-nature interactions
as these are manifested in the ever-expanding digital realm to promote conservation (Ladle
et al. 2016; Correia et al. 2021b). However, the comprehensiveness and coherence of such
insights from different digital platforms are still unclear.

In recent years, conservation research using culturomic tools and approaches has grown in
popularity (Correia et al. 2021b). In addition, social media platforms have become a known
method for evaluating Cultural Ecosystem Services (Cheng et al. 2019). For example, social
media photos have been used to evaluate charismatic animals and plants in Africa, assess
the attractiveness of different nature reserves, and quantify reserves’ cultural services and
benefits (Willemen et al. 2015). Culturomic tools have also been used to assess interest in
specific species. For example, Correia et al. (2016) used internet saliency (number of web
pages containing a species name) to compare national and international interest in Brazilian
birds. Further, Millard et al. (2021) used Wikipedia page views to construct an awareness
index to evaluate changes in people’s awareness of different species.

Digital sources of human-nature interactions are varied and can include social media
platforms, search engine visitation metrics, online encyclopedias, popular news media pub-
lications, scientific databases, and citizen science reports. Different platforms can appeal
to different people (Cooper et al. 2019), and their content may represent different levels of
interactions, from basic interactions (for example, seeing plant species in the background of
photos) to interest (for example, reading about a species in Wikipedia) and deeper levels of
engagement (for example, reporting a sighting of a species online; Correia et al. 2021a, b;
Vardi, et al. 2021b). Culturomic content further represents both documentation of first-hand
(positive or negative) interactions with nature, for example, uploading photos and videos of
yourself in nature, and indirect interactions—experiencing nature through a medium such
as watching videos/photos of natural elements. People may further highlight different spe-
cies’ features (e.g., size, distribution, taxonomic group) across different platforms (Correia
etal. 2021a, b). Thus, to consider various types of human-nature interactions, scientists need
to explore them across multiple digital sources (Cooper et al. 2019; Hartmann et al. 2022;
Vardi, et al. 2021b).

Species digital salience, how often their names are searched for or mentioned on an
online platform, can be used to measure the level of public interest in these species (Cor-
reia et al. 2016; Mittermeier et al. 2021). Evaluating salience across multiple platforms can
account for various types of human-nature interactions, and hopefully represent more sec-
tors of society that use different online platforms (Duggan and Brenner 2013; Ghermandi
and Sinclair 2019). For example, Vardi et al. (2021b) showed that even though plant species
had similar salience in Google and Wikipedia, the two sources highlighted different species
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and traits, and people may use the two platforms for different reasons of interest in nature.
Acknowledging societal inequalities in representation and access to information is also key
for culturomics research. Combining data from different digital platforms may allow a more
comprehensive representation of species in the digital realm by different people and cul-
tures, though Internet access and representation biases may still persist.

Here, we compared Israeli wildflower species popularity across different types of online
platforms. We further explored how species’ popularity is affected by different attributes of
the species, such as its protection by law, its distribution, and accessibility to its blooming
grounds. Overall, plant conservation receives less attention compared to animal conserva-
tion (Balding and Williams 2016). This is despite the fact that plants are key elements in
ecosystems globally and are encountered by most people daily (Kowarik et al. 2011; Pal-
liwoda et al. 2017). Furthermore, many plant species have great cultural significance across
societies (Wedel 2017). In Israel, a nationwide education campaign in the 70s managed to
achieve a cultural change in Israeli society, encouraging positive human-plant interaction
and a great appreciation of seasonal blooms (Regev 1993). With this rich history, Israeli
wildflowers are the subject of much online interest and there are designated websites report-
ing on blooming locations and timing. In our work, we aimed to demonstrate the usefulness
and importance of exploring multiple digital sources to evaluate species online prevalence
in people’s lives in the hope of a more representative sampling of society.

Methods
Israeli wildflowers and society

Israel enjoys bountiful flora due to its climate and geographic location (Alon 1990). There
are over 2,500 wild plant species in Israel, of which 300 are protected by law and 150 are
endemic. These species represent over 130 different families (Danin 2004), and are diverse
in colour, shape, growth rate, and habitats (Alon 1992). Israel’s biodiversity has been inter-
twined with the country’s rich history, receiving many biblical mentions, and inspiring
much poetry and art (Roll et al. 2009), and seasonal blooms being widely celebrated across
the country (Shachak 2015). A successful nationwide campaign to prevent wildflower pick-
ing (flowers that grow in the wild), which dates back to the 1970s (Regev 1993), has left
wildflower picking uncommon throughout the country. Israeli wildflowers are also the sub-
ject of much online interest (Vardi, et al. 2021b) and there are several designated websites
to report blooming locations and timings (see below). As such, Israeli plants can provide an
excellent case study to explore digital human-nature interactions. However, many species
may not be represented online at all and thus cannot be part of such analyses (Correia et al.
2021a, b; Vardi et al. 2021b).

Israel’s society is diverse and includes disparities between its different sectors. This is an
important point to consider when conducting a culturomics analysis to acknowledge which
parts of the public the data represent (Ghermandi and Sinclair 2019; Vardi, et al. 2021b). A
total of 8.2% of the population in the country does not use the internet at all (Israel Central
Bureau of Statistics 2023). Israeli society also includes secular and religious people; Jews,
Arabs of both Muslim and Christian faiths, and Druze, which can translate to different
online representations. For example, more secular than ultra-orthodox Jews use the Internet
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(92% compared with 64% respectively), and younger people (20-64) use it more than older
(65+) people (95% compared with 79%, respectively). But there are also similar trends, for
example, Jews and Arabs, as well as men and women, use social media to a similar extent
(Israel Central Bureau of Statistics 2021).

