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Abstract

Dick J., Al-Assaf A., Andrews Ch., Diaz-Delgado R., Groner E., Halada L., Izakovi¢ova Z.,
Kertész M., Khoury E, Kra$i¢ D., Krauze K., Matteucci G., Melecis V., Mirtl M., Orenstein
D.E., PredaE., Santos-Reis M., Smith R.I., Vadineanu A., Veseli¢ S., Vihervaara P.: Ecosystem
services: a rapid assessment method tested at 35 sites of the LTER-Europe network. Ekolégia (Bra-
tislava), Vol. 33, No. 3, p. 217-231, 2014.

The identification of parameters to monitor the ecosystem services delivered at a site is fundamen-
tal to the concept’s adoption as a useful policy instrument at local, national and international sca-
les. In this paper we (i) describe the process of developing a rapid comprehensive ecosystem servi-
ce assessment methodology and (ii) test the applicability of the protocol at 35 long-term research
(LTER) sites across 14 countries in the LTER-Europe network (www.lter-europe.net) including
marine, urban, agricultural, forest, desert and conservation sites. An assessment of probability of
occurrence with estimated confidence score using 83 ecosystem service parameters was tested.
The parameters were either specific services like food production or proxies such as human activi-
ties which were considered surrogates for cultural diversity and economic activity. This initial test
of the ecosystem service parameter list revealed that the parameters tested were relatively easy to
score by site managers with a high level of certainty (92% scored as either occurring or not occu-
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rring at the site with certainty of over 90%). Based on this assessment, we concluded that (i) this
approach to operationalise the concept of ecosystem services is practical and applicable by many
sectors of civil society as a first screen of the ecosystem services present at a site, (ii) this study has
direct relevance to land management and policy decision makers as a transparent vehicle to focus
testing scenarios and target data gathering, but (iii) further work beyond the scale investigated
here is required to ensure global applicability.

Key words: ecosystem service assessment, natural resource management, environmental values,
natural capital, land-use assessment, Long-Term Ecosystem Research (LTER).

Introduction

The link between the study of ecosystem services and policy formulation is now well estab-
lished (Constanza et al., 1997; Millennium Ecosystem Assessment (MA), 2005; Daily et al,,
2009; Ring et al., 2010; Zhang et al., 2010; Moldan et al., 2012). The EU biodiversity strategy
explicitly calls (action 5) for the mapping of ecosystem services (Maes et al., 2013).

Reviews of the scientific literature on the benefits of ecosystems services to human soci-
ety have reported an exponential growth in research effort (Cornell, 2010; Vihervaara et al.,
2010; Dick et al., 2011a; Seppelt et al., 2011). Currently a special emphasis has been put on
mapping ecosystem services (Maes et al., 2012; Reyers et al., 2009), with particular interest
on the possibilities to link services with remote information on land use types (Burkhard et
al., 2009; Metzger, 2006), and on management challenges related to tradeofts between ser-
vices that may cause unintentional decline of some services when the others are promoted by
specific policy interventions (DEFRA, 2007; Hanson et al., 2008) that can result in substantial
economic loses (de Groot, 2010; Troy, Wilson, 2006). From this perspective it seems to be
particularly important to develop a quick and simple system allowing an overview of the
ecosystem services delivered by areas of different land use types.

Currently there are significant differences in assessment indicators, calculation and mod-
elling approaches to report the ecosystem services of an area, which makes comparisons
and knowledge transfer between studies difficult. In order to utilise the concept, a standard
protocol for the assessment of ecosystem services have been called for (Anton et al., 2010;
Keene, Pullin, 2011). Generic lists of ecosystem services have been published (e.g. MA, 2005;
Haines-Young, Potschin, 2010) and these have been used as the basis for a specific list of
ecosystem services created and tested by the UK long-term monitoring network the Envi-
ronmental Change Network (Dick et al., 2011b,c). Expanding and testing the practicality of
such a list in the European long-term monitoring community (LTER Europe) is the focus of
this paper.

The European sites, by virtue of their long-term site-based research, provide information
over multiple temporal and spatial scales (Mirtl et al., 2010). In this study we explore the
possibility of assessing ecosystem services provided by sites based on the minimum possible
information available from all sites. This was defined as the likelihood of the service occur-
ring at the site, with an associated confidence value. Such rapid assessment methods based
on minimum data have been widely developed in the field of agriculture, economics, sociol-
ogy, anthropology and epidemiology (Brooke, Knuthk, 2002; Rifkin, 1996; Torrico, Janssens,
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2010). A simple methodology of biodiversity assessment based on presence/absence of spe-
cies is frequently used in ecology and habitat management practice (see e.g. Elith et al., 2006)
and rapid assessment methods have been shown to be sensitive tools to assess anthropogenic
impacts to wetland ecosystems (Fennessy et al., 1998; van Dam et al., 1998; Bartoldus, 1999;
Mack et al.,, 2000). In this study we test the applicability of a simple rapid protocol for the
assessment of ecosystem service at 35 sites from 14 countries of the LTER-Europe network.

Methods

This study arose out of an ongoing collaboration among the LTER-Europe community; consequently the research-
ers and sites studied are part of that network (http://www.lter-europe.net/). Participants at an Alter-Net sponsored
participatory workshop in Vienna, November 2010, agreed on a data matrix for the quantification of ecosystem
services. The data matrix was identified by considering each category and indicator presented by Dick et al. (2011b)
and discussing additional indicators suggested by the participants. The study was limited to the participants of the
workshop for practical purposes.

The participants further agreed to perform an initial test scoring the probability of occurrence of the ecosystem
service parameter along with an estimate of the confidence provided by the assessor (Table 1). A simple scoring
template was circulated to ensure all participants scored the services using unified criteria. The probability of an
ecosystem service occurring at the site and confidence of the assessor in their answer was scored on a 0-1 scale,
i.e. the service scored 1 for probability and 1 for confidence if the assessor was 100% sure that the service occurred
at that site and scored 0 for probability and 1 for confidence if the assessor was 100% sure that the service did not
occurred at that site.

