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The Albufera Initiative for Biodiversity: a cost effective model for integrating
science and volunteer participation in coastal protected area management *

A Iniciativa Albufera para a Biodiversidade: um modelo exemplar em termos
de custo, eficiencia e beneficio para a integracdo da ciéncia com a participacdo
voluntdria em processos de gestdo de dreas protegidas costeiras **
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ABSTRACT

This paper puts forward a multi-disciplinary field project, set up in 1989 at the Parc Natural de sAlbufera in Mallorca, Balearic Islands,
Spain, as an example of a cost effective model for integrating science and volunteer participation in a coastal protected area. Outcomes
include the provision of a science base for the effective management of the site; training of Balearic and international biologists and
protected area managers; and providing information materials for public awareness, education and general dissemination purposes. This
has been achieved at low cost by using the voluntary sector. The project incorporates scientists, wetland managers, students, scholars and
other citizens under the auspices of an international volunteer network (TAIB), working in partnership with the Pz7c management team.
Long-term monitoring over a 25-year span of subjects as varied as insects, birds, land and aquatic ecosystems and communities has led
to an improved ecological understanding of socio-economic as well as environmental impacts and threats for the catchment. This paper
illustrates the added value of a long-term ecological knowledge base for decision making and capacity building in protected areas in order
to reduce environmental impacts from socio-economic development in surrounding coastal zones. It describes how the science base has
been used as a means of communication to encourage early action by policy makers to avoid negative outcomes of costly future impact on
the public purse; and highlights how the economic value of long-term monitoring as an early warning system far outweighs the modest
cost to society of an integrated participatory project based in the volunteer sector. The Albufera experience is offered as a cost effective
model for other coastal and island sites.
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RESUMO

Este artigo apresenta um projeto de campo multidisciplinar implementado em 1989 no Parque Natural de Albufera (Maiorca, Ilhas Baleares,
Espanha) que pode ser considerado como um modelo exemplar em termos de custo, eficiéncia e beneficio para a integragio da ciéncia com a
participagio voluntdria em processos de gestio de dreas protegidas costeiras. Os principais resultados deste projeto incluiram a producio de uma
base cientifica para a gestio adequada do sitio; a formagdo de bidlogos e gestores de dreas protegidas locais e internacionais; e a producio de
materiais para educacdo, sensibilizagio e consciencializagio ambiental da populacio local e grande piblico. Estes objetivos foram atingidos a
baixo custo devido ao recurso ao voluntariado. Este projeto integrou cientistas, gestores de dreas protegidas, estudantes, bolseiros e outros cidadios
sob a égide de uma rede internacional de voluntariado (TAIB), que tem colaborado ativamente com a equipa de gestio do Parque Natural. A
monitorizagdo integrada a longo prazo durante um periodo de 25 anos em dominios cientificos como a entomologia, ornitologia, ecologia terrestre
e ecologia aqudtica, permitin melhorar substancialmente o nivel de conhecimento ecoldgico associado & componente sécio-econdmica da drea de
estudo, assim como os seus impactes ambientais e as ameagas que daf decorrem para a bacia hidrogrdfica. Este artigo demonstra a importincia
de uma monitorizagdo ecoldgica integrada a longo prazo para apoio & decisio ¢ para a capacitagio de recursos em dreas protegidas, de modo a
reduzir os impactes ambientais decorrentes do desenvolvimento sécio-econdmico das dreas costeiras da zona. Este trabalho descreve também como
a ciéncia foi usada como meio de comunicagio e sensibilizagio para estimular os decisores a agir antecipadamente, de modo a evitar os altos
custos ambientais e financeiros para o erdrio priblico decorrentes dos impactes ambientais e sécio-econdmicos das politicas adotadas. Finalmente,
este estudo realga a excelente relagio custo-eficiéncia-beneficio associada & monitorizagdo ecoldgica integrada a longo prazo assente num projeto
participativo integrado baseado em voluntariado, constituindo também wm sistema de alerta precoce eficiente, de baixo custo e com elevado
beneficio para a sociedade. A experiéncia de Albufera é assim proposta como um modelo vdlido apto para ser aplicado com sucesso noutros sitios
costeiros e pequenas ilhas.

Palavras-chave: Estudos de longo prazo, biodiversidade, capacitagio de recursos, educacio ambiental, voluntariado, valoragio econdmica.

1. INTRODUCTION Nicholson’s vision was to create a multi-purpose
approach to field conservation, incorporating scientists from
different disciplines working alongside teams of volunteers
in close partnership with the Parc Directorate and staff.
This formula, often referred to nowadays as citizen science
(Béickstrand, 2004; van Vliet ez al., 2013), was designed to
have implications for coastal zone management, didactics
(Costa et al., 2013) and capacity building (Echevarria ez /.,
2013).

Effective conservation management has a cost. The act
of declaring a protected area does not in itself guarantee
safeguarding its environmental values. The perception that
management “looks after itself” is seriously flawed. Planning,
defining objectives, drawing up and implementation of
management plans all require science, personnel... and
money.

The objectives of this paper are:

- to demonstrate the added value and cost effectiveness of
long-term ecological field studies as an essential element
of effective integrated coastal zone management;

2.1. The Project
2.1.1. A brief history

- to illustrate the hidden financial contribution these
studies make in revealing issues and impacts, which if

In order to give the project initial impetus, Max Nicholson
persuaded a succession of high profile UK scientists to fill the

not remedied, can lead to severe future costs to society
well beyond the protected area;

- to offer a field research model which may prove of
interest or relevance to other coastal and island sites in
the Mediterranean.

The model is a long-term field project entitled 7he
Albufera Initiative for Biodiversity (TAIB). Launched in 1989,
the project gives scientific support to the Parc Natural de
sAlbufera on the island of Mallorca. The description outlines
the structure of the initiative, the ways in which it feeds
conservation knowledge into management of the Parc, and
socio-economic implications of its findings. Most important
of all, it puts forward a cost-effective model for maximizing
results from limited financial outlay.

2. BACKGROUND

The concept for the project originated with Max
Nicholson, doyen of World conservation, and was made
possible by the support and intervention of Joan Mayol,
then Director of the Parc Natural de sAlbufera.

role of Principal Investigator: Professor Palmer Newbould
1989-90, Dr Franklyn Perring 1991-92 and Terry Wells
1993-1995. Professor Newbould devised and led the first
ever University Environmental Masters course (University
College London 1970); Perring devised and organised the
first ever environmental Atlas, 7he Botanical Atlas of the
British Isles (Perring & Walters, 1962); and Wells of Monks
Wood Experimental Station, UK, was an acknowledged
world expert on orchid demographics. Impetus in the first
two years was also provided by students and teachers from
the UCL Masters course. Administrator throughout was
Nick Riddiford, ensuring a continuity which has lasted to
this day.