Salience data

We compared digital interest and blooming reports of 53 wild plant species in Israel (see
Table S1 and S2). These included the top 50 most popular annual and geophytes on Wiki-
pedia and Google (Vardi et al. 2021b; excluding four species, see Table S1) plus other wild
iris species in Israel (excluding two species, see Table S1). We evaluated interest in these
species across several digital platforms. We explored the following culturomic sources:
Flickr - a photo-sharing social media platform; Google search engine; popular media - arti-
cles mentioning wildflowers concerning nature conservation, travelling advice, or health-
related issues in two prominent Israeli news outlets; and Wikipedia—the Hebrew edition
of the online encyclopedia. We explored these additional digital data sources: BioGIS—a
national scientific database repository that includes blooming observations and specimens;
iNaturalist—a global citizen science platform where private people can report their species
observations that are later verified by other users; and two other Israeli sources dedicated
to reporting wildflower blooms that share attributes of both social media and citizen sci-
ence platforms (see Table S3 for links of all sources). The first, ‘Rotem’, is targeted more
at professionals or dedicated amateurs reporting plant locations and bloom periods and is
thus more similar to classical citizen science platforms (hereafter referred to as citizen sci-
ence; see Table S3). The second, ‘Tiuli’, is a website geared toward travel where people
share their experiences and recommendations, thus more akin to a classical social media
platform (hereafter referred to as social media). The different platforms represent different
types of interaction with nature, from (potentially) strictly digital (e.g., Google, Wikipedia,
popular media), to documented physical encounters with the species (e.g., citizen science,
social media posts). They further represent different scopes—from local to global, as well
as different audiences—from scientists (BioGIS) to nature enthusiasts (citizen science), and
the general public (Google, popular media, social media, and Wikipedia). The specific plat-
forms chosen were partly based on familiarity with popular local platforms, and partly due
to data-accessibility restrictions (see discussion for limitations). The different platforms also
differ from one another in their purpose and targeted audience, particularly age and gender
(See Fig. S1). While the data for Flickr, iNaturalist, and Google are global and not strictly
representative of Israeli users, these data highlight the potential of better representation of
the general public when considering multiple data sources.

For each species, we collected their salience across the different digital sources (see Fig.
1). Data extraction was conducted in October 2021 for all sources but popular media for
which data extractions was conducted in October 2023, Data were explored until the end of
2020 and was limited in the starting date by the availability and accessibility of each plat-
form. Data from Flickr were collected using the R package ‘photosearcher’ (from January
1, 2005, until December 31, 2020; https://github.com/ropensci/photosearcher; (Fox et al.
2020). We searched for photos tagged or described with the species’ scientific or Hebrew
name and then excluded results geotagged outside of Israel. All these results included refer-
rals to the relevant species’ name, irrespective of whether the images correctly displayed
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it. We considered all of these results from Flickr, even potentially erroneous identifications
of species, as these still indicate the cultural value of the species mentioned in the eye of
the uploader (even if they cannot properly identify it). This is also true when the image is
not of a wild plant but rather its representation in art or other cultural products (Baudrillard
1994). We obtained the proportional weekly Google search volume in Israel from Janu-
ary 1, 2010, until December 31, 2020, relative to all Google searches in Israel during that
period. Google is the most used search engine and the top visited website in the country
(https://www.similarweb.com/). Google search volumes were obtained using the Google
health trends API (application program interface) and a dedicated Python library (Python
version 3.8; google-API-python-client; https://pypi.org/project/google-api-python-client/;
for full details, see (Vardi et al. 2021b). We used Google topics to include results across
all searches made with synonyms, typos, and similar or related terms across languages (for
example, Hebrew and English common names, and species scientific names) related to the
species name (Cooper et al. 2019). We downloaded all records from BioGIS (dates back to
1915) and all research-grade observations of the species reported to iNaturalist (from Janu-
ary 1, 2002, until December 31, 2020) based on their scientific names. Blooming reports
recorded in the local citizen science platform - Rotem (January 1, 2004, until June 15, 2013;
afterwards, data were no longer available) and in the local social media platform - Tiuli
(starting from January 1, 2007, until December 31, 2020) were downloaded directly from
these sources’ websites (Table S3) based on the species’ Hebrew names. We obtained daily
Wikipedia page views with the R package ‘pageviews’ (Keyes and Lewis 2016) from July
15, 2015, until December 31, 2020. Wikipedia is the 7th most visited website in Israel (htt
ps://www.similarweb.com/) and The Hebrew version is mostly accessed from within Israel
(88%; Zachte 2018). We retrieved the number of entries for each species page in the Hebrew
edition made from all devices by human users. To control for differences that may have been
caused due to the different time periods of available data from each source, we repeated our
analysis by comparing interest from BioGIS, Flickr, Google, iNaturalist,, and Tiuli limited
to the same time frame of January 1, 2010, until December 31, 2020.

For each species, we further recorded its prevalence in the Israeli news media (see Table
S2) by searching the Hebrew name of the species in the internal search platforms of two
popular Israeli news media outlets—Haaretz and Ynet (see Table S3) and tallying relevant
results (articles regarding nature conservation, travelling advice, and health advice) from
January 1, 2010 until December 31 2020. The Haaretz website is ranked the 17th most
popular website in Israel (https://www.similarweb.com/). It is commonly associated with
the political left, and a survey in 2011 showed that 84% of the public perceived the paper
as left-wing. Ynet is the most popular news website and is ranked 4th most popular website
in Israel. While less associated with a political stand, 63% of the public perceived it as left
oriented outlet (https://b.walla.co.il/item/1882308).

Geographic data and conservation traits

Beyond species observations and records, BioGIS provides geographic information regard-
ing nature reserves, roads, and human settlements in Israel which we further analysed. For
each species known blooming ground recorded in BioGIS, we collected its distance from
the nearest nature reserve, and distance to the nearest road or closest settlement as a measure
of accessibility and human interference. We averaged these traits per species across all its
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blooming grounds to obtain a single value of each distance assessment per species. From the
literature, we tallied the number of different regions in Israel the species is found in for an
estimation of how widely distributed the species is (Feinbrun-Dotan and Danin, 1998). We
followed the fine-grain division of 27 biogeographical regions of Israel based on climate,
geology, and vegetation following Danin 2004. For each species, we noted whether they are
protected by Israeli law and whether they are considered locally endangered (data obtained
from Fragman et al. 1999; Shmida and Pollak 2007). We further distinguished between two
plant growth forms—annuals, which complete their life cycle within a single season, and
geophytes, which are perennial plants with an underground storage organ allowing them to
survive harsh conditions and regrow when conditions become favourable (see Table S2 for
all these values per species). These traits allowed us to test how accessibility (distance to
road, nature reserves, and settlements), conservation status (endangered status and protec-
tion by law), and encounter rates (annuals vs geophytes) affect species salience across the
different platforms.