Table 1. Definitions of ecosystem service and disservice parameters utilising Millennium Assessment typology
scored for occurrence at each of 35 sites LTER Europe sites.

Service ‘ Category ‘ Ecosystem service #
Provisioning
Farming produce: meat (1) , milk/diary (2) & fish (3) 1-3
Non-farmed (wild) meat (4) or fish (5) utilised at site 4-5
Food Grown or picked for human consumption on site: vegetables 6-11
(6), fruit (7), mushrooms(8), honey (9), eggs (10), crops (11)
Crops/plants harvested for non-human consumption on the 12
site
Fibre produced by animals from the site 13
Fibre Fibre produced by crops from the site 14
Wood produce (not fire wood) harvested on the site (e.g. pulp/ 15
paper/sawn timber)
Wood harvested for fuel from the site 16
Fuel Hydropower electricity produced at the site 17
Biomass grown at the site for energy needs 18
X Animal species within site held for use as a genetic stock. 19
Genetic Resources . .. A
Plant species within site held for use as a genetic stock. 20
Biochemicals & pharmaceuticals Species or breeds grown or raised on the site for use in bioche- 21
mical &/or pharmaceutical industries/research.
Ornamental resources Site resources used in producing ornaments, arts, crafts etc. 22
Fresh Water Fresh water extracted for human consumption from within site 23
Regulating
Climate regulation Site is considered to be a net sink (reduction) of greenhouse 24
gas emissions
Dams/Reservoirs present within the site boundary 25
Water regulation filt(:)d events (water going outside normal bounds) occurs on 26
‘Water storage on site 27
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http://www.lter-europe.net/

Table 1. Definitions of ecosystem service and disservice parameters utilising Millennium Assessment typology
scored for occurrence at each of 35 sites LTER Europe sites - continued.

Service ‘ Category ‘ Ecosystem service #
Provisioning
i . Removal of nutrients from water occurs on site 28
Water quality regulation -
Removal of heavy metals from water occurs on site 29
Regulation of human diseases Reduction of water born diseases and/or algal blooms (e.g. pre- 30
i sence of wetlands for reduction of bacterial and virus pollution)
X . Minimal erosion to areas within site boundaries. 31
Erosion regulation . - . -
Significant landscape erosion to areas within site boundaries*. 32
Minimal risk of human disease from ecosystem within site 33
Regulation of human diseases boundaries.
Significant risk of human disease within site boundaries*. 34
Pollination Nectar plants exist on site 35
Fire occurs on site 36
Natural hazard regulation -
Land used for fire prevention 37
Other hazard regulation The site regulates noise pollution (e.g. woodland reduces sound 38
of busy road)?
Cultural
Does the site contain landscape, biodiversity or habitat features 39-65

which are used by (or in) amateur botanists (39), recreational
anglers (40), bird watchers (41), climbers (42), cyclists (43),
farmers (44), foresters (45), fungal forays (46), green weddings
(47), horse riding (48), lepidopteron enthusiasts (49), model/
Cultural diversity kite enthusiasts (50), mountain bikers (51), research (52), hun-
ting (53), special needs groups (54), walkers (55), yoga practiti-
oners (56) skiing (57), military or emergency training (58), film
making (59), education (60), picnicking or general recreation
(61), bathers (62), motorised water sports (63), ice based sports
(64), snow based sports (65)?

Are there natural features in the ecosystem of spiritual/ reli‘%ious 66
value to either the local or larger population (e.g. significant
Spiritual and religious values mountain summits, fairy pools etc...)?
Are there manmade features in the ecosystem of spiritual/reli- 67
gious value (e.g. churches, chapels, standing stones)?
Is the site used in part for formal education purposes (e.g. 68
Educational values school visits)?
Is the site used for informal education? 69
Are there species of the following taxa on site: Butterflies (70), 70-77

ground beetles (71), moths (72), bats (73), birds (74), vascular
plants (75), bryophytes (76), and lichens (77).

Are there interstitial elements from the following list occurri- 78
ng within site boundaries? (Ditch, path/track, road, hedgerow,
fence, stone wall, waterway).

Aesthetic values

Are there statutory designations governing areas within the site 79
(e.g Natura 2000, SSSI, SAC)?
. . Is there easy access to the site e.g. via metalled road, rail link 80
Social relations ete...?
Are there special features present within the site boundaries? 81

Cultural heritage values e.g. historic, Argyll stone in Cairngorms.

Are there tourist visitors to the site each year? 82

Recreation and ecotourism N . N
Is there accommodation for tourist visitors at the site? 83

The scoring matrix was distributed to individuals who had expressed interest in contributing to this study
within the LTER Europe community and those who delivered data by the beginning of 2011 were included in the
present analysis (Table 2). Following compilation and initial quality control of received data, the combined dataset
was redistributed to all authors to ensure consistency and data quality. This quality control step ensured no misun-
derstanding between authors/surveyors.
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Table 2. Site and surveyor information for the 35 LTER sites included in the study (affiliations reported for non-authors).