Funding support came from the newly established
Earthwatch Europe, an NGO originally developed in the
United States to promote field research through the novel
approach of finding volunteers willing to pay to participate
alongside the scientists. Earthwatch Europe supported the
project from 1989 to 1997, sending a stream of volunteers
whose financial contribution ensured that the project had
enough money to operate — though at low cost.
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Subsequently, although  Earthwatch no longer
acknowledged the project as one of its own, Earthwatch
Europe did find the project some financial support through
an African training programme, 1995-99, funded by
the European Union and the UK Government’s Darwin
Initiative and a teacher training programme for European
senior biology teachers financed through Glaxo Wellcome
Education and ARCO Chemicals Teacher Fellowships.

Throughout this period, the Nicholson concept of
scientists working alongside volunteers was maintained. In
25 years (1989-2013), the project has welcomed seventy
scientists from 10 countries, representing a wide range of
biological, geographical and conservation management
disciplines. The majority of scientists were invited for specific
tasks but a core of these committed their free time to the
project on a more regular basis.

The change in funding status from 1997 meant that

the project was no longer “Earthwatch Europe Project
S’Albufera’. In response, the well established team of
scientists formed themselves into The Albufera International
Biodiversity group (team TAIB for short), an appropriate
term as the team drew from several European countries.

Tables 1 to 3 summarise the history and progress of Project

S’Albufera.

2.1.2. The current structure

The current structure remains largely faithful to the
format established in 1989. Two, three or four field sessions
are held every year, each for a period of two weeks and
usually in spring and autumn. Each team comprises 10-
12 participants. The participants, scientists and volunteers,
receive no remuneration. In return, on-site accommodation
and meals are provided free of charge — though the
participants share the preparation of meals on a rota basis.

Table 1. Key moments in the development of TAIB’s Project S’Albufera programme.
Tabela 1. Momentos-chave no desenvolvimento do Programa Albufera como projeto da TAIB.

1988 S’Albufera de Mallorca awarded conservation status by the Balearic government as a Parc Natural.

1988 Start of ornithological monitoring programme led by Parc management, reintroduction of 3 bird species, grazing management,
hydrological rehabilitation measures (all led by Parc management).

1989 Project S’Albufera is launched by Earthwatch Europe after initial impetus of Max Nicholson.

1989 The Balearic government registers S"Albufera de Mallorca in the Convention on Wetlands of International Importance (with
special reference to water birds), better known as the Ramsar Convention.

1993 The wetland area is seriously impacted by fires in 1992-1994, long-term research conducted of habitat requirements by reed bed
birds such as Acrocephalus melanopogon based on initial studies done by Taylor (1993).

1994 onwards Parc Management starts monthly monitoring programme for water quality (temperature, salinity, oxygen, conductivity)
in PN s'Albufera at 33 sites within the Parc.

1997 Direct Earthwatch funding ends.

1999 Parc Natural de s'Albufera opens Casa de las Universidades, including laboratory and dormitory, funded by the Balearic

government.

2000 Balearic government becomes a co-funder of the ecological field work.

2003 The title 7he Albufera Initiative for Biodiversity is introduced as an alternative to Project S’Albufera.

2003 Baseline data for a wide range of plant and animal groups are published in a Biodiversity catalogue, extending knowledge of
faunal and floral biodiversity.

2004 The monthly water quality monitoring programme is extended to nutrient measurements as the Balearic government implements
the European Water Framework Directive.

2005 Research priorities formalised between Parc Directorate and TAIB.

2006 onwards TAIB extends the participatory process through consultation with local stakeholders (Traveset ez a/., 2006; Royo ez al.,
2010; Férriz, 2012, 2013).

2007 Associacié TAIB formed as independent body to provide opportunities for local scientists. Development marks the growing
commitment and skill base of Balearic field scientists, working in partnership with the international research community.

2013 As a result of the global financial crisis, Balearic government withdraws co-funding of TAIB project, severely reduces Parc budget
and staff for ecological field studies.

2014: Balearic government and Pare renew financial support for training of local field ecologists and environmental managers.
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Table 2. Key developments in the nature conservation and ecological research programme.
Tabela 2. Desenvolvimentos-chave no programa de investigacio em ecologia e conservagio da natureza.

1989 onwards Baseline inventory of geophysical features and better known environmental groups initiated alongside ecological field
studies which in the early years included reed bed ecology, ornithological fieldwork, botanical studies and entomological fieldwork
(Earthwatch Europe, 1991; Martinez & Mayol, 1995). Long-term light trapping programme for Lepidoptera begins; and is still
running, a significant example of the added value of long term ecological studies with new species discovered for Europe (e.g. Foster
& Riddiford, 2011), changes in Lepidoptera populations including invasive species moving north (Honey ez al., 2007), alien pest
species, relationships with climate variability (Abma, 2008; Associacié TAIB, 2012; Férriz & Herrero, 2012) and habitat structure
(Honey ez al., 2007).

1994 — 1996 Pilot study for Monitoring Mediterranean Wetlands (Riddiford & Mayol, 1996; Tomas-Vives, 1996).

1995 — 2008 An accord with Wageningen University sees a series of Masters studies through its Environmental Systems Analysis
Group extend knowledge of the wetland’s functions and values in partnership with the project and Parec.

1997 onwards Coastal dune studies added to programme, in conjunction with Mediterranean Institute for Advanced Studies
(IMEDEA) and University of the Balearic Islands (Servera, 2009; Gelabert ez 4/., 2002). Results show that biodiversity and dune
development are strongly impacted by tourism development in both the coastline and Alcudia bay (Whittingham, 1999; Traveset ez
al., 2006; Royo ez al., 2007, 2008; Férriz, 2009). Restoration recommendations are made.

1999 onwards Aquatic ecological fieldwork by TAIB (Veraart, 1999) is compared with similar pre-1989 data (Martinez, 1988) and
monthly water quality time series collected by Parc staff. Outcome: a post-1988 decline in species diversity was mostly explained
by increased salinity levels while high nutrient levels resulted in high abundancies of cosmopolitan aquatic species (see Veraart er
al., 2004). Study repeated in spring 2000-2001, 2003-2005 and at two year intervals 2008-2012 enabling TAIB to assess long-
term changes within the structure and development of the aquatic vegetation in relation to water quality and inter-annual climate

variability.

2002 — 2008 Studies by Sato (2002), Sato & Riddiford (2008), Sargeant (2002) and Salazar ez a/. (2006) use dragonflies and
Ardeidae respectively to increase knowledge of the relationship between species diversity, niche partitioning, habitat requirements and
management measures within s’Albufera de Mallorca.