Statistical analysis

We used the Wilcoxon test to compare salience across the different digital platforms
between annuals and geophytes, species protected by law and unprotected species, and
endangered and not-at-risk species. We further tested for correlations between the different
digital sources and the different geographic attributes of the flower blooming grounds -
mean distance to road and mean distance to nature reserves, using Kendall’s rank correlation
tau (Hollander and Wolfe 1973). We did not include distance to settlements due to its high
correlation with the other attributes. We also tested the correlation between species salience
and their prevalence across Israel - the number of regions the species grows in. We used the
false discovery rate to correct for multiple testing (Benjamini and Hochberg 1995). We con-
verted all our salience measures (per data source) into proportions to enable comparisons
across sources with different salience scales. The species with the highest value obtained in
each platform was assigned as 1, and other species’ salience values were proportions of this.
All analyses were conducted in R version 4.1.2 (2017). We repeated all analyses once for
all data sources and timelines, and once for the data during 2010-2020 from those sources
that had data throughout this period (BioGIS, Flickr, Google, iNaturalist, Popular media,
and Tiuli).

Results
Overall salience

Overall, species received different levels of attention, with some not having any records or
mentions in Flickr, the popular media, and Tiuli, and others receiving up to 1660 photos on
Flickr (Daucus carota), 40 relevant media articles (Iris atropurpurea; see Table S2), and
358 reports in Tiuli (Anemone coronaria). We found that different digital platforms empha-
sised different species (Table S2). The top 10 most popular species partly overlapped across
sources, with Anemone coronaria being in the top 10 in seven out of the eight sources we
explored, and ranking first in three of them (Table 1).While most species appeared in the
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Table 1 Specia appearing in the top 10 most popular across all platforms and their overall total salience
and mean ranked across all platforms. The table also includes the growth form (Geophyte or Annual) for
each species and whether they are endangered (1 for yes) and protected by law. Photos taken from https://
commons.wikimedia.org/ with authors named in the table

Species Photo Photo by Times in top 10 Platforms Total salience Meanrank Growth Form Endangered Protected
BioGIS. Google. iNaturalist,

Anemone coronaria (e} Jim Evans 7 : i a 162934.5 0.7175 G 0 1
Popular media, Rotem, Tiuli,
L 5 = = =
Cyclamen persicum e Muhammad 6 BioGIS, l.f\aAmra.hs»L Po.pular media, 54400 0575 G 0 1
Musa Shawan Rotem, Tiuli, Wikipedia
Silybum marianum B 1\ tankic 6 BioGIS, Google, iNammalist, 1063965 033375 A 0 0
4 Popular media, Wikipedia, Flickr
Drimia maritima [ B g 4 BioGIS, Rotem, Tiuli, Wikipedia ~ 102375.5 0.34375 G 0 1
Javier martin
Daucus carota ' . 4 BioGIS, Google, iNaturalist, Flickr 41207.5 0.29125 A 0 0
User:Tigerente
Narcissus tazetta ¢ . 3 iNaturalist, Rotem, Tiuli 23557.5 0.33 G 0 1
Ariesaada
Colchicum stevenii " 5 3 iNaturalist, Popular media, Rotem  21506.5 0.28375 G 0 1
Gideon Pisanty
Tuli i zocht Bveaoe 3 Popular media, Rotem, Tiuli 174225 023625 G 0 1
‘ulipa agenensis & MathKnight opular media, Rotem, Tiuli 22.5 123625
Lilium candidum T 3 Google, Popular media, Wikipedia 127443 0.23 G 1 1
Arielinson N
i 3t iuli 5251.5 222!
Sternbergia clusiana Gideon Pisanty 3 Google, Rotem, Tiuli 35251.5 0.2225 A 0 1
5 v
Portulaca oleracea % i 3 Google, Wikipedia, Flickr 80161 0.2125 A 0 0
ZooFari
MathKnight & . . . T—
Chrysanthemum coronariun| & : "?h 3 BioGIS. iNaturalist, Wikipedia 41048.5 0.21 A 0 0
Zachi Evenor
Lupinus pilosus i 3 iNaturalist, Popular media, Tiuli ~ 36339.5 0.20375 A 0 1
Zachi Evenor
Pancratium maritimum " - 3 Popular media, Wikipedia, Flickr 50289 0.19875 G 0 1
Talia Lavi
Ranunculus asiaticus " BioGIS, iNaturalist 20071.5 0.28125 G 0 1
Tamar HaYarder
Anagallis arvensis 2 BioGIS. Flickr 343745 0.255 A 0 0
H. Zell
Iris atropurpurea pintal 2 Popular media, Tiuli 40623.5 0.24625 G 1 1
Gynandriris sisyrinchium 2 BioGIS, iNaturalist 11756.5 0.22125 G 0 0
_ Nanosanchez
- % | i —
Eruca sativa (Ml Atvesgaspar 2 Google, Wikipedia 175917 0.1975 A 0 0
: i A . 2 . Tiuli 22445 1775 0 1
Crocus hyemalis m Dror Feitelson Rotem, Tiuli 12244 0.177; G
. \ .
i . 2 2 3
Iris haynei i Tstael Hirscliber, 2 Google, Popular media 42439 0.16 G 1 1
MathKnight & . 5
Oxalis pes-caprae athKuigh 2 Wikipedia, Flickr 37808.5 0.12875 G ) 0
Zachi Evenor
rchis ili a s 17125
Orchis papilionacea MathKnight 1 Rotem 8693 0.171 G 0 1
Scilla autumnalis 1 Rotem 5808 0.14875 G 0 0
Ophrys34
N . e o
Iris palaestina Gideon Pisanty 1 Tiuli 7121 0.13 G 0 1
ri ickr 5 2. 3
Iris pseudacorus Stahlkocher 1 Flickr 7473.5 0.12625 G 1 1
ifer: 3 icks 52.5 5
Ophrys apifera BerndH 1 Flickr 9052.5 0.125 G 0 1
i i 4 ick 549.5
Lamium amplexicaule Eugene Zelenko 1 Flickr 6549.5 0.12375 A 0 0
i 5.8 i 5 2
Linum pubescens B% 7achi Evenor i BioGIS 10444.5 0.12125 A 0 0
tvul i (o ticks s 0 0
Convolvulus arvensis P M8\ o o 1 Flic 13589 0.1125 A
Scolymus maculatus 1 Google 30947.5 0.1075 A 0 0
Torsh b
Allium ampeloprasum . . 1 Google 56299.5 0.1075 G 0 1
Javier martin

top 10 in at least two sources, some species were highlighted by only one platform. For
example, Allium ampeloprasum was ranked 4h in Google but did not appear in the top 10
of any other data sources. Similarly, /ris palaestina only appeared in Tiuli’s top 10. Flickr
was the only data source that had four unique species in its top 10 that did not appear in
any other platform’ top 10 (Ophrys apifera, Iris pseudacorus, Convolvulus arvensis, and
Lamium amplexicaule). The two local platforms, Rotem and Tiuli, shared 7 species in their
top 10 (though in different order), as did BioGIS and iNaturalist (Table 1).

