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The effective inclusion of Ecosystem Services (ES) in the governance of Protected Areas (PAs) is a key challenge
for future environmental governance. In this sense, Payments for Ecosystem Services (PES) have been conceived
as instruments to internalize costs of environmental management and establish a consequential link between ES
users and providers. Thus, while there is a current pressingly need for genuine PES mechanisms, in very rare
cases it has been possible to satisfy this requirement. This paves the way for the study of alternative methods,
such as PES-like schemes, which may be already in practice in PAs.

In order to support and discuss the feasibility of this approach, we present four successful PES-like schemes
currently working in the Po River delta Park of the Emilia-Romagna region (Northern Italy). They involve
traditional activities, as hunting, fishing, mushroom and truffle (M&T) picking and cultural services, coherent
with the UNESCO Man and Biosphere declaration.

With the aim of using the peculiar case of the Po Delta Park as a study model, we studied services with direct
market value that cover a variety of strategy cases and positive side effects typically observed in genuine PES
schemes. The Park authority is a crucial actor with different roles: i) regulator/intermediator in the context of a
“command” strategy (for hunting and M&T) and in a public-private partnership (for cultural services) and ii)
provider in a trade context (for fishing).

Although not originally conceived under the vision of an ES approach, these practices, developed as endog-
enous processes, were effective in supporting conservation and ES provision. While not accounting for regulating
services, PES-like schemes constitute practical evidence of broad interest concerning the role of existing, yet
overlooked, mechanisms involving important ES, which could be reframed within the terminology of PES to

strengthen their functioning and strategic value.

1. Introduction

Despite the growing efforts for environmental conservation spent
during the last decades, anthropogenic pressures continued to cause the
dramatic degradation of ecosystems and their services worldwide
(Millennium Ecosystem Assessment, 2005). The critical state of eco-
systems urgently calls for environmental policy measures that achieve
multiple targets in the fields of nature conservation and economic
development, in the light of the sustainable development goals foreseen
by the Agenda 2030. The establishment of Protected Areas (PAs) was the
most common measure of environmental conservation adopted during
last century. Originally conceived to safeguard landscapes and wildlife,
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PAs have been gradually required to reach an increasing set of conser-
vation, social and economic objectives (Watson et al., 2014). During the
last two decades, environmental managers focused with growing
emphasis on the functional role of ecosystems in maintaining and pro-
moting society well-being, as fundamental assets for human prosperity
(Costanza et al., 2014, 1997; Wang et al., 2021). Together with the
transformation of the conservation approach, the international regula-
tory framework increasingly promoted the inclusion of Ecosystem Ser-
vice (ES) concept within conservation policies. In particular, due to the
adoption of Aichi targets of the Convention on Biological Diversity for
2011-2020 by the International Union for Conservation of Nature
(IUCN) and the World Commission on Protected Areas (WCPA), the
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goals of PAs have been explicitly expanded to maintain and restore ESs
(Woodley et al., 2012). Later, at European level the EU biodiversity
strategy for 2030 (European Commission, 2020) renewed the need for
the conservation of biodiversity and halting the degradation of ESs,
while aiming to expand PAs to 30 % of the EU’s land and sea. Therefore,
the evolution of nature paradigm required the switch on PAs vision from
passive conservation instruments to active providers of ESs in a wider
social-ecological system perspective (Watson et al., 2014). In terms of
management strategies, this shift calls for conserving ecological func-
tions in space and time, in addition to protect habitat and species in face
of an increasing number of stressors. However, besides to conserve
natural assets, an ES approach requires PAs to consider also socio-
economic systems in order to capture the contribution of ecosystems
for human well-being. In fact, according to the so-called “ES cascade
model”, ecosystem structures and processes underpin ecological func-
tions that, in turn, deliver ESs only when meet the human demand for a
benefit (Potschin and Haines-Young, 2011). The actual level of use of an
ES represents the ES flow (Burkhard and Maes, 2017). In other words, an
ES flow occurs when a human need intercepts a potential ES supply by
an ecosystem. Unfortunately, PAs were often observed to be not effective
in maintaining ES flows, either by failing to defend biodiversity (Jones
et al., 2018) and/or by omitting to consider many ESs of great social and
economic importance (Gaglio et al., 2019), as well as their respective
drivers of change acting at wider scales (Gaglio et al., 2020). For
instance, Li et al. (2020) observed notable conservation gaps for biodi-
versity and ESs in existing nature reserves of Tibetan Plateau. Wei et al.
(2020) showed that PAs of East Africa well represented for species
richness and regulating services but underrepresented for provisioning
services. Similarly, Lecina-Diaz et al. (2019) found controversial out-
comes in terms of ES preservation in Mediterranean PAs and further
underlined the importance of integrating ESs and biodiversity to define
effective conservation policies. Moreover, the Aichi target 11 concern-
ing the establishment of effective and representative networks of PAs by
2020 was only partially met and human pressures continue to harm
biodiversity (Visconti et al., 2019). ES framework is therefore still poorly
integrated in the management PAs and solutions to implement ESs into
policy and decision-making are urgently required (Schirpke et al.,
2017).

