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Abstract Ecosystem service assessments rarely consider

flows between distant regions. Hence, telecoupling effects

such as conservation burdens in distant ecosystems are

ignored. We identified service-providing species for two

cultural ecosystem services (existence and bequest, and

birdwatching) and two receiving, i.e. benefitting, regions

(Germany, the Netherlands). We delineated and analysed

sending, i.e. service-providing, regions on a global scale.

The proportion of service-providing species with distant

habitats was higher for birdwatching (Germany: 58.6%,

Netherlands: 59.4%), than for existence and bequest

(Germany: 49.3%, Netherlands: 57.1%). Hotspots of

sending regions were predominantly situated in tropical

and subtropical grasslands, savannas and shrublands and

were significantly more threatened and poorer than the

global mean. Hotspot protection levels for flows to

Germany were higher than the global mean, and lower

for the Dutch hotspots. Our findings increase understanding

on how distant regions underpin ecosystem services and

necessitate interregional assessment as well as

conservation efforts.
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INTRODUCTION

Spatial assessments of ecosystem services (ES) rarely

consider benefits from distant areas through flows of ES to

the studied region, and in turn, how these flows affect

distant regions (Pascual et al. 2017). Interregional ES flows

are defined as movements of goods, energy and informa-

tion derived from ecosystems between a region providing

the service, i.e. the sending region, and a region using the

service, i.e. the receiving region (Schröter et al. 2018). ES

often flow over large distances and hence ‘telecouple’

distant sending and receiving regions (Schröter et al. 2018;

Koellner et al. 2019). Telecoupling refers to processes that

interlink distant regions through material or immaterial

flows of energy, matter or information (Liu et al. 2015).

Climate change, land-use change or overexploitation in a

sending region might undermine continued ES provision in

a receiving region. For example, the destruction of breed-

ing habitat for migratory birds in a sending region might

affect population numbers and ES provision like pest

control or opportunities for leisure hunting in distant

receiving regions (López-Hoffman et al. 2017). As some

ES rely on conservation mechanisms, for instance through

protection of key service-providing species (Luck et al.

2009), interregional ES flows also pose equity questions.

Some countries bear costs of conservation while other

regions benefit. Studying interregional ES flows could

hence identify inequitable distributions of these costs and

benefits (Schröter et al. 2018). This is of particular rele-

vance when regions in the Global South are bearing costs

while the Global North benefits (Martı́n-López et al. 2018).

The regional assessment report for Europe and Central

Asia of IPBES (Intergovernmental Science-Policy Platform

on Biodiversity and Ecosystem Services) identified inter-

regional ES flows as a key knowledge gap (Martı́n-López

et al. 2018). Thus, to date ES assessments provide a limited

picture of the dependence of ES on ecosystems abroad

(Pascual et al. 2017). Yet, Schröter et al. (2016) found that
Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s13280-019-01261-3) contains sup-
plementary material, which is available to authorized users.

123
� Royal Swedish Academy of Sciences 2019

www.kva.se/en

Ambio 2020, 49:1100–1113

https://doi.org/10.1007/s13280-019-01261-3

http://orcid.org/0000-0003-0207-7311
http://orcid.org/0000-0001-7115-833X
http://orcid.org/0000-0002-0799-2319
http://orcid.org/0000-0002-3258-2565
https://doi.org/10.1007/s13280-019-01261-3
http://crossmark.crossref.org/dialog/?doi=10.1007/s13280-019-01261-3&amp;domain=pdf


national ecosystem assessments in Europe cover interre-

gional ES flows to a minor extent.

Exceptions include studies of provisioning ES that are

traded goods, such as timber (Kastner et al. 2011), crops

(Yu et al. 2013) and fishery products (Watson et al. 2015).

Also, some studies have addressed passive biophysical

flows of regulating services such as carbon sequestration

(Serna-Chavez et al. 2014) or migrating species that pro-

vide pollination (López-Hoffman et al. 2010) and pest

control (López-Hoffman et al. 2014). The largest knowl-

edge gaps remain for interregional flows of cultural ES

(Martı́n-López et al. 2018; Koellner et al. 2019), which

comprise non-material contributions of ecosystems to

human well-being. Finding suitable indicators and devel-

oping methods for cultural ES is already challenging within

case-study boundaries (Milcu et al. 2013), and even more

so when quantifying interregional flows. Schröter et al.