We found that popular media, the local citizen science platform Rotem, and the local
social media platform Tiuli, had greater salience for geophytes than annuals (Fig. 2; Table
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Fig. 2 Attributes of species compared to their salience across digital platforms. Plant species’ (N=53)
salience is displayed as proportions of the highest value in each platform. Displayed are links between
salience and (A) species’ protection status by the Israeli law (protected or not), showing median interquar-
tile range in boxes, and dots as outliers; (B) species’ endangered status (endangered or not-at-risk); and
(C) growth form—annual or geophyte

S4). These three platforms also highlighted protected species more than non-protected
species. BioGIS showed the opposite result emphasising non-protected species more than
protected species (Fig. 2, Table S4), though this difference disappears when considering
observations only from 2010 onwards (Fig. S2). The classical culturomic sources (Flickr,
Google, and Wikipedia) and the global citizen science platform iNaturalist show similar
popularity values to both growth forms and protected and non-protected species. We again
found contrasting results when exploring interest in endangered species versus those not
at risk. BioGIS and iNaturalist significantly highlight non-endangered species, with Flickr
(and BioGIS data only from 2010-2020) showing a similar but non-significant trend. How-
ever, popular news media showed significantly more attention to endangered species (Fig. 2,
Table S4). The remaining digital platforms (Google, Rotem, Tiuli, and Wikipedia) showed
no differences in salience between endangered and non-endangered species. It is important
to mention that within the list of species explored here, only irises are endangered (see Table
S2).

Salience and geographical attributes

Our case study also emphasised the importance of human-nature interactions and natural
elements outside nature reserves and protected areas (Dickinson and Hobbs 2017). For most
data sources, we saw no relation between salience and distance to nature reserves (Fig. 3,
Table S5). This pattern was observed across all data sources except the scientific repository
BioGIS, where we found a significant increase in salience as the distance from reserves
increased, though this trend became non-significant when we analysed data only from 2010-
2020 (Fig. S2). Similarly, looking at salience as a function of distance to the nearest road,
we found no clear trend for most sources. Salience in BioGIS increased as the distance from
roads increased, though this trend disappeared when considering data only from 2010-2020
see (Fig. 3, Table S4). Finally, we found a rise in salience in BioGIS, iNaturalist, and Flickr
(marginally significant for the latter) towards more widespread species (Fig. 3, Table S4).
Popular news media showed the opposite trend (non-significant) and tend to highlight spe-
cies with narrower distribution within Israel.
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Fig. 3 Attributes of species compared to their salience across digital platforms. Plant species’ (N=53)
salience is displayed as proportions of the highest value in each platform (rank). The mean rank across
all platforms together is also plotted in black. Displayed are links between salience and (A) species’ oc-
currence in Israel based on number of regions in Israel the species grows in (raw data in dots and overall
trend in lines); (B) species’ mean distance to the nearest road (meters); and (C) species mean distance to
nature reserves

Correlations across sources

We found several significant positive correlations between salience across some of the dif-
ferent digital sources (Fig. S3). In our Israeli plant species exploration, we found that online
popularity (species popularity ranking at each platform) positively correlates between sci-
entific datasets, local and global citizen science, and local social media platforms (between
BioGIS, iNaturalist, Rotem, and Tiuli; see Fig. S3). Salience in popular media was also
positively correlated with local and global citizen science (iNaturalist and Rotem) and with
the local social media platform of Tiuli. While salience in Wikipedia was positively cor-
related with all other platforms except Flickr, salience in Google was only correlated to
Wikipedia, and salience in Flickr was not significantly correlated to any other data source
(Fig. S3). When testing correlations between salience in six of the data sources (BioGIS,
Flickr, Google, iNaturalist, popular media, and Tiuli) ranging over the same time period
(2010-2020), we found similar results (Fig. S4).

Discussion

We present here an approach to explore in unison different digital sources (culturomic
sources, citizen science platforms, and scientific repositories) to evaluate species’ cultural
significance online. Understanding this human element is essential for conservation efforts
(Bennett et al. 2017) though very challenging to evaluate (Soriano-Redondo et al. 2017).
The merits of using culturomics approaches to explore human-nature interactions by con-
servation scientists and practitioners have been previously shown (Correia et al. 2021a). We
suggest that using various digital sources can further increase the value of culturomic stud-
ies for conservation and improve conclusions reached by representing more diverse groups
of people. We highlight the value of exploring digital sources of different purposes (e.g.,
social media platforms, citizen science sources, online encyclopedias, etc.) and of different
scopes (global and local). While biases and limitations persist (see below), a general assess-
ment of people’s interest in nature using relatively low-cost and readily accessible tools can
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improve conservation efforts. For example, this can inform conservationists in selecting a
local flagship species, benefiting from a species that already attracts attention from the pub-
lic. We tested our approach using salience towards Israeli wildflowers across different digi-
tal sources. Our results highlight differences between different digital platforms potentially
arising from the different platforms’ types and purposes (e.g., search engine, encyclopedia,
citizen science, etc.), as well as target audience.

Evaluating species salience across multiple sources can include nature interactions from
different people—scientists, nature lovers, and the general public, as well as from different
age groups and socioeconomic backgrounds (Duggan and Brenner 2013; Ghermandi and
Sinclair 2019; Ghermandi et al. 2020; Vardi et al. 2021b). Specifically, social media data
is more common among younger generations (Liu et al. 2016), though user age groups
change across unique platforms (Ortiz-Ospina 2019). For example, 48% of older Americans
(age 65+ who use the Internet) use Facebook, whereas only 4% and 6% use Instagram and
Twitter, respectively (Duggan and Brenner 2013). By exploring several digital data sources
simultaneously, we demonstrate that some biases can be reduced. Thus, future culturomics
studies should aim at combining insights from different sources that may be used by differ-
ent groups. Our case study exploring Israeli plant species demonstrated the value of explor-
ing multiple digital sources in unison. While salience across many sources was positively
correlated, demonstrating consistency in species popularity across platforms, few digital
data sources stood out from the overall trend (Fig. 2 and 3, Fig. S3). We show that salience
in Flickr highlights different species than other platforms and does not correlate to any other
platform explored (Table 1, Fig. S3). Flickr is often used for cultural ecosystem services
evaluations, partially due to its easy API access (Ghermandi and Sinclair 2019; Leppamaki
et al. 2025). Our results suggest that conclusions based solely on Flicker may represent a
particular facet of human-nature interactions and may not be fully inclusive. For example,
Flicker’s top three ranked flowers include two species not included in any of the other plat-
forms’ top 10 (Table 1 and S2). Hence, conclusions made using solely salience from Flickr
would be partial and potentially not very representative of the public. Google search volume
also seems to stand out from many other platforms (Fig. S3). Nevertheless, Google salience
is positively correlated with Wikipedia, potentially as a consequence of people reaching
Wikipedia from an initial Google search (McMahon et al. 2017; Segev and Sharon 2017).
Beyond these, the significant positive relationships between the remaining sources indicate
similarities in species’ overall salience across different digital sources.