As the research on the monetary value of ESs evolved, Payments for
Ecosystem Services (PES) have been proposed as market-based in-
struments to create incentives for conservation (Sattler et al., 2013;
Vatn, 2010). After the pioneering experience of Costa Rica national
program in 1997, which aimed to tackle deforestation rates imple-
menting mechanisms for the remuneration of ESs (Pagiola, 2008), a
growing number of decision-makers attempted to adopt market-based
instrument explicitly focused on ES monetarization at different admin-
istrative scales (Pirard and Lapeyre, 2014). A PES mechanism was firstly
defined by Wunder (2005) as a “voluntary transaction where a well-defined
ES (or a land-use likely to secure that service) is being ‘bought’ by a (mini-
mum one) ES buyer from a (minimum one) ES provider if and only if the ES
provider secures ES provision conditionally”. Wunder’s definition, based on
the ‘Coasean’ conceptualization of markets, led to distinguish between
“genuine PES” (or “true PES™) and “PES-like” mechanisms (Muradian
et al., 2010; Vatn, 2010). The latter include a large amount of non-ES
labelled practices that do not satisfy-one of more conditions fixed by
the above-mentioned definition. Although suggesting that such
distinction may be problematic in practice, Muradian et al. (2010)
enlarged the PES definition to include certain types of intervention by
governments or public bodies, according to the ‘Pigouvian’ theory.
Therefore, the PES domain encompasses a variety of practices and
schemes that may involve multiple ES types, providers, users, regulators,
the majority of which fall into the classification of PES-like mechanisms.
In fact, only few schemes fulfill all the conditions fixed for genuine PES,
being often not conceived within the ES framework (Sattler and Matz-
dorf, 2013). Thus, PES-like schemes are usually considered as simple
conservation measures, omitting to valorize and properly manage
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important ESs, particularly in PAs.

Generally, while the discourse of the ESs delivery in PAs has grad-
ually reaching a more mature stage in mountainous and marine envi-
ronments (Rasheed, 2020; Schirpke et al.,, 2021), the role of
environmental protection in supporting human well-being in transi-
tional environments, and river deltas in particular, is still poorly clari-
fied (Barbier, 2019). In fact, the knowledge of ecological processes and
functions that underpin the supply of ESs in deltaic areas is often chal-
lenging, as combined and complex results of local variation patterns and
regional conditions (Barbier, 2013). Such limits hinder the full imple-
mentation of ES knowledge in protected deltaic areas and consequently
their involvement in PES schemes.

River deltas encompass aquatic and terrestrial ecosystems charac-
terized by highly productive rates that generate important economic
revenues (Gaglio et al., 2022, 2019; Tamburini et al., 2020). Nonethe-
less, the intensive exploitation of their land and biological resources may
lead to losses in terms of biodiversity and ecosystem functionality, as
well as to trade-offs among different uses (Gaglio et al., 2017; Yang
et al., 2018). For these reasons, the role of PAs is strategical for envi-
ronmental safeguard and for guarantying the provision of ESs over time
in transitional zones.

The present study describes existing good practices adopted in the
river Po delta Park (Northern Italy) that can be re-interpreted as PES-like
mechanisms. The Park is a PA covering one of the most important
transitional environments in Europe, where human activities intimately
coexist with natural landscapes. Since the Park aims to conserve biodi-
versity in a highly anthropic, yet ecologically unique, transitional area,
it represents an ideal case to study market-oriented mechanisms that
harmonize environmental safeguard and local development. With the
aim of using the particular case of the Po Delta Park as a study model, we
studied four services with direct market value (i.e. hunting, mushroom
and truffle picking, fishery, eco-tourism and education), which are
involved in market-based mechanisms that represent unexplored ex-
amples of PES like schemes in a PA. The described ESs cover a variety of
thematic areas, such as hydrological functioning, biological conserva-
tion and cultural uses, also characterized by positive side effects typi-
cally observed in genuine PES schemes. Such framework represents an
ideal case for investigating the presence of well-established financial
mechanisms, not originally conceived as ES-labelled schemes but
involving relevant ES and functions. Although based on a single regional
case, the present study provides practical evidences of broad interest
about the role of existing mechanisms involving important ESs, and
sheds the light on the general relevance of these practices, usually
overlooked and not properly valued within the context and terminology
of PES.