(2018) distinguish two types of flows that are relevant for

cultural ES. First, cultural ES flows comprise the move-

ment of migratory species between sending and receiving

regions, which provide opportunities to experience wild-

life, such as through birdwatching. Second, cultural ES

flows comprise the transmission of information as the basis

for cognitive, non-material use, such as aesthetic appreci-

ation, spiritual activities and inspiration for art.

Challenges remain in quantifying interregional flows for

cultural ES. For instance, it is difficult to identify and

characterise landscapes or ecosystems, i.e. environmental

spaces (Fish et al. 2016), that provide cultural ES in

interaction with cultural practices. Examples are value

attribution to certain species, or active use through obser-

vation and enjoyment. Data on how cultural practices relate

to specific places are scarce; methods need to be developed

to delineate the regions that are linked through flows

(Koellner et al. 2019). Distant sending regions can have an

existence or bequest value for receiving regions, i.e. their

persistence is important to present or future generations

(Hansjürgens et al. 2017). In addition, these spaces can

provide valuable breeding or wintering areas for migratory

birds that provide opportunities for birdwatching elsewhere

(López-Hoffman et al. 2017).

Another challenge remains in linking ES assessments

more strongly to biodiversity (Schröter et al. 2016). Dif-

ferent aspects of biodiversity are of different importance

for quantifying cultural ES directly (Harrison et al. 2014).

For instance, species richness can be directly valued as a

cultural ES, as done by birdwatchers (Karp et al. 2015;

Cumming and Maciejewski 2017). Furthermore, the per-

sistence of iconic, charismatic species or landscapes is

appreciated by people who hold existence and bequest

values (Schirpke et al. 2018). Iconic species are often

highlighted by conservation organisations as culturally

valued species to justify and attract funding (Bowen-Jones

and Entwistle 2002). While the cultural role of such species

and landscapes for supporting identities is conceptually

acknowledged (Dı́az et al. 2018), large-scale quantification

approaches are still lacking.

To address these challenges, our study aims to identify

and characterise sending regions for interregional flows of

two understudied cultural ES. We selected existence and

bequest values that people have for bird and mammal

species, and birdwatching. These two ES go beyond the

most regularly studied cultural ES of eco-tourism and more

mainstream recreational activities, such as hiking. More-

over, the selected cultural ES are relevant and prominent

examples for which interregional ES flows are thought to

play a major role (Liu et al. 2015; López-Hoffman et al.

2017). Both can be directly linked to service-providing

species for which sufficient data are available.

To achieve this objective, we delineate sending and

receiving regions to infer interregional flows of existence

and bequest values and birdwatching for two receiving

regions, Germany and the Netherlands. Both countries are

well-suited examples of highly developed countries with

strongly modified ecosystems due to high population den-

sity and intense land use. Also, both countries are impor-

tant stepstones for migratory birds, being located in

transatlantic flyways and hosting widespread wetlands

particularly in the Netherlands (Kirby et al. 2008). Neither

country included interregional ES flows in their latest

national ecosystem assessments (Schröter et al. 2016).

We develop indicators for the flow of the two cultural

ES and delineate the respective sending regions. We then

compare the most important sending regions (‘hotspots’)

for both countries in terms of their location, equity impli-

cations due to potential costs of conservation. We also

consider threat to these hotspots as well as their protection

status. We also analyse the distance between sending and

receiving regions. Finally, we reflect on the implications of

our research, with specific attention for transferability of

the methods and policy relevance of our findings.

MATERIALS AND METHODS

Cultural ecosystem service indicators and range

maps of service-providing species

We collected data on cultural ES indicators for the period

of 2012–2016 for Germany and the Netherlands. All data

sources can be found in the Appendix (Table S1). Because

each indicator involves both the value attribution and the

species providing the cultural ES, this makes them suit-

able as ES indicators (Milcu et al. 2013; Fish et al. 2016).

Interregional flows of ES occur if ranges of the service-
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providing species are distant from the respective receiving

region, i.e. not having any spatial overlap (Fig. 1).

For existence and bequest we selected the indicator

appearance of species in annual reports of large nature

conservation organisations. Species conservation involves

existence and bequest value aspects, as people support

conservation irrespective of a direct use (Davidson 2013).