Nevertheless, when exploring geographical and conservation traits of our species, sev-
eral sources highlighted subsets of species (Figs. 2 and 3). For example, we found that
the scientific database we explored—BioGIS, focused much more on species found further
away from reserves and roads. However, these results are weakened when considering data
only from 2010-2020, potentially reflecting changing trends in scientific endeavours. Bio-
GIS (full database and 2010-2020 database) also highlighted annual, non-protected and
non-endangered species. This highlights that scientists may have different interests when
they record species in online repositories from the interests of the general public (Roll et
al. 2016). Culturomics approaches can help explore such gaps between scientific interest
and public awareness. Popular news articles had greater emphasis on protected species
and endangered species (Fig. 2). This is unsurprising as popular media often focuses more
on extreme events, controversies, and topics that elicit strong responses from their reader-
ship—such as threatened species (McCombs and Shaw 1993; Verissimo et al. 2014). These
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results further stress the added value of exploring different platforms when exploring digital
human-nature interactions. For example, local platforms (popular media, Rotem, and Tiuli)
showed increased interest in protected vs non-protected species, whereas more global plat-
forms (Flickr, Google, and iNaturalist) did not (Fig. 2, Table S3). This may highlight the
importance of protected species to locals and demonstrate the importance of conservation
policies and outreach. This may also be a cause for concern as the list of protected plant
species in Israel was decided more than 40 years ago and has not been updated since. Deci-
sion makers can use our findings to advocate for the importance of species protection and
the need to revise them to stay meaningful and gain benefits from their increased popularity.

Our results also emphasise the importance of human-nature interactions outside nature
reserves and in modified landscapes. In most of our sources, salience was unaffected by
the species’ distribution degree of distance to roads or reserves (Fig. 3, Table S5). Beyond
protecting nature, nature reserves represent a designated place for human-nature interac-
tions (Roux et al. 2020). Indeed, human-nature interactions inside reserves were shown
to be more meaningful and provide more Cultural Ecosystem Services than ones outside
protected areas (Eastwood et al. 2016). However, interacting with nature is not limited to
natural reserves. The ubiquitous presence of nature can strengthen people’s connections to
it, enhance its values in the general public’s eye, and provide vast opportunities for human-
nature interactions (Roll et al. 2021; Vardi et al. 2021a).

Conclusions

The value of plants as ambassadors of conservation in Israel was demonstrated in a cam-
paign to prevent the construction of a new village in Northern Israel (Furst 2017). This
village was planned to be built on Mount Gilboa, the global stronghold of the Gilboa iris
(Iris haynei). This led to a successful national campaign against this development initia-
tive to keep its natural habitat wild. This initiative was spearheaded by the Society for the
Protection of Nature in Israel, the oldest and most prominent Israeli conservation non-gov-
ernmental organisation, whose emblem is the Gilboa iris (Furst 2017; Regev 1993). Such
examples demonstrate the cultural importance of plant species and how public awareness
can be leveraged for conservation (Sagi 2020). Our analysis, quantifying wildflowers’ digi-
tal interest, can help decision-makers highlight the importance of protecting wildflowers’
blooming grounds. Conservation managers and practitioners can therefore use digital pre-
dictors of public engagement (salience, sentiment, and temporal trends) as tools to advo-
cate for green spaces and natural areas, wildlife protection and conservation, and education
towards sustainable behaviour and positive human-nature interactions. For example, we
found that geophytes are significantly more popular than annual plants in several platforms
(popular media, Rotem, and Tiuli; Fig. 2). In the future, if open spaces are in danger of
destruction for anthropogenic development, raising awareness to geophytes that grow there
might be deemed more successful than focusing on annual plants in the area.

While holding much promise, digital data also manifest various inherent biases and limi-
tations (Jari¢ et al. 2020; Correia et al. 2021a). As mentioned, different genders and age
groups engage differently with digital platforms, which supports the analysis of multiple
sources to gain meaningful insights (see above). Some groups—such as indigenous people-
are still much less represented in such digital exploration (Jari¢ et al. 2020; Correia et al.
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2021a), yet should not be excluded from conservation discussions and policy (IPBES 2019).
We aimed to include in our cross-platform explorations larger spans of society. Nevertheless,
we acknowledge that explicit and implicit impediments in people’s access to both nature
and digital platforms are vast and may never be fully bridged. Beyond this, culturomics
approaches also hold technological limitations and ethical considerations (Di Minin et al.
2021; Olteanu et al. 2019). Different online platforms allow different data accessibility for
researchers, which can limit the scope of scientific explorations with respect to platforms
explored (e.g., Flickr; Hartmann et al. 2022). In addition, transparency and replicability
are recurring issues as companies change their data accessibility, metadata, and interfaces
(Leppémaéki et al. 2025). Furthermore, many of these sources only reflect trends of the past
few years and are difficult to compare to studies of human-nature interactions from more
classical sources such as surveys and literary analyses (Correia et al. 2021a). The platform’s
goal and affordances, such as the presence of discussion forums, uploading options, etc., can
greatly determine the type of interaction users have with nature (Arts et al. 2021; Verploe-
gen et al. 2021), thus dictating the digital imprints that can be explored. Still, culturomics
approaches can provide valuable information and improve understanding of social aspects
of conservation. When doing so, it is important to explore multiple digital sources, as we
have shown, to allow a more inclusive sampling of society. We hope that similar approaches
of combining multiple online platforms to evaluate species’ overall digital prevalence to
study human-nature interactions will be replicated across other taxa and in other regions.
This could enable the creation of a global dataset of social aspects of biodiversity conserva-
tion across countries and cultures to aid conservation actions.