2. Material and methods
2.1. Study area

The delta of the Po river, the largest Italian river, is one the most
environmentally important transitional areas in Europe. The ecosystems
of the delta are currently under the protection of two different regional
parks: the Veneto and the Emilia-Romagna Parks. The latter (herein the
Po delta Park) roughly corresponds to the so—called “ancient delta” (i.e.
part of the delta not subjected to coastal sediment delivery) and was
selected as ideal case study to demonstrate the existence and effective-
ness of PES-like mechanisms in a PA. The Po delta Park was established
in the 1988 and covers an area of approximately 54,000 ha (Fig. 1),
divided in six environmental districts. Each district is governed ac-
cording to a specific territorial plan, which considers their peculiar
environmental, ecological and cultural characteristics. Additionally, the
territory is classified in areas with growing protection degrees: buffer
zones, environmental protection zones, general protection zones and
integral protection zones. This park has a very peculiar history as, since
its creation, the shared goal of citizens and institutions has been to save
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Fig. 1. Po delta Park boundaries and location in Northern Italy.

the largest coastal wetland in Italy, namely the Valli di Comacchio
managed lagoon and, with it, the great historical heritage of local tra-
ditions of sustainable use of natural resources that have developed there
since the late Middle Ages. One case in point is the centuries-old eel
fishery that makes the Comacchio Lagoon an internationally renowned
case study (Aschonitis et al., 2017). These traditional activities, such as
hunting, fishing, mushroom and truffle (M&T) picking, which appar-
ently conflict with the aims of conservation, here have found a regula-
tion that not only coexists with, but also substantially reinforces the
park’s primary aims of habitat and biodiversity conservation. To them,
cultural services, as eco-tourism and education, have been progressively
developed in a general framework, which meet all the sustainability
goals set out in the declaration for UNESCO Man and the Biosphere sites
(MAB), a recognition recently obtained by the Po River Delta in 2015.
Its wetlands are the remaining heritance of an ancient water-
dominated landscape that undergone important reclamation actions
during last century (Cecini, 1998; Gaglio et al., 2017). Among them,
Comacchio lagoon is the most extended one and includes a system of
brackish water lagoons renowned worldwide for the historical tradition
of extensive European eel (Anguilla anguilla) aquaculture (Fig. 2).
Because of their unique ecological value, the ecosystems or the river Po
delta Park are safeguarded by different protection measures, also
including those related to the Natura 2000 network. At the same time,
they are highly productive environments that support local economy by
the exploitation of their biological stocks. Nonetheless, the conservation
of these sensitive ecosystems requires constant human interventions to
guarantee the regulation of water levels and salinity, which result in an
expensive environmental management. For this reason, the Park
developed endogenous financial mechanisms to partially cover the
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growing conservation costs. To date, being the ES approach reached a
wide consensus among decision-makers, such practices could be
conveniently re-interpreted within the context of PES.

2.2. PES-like mechanisms and data sources

Four PES-like schemes were identified as virtuous mechanisms
currently working in the river Po delta Park, yet not conceived under an
ES approach (i.e. not originally designed as PES). The four schemes are
based on the following ESs: i) hunting, ii) M&T picking, iii) fishing and
iv) eco-tourism and education. The analysis includes the description of
scheme functioning, the identification of involved actors and positive
side effects on other ESs, and the quantification of ES flows in monetary
terms.

Three actors’ roles were identified: providers, beneficiaries and
regulators/intermediaries. Providers are defined as the owners of a
resource, either a land or a biological stock; beneficiaries are individuals
or communities who directly or indirectly benefit from one or more ESs
delivered by providers; while regulators/intermediaries are actors who
mediate between providers and beneficiaries by administering pay-
ments, monitor and/or control resource status and the ES delivery
(Sattler et al., 2013).

As developed within the market context, the four considered
schemes result from the match between the ES supply capacity of eco-
systems and the related socio-economic demand. For this reason, their
quantification was considered equivalent to ES flows in this study.