Site Code | Map Country | Site name Area Site Surveyor
number assessed (ha)
EIS_AT 1 Austria | LTSER Platform Eisenwurzen 577600 Mirtl Michael
ZOE_AT 2 Austria | Zoebelboden LTER and ICP IM 89 Mirtl Michael
LAM_FI 3 Finland | Lammi LTER, Southern Boreal Aquatic 10580 Petteri Vihervaara
and Terrestrial Long Term Ecological
Research Area
ORG_HU 4 Hungary | Orgovany Meadows of Kiskunsig 3948 Miklés Kertész
National Park - KISKUN LTER
SAM_IS 5 Israel Samar Sand Dunes 300 Daniel Orenstein & Elli Groner
ALP_IT 6 Italy Western Alps (high elevation) 100 Michele Freppaz, Univ. of Turin
APP_IT 7 Italy Apennines (High elevation) LTER 01 500000 Angela Stanisci, Univ. of Molise
COL_IT 8 Italy Collelongo - Selva Piana 250 Giorgio Matteucci
DPO_IT 9 Italy Delta del Po 13730 Michele Mistri, Univ. of Ferrara
FON_IT 10 | Ttaly Riserva Naturale Statale Bosco della 233 Alessandro Campanaro & Franco
Fontana Mason, National Forest Service
MAR_IT 11 Ttaly Portofino Marine Protected Area 374 Riccardo Cattaneo Vietti, Univ. of
Genoa
RUF_IT 12 Ttaly Monte Rufeno Regional Reserve 3000 Cristiana Cocciufa, National Forest
Service
VAL_IT 13 Italy Valbona Forest Reserve 123 Renzo Motta, Univ. of Turin
ARA_JO 14 Jordan Wadi Araba 340000 Amani Al Assaf & Fares Khoury
ENG_LV 15 Latvia Lake Engure Nature Park 18000 Viesturs Melecis
LOD_PO 16 Poland Lodz 29300 Kinga Krauze
PIL_PO 17 Poland Pilica LTSER 102400 Kinga Krauze
MON_PT 18 Portugal | Grandola cork oak forest - site 221 Margarida Santos-Reis
LTER Montado
BRA_RO 19 Romania | Small Island of Braila (Braila Islands 24555 Angheluta Vadineanu & Elena Pre-
LTSER site) da
FRU_SB 20 Serbia Fruska gora 34711 SanjaVseli¢
KOV_SB 21 Serbia Koviljsko-petrovaradinski rit 5895 Dusanka Kragi¢
TRA_SK 22 Slovakia | Trnava 74100 Zita Izakovicova
DON_ES 23 Spain LTER-Donana National Park 53639 Ricardo Diaz-Delgado
ALI_UK 24 UK Alice Holt 850 Sue Bentham, Forest Research
CAI_UK 25 UK Cairngorm 1000 Jan Dick & Chris Andrews
DRA_UK 26 UK Drayton 190 Simon McMillan, ADAS
GLE_UK 27 UK Glensaugh 1125 Helen Watson, James Hutton In-
stitute
MOO_UK 28 UK Moorhouse 7500 Rob Rose, CEH
NOR_UK 29 UK North Wyke 250 Deborah Beaumont, Rothamsted
Research
POR_UK 30 UK Porton Down 1227 Stuart Corbett, DSTL
ROT_UK 31 UK Rothamstead 330 Tony Scott, Rothamsted Research
SNO_UK 32 UK Snowdon 700 Alex Turner, CCW
SOU_UK 33 UK Sourhope 1119 Carol Taylor, James Hutton Insti-
tute
WYT_UK 34 UK Wytham 770 Michelle Taylor, CEH
CNP_UK 35 UK Cairngorm National Park 452800 Hamish Trench, CNPA
Study sites

A total of 35 sites from 14 countries tested the protocol (Fig. 1). These sites were defined by each site surveyor(s) ac-
cording to the Millennium Ecosystem Assessment Reporting Categories (MA, 2005) (Table 3). The MA recognised
that each of these categories may contain a number of ecosystems. In this study eight of the ten categories were
represented (only polar and island were not represented). Eight sites comprised four or more categories and fourteen
sites contained only one MA land category.
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Fig. 1. Location of 35 LTER Europe sites in 14 countries included in this study (see
Table 2 for full details of sites).

Table 3. Millennium Ecosystem Assessment Reporting Categories of 35 LTER Europe sites (see Table 1 for full
description of ES code).
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Statistical analysis

A generalised linear model with logit link and binomial error (using Genstat 5 software; Payne et al., 1987) was used
to determine whether the differences between the confidence of the observers depend on the ecosystem service
category (provision, regulating and cultural).

The similarity of sites to each other, derived from the ecosystem services they shared, was calculated and ana-
lysed graphically using principal coordinate analysis, with the plot enhanced by scaling the diameter of the symbols
to reflect the different areas of the sites (on a log scale) and colour coded to denote the number of MA Reporting
Categories present at a site.

Results

Of the 83 ecosystem services parameters assessed for probability of occurrence (Fig. 2)
across the 35 sites, the vast majority (93%) were scored as either occurring (53%) or not
occurring at the site (40%). The surveyors were very confident about their assessment,
scoring the occurrence of services with 92% certainty and non-occurrence with 90%
certainty (Fig. 3).

There were a total of 46 eco-

i Probability of

system services that at least one  Probabiitys gg

surveyor was unable to conclude  |mm oo g

[0 0.0100 %

1 1 1 1 EZ3 0.1000 h:

did or did not occur at their site. ~ |==3 91 3

The regulating ecosystem services e ﬁ

were found to be more difficult to  |gs goue | 5
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#28, 29) and to reduce water born
diseases and/or algal blooms (ser-
vice #30) proving particularly dif-
ficult for site surveyors. In total,
9.5% of the 15 regulating services
across the 35 sites were scored
as ‘don’t knows’ compared with
3.2% and 1.5% for the 26 provi-
sioning and 45 cultural services
respectively.  The confidence
score associated with the prob-
ability of occurrence for each
ecosystem service parameter by
each site surveyor also reflected
the uncertainty associated with
assessing the regulating services

(Fig. 3). Averaged across all sites
Fig. 2. Probability of occurrence of 83 ecosystem service parame-

there was a mgmﬁcant dlff?rence ters at 35 LTER Europe sites (see Table 1 for full details of ecosys-
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score of the three types of services

Uncertainty

00000 with surveyors estimating a confi-

£ 01500 dence score of 80% (+2%) for the

EEE 02000 . .

- 02500 regulating services but 89% (£1%)

EEEE% and 92% (+£1%) for the provision-

0000 ing and cultural services, respec-

B 0.7000 .

B 0.7500 tively.