Existence and bequest values of species have been sug-

gested as indicators to more strongly link ES to biodiver-

sity (Reyers et al. 2012). For Germany, we analysed the

annual reports of NABU, the German partner of Birdlife

International and Friends of the Earth Germany. We

included reports of sub- or partner-organisations with a

national heritage and international focus (Table S1). For

the Netherlands, we analysed reports of Natuurmonu-

menten, WNF (the Dutch branch of the World Wildlife

Fund WWF) and Vogelbescherming (the Dutch partner of

Birdlife International) (Table S1). In total, we studied 40

reports and recorded all species mentioned in relation to

conservation efforts. Due to data limitations on range maps

for many taxa, we limited our search to birds and mam-

mals. The search was further limited to non-extinct, non-

domesticated species. Note that we infer interregional

flows of this cultural ES through the distance between

sending and receiving regions, but do not quantify the

frequency or intensity of information flows, nor do we link

this to species abundance.

For birdwatching, we selected the indicator number of

registered bird observation events on online birding plat-

forms. For Germany, we used eBird, a global bird obser-

vation database and currently the best publicly available

dataset for Germany, containing around 290,000 observa-

tions (noting at least one individual at a time, Table S1).

For the Netherlands we used data from waarneming.nl, a

widely used database for observations of different species

(Table S1). The dataset contained around 16.7 million bird

observations. We took the top 300 bird species ranked by

number of observations. Selecting a common threshold

based on ranked lists was necessary to compensate for the

difference in size between the Dutch and German datasets.

The Dutch database contained a much higher number of

observations and hence a higher number of entries (1168—

containing a high number of occasionally occurring spe-

cies) than the German list (397). An equal number of

considered species ensured comparability for further anal-

yses. After sorting out (sub)species that are not listed with

range data in the IUCN database, 297 species for Germany,

and 286 species for the Netherlands were included in our

analysis. Note that we infer interregional flows of this

cultural ES through a distance between sending and

Fig. 1 Conceptual approach of the study. Two types of interregional flows between sending regions and receiving regions for two cultural

ecosystem services. Spatial analyses are performed for respective hotspots, i.e. sub-regions representing the ca. top 2% quantile spatial coverage,

sorted by number of co-occurring species (cf. Table 2)
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receiving regions, but do not quantify the abundance of

migratory birds actually moving between these areas as

such data are very scarce.

Sending regions for cultural ecosystem services:

range maps for service-providing species

The potential spatial extent of a species’ occurrence is

delineated by range maps (IUCN 2018). We obtained maps

for all service-providing species included in our analysis

(Table S1). To approximate interregional flows, we iden-

tified species with ranges distant from the receiving

countries. ‘Distant’ areas for existence and bequest inclu-

ded species that did not overlap with either receiving

country. For migratory birds, we included seasonal areas

that did not overlap with either receiving countries.

For birds, we acquired range maps from Birdlife Inter-

national. For mammals we used the IUCN Red List of

Threatened Species. We included only range maps that were

‘extant’, ‘probably extant’ and ‘possibly extant’. To deter-

mine interregional flows we distinguished species with dis-

tant ranges from resident species in either country. Resident

species have their year-round range at least partly inside

either country. For the analysis of existence and bequest, we

assumed no interregional flows for migratory bird areas with

the seasonal functions ‘‘breeding’’, ‘‘non-breeding’’, ‘‘pas-

sage’’ that overlapped with either of the receiving countries.

We also assumed this for all areas outside the receiving

countries with the same seasonal function as the overlapping

areas. Distant areas for existence and bequest hence included

species ranges that did not overlap with either country. For

birdwatching, we included all seasonal areas within a

200 km buffer of the respective country to account for

occasional appearances, potential shifts and uncertainties in

both rangemaps and flyways.We then extracted distant areas

with a seasonal function that were not also present within the

receiving country and that were within two major flyways

overlapping Central Europe (Blacksea/Mediterranean and

East Atlantic, Kirby 2010). We excluded those species for

which two seasonal areas overlapped with the respective

country (i.e. migration partly takes place within a country).

The two relevant flyways overlapped with populations in the

northern part of North America and Greenland. As some

populations migrate southwards from there across the

Americas rather than to Germany or the Netherlands, we

checked per population for evidence onmigration to Europe,

with the help of the Encyclopedia of Life fact sheets (EOL

2018).