2009 Various studies launched by Associacié TAIB relating to socio-economic values of environmental conservation and planning
both within (e.g. Férriz, 2010; Royo ez al., 2010) and outside the Parc boundaries (e.g. Royo et al., 20105 Férriz, 2012, 2013).

2011 Gabinet d’Analisi Ambiental i Territorial (2011) combines research results for water quality, aquatic ecology & hydrology from
TAIB fieldwork & University of Barcelona (Suarez & Pretus, 2008). TAIB data demonstrate further aquatic biodiversity decline since
1999; after 2000, additional loss in species diversity mainly explained by eutrophication. Long-term salinity and conductivity time
series collected by Parc staff show the trend of increased salinity levels has halted at the southern edge of the wetland area since 2000
while the levels continue to increase near the coastal zone (Riddiford & Férriz, 2009).

Table 3. Key moments in the capacity building programme.
Tabela 3. Momentos-chave no programa de capacitacdo de recursos

1989 Parc Directorate and Earthwatch Europe sign protocol to incorporate local graduates in the fieldwork programme.

1995 — 1997 Programme of training for senior biology teachers from France, Netherlands and UK, funded by Glaxo ple.

1995 — 1999 African training programme launched, coordinated by TAIB, funded by European Union and UK Darwin Initiative.

2003 — 2007 Capacity building programme for Mediterranean wetland managers in conjunction with MedWet Coast.

2005 TAIB’s first website is launched: www.taib-initiative.org.

2005 onwards Capacity building extended to staff of protected areas and environmental NGOs in conjunction with WWF Mediter-
ranean and other international bodies.

2012 Protected Area Species and Habitats Coordinator for Guinea Bissau brings the participant country count to 50.

2013 Associacié TAIB launches the new website: www.taib.info.

2014 New source of Balearic government funding targets training of local field ecologists and environmental managers.
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The teams have a capacity building as well as a field research
element so the ratio of scientists to volunteers is high, often
approaching 1:1. Seven members of the scientific team have
attended regularly for more than 10 years, and at least three
are present with each team. This ensures continuity of the
research and training programmes. Other scientific expertise
is sought in relation to newly opened lines of study, thus
adding fresh blood to the team on an annual basis.

2.1.3. Volunteers

In the Earthwatch years, the majority of volunteers were
members or retired members of the professions, e.g. teachers,
medics, administrators, etc. Earthwatch Europe also secured
grants to sponsor other members of society, and from other
European countries. To add to the international mix, two
free places were reserved for local, Balearic, volunteers under
an agreement with the Balearic Governments Conselleria
d’Agricultura i Pesca (later the Conselleria de Medi Ambient).
These were mainly graduate and post-graduate science
students from the University of the Balearic Islands. Their
participation allowed TAIB to develop its capacity building
programme and this was further enhanced by the African
programme which gave protected area managers from seven
sub-Saharan countries, and others working in conservation
and allied activities, the opportunity to experience at first
hand the management and monitoring activities at the Pare.

2.1.4. The capacity building programme

As the project became better known, regionally and
internationally, the number of volunteers from the Balearic
Islands and mainland Spain grew. The Conselleria de Medi
Ambient intervened with funding support from 2000 and
this was crucial because it allowed TAIB to use some of its
funding to host conservation workers from countries around
the Mediterranean and beyond. International awareness of
the capacity building opportunities encouraged organisations
such as WWF Mediterranean, MedWetCoast and the
UNDP/GEEF regional unit for Arab States to send protected
area managers and conservation workers for TAIB’s capacity
building experience.

The capacity building courses incorporated into TAIB
fieldwork periods are designed to be entirely practical and
with flexibility to structure each course to the particular
needs of the participants. The main aims of the courses
are to: provide participants with practical experience
of monitoring techniques, species identification and
data collection; undertake capacity building in wetland
management and protected area management generally;
and permit participants to study and experience all aspects
of nature reserve management alongside TAIB scientists and
the Parc management team.

Over 450 volunteer trainees from 50 countries and all
parts of the world have participated over the 25 years. A
high proportion of oversees trainees have been protected
area managers and conservation workers from developing
countries. They took away with them practical knowledge
of management planning, applying the Med Wet monitoring
protocol (Tomas-Vives, 1996) to their own monitoring
programme and much more. Many have stayed in contact

with the project or its scientists and have benefited from
further assistance and advice through email.

2.1.5. The cost

The annual cost of running a programme of this kind
normally requires some €15,000 to €20,000. This may
sound expensive but it covers day to day expenses, including
administration, food and equipment, for up to 50 days in
the field; and there is considerable added value when one
takes into account that several of the scientists who volunteer
their time and expertise free of charge would normally be
contracted in their professional lives at €500 per day or
more. Thus, an outlay of €20,000 brings in more than 10
times that value over the course of a year.

2.2. The Site

S’Albufera de Mallorca is the largest wetland in the
Balearic Islands and is separated from the sea by a belt of
coastal dunes (Fig. 1). A total of 1688 ha, incorporating
approximately 1450 ha of wetland and over 200 ha of
dune, received designation as a Parc Natural by the Balearic
Government in 1988.

The wetland zone comprises a complex network of
canals — products of a failed attempt to drain the site in the
1860s (Picornell & Ginard, 1995) — extensive reed beds
and shallow, open lagoons. The wetland is largely freshwater
but with anomalies including extensive saltmarsh and saline
lagoons in the north-east and a small set of abandoned salt
pans in the south-east. An incomplete set of fossil dunes,
remnants of an ancient coastline formed during the Riss
glacial some 100,000 years before present, runs through
the wetland parallel to the coast (Barcel6 & Mayol, 1980;
Servera, 2004). This, along with an intact band of coastal
dunes, Es Comu (Fig. 1), and a strip of dune woodland on
the southern border, add diversity to the Parc. The entire
area is flat and at or just above sea level. The Parc’s eastern
boundary abuts Alcudia Bay, whose coastal strip has been
heavily developed for tourism (Fig. 2).

Bordering the Parc’s inland perimeter is an extensive
zone largely given over to agriculture, much of it intensive
(Fig. 3). Immediately beyond the perimeter are hundreds
of small properties called Veles, many of them abandoned
or with low levels of activity (Férriz, 2013). Though not
in the Parc, the closest are incorporated within the Natura
2000 site. They act as a buffer zone between the Parc and
the intensive agriculture which has developed over the last
50 years or so in the large plateau beyond which extends to
the nearest towns of Sa Pobla and Muro (Royo ez 4l., 2010;
Férriz, 2013).