B 0.6000 Y

== 10000 Three ecosystem service pa-
3 rameters were scored by all site
& surveyors as occurring at their
g sites (Fig. 2), including (i) land-
5 scape, biodiversity or habitat fea-
H tures used by researchers (#52),
% (ii) landscape, biodiversity or hab-
“ itat features used by bird watchers

(#74) and (iii) presence of vascu-
lar plant species (#75). Ranking
the ecosystem service parameters
by their power to discriminate
between the sites reveals that 12
were scored the same for over 90%

PP S B T N Tttt iy ot Bt hetetd et ittt ol Stk Rk ot

e | of the 35 sites indicating little dis-
o o n ® criminating power to distinguish
Number of sites the sites assessed in this study (Ta-

Fig. 3. Estimated confidence score of each 83 ecosystem service ~ ble 4). The majority of these eco-
parameters assessed at 35 LTER-Europe sites (see Table 1 for full system service parameters could

details of ecosystem service parameter). be classed as biodiversity, i.e. pres-
, 1.e.

ence of birds, vascular plants, bee-
tles, moths, butterflies, bats and bryophytes. The use of the site for education purposes
was also found to have little discriminating power with only three sites indicating the site
was not used for educational purposes.

Comparative analysis between sites was conducted to test the discriminating power
of the protocol. Principal coordinate analysis of the similarity between sites in the eco-
system services they provided (Fig. 5) reveals good discriminating power; generally sites
which encompassed the largest area and had a greater number of Millennium Ecosystem
Assessment Reporting Categories clustered to the top of the two dimensional plot (y-axis
accounted for 16% of the variance). The dryland site in Jordan is an obvious exception
to the general pattern. The x-axis (7% variance) split the sites on land-use such that sites
providing mainly provisioning services associated with the farmed land clustered to the
left and sites associated with a wider range of ecosystem services were located to the
right. Two countries, Italy and UK, tested the protocol in multiple sites (8 and 12 sites,
respectively). These sites were well distributed in the plot demonstrating that the proto-
col can discriminate within countries as well as between countries.
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Discussion

In this study, we introduce and test a
simple and transparent protocol to per-
form a rapid initial assessment of the
ecosystem services delivered by a land-
scape. It was found to be robust and can
be applied by a diverse range of people
(academic researchers, land manag-
ers and national park staff) across a
broad range of ecosystem types and
spatial scales. This protocol is practi-
cal and sits squarely across the philo-
sophical divide between assessing eco-
system services in terms of ecological
and non-monetary indicators or only
economic indicators as elucidated by
Sagoff (2011). This method scores the
ecosystem service used/provided in a
landscape considering both market ac-
tivities and ecological processes and, al-
though not quantified or economically
valued directly, could form a common
platform for future studies to numerate
the services.

We are not arguing that stud-
ies should numerate all services in an
area. Rather, we advocate that the oc-
currence of all services should be re-
ported and then in-depth analysis can
be conducted for the services that are
considered most important depending
on the focus of the study. We believe
this would give a more transparent and
accurate assessment of the ecosystem
services of an area and aid inter-site
comparisons, management planning,
off-setting and/or policy scenario as-
sessments. The protocol tested in this
study is the first international trial of
this method and has illuminated some
advantages and limitations of this ap-
proach to operationalise the concept

Cultural Services

Regulating Services

Ecosystem service parameter

Provisioning Services

0 10 20 30 40
Proportion of sites
Fig. 4. Occurrence of ecosystem service parameters scored as

unknown by site surveyors at 35 LTER-Europe sites (see Table
1 for full details of ecosystem service parameters).

Table 4. Ecosystem service parameters which were scored
the same for over 90% of the 35 LTER-Europe sites assessed
(see Table 1 for full description of ES code).

ES number | ES_code No sites
52 Used by researchers 35
74 Birds on site 35
76 Vascular plants on site 35
71 Beetles on site 34
72 Moths 34
70 Butterflies on site 33
75 Interstitial feature 33
60 Landscape used by educationists 32
68 Formal education provided 32
69 Informal education provided 32
73 Bats on site 32
77 Bryophytes on site 32
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of ecosystem services which are dis-
cussed in the following sections. We
consider below the list of ecosystem
services, the scoring system, assess-
ment of biodiversity and the discrimi-
nation power of this protocol.

Identification of parameters to assess
ecosystem services

In this study the identification of eco-
system service parameters was ac-
complished building upon the frame-
work set out by Dick et al. (2011b),

which drew its inspiration in part
from the Millennium Ecosystem As-
sessment protocol (MA, 2005). The
MA provides a useful classification
of ecosystem services: supporting,
provisioning, regulating and cultural.
Supporting services were recognised
for the production of all other eco-
system services and included services
like biomass production, soil forma-
tion, retention and provisioning of
habitat. However, as recognised by several studies utilising the MA typology, humans usually
obtain the benefits of supporting services in the form of the other three services, and conse-
quently the inclusion of supporting services has been suggested as ‘double accounting’ (Boyd,
Banzhaf, 2007; TEEB, 2010). In addition, the supporting services were not considered in this
study to be useful to score on a probability of occurrence scale as they generally occur in all
ecosystems. Consequently supporting ecosystem services were not considered explicitly in
this study.

The actual ecosystem services inventory list was refined through iterative consultations
with the LTER-Europe site or network managers participating in this study. We recognise
however that it would benefit from testing in polar, tropical and island ecosystems which
were not included in this study which might result in the addition of more parameters. In-
terestingly, in contrast to extending the list, some project participants felt the list could and
should be shortened, for instance, by combining categories to shorten the list of 45 cultural
activities (Table 1, Fig. 2). Depending on the purpose of conducting the assessment there
maybe merit in hieratical structure. For example if there is snow at a site, an extended list of
activities may help focus on economic assessment but such a list is redundant when there is
no or limited snow at a site. It is self-evident that each assessor has a unique set of values and
priorities that will be reflected in their choice of ecosystem service parameters for inclusion

T T T T T T T T
03 02 -01

MA
MA classes.
MA classes.
M.
M.

A classes.
----- Minimum spanning tree
Fig. 5. First two dimensions of the principal coordinate analysis

of the similarity matrix for 35 LTER-Europe sites. Size of circle
is proportional to the area of each site.
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in an assessment list, as demonstrated by Orenstein et al. (2012), who adopted the methodol-
ogy for an arid ecosystem and found it necessary to modify the list according to local speci-
fications. But, as this study shows, even with a diverse, international team, a consensus list
can be produced and utilized, and disagreements noted within the transparent assessment
and scoring process.