Spatial analyses of sending region hotspots

We overlapped all range maps, i.e. sending regions, on a

100 9 100 km grid. Coarse resolutions of range maps have

been shown to reduce overestimations of actual species

occurrences and hence better reflect the actual accuracy of

these range maps (Hurlbert and Jetz 2007). For further

analyses, we delineated sending region hotspots as areas

with high importance, defined as high species overlaps. We

iteratively searched for an upper quantile of the overlay

raster that led to similarly large, spatially restricted hotspot

extents (2% of all pixels). Due to break values, the delin-

eated area was slightly higher than 2%.

We quantified coverage of fourteen terrestrial biomes

for the hotspot areas, as delineated by Olson et al. (2001).

To identify potential threats to species in the sending

regions we took the human footprint and calculated mean

values and proportions within classes for each hotspot. The

human footprint is an aggregated index of human impact

on ecosystems ranging from zero to 50, the latter indicating

the highest impact (Venter et al. 2016). We also created a

measure approximating the actual distance between send-

ing and receiving regions. We calculated the mean Eucli-

dean distance between Germany and the Netherlands to the

centroid of each range map polygon (coherent occurrence

area) of all distant species.

Conservation is needed to ensure that sending regions

continue to provide habitat for service-providing species.

Hence, we assessed the conservation status by quantifying

the proportion of sending region hotspots that coincide

with different levels of protection of the World Database

on Protected Areas. To address potential equity issues, we

analysed mean income and proportion of five income levels

within sending region hotspots by spatializing Worldbank

country data on Gross Domestic Product (GDP, current

US$ per capita). Each 100 9 100 km grid cell was

assigned the respective country value for GDP (mean value

of territory underlying each grid cell). Note that the global

mean calculated in this way is spatially weighted, thus

influenced by countries with a larger surface area. This

measure is not to be confused with a global GDP per capita

value. To test statistical differences between the means of

the GDP and human footprint values of each hotspot and

the global sample, we performed a (non-parametric) two

sample Kolmogorov–Smirnov test (SPSS v. 24).

RESULTS

We found widespread interregional flows both for exis-

tence and bequest, and birdwatching. Out of all identified

service-providing species, the proportion of distant species

was higher for birdwatching (Germany: 58.6%, Nether-

lands: 59.4%) than for existence and bequest (Germany:

49.3%, Netherlands: 57.1%). Full lists of distant species

can be found in the Appendix (Table S2 and S3).
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Existence and bequest

Relative to mammals, birds are the dominant distant spe-

cies for which existence and bequest values are held. Of the

130 distant species found for Germany, 108 were birds and

22 were mammals. Of the 166 distant species for the

Netherlands, 127 were birds and 39 were mammals. 65

species were common among the sending regions of both

countries. The most-mentioned distant species are shown in

Table 1.

We found distinct spatial patterns of cultural ES sending

regions based on different service-providing species ranges

and richness for Germany and the Netherlands (Fig. 2). The

majority of sending regions for Germany were in Africa,

and to a smaller extent in South Asia. The regions mainly

included habitats for terrestrial bird and mammal species.

For the Netherlands, sending regions with highest richness

were situated in Africa, Northern Eurasia and South Asia

and included ranges of several marine species. For Ger-

many, species ranges covered marine areas by less than

10%. In contrast, two-thirds of range areas of distant spe-

cies found for the Netherlands were located in seas (cf.

Figure 2, Table 2). Species ranges for the German case

were on average located further away than for the Dutch

case (7320 km vs. 6330 km, p\ 0.001).

Sending region hotspots forGermany and theNetherlands

were predominantly situated in the biomes Tropical and

Subtropical Grasslands, and Savannas Shrublands (Table 2).

For the Dutch case, boreal forests and taiga, temperate

broadleaf and mixed forests and temperate grasslands.