A series of settlements lie within the catchment area. The
resident population has increased by nearly 50% in that area
over the last 17 years (Table 4), as has the number of tourists
which during the summer season outnumber residents ten-
fold (Andrew, 2011; Hof & Bldzquez-Salom, 2013; Figure
4). This puts enormous pressure on water resources and
facilities, not least at pre-tourism sewage works inadequate
for processing current volumes of wastewater.
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Figure 1. Map of the Parc Natural de s’Albufera, Mallorca and its regional context.
Figura 1. Enquadramento regional e localizacio do Parque Natural de Albufera em Maiorca.

Figure 2. The Parc Natural de s’Albufera, Mallorca, showing extensive tourist urbanisation
on its north-eastern border.

Figura 2. [lustragio da excessiva concentragio urbanistica de cariz turistico na fronteira nordeste
do Parque Natural de Albufera.

Photo: courtesy of PN. s’Albufera de Mallorca
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Figure 3. The Parc Natural de s'Albufera, Mallorca showing two main water channels
entering from extensive agricultural zone beyond.

Figura 3. llustragio da drea de extensificagdo agricola na zona ocidental do Parque Natural de
Albufera (parte superior da figura).
Photo: courtesy of PN. s’Albufera de Mallorca

Table 4. Catchment and whole Island (Mallorca) population
growth, 1996-2003

Tabela 4. Representacio da evolugio demogrifica na bacia
hidrogrdfica e llha de Maiorca entre 1996 e 2003

Population Centre 1996 Census 2013 Census
Alctdia 10,284 20,163

Muro 6,060 6,977
Pollenca 12,945 16,200

Sa Pobla 10,213 12,901

Santa Margalida 6,789 12,243
MALLORCA 609,150 864,763

source: INE (2014)

2.2.1. Parc administration

The lead authority in the management of the Parc is
the Balearic Governments Conselleria de Agricultura, Med;i
Ambient i Territori (Agriculture, Environment and Land)
and it is one arm of this authority, the Directorate General
of Natural Environment, Environmental Education and
Climate Change (Direccié General de Medi Natural, Educacié
Ambiental i Canvi Climatic), which has the greatest role.
This body is responsible for all aspects of environmental
conservation including biodiversity and natural resources,
natural protected area management, terrestrial and marine
ecosystems, landscape and forestry.

Another arm of the same body, its Secretariat General,
is responsible for guarding and surveillance through its
Environmental Agents Corp (Cos d’Agents de Medi Ambient)
while the Directorate General of Hydric Resources (Direccié
General de Recursos Hidrics) manages water resources through
planning, control, rates for water usage and application of
legal hydrological statutes. The Balearic Agency for Water
and Environmental Quality (Agéncia Balear de IAigua i
la Qualitat Ambiental, ABAQUA) is responsible for water
purification plants and the Balearic Institute for Nature
(Institut Balear de la Natura, IBANAT) provides the
manpower for prevention and extinction of forest fires, forest
management and conservation of natural protected areas.

Whereas main responsibilities come under the direct
jurisdiction of the Balearic Autonomous Government, the
Spanish State retains responsibility for the maritime and
coastal public domain and its Ministry of Agriculture, Food
and Environment is associated with coastal management
through its Demarcation of the Balearic Islands Coasts
(Demarcacion de Costas de las Islas Balears).

Overall day to day activities are guided by the Parc
Conservation Director whose small team of staff is assigned
to specific tasks of maintenance and public use. A field
biologist was employed to apply and monitor the condition
and status of the Parcs habitats and wildlife until December
2012 when financial constraints ended the post.

The work programme responds to an annual plan
drawn up by the Director in conjunction with his staff
and a Parc Governing Council (Junta Rectora). The Junta
Rectora incorporates representatives of the afore-mentioned
management authorities as well as local municipalities and
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Figure 4. Visitor numbers for selected years to show trend of tourism growth, Mallorca,
over the period 1960-2013. [1960-1973 data: Forcades & Martorell (2003); 2010-2013

data: IBESTAT (2014)]

Figure 4. Niimero de visitantes em determinados anos de modo a evidenciar a tendéncia de
crescimento turistico em Maiorca, no periodo entre 1960 ¢ 2013.

conservation NGOs. This should provide a unified approach
to management as well as ensuring the feasibility of the plan
before it is passed to the Conselleria for approval.

2.2.2. The facilities

The Parc is open all year. Facilities include a reception
area, exhibitions room and interpretation centre. The Casa
del Parc has ofhices and other facilities for staff. In the early
years of the project, accommodation for volunteers was
basic. A generator provided electricity but was limited to four
hours a day and teams of up to 20 were crammed into one
large dormitory in the Casa del Parc. Teams are much better
served now. The Parc has installed 24-hour mains electricity
while the accommodation comprises four-bed dormitories
complete with en suite facilities. The dormitories are part of
the Casa de las Universidades, a purpose-built research block
opened in 1999. The building includes a spacious laboratory,
which is extremely well equipped thanks to a generous
donation by the Bishop family in memory of the late Dennis
Bishop, and is appropriately named the Bishop Lab.

2.3. Project objectives and feedback to Parc

The visionary Max Nicholson set the project some
ambitious objectives (Earthwatch Europe, 1991). They
appeared an immense challenge at the outset, but team
TAIB has remained faithful to them all. They are:

a) to assemble full and detailed ecological data for the
site and its surrounding area;

b) to provide data for evidence of local, regional and
global change;

¢) to afford material for application in further research
and reserve management at s Albufera and in general
conservation practice;

d) to provide resources for interpretive programmes and
dissemination;

e) toserveasafocusforeducation in terms of training and
creating environmental awareness and commitment.

It was determined that the first three years (1989-1991)
should be dedicated to assembling the ecological data. In
fact, this has proved to be a gradual, continuous process
which has continued throughout the 25 years. At the same
time, the team was already engaged in pilot studies for long-
term monitoring in year one and launched some of the
schemes in year two.

An absolute priority was to ensure good communication
with the Parc. As the original scientific team was British,
learning the local language was an important starting point.
During fieldwork periods, the teams worked closely with
Parc staff and this allowed an effective informal means of
communication as well as providing a two-way flow of
information. It was vital that Parc staff should feel included
and valued and their thoughts, ideas and joint activities were
important contributions to the development of the project.

A more formal feedback process was established through
the provision of annual reports. These were necessary not
only to communicate to a wider audience, including the
environmental team at the Conselleria de Medi Ambient, but
to allow for a more measured, analytical — albeit provisional
— presentation of findings. Early reports comprised a limited
run of bound copies, published by Earthwatch Europe.
TAIB, however, wished to make these reports more widely
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accessible and has transcribed all its publications, from 1989
onwards, to its website (TAIB, 2014).