The list of ecosystem service parameters identified in this study included both positive
(e.g. food production) and negative services, (e.g. soil erosion). It is considered strength of
this tested protocol to include both types of service although it is recognised that this issue
requires further attention. It has been suggested that higher occurrence of biological disser-
vices may be directly linked to disturbed ecosystems (Dunn, 2010) and perhaps a reflection
of reduced supporting ecosystem services. Dunn notes that valuing tropical forests for the
low level of ecosystem disservices may be more important than for the ecosystem services
they deliver. Similarly, Zhang and colleagues argue in favour of including ecosystem dis-
services in assessment protocol (Zhang et al., 2007). They emphasize that agricultural ecosys-
tems are both threatened by and can deliver ecosystem dis-services that can greatly affect the
profitability and sustainability of agricultural production (e.g. crop pests). These studies have
profound policy implications and we therefore recommend that more attention be focused
on the inclusion of ecosystem disservices in this rapid ecosystem service methodology.

It has been suggested that because ecosystems are so diverse (e.g. artificial and natural
ecosystems), the creation of a single classification for all ecosystems is not possible (Zhang et
al., 2010). However, the ecosystem service parameter list tested in this study proved to be re-
markably versatile across a range of sites including urban, crop land, forest, mountain, desert
and marine sites. While the list of ecosystem service parameters should be expanded (as dis-
cussed above), the approach used in this study has proven to be useful in providing insights
regarding the distribution and abundance of ecosystem services across regions, but also in
exposing major gaps in our local and global knowledge of ecosystem service identification.

Scoring occurrence and uncertainty of ecosystem service parameters

In this study, the probability of occurrence of an ecosystem service parameter was generally
found to be known. In practice, the full 0-1 scale for occurrence of the ecosystem service
parameter was seldom utilised because surveyors were well acquainted with their sites. This
has led to the suggestion that a simple three-point scale (present-1, absent-0 and don’t know)
would be more pragmatic with the associated confidence score; such that if the respondent
believes that a service is probably present but is not sure, they will enter value ‘1’ and express
the degree of uncertainty in the associated confidence score, similarly if the ecosystem ser-
vice parameter is considered not to occur.

The purpose of many ecosystem service evaluations is to estimate the marginal change
on the provision of ecosystem services following a change in management and in terms of
trade-offs against other ecosystem service that people value (Collins et al., 2010). We believe
that the methodology tested in this study could be used for this purpose by guiding more
detailed studies to quantify the ecosystem services identified as being the subject of change,
while presenting a clear picture of the full suite of ecosystem services provided by the site.
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Insights into biodiversity and ecosystem services

The relationship between biodiversity and ecosystem services is poorly understood but wide-
ly discussed in current scientific literature (e.g. Anderson et al., 2009; Benayas et al., 2009;
Feld et al., 2009; Luck et al., 2009) and consequently warrants further consideration. In this
study, which had its roots in the UK Environmental Change Network (Dick et al., 2011b), bi-
odiversity was primarily assessed by the suite of ecosystem services #70-77 (i.e. Are there spe-
cies of the following taxa on site: butterflies, ground beetles, moths, bats, birds, vascular plants,
bryophytes, and lichens), which are core measurements in the UK network. The quantifica-
tion of these biodiversity groups was found by Dick et al. (2011b) to discriminate between
sites showing that the upland sites generally had lower numbers in most biodiversity groups.
The simple probability of occurrence of these groups has not proved a useful discriminating
approach in this study and perhaps a check list of functional types may be a better way for-
ward rather than taxonomic groups. Over the past decades it has been recognised that what
matters most for ecosystem services is not the taxonomic group so much as the traits species
possess (e.g. nitrogen-fixers, pollinators, nutrient recyclers; Perrings et al., 2010). The occur-
rence of keystone or umbrella species might also be a useful ecosystem service parameter in
this context rather than broad taxonomic groups.

Discriminating power and use of rapid ecosystem service assessment

The focus of this study was the creation and testing of a single list of ecosystem services or
proxies for services that could be used globally. The concept being that a simple check list
would allow comparison of ecosystem services across diverse sites or at the one site that was
the subject of suggested change. The ecosystem service occurrence check list would then
form the basis for more focused in-depth studies as appropriate. The purpose was not to
compare sites directly in this study but to determine if the ecosystem service parameter list
developed in this study could be used across a wide range of sites. Separation of the sites
in multi-dimensional space (Fig. 5) shows this methodology can also discriminate between
sites. This can be important in planning situations when there is a choice of sites for develop-
ment.

We recognise that the simple probability of occurrence of an ecosystem service parameter
advocated here does not consider ecological function and processes explicitly; rather they are
assumed by the occurrence of the end product, i.e. the occurrence of the service. Zhang and
colleagues (2010) in their review of ecosystem service research in China noted that in the
past 20 years 90% of research papers have focused on the ecosystem service valuation rather
than analysing the relationship between ecosystem structure, processes, function and eco-
system service delivery directly. They suggest that a lack of knowledge about the relationship
between ecosystem structure and function often impairs the credibility of the evaluations.
Sagoff (2011) on the other hand questions if such a biophysical understanding is necessary.
He argues that the market implicitly recognise ecosystem services. The protocol tested and
turther developed in this study is utilitarian, focusing on the occurrence or not of ecosystem
services in a specified area and as such offers a rapid initial assessment of ecosystem services.

228

Brought to you by | Technion - Israel Institute of Technology
Authenticated
Download Date | 10/3/17 1:40 PM



Conclusion

Following extensive consultation with stakeholders at local, regional and global levels the
MA recognised five over-arching questions to be addressed when assessing ecosystem ser-
vices; the first of these was ‘What are the current conditions and trends of ecosystem ser-
vices?” (MA, 2005). The protocol developed in this study has shown promise to be simple,
transparent, cost-effective and policy relevant to assess the ecosystem services of a landscape.
Site managers assessed the protocol as useful to identify the ecosystem services delivered by
a site and a transparent means of focusing more detailed quantified studies.