Savannas and shrublands also covered relatively high pro-

portions of sending region hotspots (Table 2). The mean

human footprintwas higher in sending region hotspots linked

to the Netherlands compared to the German case

Table 1 Top most-mentioned distant species (number of reports) for which existence and bequest are held for Germany and the Netherlands

Pos. Latin name English name Number of reports

Germany

1. Grus grus Common crane 16

2. Haliaeetus albicilla White-tailed eagle 13

3. Pandion haliaetus Osprey 12

4. Vanellus vanellus Northern lapwing 12

5. Ciconia nigra Black stork 10

6. Panthera tigris (incl. Panthera tigris sumatrae) Tiger, incl Sumatran tiger 9

7. Ciconia ciconia White stork 8

8. Panthera leo Lion 8

9. Alcedo atthis

Upupa epops

Cephalorhynchus hectori maui

Panthera uncia

Common kingfisher

Hoopoe

Maui’s dolphin

Snow Leopard

7

The Netherlands

1. Loxodonta africana (incl. Loxodonta cyclotis) African elephant (incl African forest elephant) 9

2. Limosa limosa Black-tailed godwit 9

3. Tringa totanus Common redshank 8

4. Panthera tigris (incl. Panthera tigris altaica and Panthera tigris tigris) Tiger (incl. Siberian tiger and Bengal tiger) 7

5. Haliaeetus albicilla White-tailed eagle 7

6. Platalea leucorodia Eurasian spoonbill 7

7. Vanellus vanellus Northern lapwing 7

8. Alcedo atthis

Botaurus stellaris

Haematopus ostralegus

Mareca penelope

Recurvirostra avosetta

Tyto alba

Common kingfisher

Bittern

Eurasian oystercatcher

Eurasian wigeon

Pied avocet

Western barn owl

6
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(p\ 0.001), and for both countries sending region hotspots

human footprint values were higher than the global mean

(6.28, p\ 0.001) (Fig. 3). A higher proportion of the

sending region hotspots for Germanywas formally protected

(20.0%), compared to the Netherlands (13.4%). The sending

region hotspots for Germany also had a considerably lower

Fig. 2 Sending regions for existence and bequest. Intersection of gridded range maps of distant species for which existence and bequest values

were found in Germany (a) and the Netherlands (b) (colour scale represents the number of co-occurring species). Dashed areas were classified as

hotspots (top 2% quantiles of total earth surface, cf. Table 2 for exact values). Curved black lines illustrate flows from exemplary sending

regions, where line widths represent value ranges of co-occurring species in the respective sending region, i.e. in the wider vicinity of line

origins. Note: these lines are meant for illustration of flows between sending and receiving regions, and were created by choice in order to

represent different continents as well as regions by number of species and in order to achieve an overall convenient visual arrangement.

Projection: World Mollweide, EPSG:54009 (Datum: WGS84)
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mean GDP per capita (1424 US$) than the hotspots for the

Netherlands (10,327 US$, p\ 0.001), and both hotspots

were considerably lower than the global spatially weighted

mean (19,419 US$, p\ 0.001) (Fig. 3).

Birdwatching

The migratory bird species that were most often observed

by birdwatchers are shown in Table 3. The sending regions

of Germany and the Netherlands had 134 species in com-

mon. The two countries had distinct patterns of sending

regions, i.e. distant ranges of service-providing species that

contribute to birdwatching (Fig. 4). Important sending

regions for both countries were situated in Africa and

Northern Europe. Additionally, Northern Eurasia, Southern

Europe and the Middle East hosted important distant sea-

sonal areas for migratory birds. However, Germany’s

hotspots were located nearly exclusively in Africa, while

hotspots for the Netherlands were divided over Africa and

Northern Eurasia. Average distance to sending regions was

larger for Germany than for the Netherlands (2800 km vs.

2562 km, p\ 0.001), and considerably smaller compared

to sending regions for existence and bequest for both

countries.

Sending region hotspots were predominantly situated in

the biome Tropical and Subtropical Grasslands, Savannas

and Shrublands for both receiving countries (Table 2), with

a higher coverage of the latter for Germany. The boreal

forests and taiga biome covers a relatively large part of the

Dutch sending region. The mean human footprint in Ger-

man hotspots was higher than in Dutch hotspots, and, as for

existence and bequest, footprints in both hotspots were

higher than the global mean (6.28, p\ 0.001) (Fig. 3). A

higher proportion of German hotspots were formally pro-

tected than Dutch hotspots (15.5% vs. 12.6%). The average

spatially weighted GDP showed comparable results to

existence and bequest. The German hotspots were located

in considerably poorer regions (2071 US$) than the Dutch

hotspots (8813 US$, p\ 0.001), and both were poorer than

the global mean (19,419 US$, p\ 0.001) (Fig. 3).

DISCUSSION

Our findings demonstrate the importance of distant regions

for providing habitats for species that underpin two cultural

ES, namely existence and bequest, and birdwatching. A

considerable proportion of species appreciated for their

existence and bequest or for birdwatching purposes have

habitats in distant regions. Hence, a strong link exists

between biodiversity in distant regions and cultural ES in

receiving countries.