The abovementioned ESs were quantified yearly for the period
2014-2020. The latter was chosen according to the data availability for
the considered ESs. Specifically, no exhaustive data were available for
years before 2014, while 2021 data sources were affected by problems
related to pandemic restrictions and therefore excluded by the analysis.
The historical trend of ES delivery demonstrates the effects of PES-like
schemes in maintaining ES flow over time. Hunting and M&T picking
occur in the whole territory of the Park where these activities are not
prohibited. These services were assessed by collecting data on permits
and related prices. The other mechanisms involving fishing and eco-
tourisms are specifically located in in two wetlands: the Comacchio
lagoon and Comacchio saltwork, respectively (Fig. 2). Fishing service
was evaluated considering the amount (biomass) of fishes per species
sold on the market and related prices. Eco-tourism and education were
respectively assessed by means of tourists and students entrances in the
saltwork, and relative incomes. Data for hunting permits, M&T picking
permits and fishing catches were provided by the Po delta Park offices on
yearly base, while CADF Servizio Comunicazione, Educazione e Ambiente
supplied entrance data for eco-tourism and education during the tour-
istic season.

3. Results

The four mechanisms encompass provisioning and cultural services
with direct marked values. Their functioning, the actors involved (i.e.
providers, beneficiaries and regulators/intermediaries), as well as mean
annual monetary flows, are summarized in Table 1. The schemes are
governed according to different functioning principles. Hunting activ-
ities and M&T picking are both regulated under a command principle,
based on the sale of a pre-defined number of permits and under user
restrictions in space and time. Contrarily, fishing, eco-tourism and ed-
ucation services follow market rules.

Interestingly, the Po delta Park authority plays different roles within
the mechanisms. It acts as regulator/intermediator for hunting, M&T
picking and eco-tourism and education services. In particular, the Park,
together with the Emilia-Romagna Region, regulates and disciplines the
use of biological resources underpinning hunting and M&T picking
services by the release of a restricted number of permits that are sold to
the users, for which the Emilia-Romagna Region is the responsible body
(i.e. the ES provider). The Park plays an intermediator role in the
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Fig. 2. Comacchio lagoon,areas devoted to aquaculture (fishing) and saltwork.

Table 1
PES-like schemes considered in this study. The mean monetary flows for each schemes are intended for the period 2014-2020.
Ecosystem PES-like functioning Mean monetary Providers Regulators/ Beneficiaries
services flows (€ yr 1) intermediaries
Hunting Hunters buy permits and spend time for compensation actions. Incomes are 205,021 Regional Park, Regional Hunters
reinvested for wildlife and habitat conservation. authority authority
Mushroom & Users buy permits for picking. Incomes are reinvested for habitat 9,797 Regional Park, Regional Pickers
Truffle picking conservation. authority authority
Fishing Park manages the fishing in Comacchio lagoon using traditional and 170,912 Park - Consumers,
extensive practices. Fish catches are sold on the market and the incomes residents
reinvested for the lagoon management. A minor part of eel catches are
directly sold to local citizens, increasing their sense of place (a side effect
ES).
Eco-tourism and Park grants Comacchio saltwork management to CADF that offers recreation 18,703 CADF Park Tourists, scholars,
education and education experiences. Incomes are used for saltwork management. The consumers
salt produced is sold on the market (a side effect ES).
Comacchio saltwork between the CADF Company (considered as the ES 3.1. Hunting

provider) and users, and periodically monitors the conservation status of
the area. Lastly, in the case of extensive fishery in the Comacchio lagoon,
the Park is the ES provider, as fishing is carried out directly by the Park
authority using ancient traditional practices. Overall, the total annual
mean value of the ES involved was equal to 407,706 € yr ! (472,734 US
$ yr!, average exchange rate for 2014-2020: 1€ = 1.1595 US$) (Fig. 3).
A general decrease of all ES monetary values was observed for 2020, due
to pandemic restrictions. Detailed descriptions of each mechanism are
provided in the following sections.

The constant provision of the hunting ES requires the presence of a
good number of specimens belonging to hunting species and, therefore,
the conservation of their habitats in a good ecological status. In the case
of the Po delta, the abundance of hunting aquatic birds (mainly ducks)
depends on the ecological conditions of water bodies, such as drainage
canals, lagoons and inner wetlands. The maintenance of nesting and
shelter habitats (e.g. emergent vegetation) calls for the adoption of
costly environmental measures within an agricultural landscape.