Supplementary Information The online version contains supplementary material available at https://doi.org
/10.1007/s10531-025-03144-4.

Acknowledgements This work was supported by the German-Israeli Foundation for Scientific Research and
Development (GIF), Research Grant No. [-2519-119.4/2019. RV was partly supported by the George S. Wise
post-doctoral fellowship.

Author contribution Both authors contributed to the study conception and design. Material preparation, data
collection and analysis were performed by R.V. The first draft of the manuscript was written by R.V and U.R
commented on previous versions of the manuscript. Both authors read and approved the final manuscript.

Funding Open access funding provided by Tel Aviv University. German-Israeli Foundation for Scientific
Research and Development,I-2519-119.4/2019

Data availability Data will be shared upon request from authors.

Declarations
Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons
licence, and indicate if changes were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material.
If material is not included in the article’s Creative Commons licence and your intended use is not permitted
by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

@ Springer


https://doi.org/10.1007/s10531-025-03144-4
https://doi.org/10.1007/s10531-025-03144-4
http://creativecommons.org/licenses/by/4.0/

4014 Biodiversity and Conservation (2025) 34:4001-4016

References

Albuquerque UP, Cantalice AS, Oliveira ES, de Moura JMB, dos Santos RKS, da Silva RH, Brito-Jinior VM,
Ferreira-Junior WS (2023) Exploring large digital bodies for the study of human behavior. Evol Psychol
Sci. https://doi.org/10.1007/s40806-023-00363-2

Alon A (1992) Irises: The irises of Israel. Ministry of Defense Publishing, Tel Aviv, Israel

Alon A (1990) Plants and animals of Israel vol 1: Introductions and indexes. Ministry of Defense Publishing,
Tel Aviv, Israel

Arts I, Fischer A, Duckett D, van der Wal R (2021) The instagrammable outdoors — investigating the sharing
of nature experiences through visual social media. People Nat 3(6):1244—1256. https://doi.org/10.100
2/pan3.10239

Balding M, Williams KJH (2016) Plant blindness and the implications for plant conservation. Conserv Biol
30(6):1192-1199. https://doi.org/10.1111/cobi.12738

Baudrillard J (1994) Simulacra and simulation. University of Michigan press

Benjamini Y, Hochberg Y (1995) Controlling the false discovery rate : a practical and powerful approach to
multiple testing. J R Stat Soc Series B Stat Methodol 57(1):289-300

Bennett NJ, Roth R, Klain SC, Chan K, Christie P, Clark DA, Cullman G, Curran D, Durbin TJ, Epstein G,
Greenberg A, Nelson MP, Sandlos J, Stedman R, Teel TL, Thomas R, Verissimo D, Wyborn C (2017)
Conservation social science: understanding and integrating human dimensions to improve conservation.
Biol Conserv 205:93—108. https://doi.org/10.1016/j.biocon.2016.10.006

Bollier D, Firestone CM (2010) The promise and peril of big data. Aspen Institute

Cheng X, Van Damme S, Li L, Uyttenhove P (2019) Evaluation of cultural ecosystem services: a review of
methods. Ecosystem Serv. https://doi.org/10.1016/j.ecoser.2019.100925

Cooper MW, Di Minin E, Hausmann A, Qin S, Schwartz AJ, Correia RA (2019) Developing a global indica-
tor for Aichi target 1 by merging online data sources to measure biodiversity awareness and engage-
ment. Biol Conserv 230:29-36. https://doi.org/10.1016/j.biocon.2018.12.004

Correia RA, Jepson PR, Malhado ACM, Ladle RJ (2016) Familiarity breeds content: assessing bird species
popularity with culturomics. Peer] 2016(2):1-15. https://doi.org/10.7717/peerj.1728

Correia RA, Ladle R, Jari¢ I, Malhado ACM, Mittermeier JC, Roll U, Soriano-Redondo A, Verissimo D, Fink
C, Hausmann A, Guedes-Santos J, Vardi R, Di Minin E (2021a) Digital data sources and methods for
conservation culturomics. Conserv Biol 35(2):398—411. https://doi.org/10.1111/cobi.13706

Correia RA, Ladle R, Roll U (2021b) Special Section : Advancing Conservation Culturomics Introduction.
Conserv Biol 35(2):395-397

Danin A (2004) Distribution atlas of plants in the Flora Palaestina area. Israel academy of sciences and
humanities

Di Minin E, Fink C, Hausmann A, Kremer J, Kulkarni R (2021) How to address data privacy concerns when
using social media data in conservation science. Conserv Biol 35(2):437-446. https://doi.org/10.1111
/cobi.13708

Dickinson DC, Hobbs RJ (2017) Cultural ecosystem services: characteristics, challenges and lessons for
urban green space research. Ecosystem Serv 25:179-194. https://doi.org/10.1016/j.ecoser.2017.04.014

Duggan M, Brenner J (2013) The demographics of social media users. Pew Res Center’s Int Am Life Project.
https://doi.org/10.1002/cd.23219957004

Eastwood A, Brooker R, Irvine RJ, Artz RRE, Norton LR, Bullock JM, Ross L, Fielding D, Ramsay S, Rob-
erts J, Anderson W (2016) Does nature conservation enhance ecosystem services delivery? Ecosystem
Serv 17:152-162

Fox N, August T, Mancini F, Parks KE, Eigenbrod F, Bullock JM, Sutter L, Graham LJ (2020) “pho-
tosearcher” package in R: An accessible and reproducible method for harvesting large datasets from
Flickr. SoftwX 12:100624. https://doi.org/10.1016/j.s0ftx.2020.100624

Fragman O, Plitmann U, Heller D, Shmida A (1999) Checklist and ecological data-base of the flora of Israel
and its surroundings. The Hebrew University of Jerusalem, Giv’at-Ram, Jerusalem Israel

Furst B (2017) A morphology of cultural transformation: The campaign to save Israel’s wildflower and its
spatial impacts. The Gildenhorn Institute for Israel Studies, Maryland, MD

Ghermandi A, Sinclair M, Fichtman E, Gish M (2020) Novel insights on intensity and typology of direct
human-nature interactions in protected areas through passive crowdsourcing. Global Environ Change
65(July):102189. https://doi.org/10.1016/j.gloenvcha.2020.102189