Our findings suggest that existence and bequest values

are intimately linked to conservation activities performed

by the analysed conservation organisations. This is in line

with other studies that found preferences for distant species

(e.g. Barua 2011). This preference phenomenon has led to,

for instance, the distinction of the African ‘‘Big Five’’

Table 2 Statistics for the hotspots for existence and bequest and birdwatching in the sending regions for Germany and the Netherlands

Criteria Existence and bequest

(Germany)

Existence and bequest

(Netherlands)

Birdwatching (Germany) Birdwatching

(Netherlands)

No. of distant species 130 (mammals and birds) 166 (mammals and birds) 174 (birds) 170 (birds)

Relation terrestrial: marine area

of range maps

10:1 1:2 1.75:1 1.15:1

Hotspot area (1000 km2) 11,310 (top 2.21%

quantile, 30–48

species)

11,010 (top 2.15%

quantile, 33–46

species)

10,740 (top 2.10%

quantile, 37–65

species)

11,460 (top 2.24%

quantile, 39–61

species)

Coverage of (top 5) biomes in

sending region hotspots (% of

hotspot in parentheses)

Tropical and subtropical

grasslands, savannas

shrublands (74.5%)

Tropical and subtropical

moist broadleaf forests

(8.1%)

Deserts and xeric

shrublands (4.2%)

Montane grasslands and

shrublands (4.0%)

Flooded grasslands and

savannas (3.9%)

Tropical and subtropical

grasslands, savannas

shrublands (20.9%)

Boreal forests/taiga

(17.4%)

Temperate broadleaf and

mixed forests (15.9%)

Temperate grasslands,

savannas and

shrublands (14.5%)

Deserts and xeric

shrublands (6.5%)

Tropical and subtropical

grasslands, savannas

shrublands (64.0%)

Deserts and xeric

shrublands (9.7%)

Mediterranean forests,

woodlands and scrub

(6.4%)

Tropical and subtropical

moist broadleaf forests

(5.3%)

Flooded grasslands and

savannas (3.7%)

Tropical and subtropical

grasslands, savannas

shrublands (37.3%)

Boreal forests/taiga

(24.1%)

Deserts and xeric

shrublands (7.1%)

Temperate grasslands,

savannas and

shrublands (4.1%)

Mediterranean forests,

woodlands and scrub

(3.4%)

Average euclidean distance of

distant species (1000 km)

7.3 6.3 2.8 2.6
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(Williams et al. 2000), most of which also feature in our

results for existence and bequest. Other studies on

interregional flows of cultural ES have so far focused on

single, selected species, e.g. migrating Monarch butterfly

Fig. 3 Threat, conservation and equity of cultural ES in Germany and the Netherlands. I—Threat shows the percentage of sending region

hotspots in a Human Footprint category (left axis) and the mean Human Footprint (right axis) per cultural ES in Germany and the Netherlands.

II—Conservation shows the area (1000 km2) of sending region hotspots that fall within an IUCN conservation status class per cultural ES in

Germany and the Netherlands. III—Equity shows the percentage of sending region hotspots in a GDP per capita category (left axis) and the mean

GDP per capita per (right axis) per cultural ES in Germany and the Netherlands
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(Danaus plexippus) (Semmens et al. 2018) or information

flows on the giant panda (Ailuropoda melanoleuca) (Liu

et al. 2015). In contrast, we have performed analyses based

on indicators for two countries but covering a large number

of species. This complements existing research on the

appreciation of a set of iconic, charismatic species through

different indicators (Courchamp et al. 2018; Schirpke et al.

2018).

For existence and bequest, we found a slightly higher

share of distant species for the Netherlands than for Ger-

many. This might relate to the relative smaller size of the

country and scarcity of natural areas providing habitat for

resident species, and to the fact that the Dutch Wadden Sea

is an important part of the migration route of many of the

birds migrating between Northern Eurasia and the

Netherlands (Boere and Piersma 2012). Our findings con-

tribute to the emerging literature on the importance of

migratory birds for providing cultural ES. The importance

of migratory birds for birdwatching has been exemplified

before (López-Hoffman et al. 2017), but few studies have

systematically analysed spatial implications related to

observations of migratory birds. Mattsson et al. (2018)

analysed birdwatching of northern pintails (Anas acuta)

along migration routes. Our study, in contrast, identified a

large number of species and focused on identifying spatial

patterns and characteristics of sending regions. We are

aware of other factors that play a role in birdwatching, such

as rarity (Booth et al. 2011), threat and endemism (Steven

et al. 2017) and variety (Cumming and Maciejewski 2017).