2.3.1. Shaping of the studies

The annual programme of work was inevitably shaped
by the original objectives, though the themes and emphasis
in any one year were often determined by the availability of
researchers. TAIB also looked to respond to the immediate
needs and interests of the Parc Directorate and staff, whether
it was for scientific, educational or public awareness purposes.
This was put on a more formal footing from 2005. A new
system was put in place which identified investigations or
actions deemed of priority to the Parc. The Parc Directorate
proposed three priority tasks each year, though they were
always finalised after consultation with TAIB scientists.
The designated studies were different each year, thus greatly
extending the remit of team TAIB. The team, however, was
by then experienced and well established so was able to carry
out the new tasks whilst still maintaining the vital long-term
monitoring programme.

2.3.2. Implementing the studies

The ultimate goal of the studies was to seek an
understanding of the key elements and processes which
determine how the Parc’s ecosystem functions as the basis
for identifying impacts on the system and, if these are
environmentally damaging, the means of resolution.

However, despite the involvement of some experienced
scientists, the first few years were something of a step into
the unknown. The first objective, to assemble full ecological
data, did at least provide an early focus but it was a steep
learning curve. In truth, that learning curve has hardly
diminished, particularly as Parc policy has led the research
group into new areas widening not only knowledge of the
specific issue but a better understanding of its role in the
ecosystem.

The scientific team at the time quickly formed a view
that evaluation of global change was not possible at one site
operating on its own, particularly one exposed to a number
of local anthropogenic pressures, in line with international
scientific opinion then (Moore, er al., 2001; Adger et al.,
2009). It might be different now. Viewpoints are changing:
the regional vulnerability approach to global change is
becoming seen more often as a promising approach to
increase our knowledge about these complex cause-and-
effect relationships (Rosenzweig & Wilbanks, 2010; Veraart
et al., 2014). In addition, the digital revolution (internet)
makes knowledge exchange between field sites much easier
than in 1989.

Irrespective, it was clear that the project had a role in
assessing local and regional impacts on the Parc and its
environment. Designating a protected area is only the
first step towards the conservation of the zone. It does
not safeguard the area within from outside factors. Major
issues were identified: nutrient enrichment and other
pollution impacts; salt contamination of the aquifer due
to over extraction of freshwater in adjacent agricultural
areas; changes in the hydrology (Salamanca & Rodriguez-
Perea, 1999; Galimont ez 4/, 2003; Candela ez al., 2009);

illegal release of non-indigenous fauna; losses of biodiversity
through the impacts of beach tourism; urbanisation and
other inappropriate developments in buffer zones adjacent
to the Parc. Conservation management could not proceed
without knowledge of their impacts and planning to mitigate
them.

The only way to address these issues was first to investigate,
then set up a long-term monitoring programme (Table 5).
Certain investigation and monitoring tasks were achievable
during the fieldwork periods but others required longer time
periods or more prolonged study.

With limited resources, the Parc had insufficient staff
availability to monitor more than the birds, meteorology
and water quality (Table 6). TAIB took on a major role
in extending that information pool. Birds are not the best
subjects for environmental monitoring — at least at single
sites — as they tend to react slowly to change. TAIB uses other
bio-indicators to assess habitat and ecosystem quality. Biota
such as submerged macrophytes and aquatic invertebrates
are essential components of the system (Mitsch & Gosselink,
1993; Scheffer, 1998); and their communities are ready
indicators of the state of the water and of changes which are
occurring (Veraart et al., 2004; Riddiford & Férriz, 2009;
Table 7). Long-term fieldwork has enabled us to increase our
knowledge of the relationship between trends, seasonality
and variability in water quality; and the ecological response
(in this case aquatic communities and biodiversity).

In order to collect further sets of data, TAIB sought
collaborations with outside organisations. Institutes such as
the Tour du Valat Biological Station in France, University
College London and the Universities of Newcastle and York
in the UK sent researchers to investigate a range of ecological
and conservation management issues. A particularly strong
link was established with the Environmental Systems
Analysis Group from Wageningen University, Holland. The
Wageningen input was mainly in the guise of Masters studies
and covered such key topics as bio-indicators for monitoring
the impacts of agriculture and tourism (Veraart, 1999),
water policies and water management (Cathala ez 4/., 2002)
and grazing as a management tool (Portero-Marti, 2004). In
all, 22 theses have been generated through TAIB and include
other relevant subjects such as anthropogenic impacts on the
coastal environment (Whittingham, 1999), feeding ecology
of Acrocephalus melanopogon in relation to fires (Taylor,
1993), niche partitioning in Ardeidae (Sargeant, 2002) and
conservation priorities for dragonflies (Sato, 2002).

This partnership approach of Pare, collaborators and
TAIB has led to an ever growing store of information on
weather, water quality, birds, orchid populations, aquatic
and terrestrial invertebrates, aquatic macrophytes, terrestrial
plant communities, habitats and a range of human impacts.
Baseline data have been collected for a wide range of plant
and animal groups and published in a Biodiversity Catalogue
(Riddiford, 2002), now expanded into a biodiversity
database held at the Pare.

2.3.3. The biodiversity database

TAIB uses MS Access databases to maintain records of its
long-term bird, moth, butterfly and dragonfly monitoring
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Table 5. Key elements of TAIB’s surveillance and monitoring programme

Tabela 5. Elementos-chave do programa de monitorizacio e vigildncia da TAIB

Subject

Method

Frequency

Purpose

Aquatic invertebrates

Standardised sweep-
netting, water quality
sample sites

Spring & autumn
(formerly each year, now
converted to 3-4 year
intervals)

Indicators for water quality; invertebrate
community structure & health

Submerged macrophytes

Standardised sweep-
netting, water quality
sample sites

Spring & autumn
(formerly each year, now
converted to 3-4 year
intervals)

Indicators for water quality; habitat condition;
monitoring change in face of salinisation,
eutrophication & alien species (Cyprinus
carpio) impacts

Common birds of marsh ~ Transects Spring & autumn Population trends, habitat use, habitat

& woodland management

Butterflies & dragonflies  Transects Every 10 days, spring & Population trends, habitat use, habitat
autumn management

Moths Nightly light trapping Spring & autumn Population changes; species moving north

(climate change); detect alien species

Coastal erosion

Beach profiles; pioneer
vegetation monitoring;
public use studies

Spring, summer &
autumn (formerly annual
now at 5 year intervals)

Public awareness; management actions;
monitoring success of management actions

Marshland orchid

Anacamptis robusta

Full census

Annually from early May,
1991-2010; monitoring
now by local University

(UIB)

Improve management for conservation priority
species

Thymelaea velutina

Full survey; mapping;
soil & vegetation
associations

Spring 2008; repeat survey
planned, 2018 — earlier if
radical change noted

Provide knowledge of distribution, soil
and habitat requirements for improved
management; conservation priority species
(endemism)