Acknowledgements

Although this project was not specifically funded, several agencies have contributed support including: Alter-Net,
who sponsored ].D. to attend the Vienna workshop; French Cultural Institute, Vienna, who provided meeting space
for the workshop and the sponsor organisation of each LTER site included in this analysis. We are extremely grateful
for all the monetary and ‘in-kind’ support provided by all these organisations giving evidence of the added value of
the LTER-Europe network.

References

Anderson, B.J., Armsworth, PR., Eigenbrod, E, Thomas, C.D., Gillings, S., Heinemeyer, A., Roy, D.B. & Gaston
K.J. (2009). Spatial covariance between biodiversity and other ecosystem service priorities. J. Appl. Ecol., 46,
888-896. DOI: 10.1111/j.1365-2664.2009.01666.x.

Anton, C,, Young, J., Harrison, P.A., Musche, M., Bela, G., Feld, C.K., Harrington, R., Haslett, ].R., Pataki, G., Roun-
sevell, M.D.A., Skourtos, M., Sousa, J.P, Sykes, M.T., Tinch, R., Vandewalle, M., Watt, A. & Settele J. (2010).
Research needs for incorporating the ecosystem service approach into EU biodiversity conservation policy.
Biodivers. Conserv., 19, 2979-2994. DOI: 10.1007/s10531-010-9853-6.

Benayas, .M.R., Newton, A.C., Diaz, A. & Bullock J.M. (2009). Enhancement of biodiversity and ecosystem services
by ecological restoration: a meta-analysis. Science, 325, 1121-1124. DOI: 10.1126/science.1172460.

Boyd, J. & Banzhaf S. (2007). What are ecosystem services? The need for standardized environmental accounting
units. Ecological Economics, 63, 616—626. DOI: 10.1016/j.ecolecon.2007.01.002.

Brooke, A. & Knuthk B. (2002). Knowledge partnerships: rapid rural appraisal’s role in catalyzing community-based
management in Venezuela. Society and Natural Resources, 15, 805-825. DOI: 10.1080/08941920290107576.
Burkhard, B., Kroll, E, Miiller, F. & Windhorst W. (2009). Landscapes‘ capacities to provide ecosystem services — a

concept for land cover based assessments. Landscape Online, 15, 1-22. DOI: 10.3097/L0.200915.

Collins, S.L., Carpenter, S.R., Swinton, S.M., Orenstein, D.E., Childers, D.L., Gragson, T.L., Grimm, N.B., Grove,
J.M., Harlan, S.L., Kaye, ].P.,, Knapp, A.K., Kofinas, G.P., Magnuson, ].J., McDowell, W.H., Melack, ].M., Ogden,
L.A,, Robertson, G.P, Smith, M.D. & Whitmer A.C. (2010). An integrated conceptual framework for long-term
social and ecological research. Frontiers in Ecology and the Environment, 9, 351-357. DOI: 10.1890/100068.

Cornell, S. (2010). Valuing ecosystem benefits in a dynamic world. Clim. Res., 45, 261-272. DOI: 10.3354/cr00843.

Costanza, R., dArge, R., de Groot, R, Farber, S., Grasso, M., Hannon, B., Limburg, K., Naeem, S., ONeill, R.V,,
Paruelo, J., Raskin, R.G., Sutton, P. & van den Belt M. (1997). The value of the world's ecosystem services and
natural capital. Nature, 387, 253-260.

Daily, G.C., Polasky, S., Goldstein, J., Kareiva, P.M., Mooney, H.A., Pejchar, L., Ricketts, T.H., Salzman, J. & Shallen-
berger R. (2009). Ecosystem services in decision making: time to deliver. Frontiers in Ecology and the Environ-
ment, 7, 21-28. DOI: 10.1890/080025.

DEFRA (2007). An introductory guide to valuing ecosystem services. London: Defra Publications. www.defra.gov.uk

de Groot, R. (2010). Integrating the ecological and economic dimensions in biodiversity and ecosystem service
valuation. In P. Kumar (Ed.), The economics of ecosystems and biodiversity: ecological and economic foundations.
London: Earthscan.

Dick, J.M., Smith, R.I. & Scott E.M. (2011a). Ecosystem services and associated concepts. Environmetrics, 22,
598-607. DOI: 10.1002/env.1085.

229

Brought to you by | Technion - Israel Institute of Technology
Authenticated
Download Date | 10/3/17 1:40 PM


http://dx.doi.org/10.1111/j.1365-2664.2009.01666.x
http://dx.doi.org/10.1007/s10531-010-9853-6
http://dx.doi.org/10.1126/science.1172460
http://dx.doi.org/10.1016/j.ecolecon.2007.01.002
http://dx.doi.org/10.1080/0894192029010757
http://dx.doi.org/10.3097/LO.200915
http://dx.doi.org/10.1890/100068
http://dx.doi.org/10.3354/cr00843
http://dx.doi.org/10.1890/080025
http://www.defra.gov.uk
http://dx.doi.org/10.1002/env.1085

Dick, J., Andrews, C., Beaumont, D.A., Benham, S., Brooks, D.R., Corbett, S., Lloyd, D., McMillan, S., Monteith,
D.T., Pilgrim, E.S., Rose, R., Scott, A., Scott, T., Smith, R.I., Taylor, C., Taylor, M., Turner, A. & Watson H.
(2011b). A comparison of ecosystem services delivered by 11 long-term monitoring sites in the UK environ-
mental change network. Environmetrics, 22, 639-648. DOI: 10.1002/env.1069.

Dick, J., Andrews, C., Beaumont, D.A., Benham, S., Brooks, D.R., Corbett, S., Lloyd, D., McMillan, S., Monteith,
D.T., Pilgrim, E.S., Rose, R., Scott, A., Scott, T., Smith, R.I., Taylor, C., Taylor, M., Turner, A. & Watson H.
(2011c). Ecosystem services variables from the UK Environmental Change Network (ECN). Environmental Infor-
mation Data Centre. DOI: 10.5285/2¢5{823d-0dca-4e66-b021-de3e81131979 .

Dunn, R.R. (2010). Global mapping of ecosystem disservices: the unspoken reality that Nature Sometimes Kills us.
Biotropica, 42, 555-557. DOI: 10.1111/j.1744-7429.2010.00698 x.