However, observation numbers are sufficient for the pur-

pose of demonstrating dependencies of birdwatching on

remote habitats for breeding, wintering or resting during

passage.

Our indicators represent two aspects of cultural ES:

value attribution indicators (species in reports and on

birding sites) and spatial representation indicators (range

maps), which together allow us to quantitatively infer

cultural ES flows. Future research could incorporate

abundance of species, which has been largely neglected in

ES research so far. However, we note that such data are

limited and restricted to a small number of species.

Table 3 The ten most observed distant species by birdwatchers for Germany and the Netherlands

Pos. Latin name English name Times observed (in 1000)

Germany

1. Turdus merulaa Common blackbird 10.1

2. Sturnus vulgaris Common starling 5.5

3. Erithacus rubecula European robin 5.3

4. Buteo buteo Common buzzard 5.2

5. Phylloscopus collybita Common chiffchaff 4.7

6. Motacilla alba White wagtail 4.2

7. Fulica atra Eurasian coot 4.0

8. Sylvia atricapilla Eurasian blackcap 3.8

9. Falco tinnunculus Common kestrel 3.4

10. Hirundo rustica Barn swallow 3.3

The Netherlands

1. Buteo buteo Common buzzard 437.7

2. Ardea alba Great egret 310.5

3. Ardea cinerea Grey heron 233.3

4. Phylloscopus collybita Common chiffchaff 209.0

5. Vanellus vanellus Northern lapwing 200.2

6. Aythya fuligula Tufted duck 181.1

7. Haematopus ostralegus Eurasian oystercatcher 171.3

8. Motacilla alba White wagtail 150.8

9. Hirundo rustica Barn swallow 149.2

10. Mareca strepera Gadwall 145.5

aThis species is predominantly resident in Germany, but remained in the analysis due to the search corridor that included migratory populations

of the species in Eastern Europe
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By delineating sending regions we have identified

ecosystems and landscapes that contribute to the environ-

mental basis for human well-being in receiving regions.

This approach has also been suggested by Koellner et al.

(2019), and could be applied to analyse other ES that

depend on service-providing migratory species, such as

Fig. 4 Sending regions for birdwatching. Intersection of gridded range maps of distant species appreciated by birdwatching in Germany (a) and
the Netherlands (b) (colour scale represents the number of co-occurring species). Dashed areas were classified as hotspots (top 2% quantiles of

total earth surface, cf. Table 2 for exact values). Curved black lines illustrate flows from exemplary sending regions, where line widths represent

value ranges of co-occurring species in the respective sending region, i.e. in the wider vicinity of line origins. Note: these lines are meant for

illustration of flows between sending and receiving regions, and were created by choice in order to represent different continents as well as

regions by number of species and in order to achieve an overall convenient visual arrangement. Projection: World Mollweide, EPSG:54009

(Datum: WGS84)
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pest control or pollination (López-Hoffman et al. 2017).

Indicators such as those used in this study could be used for

assessments in other countries, especially because inter-

national datasets are also available (e.g. iNaturalist).

International studies would require substantial language

skills to distill local species names from the conservation

reports.

For birdwatching we accessed vast citizen science dri-

ven birdwatching databases. The use of such data resem-

bles research applying social media data to analyse other

ES, such as different forms of recreation (Willemen et al.

2015; Hausmann et al. 2018). Mentionings of species have,

in similar contexts, been applied to gather data for cultural

ES (Karp et al. 2015; Schirpke et al. 2018).

Countries indirectly rely on distant ecosystems when

they harness interregional flows of cultural ES. Such

dependencies could be analysed further by introducing an

external footprint measure for cultural ES, comparable to

ecological footprints (Borucke et al. 2013) and other

measures for material and energy appropriation from

ecosystems (Dorninger et al. 2017). Such a measure could

be seen as land required for non-material purposes, anal-

ogous to land or resources embodied in material con-

sumption (Meyfroidt et al. 2013). For instance, the sending

region hotspots hosting a high number of species that

contribute to existence and bequest or birdwatching in

Germany and the Netherlands, cover around 11 million

km2 of the Earth’s surface. Area assessment based solely

on range maps is likely an overestimation, as range maps

do not precisely predict actual occurrence of a species

(Rondinini et al. 2011), and hence needs refinement in

future studies. Moreover, future research could analyse the

effect of shifts in actual species occurrences within and

beyond current ranges due to environmental factors such as

climate change.