Fish Inventory; trapping at Spring & autumn 2008; Inventory; fish community changes; habitat
sample sites; historical repeat surveys planned at & water quality issues, management; status of
research from local 5-10 year intervals endemic form of Gasterosteus
contacts

Diatoms Sample sites Pilot study, 2011 Indicators for wetland habitat conditions,

change (present & past)

Vegetation community
recovery after fire

Random sampling with
quadrats

Annually 1995-2004, then
repeat surveys at 10-year
intervals

Provide knowledge for habitat and rare plants
management

Impacts of livestock in
dune grassland

Random sampling with
quadrats

Repeat surveys every 2-3
years

Monitor plant diversity in livestock exclusion
zone; habitat management

Note: table indicates preferred time scales; the voluntary character of TAIB means that flexibility is needed to meet the availability of appropriate
scientists. The data, however, are sufficient to determine trends and interactions between different parts of the ecosystem.
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Table 6. Environmental monitoring activities undertaken by Parc staff
Tabela 6. Atividades de monitorizacdo ambiental desenvolvidas pela equipa do Parque Natural.

Subject Method Frequency Purpose
Water quality Fixed sample sites Monthly Monitor eutrophication, salinisation;
provide hard data for hydrological
planning
Meteorology Automatic Weather Station (see Constant updates Baseline information; reference for
note 1) weather events, climate change etc.
Birds Fixed point counts; waterfowl Daily observations; mid- Population change; provide knowledge

winter count part of
international wildfowl census

of distribution and habitat requirements
for improved management;
conservation priority species

breeding productivity; mid-winter
waterfowl survey; migration log

Note I: http://www.mallorcaweb.net/salbufera/meteo/davis_albufera.htm

Table 7. Submerged macrophyte and invertebrate indicators for the quality of the aquatic environment at s'Albufera de Mallorca.
Tabela 7. Indicadores derivados de indices de macrdfitos submersos e invertebrados para a avaliagio da qualidade do ambiente aqudtico na

Albufera em Maiorca.

Species

Status

Indicator for

Parameters

Flora

Cymodocea nodosa

Potential colonist of coastal lagoons

Hypersaline conditions

Presence

Ceratophyllum demersum

Decreasing

Rehabilitation of freshwater

Re-colonisation of former sites

Lemna minor Now restricted to areas on western border ~ Low salinity Presence
of Parc

Rorippa nasturtium- Restricted to Siquia des Polls Oligohaline water Presence

aquaticum

Typha domingensis Dominant in some canals Eutrophication Presence in dense stands
Typha angustifolia Abundant in some canals Eutrophication Presence in dense stands
Polygonum salicifolium Good population, Siquia des Polls Low phosphate levels Presence

Sparganium erectum Only certain recent record in ses Veles Mesotrophic water Presence

(outside Parc)

Algae: Chlorophyta

Chaetomorpha

Widespread, increasing

Increased salinity combined
with eutrophication

Presence and abundance; increased
distribution

Enteromorpha intestinalis

Widespread on surface of water bodies

Eutrophication

Presence and dominance levels

Cladophora

Dominant in places

High phosphate/nitrate levels

Presence/abundance

Spirogyra

Abundant and widespread

Anoxic conditions

Presence/abundance

Mollusca: Pelecypoda

Rudicardium tuberculatum

Common and widespread in hypersaline
waters

Hypersaline conditions,
including through rising sea
levels

Presence; colonisation of new areas

Mollusca: Gastropoda

Ovatella myosotis

Brackish water and salt marshes

Brackish conditions

Presence/abundance; increased
distribution

Amnicola similis

In decline

Unpolluted waters

Distribution and abundance

Crustacea: Cladocera

Daphnia mediterranea Freshwater but with tolerance of salinity Saline intrusion Presence
exceeding 3.5 g/l
Insecta:Lepidoptera
Paraponyx stratiotata Captures previously regular, now Submerged macrophyte cover  Presence/abundance

infrequent
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studies. A system is now being developed to extend the
information system to all biota. The initial task was to capture
and bring to a central source the various and disparate sets
of data held by the project. But the main objective from the
very start was to provide a ready and immediate resource for
the Parc and other associated parties to guide and enhance
conservation management. A baseline capture of all biota
recorded at s’Albufera has been achieved. The next stage is to
complete the task of relating those data to issues such as status,
ecology, conservation value and management needs through
a quick and easy access system. Tables 8 and 9 present two
examples of the types of information already available. The
database uses a simple yes/no format for these criteria so the
requisite species can be determined at a glance and extracted
in report form. The database has allowance for a range
of criteria (e.g. population trends, endemisms, indicator
species, etc.), a number of which are still in development.
The database is open and available for Parc staff and TAIB
scientists who also act as moderators for others wishing to
use the resource. Plans to make the database information
more widely available through international platforms such
as the MedWet Web Information System (MedWet, s/d) and
the Europe-wide ALTER-Net (A Long-Term Biodiversity,
Ecosystem and Awareness Research Network) (ALTER-Net,
s/d) have been stymied so far through lack of manpower and
financial means to achieve such a major task.

2.3.4. Outreach

TAIB’s principal activity is to gather information which
can advise and guide biodiversity conservation in the
Parc. However, its remit extends beyond the Parc in many
ways. Regionally, team members have been active in socio-
economic studies of the catchment area (Royo ez al., 2010;
Férriz, 2012, 2013), ecological studies in other protected
areas of Mallorca and biodiversity studies in Menorca, Ibiza
and Formentera (Honey ez al., 2003; Honey & Riddiford,
2003; Férriz et al., 2006). Further afield, the training given
to protected area managers has extended the reach of TAIB
internationally. Indeed, TAIB team members have taken
their capacity building and conservation management skills
to various countries of sub-Saharan Africa and the southern
and eastern rim of the Mediterranean. Much of the basis
for this training derives from the key MedWet publication,
Monitoring Mediterranean Wetlands (Tomas-Vives, 1996).
TAIB led a pilot study to test the monitoring framework
and process (Riddiford & Mayol, 1996); and TAIB principal
investigator, Nick Riddiford, acted as scientific editor for the
publication.

The Biodiversity Catalogue (Riddiford, 2002) was another
means of meeting an original objective: to afford material
for application in further research and reserve management.
These technical documents were followed by publications
designed to help members of the general public get the most
out of their visit: a guide to the plants of the Parc’s tracks,
marsh and meadows (McLennan & Newbould, 2003);
guides to the common birds of s’Albufera (Owens, 2007;
Owens & Vicens, 2009) and to the common butterflies and
dragonflies of the Parc (TAIB, in prep.). The plant guide
was innovative in its approach, using colour and symbols
but minimum text, thus making the guide accessible to all

Table 8. Alien Species per Group recorded at s’Albufera, source
TAIB Biodiversity Database.