According to the National legislation, Regional bodies hold the
normative and regulating competences in the matter of wildlife heritage.
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Fig. 3. Trend of annual ES values for the period 2014-2020.

For this reason, the Emilia-Romagna Region is considered both as the ES
provider and regulator, together with the Park, for hunting.

Hunting activities are strictly regulated within the Park territory by a
specific Regional Council Resolution, which also determinates the role
of Park. Hunting is allowed only in the buffer zones of the Park, further
divided in four different districts, and only to hunters with special per-
mits (seasonal and daily permits). The Executive Board of the Park
regulates the assignment of permits under a command strategy. Specif-
ically, the number of released permits is predetermined for each district
according to expert judgement based on faunal censuses, in order to
maintain the hunting pressure within sustainable levels. Park manager
will publish indication for demands submission each year. Moreover, the
Executive Board of the Park determines further limitations and pre-
scriptions regarding hunting pressure, periods practices, and, mainte-
nance and compensation actions as duties for hunters. A specific article
of hunting regulation document argues that the revenues derived by
permits sell have to be used for the management of interested areas,
including interventions for environmental conservation and restoration,
prevention and control activities and farmers’ compensation for wild
fauna-related damages. In other words, this article establishes an
intrinsic PES scheme, where the Park regulates the exploitation of a
public resource on behalf of Emilia-Romagna Regional authority (i.e.
providers) by hunters (i.e. users).

The mean annual incomes for the period 2014-2020 were equal to
205,021 € yr1, (237,721 US$ yr~1) being the most monetary relevant
among the PES-like schemes considered in the analysis. The amount of
permits sold, and therefore their incomes, was maintained over time,
except for a slight decrease observed for the year 2020, probably due to
pandemic restrictions.

3.2. Mushroom and truffle picking

Being the occurrence of mushrooms and truffles associated to tree
roots, their picking needs the safeguard of woodlands in good condi-
tions, as well as to maintain their access path for fruition.

Similarly to hunting PES mechanism, M&T picking is regulated by
the Park authority by means of permits release (either with daily,
weekly, monthly, half-yearly and annual validity), based on a specific
Regional Council Resolution. The Park authority limits the maximum
number of permits (i.e. 2500 permits, regardless of their time validity),
regulates picking timing and modalities and establishes no picking areas
(e.g. zones “A” at integral protection and National Natural Reserves).
The mean annual incomes during 2014-2020 were 9,797 yr~! (11,360
US$ yr 1), following a clearly declining trend from 12,112 € (1031
permits sold) in 2014 to 5,954 € in 2020 (558 permits). The trend
seemed exacerbated by 2020 pandemic, when the revenues decreased
from the 8872 € (812 permits) of 2019 to the 5954 € (558 permits) of
2020 (—32.9 %).

Unlike for those deriving from the sold of hunting permits, the
reinvestment of picking permits revenues for environmental measures is
not explicated in regulation documents. However, the Park destines such
incomes to specific actions aimed to safeguard and improve the eco-
systems where mushrooms and truffles are produced. The revenues were
pooled together with those deriving from hunting activities and rein-
vested in environmental measures, as shown in Fig. 4. Details are re-
ported in Table Al. In fact, many of the measures financed by permits
incomes are beneficial for both activities, such as those for path main-
tenance, environmental restoration, education, monitoring and sur-
veillance. It has to be noted that, due to the low amount of their related
incomes, many activities suitable for M&T picking would not be
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Fig. 4. PES functioning for hunting and mushroom & truffle (M&T) picking. Mean annual ES values are reported. Circle sizes are proportional to their monetary
value. Red, green and blue squares respectively identify ES users, providers and regulators/intermediaries. Gray arrows denote actions taken by regulators/in-
termediaries. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

financed without considering their synergy with hunting.

3.3. Fishing

Fishing is a historical and economic relevant activity that supports
the management of the Comacchio lagoon and constitutes an important
ES for the whole river Po delta. Fishing relies on the constant availability
of biological stocks over time, which, in turn, requires a sustainable
exploitation that must not exceed their regeneration capacity. This is
particularly evident in the case of Comacchio lagoon, where fishing
depends on the conservation status of endangered species, such as Eu-
ropean eel, and ecological conditions of a sensitive ecosystem (Ascho-
nitis et al., 2017; Lanzoni et al., 2021). Indeed, the lagoon is connected
to the sea through canals in which the water intake is artificially regu-
lated according to environmental needs, thus allowing fish movements
to and from the sea. Due to its peculiar functioning, the lagoon needs
constant interventions to guarantee the hydraulic connectivity to sea
that generate high maintenance costs. The fishery in Comacchio lagoon
is carried out directly by the Park authority using extensive and tradi-
tional practices, i.e. by means of fishery gears named “lavorieri”, and the
catches directly sold on the local markets. The revenues are invested to
finance the management of the lagoon, guaranteeing its nursery func-
tion for both commercial and protected species (Fig. 5 and details in
Table A2).