We showed that sending regions for existence and

bequest and birdwatching for both receiving regions were

significantly poorer than the global average. This raises

questions of interregional distributive justice related to ES

(Schröter et al. 2018), as the costs of conserving service-

providing species habitat would need to be covered by poor

regions, while richer receiving regions benefit. To raise

awareness in the respective countries about this issue,

consequences of value attribution could be communicated

through indicators like threat or conservation level, to

make explicit which distant regions would require addi-

tional conservation efforts supported by both Germany and

the Netherlands, for example. This issue could be related to

the European Union Habitats and Birds Directives, which

are policy instruments that feature interregional aspects of

species conservation. Apart from the ratification of the

Convention on Biological Diversity and its resulting Aichi

biodiversity targets, global policy instruments that

explicitly target distant service-providing species remain

scarce. In fact, the most targeted efforts seem to be

undertaken by the non-governmental organisations from

which our data originated, as they are running conservation

and development projects in many sending regions (e.g. the

Dutch WWF, NABU International). For example, the

Dutch Vogelbescherming ran land management projects in

the Sahel, Western Africa, to promote sustainable farming

methods and conserve migratory bird habitat (Vo-

gelbescherming 2016), thus indirectly supporting Dutch

birdwatchers. Future studies could analyse to what extent

actual conservation efforts by non-governmental organi-

sations spatially match sending region hotspots. Our results

could also help to spatially target regions in which con-

servation efforts benefit a higher number of respective

species, but are currently not focal areas of international

conservation efforts (López-Hoffman et al. 2017). We

showed that sending regions were significantly more

threatened by human impact than the global average.

Through such threats a telecoupling could take place, in

which drivers in a sending region affect the benefits related

to ES flows in a receiving region (Schröter et al. 2018). Our

study design, however, did not allow us to link the impacts

of threats to reduced bird populations and a consequent

reduction in birdwatching. Different types of threats (e.g.

land use, pollution) are known to harm migratory birds in

habitats within their flyways (Kirby et al. 2008); our chosen

global threat measure (Venter et al. 2016) approximates

these threats.

Courchamp et al. (2018) showed that charismatic

mammals are culturally valued in different forms in

European countries, while at the same time being threat-

ened in their home ranges. Conservation measures, for

instance the establishment of protected areas, could help,

but are not guaranteed to reduce threats (Jones et al. 2018).

We found that the share of sending region hotspots for

Germany covered by protected areas (20.0%) was slightly

above the global average (14.9%, UNEP-WCMC and

IUCN 2018). For the Netherlands, this share (13.4%) is

slightly below the global average. Such conservation

efforts that also support the survival of service-providing

species, can be interpreted as off-stage ES burdens as

framed by Pascual et al. (2017), with potential implications

for access and recognition of local people (Martin et al.

2016).

CONCLUSION

This study demonstrates that distant regions make a clear

contribution to the provision of cultural ES and hence

contribute to human well-being. By using transferable

spatial indicators we found pronounced interregional flows
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of cultural ES for existence and bequest and for bird-

watching. Furthermore, this study identified direct links

between biodiversity and cultural ES. Our findings con-

tribute to on-going work on extending (inter)national

ecosystem assessments with an interregional component

and increase understanding on how distant regions under-

pin ES used by a country. The considerable differences we

found between the sending regions for Germany and the

Netherlands implicate the importance of individual

national efforts to assess interregional flows.

We also showed that consideration of interregional ES

flows matters as it helps to identify potential international

equity concerns relating to the distribution of benefits and

costs of providing and receiving ES. Sending region hot-

spots for cultural ES for Germany and the Netherlands are

poorer and more threatened than the global average. This

analysis can underpin international conservation efforts

and policies to sustain flows of these cultural ES over time.

Our findings could be used to clarify that external land is

used to provide cultural ES, and to raise awareness of

potential interregional dependencies and responsibilities.
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