Ghermandi A, Sinclair M (2019) Passive crowdsourcing of social media in environmental research: a system-
atic map. Glob Environ Ch 55:36—47. https://doi.org/10.1016/j.gloenvcha.2019.02.003

Hartmann MC, Schott M, Dsouza A, Metz Y, Volpi M, Purves RS (2022) A text and image analysis workflow
using citizen science data to extract relevant social media records: combining red kite observations from
Flickr, eBird and iNaturalist. Ecol Inform. https://doi.org/10.1016/j.ecoinf.2022.101782

@ Springer


https://doi.org/10.1007/s40806-023-00363-2
https://doi.org/10.1002/pan3.10239
https://doi.org/10.1002/pan3.10239
https://doi.org/10.1111/cobi.12738
https://doi.org/10.1016/j.biocon.2016.10.006
https://doi.org/10.1016/j.ecoser.2019.100925
https://doi.org/10.1016/j.biocon.2018.12.004
https://doi.org/10.7717/peerj.1728
https://doi.org/10.1111/cobi.13706
https://doi.org/10.1111/cobi.13708
https://doi.org/10.1111/cobi.13708
https://doi.org/10.1016/j.ecoser.2017.04.014
https://doi.org/10.1002/cd.23219957004
https://doi.org/10.1016/j.softx.2020.100624
https://doi.org/10.1016/j.gloenvcha.2020.102189
https://doi.org/10.1016/j.gloenvcha.2019.02.003
https://doi.org/10.1016/j.ecoinf.2022.101782

Biodiversity and Conservation (2025) 34:4001-4016 4015

Hollander M, Wolfe DA (1973) Nonparametric Statistical Methods. John Wiley & Sons, New York, pp
185-194

IPBES (2019) Global assessment report on biodiversity and ecosystem services of the Intergovernmental
Science- Policy Platform on Biodiversity and Ecosystem Services, E.S. Brondizio, J. Settele, S. Diaz,
H.T (Eds) Ngo. IPBES Secretariat, Bonn, Germany.

Israel Central Buereau of Statistics. (2021) Selected data from the 2020 social ssurvey. https://www.cbs.gov.
il/he/mediarelease/DocLib/2021/379/19 21 379b.pdf

Israel Central Buereau of Statistics. (2023) Selected data from the 2022 social survey. https://www.cbs.gov.
il/he/mediarelease/DocLib/2023/269/19 23 269b.pdf; https://www.cbs.gov.il/he/mediarelease/DocLib
/2023/315/19 23 315b.pdf

Jari¢ 1, Correia RA, Brook BW, Buettel JC, Courchamp F, Di Minin E, Firth JA, Gaston KJ, Jepson P,
Kalinkat G, Ladle R, Soriano-Redondo A, Souza AT, Roll U (2020) Iecology: harnessing large online
resources to generate ecological insights. Trends Ecol Evol 35:630-639. https://doi.org/10.1016/j.tree
.2020.03.003

Keyes O, Lewis J (2016). pageviews: an API client for wikimedia traffic data version 0.3.0. Page R package
(https://cran.rstudio.com/web/packages/pageviews/index.html).

Kowarik I, Fischer LK, Sdaumel I, von der Lippe M, Weber F, Westermann JR (2011) Plants in Urban set-
tings: From patterns to mechanisms and ecosystem services. In: Endlicher W (ed) Perspectives in Urban
ecology: Ecosystems and interactions between humans and nature in the metropolis of Berlin. Springer,
Berlin Heidelberg, pp 135-166

Ladle RJ, Correia RA, Do Y, Joo GJ, Malhado ACM, Proulx R, Roberge JM, Jepson P (2016) Conservation
culturomics. Front Ecol Environ 14(5):269-275. https://doi.org/10.1002/fee.1260

Leppamaki T, Heikinheimo V, Eklund J, Hausmann A, Toivonen T (2025) The rise and fall of the social
media platform Flickr: implications for nature recreation research. J Outdoor Recreat Tourism. https://
doi.org/10.1016/j.jort.2025.100880

Liu J, Li J, Li W, Wu J (2016) Rethinking big data: a review on the data quality and usage issues. ISPRS J
Photogramm Remote Sens 115:134-142

McCombs ME, Shaw DL (1993) The evolution of agenda-setting research: twenty-five years in the market-
place of ideas. J] Commun 43(2):58—67. https://doi.org/10.1111/j.1460-2466.1993.tb01262.x

McMahon C, Johnson I, Hecht B (2017) May. The substantial interdependence of Wikipedia and Google: A
case study on the relationship between peer production communities and information technologies. In
Eleventh International AAAI Conference on Web and Social Media

Millard JW, Gregory RD, Jones KE, Freeman R (2021) The species awareness index as a conservation cul-
turomics metric for public biodiversity awareness. Conserv Biol 35(2):472—-482. https://doi.org/10.11
11/cobi.13701

Mittermeier JC, Roll U, Matthews TJ, Correia R, Grenyer R (2021) Birds that are more commonly encoun-
tered in the wild attract higher public interest online. Conserv Sci Pract 3(5):1-11. https://doi.org/10.1
111/csp2.340

Olteanu A, Castillo C, Diaz F, Kiciman E (2019) Social data: biases, methodological pitfalls, and ethical
boundaries. Front Big Data. https://doi.org/10.3389/fdata.2019.00013

Ortiz-Ospina E (2019) The rise of social media. Published online at OurWorldInData.org. Retrieved from:
https://ourworldindata.org/rise-of-social-media’ [Online Resource]

Palliwoda J, Kowarik I, von der Lippe M (2017) Human-biodiversity interactions in urban parks: the species
level matters. Landsc Urban Plann 157:394-406. https://doi.org/10.1016/j.Jandurbplan.2016.09.003

R Core Team (2017) R: A language and environment for statistical computing. R Foundation Statistical
Computing, Vienna

Regev O (1993) 40 Years of blossom — the Society for the Protection of Nature in Israel — 1953-1993. Society
for the Protection of Nature Publishing House, Tel-Aviv, Israel (in Hebrew)

Roll U, Stone L, Meiri S (2009) Hot-spot facts and artifacts-questioning Israel’s great biodiversity. Isr J Ecol
Evol 55(3):263-279. https://doi.org/10.1560/1JEE.55.3.263

Roll U, Mittermeier JC, Diaz GI, Novosolov M, Feldman A, Itescu Y, Meiri S, Grenyer R (2016) Using
Wikipedia page views to explore the cultural importance of global reptiles. Biol Conserv 204:42-50. h
ttps://doi.org/10.1016/j.biocon.2016.03.037