This mechanism does not encompass any regulator or intermediate
actor, rather the Park authority plays the role of ES provider by selling
fish catches on local markets. Moreover, a minor share of European eel

catches is sold directly to local citizens, thus generating an important
cultural ES (i.e. heritage and identity value). In fact, eel aquaculture in
Comacchio lagoon is a historical activity with high iconic value for local
people, which strengthen their link with the territory. The mean annual
fishing revenues for 2014-2020 were equal to 170,912 € yr’1 (198,172
Us$ yr_l) with a maximum value of 219,000 € in 2019. An increasing
trend was recorded from 2014 to 2017. European eels represents the
larger contributor to the total catch value, followed by anchovies,
shrimps and mullets.

3.4. Ecotourism and education

Po delta wetlands, such as the case of the Comacchio saltwork, host
an extraordinary biodiverse bird community, fish and plant species of
conservation interest, which attract tourists for nature activities, such as
birdwatching, trekking and photography, and offer opportunities for
education. The abundance and presence of these species in Comacchio
saltwork depend on the maintenance of adequate water and salinity
levels. For instance, the Comacchio saltwork hosts the northern Euro-
pean community of pink flamingos (Phoenicopterus roseus) that appeals
many tourists and schoolars. However, cultural activities require the
presence of nature guides and paths, water supply and the monitor of
salinity and water levels. The PES-like mechanism is based on a pub-
lic—private partnership between the Park authority and a local multi-
utility company, operative since 2017. The latter is a concession
dealer of the Park authority, responsible for the environmental man-
agement of the saltwork, while providing guides and a range of nature
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Fig. 5. PES functioning for fishing and cultural ser-
vices (eco-tourism and education) in the Comacchio
lagoon system. Mean annual ES values are reported.
Circle sizes are proportional to their monetary value.
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experiences for tourist and schools. The incomes are used to finance
personnel and hydraulic management of the area. In this case, the Park
can be considered as a regulator/intermediator actor that facilitates the
cultural use of the saltwork and monitor the ecological status of the area,
while the multi-utility is the ES provider, as suppling personnel and
facilities for ecotourism and education.

The mean annual values of cultural ES in Comacchio saltwork for the
period 2017-2020 were 16,224 (18,812 US$ yr ') and 2,479 € yr!
(2,895 US$ yr 1), for ecotourism and education, respectively. Number
of yearly entrances and incomes are reported in Table A3. The effects of
pandemic in 2020 reduced the number of tourist and school entrances
and relative revenues, which were partially offset by the salt production
restoration, representing an important “side ES” provision.

4. Discussion
4.1. PES-like importance and the role of PAs

The ES approach promises to avoid conflicts that originate when
biodiversity conservation strategies do not take into account the interest
of local actors (Garcia-Llorente et al., 2018). Its implementation is
therefore a challenging aspect for the sustainable development and the
reach of conservation targets. Although monetary assessments are crit-
icized for the risk of nature commodification, PES offer opportunities for
active stakeholders’ inclusion in nature conservation, while guarantying
the delivery of ecological functions and processes to support sustainable
development under the lens of ES concept.

As already existing mechanisms, the presented PES-like schemes
naturally result from the match between ES supply and demand and thus
overcome the difficulties related to their quantification, envisaged as
one of the most challenging obstacles hindering genuine PES imple-
mentation (Schirpke et al., 2017). The four described thematic ES types
demonstrate that local endogenous schemes can spontaneously arise in