Tabela 8. Espécies invasoras registadas na Albufera, por Grupo. Fonte:
TAIB Biodiversity Database.

Group Biota Exotics % Exotics
Higher Plants 714 9 1.26
Bryophytes 66 0
Algae 202 0
Fungi/Lichens 288 0
Bacteria 3 0
Birds 307 32 10.42
Mammals 28 0
Amphibia 2 0
Reptiles 13 6 46.15
Fish 39 2 5.13
Molluscs 118 1 0.85
Insects 1995 3 0.15
Arachnids 113 0
Centipedes 2 0
Crustacea 75 1 1.33
Rotifers 23 0
Other Invertebrates 45 1 2.22
TOTALS 3890 55 1.41

nationalities irrespective of language. Most important of all,
the guides are aimed at the non expert, although the plant
guide particularly is used by expert botanists as well.
Publications are expensive, so TAIB has turned to
the internet for dissemination, education and public
awareness. A great deal of non-technical as well as technical
information is available on TAIB’s website (TAIB, 2014);
and in 2012 members of the scientific team established a
website (Associacié TAIB, 2014) whose primary aim is to
make the general public aware of moths and butterflies as
part of an ecosystem shared by humans and influenced by
human activities. The site uses Lepidoptera to demonstrate
how small adjustments by people, as well as bigger actions
by society, can reduce negative impacts on the populations
and well-being of these and other overlooked members of
the ecosystem. The concept of conservation begins with the
young. This project also includes some entertaining and
informative posters specially designed for schoolchildren.
Mallorca has a very good environmental education system
with teacher-naturalists operating in several protected areas

including s Albufera. Over the years, TAIB has worked closely
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Table 9. Conservation Status of Birds per Order recorded at s’Albufera, source: TAIB Biodiversity

?;II;EZS;: Estatuto de conservagdo de Aves registadas na Albufera, por Ordem. Fonte: TAIB Biodiversity
Database.
Order Biota Habitar Birds Spanish  Balearic
Directive  Directive = National Catalogue
Catalogue
Anseriformes 35 14 2 3
Apodiformes 3
Caprimulgiformes 1
Charadriiformes 66 18 16 3 2
Ciconiiformes 8 2 1
Columbiformes 4 4
Coraciiformes 4 1
Cuculiformes 2
Falconiformes 27 12 6
Galliformes 7 1
Gaviiformes 1
Gruiformes 13 3 1 1 1
Passeriformes 105 7 1 7
Pelicaniformes 12 7 3
Phoenicopteriformes 2 1
Piciformes 1
Podicipediformes 4
Procellariiformes 2 1 2
DPsittaciformes 5
Strigiformes 5 1
TOTALS 307 47 45 26 3

with the educators, responding to requests for material,
information and advice and holding joint workshops with
the educators and volunteers as part of the capacity building
programme. It is a matter of pride to TAIB that a number
of the teacher-naturalists from the Balearics have progressed
through TAIB training as previous participant volunteers.

2.3.5. Feeding into wider local issues

Effective conservation management of s'Albufera requires
the involvement and cooperation of a range of stakeholders,
both within and outside the Parc. Tourist developments
and agricultural systems immediately outside the Parc
boundaries have human and environmental implications for
the management of the Parc’s ecosystems and biodiversity

(Veraart, 1999; Veraart et al., 2004; Férriz, 2010, 2012).
Interacting with stakeholders is therefore a major part of
the Parc Directorate’s work. This is achieved through its
Junta Rectora but also through regular communication.
TAIB’s contribution was originally indirect, providing
comments, advice and recommendations which were then
pursued by the Parc or the Conselleria. However, TAIB
has taken an increasingly pro-active role as knowledge and
experience evolved. This has been achieved through Project
Open Days, involvement in the Parcs own Activity days,
cooperative links with the local conservation NGO (Grup
Balear de Ornitologia i Defensa de la Naturalesa, GOB),
the University of the Balearic Islands, the Mediterranean
Institute for Advanced Studies IMEDEA) and other bodies;
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and, since 2009, TAIB has direct representation on the junta
Rectora, currently Laura Royo of Associacié TAIB.

The project has also sought the comments and opinions
of a range of key stakeholders and administrative bodies
on specific, conservation management related issues. This
was first achieved through the activities of the Wageningen
Masters students whose focus on various elements of the Parc’s
functions and values necessarily took into account wider
catchment issues (e.g., Borggreve, 1997; van der Perk, 1997;
Feenstra, 1998; Veraart, 1999; Cathala et 2/, 2002; and see
de Groot, 1992 and de Groot et al., 2002 for the functions
and values concept approach). Whereas team TAIB is limited
in what it can achieve during fieldwork sessions, members of
the locally established Associacié TAIB have taken the lead
in a series of initiatives to engage with local stakeholders. In
the coastal zone, Royo used TAIB team members in a dune
restoration programme which included interviewing tourists
about their use of the beach and their views on actions to
protect dune erosion, whilst the same study worked with the
various coastal management agencies to initiate appropriate
restoration measures (Traveset et z/. 2006). Stakeholders
played an integral part in the information gathering process
for TAIB studies on the agricultural systems and tourism
developments immediately outside the Parc boundaries
(Veraart, 1999; Whittingham, 1999; Stuip, 2001; Veraart ez
al., 2004; Royo ez al., 2010; Férriz, 2012, 2013) which have
impacts on the ecology of the Parc and, by association, the
Parc biodiversity. TAIB specialists in hydrology and aquatic
ecology participated in catchment, regional and national
meetings discussing implementation of the EU’s Water
Framework Directive; and have acted as consultants for the
currently evolving catchment-wide hydrological plan.

Seeking the views of local stakeholders was an important
element of Associacié TAIB’s multi-criterial ecosystem
services assessment of the area (Royo er al, 2010). The
assessment was accompanied by recommendations for
future sustainability of the Parc and its adjacent area and
was undertaken to provide the Parc with the socio-economic
background it will need to prepare a future Pla d’Ordenacio
de Recursos Naturals (Natural Resource Plan). In another
study, Férriz (2012) undertook a socio-ecological diagnosis
of the Pla de sa Pobla (Sa Pobla Plain) agricultural zone,
which incorporated interviews with experts, key people
from the town of Sa Pobla and many of the people working
in local agriculture. The main objective was to capture
the relationship between agriculture and natural resources
conservation in order to establish the main causes of negative
impacts and seek common ground for means of resolution
which change these to positive.