Roll U, Jaric I, Jepson P, da Costa Pinto AL, Pinheiro BR, Correia RA, Malhado ACM, Ladle RJ (2021)
COVID-19 lockdowns increase public interest in urban nature. Front Ecol Environ 19(6):320-322

Roux DJ, Smith MKS, Smit IP, Freitag S, Slabbert L, Mokhatla MM, Hayes J, Mpapane NP (2020) Cultural
ecosystem services as complex outcomes of people—nature interactions in protected areas. Ecosyst Serv
43:101111

Sagi Y (2020) The nature of a land. Or-Niv LTD, Israel

Segev E, Sharon AJ (2017) Temporal patterns of scientific information-seeking on Google and Wikipedia.
Public Underst Sci 26(8):969-985

@ Springer


https://www.cbs.gov.il/he/mediarelease/DocLib/2021/379/19_21_379b.pdf
https://www.cbs.gov.il/he/mediarelease/DocLib/2021/379/19_21_379b.pdf
https://www.cbs.gov.il/he/mediarelease/DocLib/2023/269/19_23_269b.pdf
https://www.cbs.gov.il/he/mediarelease/DocLib/2023/269/19_23_269b.pdf
https://www.cbs.gov.il/he/mediarelease/DocLib/2023/315/19_23_315b.pdf
https://www.cbs.gov.il/he/mediarelease/DocLib/2023/315/19_23_315b.pdf
https://doi.org/10.1016/j.tree.2020.03.003
https://doi.org/10.1016/j.tree.2020.03.003
https://cran.rstudio.com/web/packages/pageviews/index.html
https://doi.org/10.1002/fee.1260
https://doi.org/10.1016/j.jort.2025.100880
https://doi.org/10.1016/j.jort.2025.100880
https://doi.org/10.1111/j.1460-2466.1993.tb01262.x
https://doi.org/10.1111/cobi.13701
https://doi.org/10.1111/cobi.13701
https://doi.org/10.1111/csp2.340
https://doi.org/10.1111/csp2.340
https://doi.org/10.3389/fdata.2019.00013
https://ourworldindata.org/rise-of-social-media
https://ourworldindata.org/rise-of-social-media
https://doi.org/10.1016/j.landurbplan.2016.09.003
https://doi.org/10.1560/IJEE.55.3.263
https://doi.org/10.1016/j.biocon.2016.03.037
https://doi.org/10.1016/j.biocon.2016.03.037

4016 Biodiversity and Conservation (2025) 34:4001-4016

Shachak D (2015) Secrets of irises. Ramat Hanadiv

Shmida A, Pollak G (2007) Red Data Book: endangered plants of Israel, Volume 1. Israel

Soriano-Redondo A, Bearhop S, Lock L, Votier SC, Hilton GM (2017) Internet-based monitoring of public
perception of conservation. Biol Conserv 206:304—309. https://doi.org/10.1016/j.biocon.2016.11.031

Theocharis Y, Jungherr A (2021) Computational social science and the study of political communication.
Polit Commun 38(1-2):1-22. https://doi.org/10.1080/10584609.2020.1833121

Vardi R, Mittermeier JC, Roll U (2021b) Combining culturomic sources to uncover trends in popularity and
seasonal interest in plants. Conserv Biol 35(2):460—471. https://doi.org/10.1111/cobi.13705

Vardi R, Berger-Tal O, Roll U (2021a) I naturalist insights illuminate COVID-19 effects on large mammals
in urban centers. Biol Conserv. https://doi.org/10.1016/j.biocon.2021.108953

Verissimo D, Macmillan DC, Smith RJ, Crees J, Davies ZG (2014) Has climate change taken prominence
over biodiversity conservation? Bioscience 64(7):625-629. https://doi.org/10.1093/biosci/biu079

Verploegen H, Ganzevoort W, van den Born R (2021) Affordances and tensions in recording bird observa-
tions: how coordinators and volunteers perceive and experience citizen science in birding. J Sci Com-
mun 20(2):1. https://doi.org/10.22323/2.20020.210

Wedel J (2017) Human — plant interaction and spiritual healing among the Miskitu. Anthropos 112(1):263-270

Willemen L, Cottam AJ, Drakou EG, Burgess ND (2015) Using social media to measure the contribution of
red list species to the nature-based tourism potential of African protected areas. PLoS ONE 10(6):1-14.
https://doi.org/10.1371/journal.pone.0129785

Zachte E (2018) Wikimedia traffic analysis report: page views per Wikipedia language. https://stats.wikimed
ia.org/wikimedia/squids/ SquidReportPageViewsPerCountryBreakdown.htm.

Publisher's Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Authors and Affiliations
Reut Vardi">3® . Uri Roll*

< Reut Vardi
reutvardi@gmail.com

1 The Albert Katz International School for Desert Studies, The Jacob Blaustein Institutes for
Desert Research, Ben-Gurion University of the Negev, 8499000 Midreshet Ben-Gurion, Israel

The School of Zoology, The George S. Wise Faculty of Life Sciences, Tel-Aviv University,
6997801 Tel Aviv, Israel

3 School of Geography and the Environment, University of Oxford, Oxford 0X1 3QY, UK

Mitrani Department of Desert Ecology, Ben-Gurion University of the Negev,
8499000 Midreshet Ben-Gurion, Israel

@ Springer


https://doi.org/10.1016/j.biocon.2016.11.031
https://doi.org/10.1080/10584609.2020.1833121
https://doi.org/10.1111/cobi.13705
https://doi.org/10.1016/j.biocon.2021.108953
https://doi.org/10.1093/biosci/biu079
https://doi.org/10.22323/2.20020.210
https://doi.org/10.1371/journal.pone.0129785
https://stats.wikimedia.org/wikimedia/squids/
https://stats.wikimedia.org/wikimedia/squids/
http://orcid.org/0000-0002-2846-649X
http://orcid.org/0000-0002-5418-1164

	﻿Measuring human-nature interactions across digital platforms—an example from Israeli wildflowers
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Israeli wildflowers and society
	﻿Salience data
	﻿Geographic data and conservation traits
	﻿Statistical analysis

	﻿Results
	﻿Overall salience
	﻿Salience and geographical attributes
	﻿Correlations across sources

	﻿Discussion
	﻿Conclusions
	﻿References