PAs when market dynamics intercept potential ES supply, thus
providing evidences for their presence and functioning, even though
missing some of the requirements of “true” PES foreseen by Wunder
(2005) definition, while satisfying others. The relations between eco-
systems and the ES provided, together with the adopted management
measures, are clearly described. Similarly, ES users and providers (i.e.
ES buyers and sellers), as well as regulators and intermediaries when
present, were identified, as reported in Table 1. It worthy to be noted
that conditionality occurs at different degree in the four mechanisms. It
is fully satisfied in fishing and cultural services provided in the
Comacchio lagoon system, where fish catches are directly sold to the
market and environmental guides in the saltwork are paid only if the
service is provided, while is intrinsically guaranteed in permits-based
schemes. Conditionality in hunting and M&T picking works according
to a feedback principle towards the provider. In fact, a predetermined
number of permits can be sold irrespectively to the level of ES provision.
If the latter is insufficient to meet the demand, the appeal for users will
decrease together with the amount of permits sold. Although based on
voluntary transactions (i.e. permits, fishes or tickets’ purchase), the
reinvestment of generated incomes for environmental measures is
explicited (by the document rules) only in the case of hunting mecha-
nism. In the other three schemes, the providers do not release any in-
formation to the users on the monetary flows and the environmental
benefits obtained. In other words, voluntariness in these schemes occurs
only from the provider side. Voluntariness condition limited to only one
contractor is not rare in PES mechanisms working in market situation.
Sattler et al. (2013) observed that only one third of their PES schemes
dataset is completely voluntary, while another third is at least voluntary
for the provider side.

The four mechanisms are structured under different principles and
encompass ESs with both consumptive and non-consumptive uses of
biological resources. The results suggest that the command principle
better suits PES that require the exclusive use of biological resources. In
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fact, a top-down approach that regulates the access or the utilization of a
resource allows avoiding its exploitation over the regeneration rate, as
in the case of hunting in the Po delta Park. Differently, cultural services,
based on the non-exclusive use of resources, may follow market rules, at
the condition of conserving ecosystems. In this sense, the monitoring
role of the Park is fundamental to guarantee the conservation of
Comacchio saltwork ecosystems, avoiding excessive disturbances
deriving from cultural uses. This mechanism represents a successful
experience of a public—private partnership in the delivery of cultural
services in a sensitive ecosystem. Public-private partnerships are known
as effective solutions to reach long-term financial sustainability in PES
through the creation of markets for environmental goods driven by local
enterprises (Aerni, 2016). However, establishing such partnerships
usually require a lengthy inter-organizational working (Brewer et al.,
2014) that may discourage the actors and, therefore, the role of public
bodies, as Park authorities, is fundamental. Interestingly, although
depending on a consumptive use of biological stocks, fishing in
Comacchio lagoon is also embedded in market rules. This is possible
because the Park, adopting existing traditional practices with highly
sustainable characteristics, directly provides the ES, while ensuring the
conservation of fish stocks in the lagoon.

Since established to safeguard ecosystem integrity and ecological
functioning, PAs set the ideal conditions for the implementation of PES
schemes that may effectively support nature conservation, as demon-
strated by the case of Po delta Park. The involvement of PA authorities in
such mechanisms, either as ES provider or as regulator/intermediator
actor, contributes to foster the reliability of the mechanisms and users’
trust (Wunder, 2013), important barriers to PES implementation
(Asquith et al., 2008). This implicates that a large number of unknown
PES-like mechanisms could be operative in PAs worldwide. Their
description would contribute to the knowledge of PAs role in the de-
livery of ES, and their reframing under the cap of ES concept could
strengthen policy coordination and efficiency.

Nonetheless, some cases of PES-like in PAs were documented in
literature. For instance, Sheng et al. (2020) described horizontal eco-
compensations driven by top-down policies in China, originated by
extending compensation scheme from the initial forest conservation to
the conservation of water resources, mineral resources and biodiversity.
Other authors reported working PES affected by missing conditionality
requirement. Atmodjo et al. (2017) examined two successive entrance
fee systems in a Marine PA in Indonesia, observing no clear connections
between the distribution of the funds and activities that improve envi-
ronmental services provision. Brimont and Karsenty (2015) found that
direct payments scheme in a PA in Madagascar, originally designed as
PES and embedded in a command-and-control structure, produces ini-
tiatives closer to integrated conservation and development project than
PES, as missing conditionality prerequisite.

In Italy, some works described PES-like schemes in Natura 2000
network areas. Schirpke et al. (2018) evaluated 50 PES cases in 21
Natura 2000 sites and detected positive socio-economic benefits, suit-
able for financing biodiversity conservation and sustainable develop-
ment. Park authorities were involved as both intermediaries and
providers in ES delivery (Schirpke et al., 2017), as also observed in this
study. Interestingly, Marino and Pellegrino (2018) identified hunting
and mushroom picking — related mechanisms in Natura 2000 areas,
based on compensation actions by users (i.e. maintenance works and
information activities), as also found in the case of the Po delta Park.
Similar mechanisms could be operative in several other PAs and
potentially reframed under a PES perspective. Unlike the study of
Marino and Pellegrino (2018), we identified and quantified the mone-
tary fluxes, as well as the number of users involved. This is a necessary
step towards the implementation of explicit PES.