Elith, J., Graham, C. H., Anderson, R. P, Dudik, M., Ferrier, S., Guisan, A., Hijmans, R. J., Huettmann, E, Leathwick,
J. R., Lehmann, A,, Li, J., Lohmann, L. G., Loiselle, B. A., Manion, G., Moritz, C., Nakamura, M., Nakazawa, Y.,
Overton, J. McC,, Peterson, A. T., Phillips, S. ]., Richardson, K. S., Scachetti-Pereira, R., Schapire, R. E., Soberdn,
J., Williams, S., Wisz, M. S. & Zimmermann N.E. (2006). Novel methods improve prediction of species’ distri-
butions from occurrence data. Ecography, 29, 129-151. DOI: 10.1111/j.2006.0906-7590.04596.x.

Feld, C.K,, da Silva, PM., Sousa, ].P, de Bello, E, Bugter, R., Grandin, U., Hering, D., Lavorel, S., Mountford, O.,
Pardo, L, Partel, M., Rombke, J., Sandin, L., Jones, K.B. & Harrison P. (2009). Indicators of biodiversity and eco-
system services: a synthesis across ecosystems and spatial scales. Oikos, 118, 1862—-1871. DOI: 10.1111/j.1600-
0706.2009.17860.x.

Fennessy, M.S., Jacobs, A.D. & Kentula M.E. (2004). Review of rapid methods for assessing wetland condition.
EPA/620/R-04/009. Washington: U.S. Environmental Protection Agency.

Haines-Young, R.H. & Potschin M. (2010). Proposal for a common international classification of ecosystem goods
and services (CICES) for integrated environmental and economic accounting. European Environment Agency.
Available at: www.cices.eu.

Hanson, C., Ranganathan, J., Iceland, C. & Finisdore J. (2008). The corporate ecosystem services review: guidelines for
identifying business risks and opportunities arising from ecosystem change. World Resources Institute.

Keene, M. & Pullin A.S. (2011). Realizing an effectiveness revolution in environmental management. J. Environ.
Manag., 92, 2130-2135. DOI: 10.1016/j.jenvman.2011.03.035.

Luck, G.W,, Harrington, R., Harrison, P.A., Kremen, C., Berry, PM., Bugter, R., Dawson, T.P,, de Bello, E, Diaz, S.,
Feld, C.K., Haslett, J.R., Hering, D., Kontogianni, A., Lavorel, S., Rounsevell, M., Samways, M.]., Sandin, L.,
Settele, J., Sykes, M.T,, van den Hove, S., Vandewalle, M. & Zobel M. (2009). Quantifying the contribution of
organisms to the provision of ecosystem services. Bioscience, 59, 223-235. DOI: 10.1525/bi0.2009.59.3.7.

MA (2005). Ecosystems and Human Well-Being: General Synthesis. Washington: Island Press.

Maes, J., Hauck, J., Paracchini, M.L., Ratamiki, O., Termansen, M., Perez-Soba, M., Kopperoinen, L., Rankinen, K.,
Schégner, J.P,, Henrys, P, Cisowska, I., Zandersen, M., Jax, K., La Notte, A., Leikola, N., Pouta, E., Smart, S., Ha-
sler, B., Lankia, T., Andersen, H.E., Lavalle, C., Vermaas, T., Alemu, M.H., Scholefield, P, Batista, E, Pywell, R.,
Hutchins, M., Blemmer, M., Fonnesbech-Wulff, A., Vanbergen, A.J., Miinier, B., Baranzelli, C., Roy, D., Thieu,
V., Zulian, G., Kuussaari, X., Thodsen, H., Alanen, E., Egoh, B., Serensen, P.B., Braat, L. & Bidoglio G. (2012).
A spatial assessment of ecosystem services in Europe: methods, case studies and policy analysis - phase 2. Synthe-
sis report. PEER Report No 4. Ispra: Partnership for European Environmental Research. DOI: 10.2788/41943
(print), 10.2788/41831 (online).

Maes J., Teller, A., Erhard, M., Liquete, C., Bratt, L., Egoh, B., Puydarrieux, P, Fiorina, C., Santos, E,, Paracchini, M.
L., Keune, H., Wittmer, H., Hauck, J., Fiala, L, Verbirg, PH., Conde, S., Schagner, ].P, San Miguel, J., Estreguil,
C., Ostermann, O., Barredo, J.L,, Pereira, H.M., Stott, A., Laporte, V., Meiner, A., Olah, B., Royo, G.E., Spyropou-
lou, R., Petersen, J.E., Maguire, C., Zal, N., Achilleos, E., Rubin, A., Ledoux, L., Brown, C., Raes, C., Jacobs, S.,
Vanderwalle, M., Connor, D. & Bidoglio G. (2013). Mapping and assessment of ecosystems and their services. An
analytical framework for ecosystem assessments under action 5 of the EU biodiversity strategy to 2020. Luxem-
bourg: Publications office of the European Union. DOI: 10.2779/12398.

Metzger, M.J., Rounsevell, M.D.A., Acosta-Michlik, L., Leemans, R. & Schroter D. (2006). The vulnerability of eco-
system services to land use change. Agric. Ecosyst. Environ., 114, 69-85. DOI: 10.1016/j.agee.2005.11.025.
Mirtl, M. (2010). Introducing the next generation of ecosystem research in Europe: LTER-Europe’s multi-functional

and multi-scale approach. In E Miiller, C. Baessler, H. Schubert, & S. Klotz (Eds.), Long-term ecological research:
Between theory and application (pp. 75-94). Dordrecht: Springer.
Moldan, B., Janouskova, S. & Hak T. (2012). How to understand and measure environmental sustainability: Indica-

230

Brought to you by | Technion - Israel Institute of Technology
Authenticated
Download Date | 10/3/17 1:40 PM


http://dx.doi.org/10.1002/env.1069
http://dx.doi.org/10.5285/2c5f823d-0dca-4e66-b021-de3e81131979
http://dx.doi.org/10.1111/j.1744-7429.2010.00698.x
http://dx.doi.org/10.1111/j.2006.0906-7590.04596.x
http://dx.doi.org10.1111/j.1600-0706.2009.17860.x
http://dx.doi.org10.1111/j.1600-0706.2009.17860.x
http://www.cices.eu
http://dx.doi.org/10.1016/j.jenvman.2011.03.035
http://dx.doi.org/10.1525/bio.2009.59.3.7
http://dx.doi.org/10.2788/41831
http://dx.doi.org/10.2779/12398
http://dx.doi.org/10.1016/j.agee.2005.11.025

tors and targets. Ecological Indicators, 17, 4-13. DOI: 10.1016/j.ecolind.2011.04.033.