4.2. Upgrading towards genuine PES

Unlike other studies describing PES-like mechanisms inside and
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outside PAs, this study identifies and describes monetary flows that
regulate the schemes and provide their trends over time. This knowledge
represents a solid basis for the implementation of genuine PES schemes,
which could potentially strengthen their functioning by: i) reinforcing
local population awareness on human-nature relationship, ii) increasing
credibility and trustiness of mechanisms for stakeholders by high-
lighting conservation outcomes, and iii) giving an added value, also in
the light of market fluctuations. Genuine PES require stakeholders’ in-
formation about mechanism functioning and clear delineation of pay-
ment conditionality and environmental targets. This introduces the need
for a monitoring routine based on reliable indicators. Schirpke et al.
(2018, 2017) proposed a monitoring founded on a set of indicators
belonging to environmental, socio-economic and governance domains,
to evaluate PES effectiveness in Natura2000 sites by comparing effects
before and after their implementation. Moreover, the authors provided
estimates of ES potential supply and users’ demand. Based on these
examples, which include also ES provided by faunal resources (i.e.
fishing and hunting) and M&T picking, the estimates presented in this
study (i.e. number of permits sold, fish catches, number of tourists and
scholars) are valid indicators for PES performances in the Po delta Park.
The mean economic value of the ESs involved is a suitable indicator for
impacts on local economy at local scale (Schirpke et al., 2018).

The supply of side ESs is a further relevant feature observed in two of
the four ESs described in the Po delta Park. The results observed in
Comacchio lagoon and saltwork highlight the synergistic relation be-
tween several provisioning and cultural services in the Po delta, when
environmental goods are produced through traditional and extensive
practices. Contrarily, the exploitation of natural resources with an
intensive approach lead to trade-off between provisioning and different
regulating and cultural services (Gaglio et al., 2019). For these reasons,
the design of new PES schemes in the Po delta should focus on the
adoption of sustainable practices that exploit ES synergies and mitigate
ES trade-offs, either be ES-oriented or based on conservation actions.
Moreover, while the four mechanisms described in this study depend on
commodities spontaneously traded in the market, future PES schemes
are called to involve regulating services with relevant properties of
public goods, which are not captured by market dynamics. For instance,
the dense drainage canal network that characterizes the agricultural
landscape of the Po delta has an important and underexploited potential
for phytodepuration (Castaldelli et al., 2015, 2013; Pierobon et al.,
2013). The large amount of nutrients leaching from surrounding and
upstream croplands harms conservation of aquatic ecosystems and local
economy, by causing dystrophic crisis in transitional and coastal habi-
tats exploited for aquaculture and tourism (Gervasio et al., 2022; Marini
etal., 2010; Viaroli et al., 2008). On the other hand, the quantification of
biophysical and economic values of regulating services, as well as their
spatial distribution, may be difficult, as require scientific knowledge of
ecological processes and costly investigations.

5. Conclusions

The design of monetary instruments to reach sustainable develop-
ment targets is pressingly required in PAs, where conservation costs are
growing to face climate change and human pressures. By describing and
comparing the four mechanisms working in the Po delta Park with other
PES, this study demonstrates that successful endogenous mechanisms,
yet not ES-labeled, can already be operative in PAs. The study also
highlighted that Park authorities and other actors, e.g. regional ad-
ministrations and private companies, may play important roles as pro-
viders, regulators and intermediaries, significantly contributing to
achieving conservation goals and ES delivery.

Such PES-like schemes may be relevant for the governance of PAs
and were only fragmented described in literature, particularly in deltaic
areas. Their re-frame under the lens of PES theory would reinforce their
functioning, with benefits in terms of ES provision and ecological con-
servation. Nonetheless, ESs with no direct market values, as regulating
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and several cultural services, may be excluded from these practices.
Additionally, their implementation in financial mechanisms could be
hindered by their difficult quantification.

The Po delta, in place of a very long history of sustainable exploi-
tation of natural resources, maintained with different purposes in the
park’s management, turned out to be a rich and informative case study.
Moreover, the Po delta delivers a number of important regulating ser-
vices that could be valorized and further improved by financial mech-
anisms and potentially represents an ideal research case for the
implementation of future genuine PES schemes involving services with
no direct market value.
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