Orenstein, D.E., Groner, E., Argaman, E., Boeken, B., Preisler, Y., Shachak, M., Ungar, E.D. & Zaady E. (2012).
An ecosystem services inventory: lessons from the Northern Negev Long-Term Social Ecological Research
(LTSER) platform. Geography Research Forum, 32, 96—118.

Payne, R.W.,, Lane, PW., Ainsley, A.E., Bicknell, K.E., Digby, P.G.N., Harding, S.A., Leech, H., Simpson, N., Todd, D.,
Verrier, PJ. & White R.P. (1987). Genstat 5 reference manual. Oxford: Clarendon Press.

Perrings, C., Naeem, S., Ahrestani, F,, Bunker, D.E., Burkill, P, Canziani, G., Elmqvist, T., Ferrati, R., Fuhrman, J.A.,
Jaksic, E, Kawabata, Z., Kinzig, A., Mace, G.M., Milano, E, Mooney, H., Prieur-Richard, A.H., Tschirhart, J. &
Weisser W. (2010). Ecosystem services for 2020. Science, 330, 323-324. DOI: 10.1126/science.1196431.

Reyers, B., O’Farrell, PJ., Cowling, R.M., Egoh, B.N., Le Maitre, D.C. & Vlok J.H.J. (2009). Ecosystem services,
land-cover change, and stakeholders: finding a sustainable foothold for a semiarid biodiversity hotspot. Ecology
and Society, 14(1), 38. [online] URL: http://www.ecologyandsociety.org/vol14/iss1/art38/

Rifkin, S. (1996). Rapid rural appraisal: its use and value for health planners and managers. Public Administration,
74(3), 509-526. DOI: 10.1111/j.1467-9299.1996.tb00882.x.

Ring, I., Hansjurgens, B., Elmqvist, T., Wittmer, H. & Sukhdev P. (2010). Challenges in framing the economics of
ecosystems and biodiversity: the TEEB initiative. Current Opinion in Environmental Sustainability, 2, 15-26.
DOI: 10.1016/j.cosust.2010.03.005.

Sagoff, M. (2011). The quantification and valuation of ecosystem services. Ecological Economics, 70, 497-502. DOI:
10.1016/j.ecolecon.2010.10.006.

Seppelt, R., Dormann, C.E, Eppink, EV,, Lautenbach, S. & Schmidt S. (2011). A quantitative review of ecosystem
service studies: approaches, shortcomings and the road ahead. J. Appl. Ecol., 48, 630-636. DOI: 10.1111/j.1365-
2664.2010.01952.x.

TEEB (2010). The economics of ecosystems and biodiversity: mainstreaming the economics of nature: a synthesis of the
approach, conclusions and recommendations of TEEB. Malta: Progress Press.

Torrico, J.C. & Janssens M.J.J. (2010). Rapid assessment methods of resilience for natural and agricultural systems.
An. Acad. Bras. Ciénc., 82, 1095-1105. DOI: 10.1590/S0001-37652010000400027.

Troy, A. & Wilson M.A. (2006). Mapping ecosystem services: Practical challenges and opportunities in linking GIS
and value transfer. Ecological Economics, 60, 435—-449. DOI: 10.1016/j.ecolecon.2006.04.007.

Van Dam, R.A., Camilleri, C. & Finlayson C.M. (1998). The potential of rapid assessment techniques as early warn-
ing indicators of wetland degradation: a review. Environmental Toxicology and Water Quality, 13, 297-312.
DOI: 10.1002/(SICI)1098-2256(1998)13:4<297::AID-T0X3>3.0.CO.

Vihervaara, P,, Ronka, M. & Walls M. (2010). Trends in ecosystem service research: early steps and current drivers.
Ambio, 39, 314-324. DOI: 10.1007/s13280-010-0048-x.

Zhang, B.A., Li, WH. & Xie G.D. (2010). Ecosystem services research in China: Progress and perspective. Ecological
Economics, 69, 1389-1395. DOI: 10.1016/j.ecolecon.2010.03.009.

Zhang, W.,, Ricketts, T.H., Kremen, C., Carney, K. & Swinton S.M. (2007). Ecosystem services and dis-services to
agriculture. Ecological Economics, 64, 253-260. DOI: 10.1016/j.ecolecon.2007.02.024.

231

Brought to you by | Technion - Israel Institute of Technology
Authenticated
Download Date | 10/3/17 1:40 PM


http://dx.doi.org/10.1016/j.ecolind.2011.04.033
http://dx.doi.org/10.1126/science.1196431
http://www.ecologyandsociety.org/vol14/iss1/art38/
http://dx.doi.org/10.1111/j.1467-9299.1996.tb00882.x
http://dx.doi.org/10.1016/j.cosust.2010.03.005
http://dx.doi.org/10.1016/j.ecolecon.2010.10.006
http://dx.doi.org/10.1111/j.1365-2664.2010.01952.x
http://dx.doi.org/10.1111/j.1365-2664.2010.01952.x
http://dx.doi.org/10.1590/S0001-37652010000400027
http://dx.doi.org/10.1016/j.ecolecon.2006.04.007
http://dx.doi.org/10.1002/(SICI)1098-2256(1998)13:4<297::AID-TOX3>3.0.CO
http://dx.doi.org/10.1007/s13280-010-0048-x
http://dx.doi.org/10.1016/j.ecolecon.2010.03.009
http://dx.doi.org/10.1016/j.ecolecon.2007.02.024