Consultation with stakeholders brings with it an
environmental awareness element. This is an ongoing
conversation towards a land management system which
addresses the role of farmers and other stakeholders in
good stewardship of natural resources and the landscape.
Such a utopic goal will not be achieved overnight but the
engagement process has already produced some interesting
responses. As part of a study into changes in the fish
community of s’Albufera (Riddiford & Ferndndez, 2009),
a workshop was organised in a local town with fishermen
who had traditionally fished in the wetland. They were not

only extremely helpful in providing a historical perspective
to fish population changes, particularly for eels Anguilla
anguilla, but delighted their opinion was sought. Team TAIB
interactions with local people and visitors from elsewhere
(e.g., Traveset et al., 2006; Royo ez al., 2010; Férriz, 2010,
2012, 2013) have revealed a keen interest in the well-being
of §'Albufera and acknowledgements of the need to achieve
an environmental balance.

3. DISCUSSION
3.1. Ecosystem services provided by the Parc

Increasingly, the perspective of the ecosystem services
(Costanza et al., 1997) provided by the Parc to the local
populace and to society in general has determined the
direction of many of TAIB’s studies, in particular assessing
the impacts of human activities on these services. The
initial intent was to provide the scientific data to guide
the Parc management team in maintaining and enhancing
the environmental qualities of the site. As the studies
developed it became clear that the information accruing
not only improved knowledge of ecosystem functioning,
it also revealed a number of issues which went far beyond
pure environmental concern. Using various groups of
biota as indicators of the state of the ecosystem, it became
evident that trends and changes were emerging (e.g. Veraart
et al., 2004); and these had potentially serious impacts of
environmental, social and economic relevance.

Environmental impacts on the Parc included the loss of
biodiversity through eutrophication and changes in salinity
levels. Nutrient intrusion from farmland, phosphates
escaping from water purification plants, over abstraction of
water from the aquifer all challenge the tolerance levels of
biota adapted to pre-modernisation eras. These accumulating
pressures induce changes in ecological processes and
biodiversity in the wetland despite measures of protection
and conservation.

These impacts highlight issues of wider concern. Nutrient
intrusion indicates injudicious use of agricultural fertilisers.
The crops use what they need and the excess is absorbed
into the ground water (e.g., Carton ez al., 2008; Daniel
et al., 1998). Chemicals are expensive and over-use is the
equivalent of throwing money directly into the canals. It can
also lead to raised nitrate levels in water taken for human
consumption. Indeed, in Sa Pobla, the agricultural town to
the west of the Parc, people avoid drinking it even though
water from the aquifer is treated by an expensive inverse
osmosis station that reduces nitrate levels in drinking water
to the maximum 50 mg/l permitted by the European Water
Framework Directive; they prefer to buy bottled water or
drink from traditional wells in their houses (Férriz, 2012).
Phosphate intrusion indicates that wastewater treatment
plants built prior to the growth in tourism, and the summer
population explosion which goes with it, are no longer fit
for purpose.

The Parc Natural de sAlbufera is an important buffer
between the sea and Mallorca’s most productive farmland
area. Expanding tourism and the intensification of
agriculture place considerable pressure on freshwater
resources. A freshwater deficit in the groundwater leads to an
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imbalance reflected in increasing salinity levels and gradual
saline penetration inland from the coast. This process has
major long-term implications for the local area and its socio-
economic well-being (Royo ez 4l., 2010)

The height of reeds Phragmites australis bordering the Parc
canals, reaching 7 to 8 metres in places, is a clear indication
of the role they play in absorbing nutrients entering the Parc.
Nevertheless, a portion of the nutrient-rich water passes
directly to the sea where it can impact on the important sea-
grass Posidonia oceanica beds of the adjacent Alcudia Bay
(Whittingham, 1999). Nutrients promote rapid growth of
filamentous algae and phytoplankton, threatening the slow
growing Posidonia through smothering and by reductions in
light penetration. This is more than just an environmental
issue. The Posidonia beds are a refuge and nursery area for
commercial fish, are home to biota which provide an average
of 70% of the sand for Balearic beaches (Rodriguez-Perea
et al., 2000), create a buffer and re-cycle sand lost from
beaches, and act as a brake to waves during onshore storms,
thus protecting the beaches and coastline from erosion
(McRoy & Helfferich, 1977; Duarte & Chiscano, 1999;
Rodriguez-Perea et al., 2000; Traveset ez al., 2006). Nutrient
enrichment can lead to toxic plankton blooms (e.g. the red
tides of the Po Delta and northern Adriatic), which is not
a risk the tourism-based municipalities around Alcudia Bay
should be willing to take (Facca ez al., 2014; Fonda Umani
et al., 1989; Zingone, 2010).

Most of the wetland area lies at 0 to 2 m above sea level.
It is protected from inundation by a band of coastal dunes.
These dunes line much of the bay but only a small portion
has escaped development and been incorporated into the
Parc. They are the last stronghold for an endemic plant
and contain other key habitats, plants and animals (Férriz,
2009). But they also serve a socio-economic purpose as a
buffer against inundations which would otherwise take the
sea water well inland. The dunes have developed in three
phases over the last 12,000 or so years, with the final stage
still developing into the 20™ century (Gelabert e /., 2002).
That building phase ended with the growth of tourism, and
erosion of the fore dune has reversed the process (Servera ez
al., 2009). The dunes are 500 m wide but losses of up to 2
m width during storms demonstrate the vulnerability of this
buffer in the longer term.

An almost continuous band of prickly juniper jfuniperus
oxycedrus macrocarpalines the fore dunes. Erosion of the dune
face where it meets the sea has accelerated in recent years
(Rico, L., unpublished). Without the presence of Juniperus
oxycedrus macrocarpa, the extent of this erosion would have
been even more severe. The roots of Juniperus oxycedrus
macrocarpa function as a consolidating agent for the sand,
for the establishment of other vegetation and for holding the
dunes together (Munoz-Reinoso, 2004). With their roots
exposed, however, there is considerable dieback of this band
(Férriz, 2009) and low capacity for recovery (Traveset et al.
2006). Prevention of further damage to this band is not only
a conservation issue but has practical implications for the
long-term maintenance of the dunes and beach.

Much of the problem lies with current management of
the beach, which is tourism-orientated. Mechanical cleaning
of the beach removes cast Posidonia, which would trap and

retain the sand, also removes quantities of sand and changes
the profile of the beach from undulating to smooth. The
impact derived from tourist use has led to the Posidonia
meadows retreating seawards (Whittingham, 1999). With
Posidonia absent from shallow inshore waters, its role in
the formation and protection of beach and dunes is much
reduced. Some remedial measures have been taken recently
but a full management programme would recognise the
long-term importance to society of maintaining the dune
system in good order (Traveset ez al., 20006).

Implications for society in the region extend to the
role of the Parc as a rain-fed infiltration and buffering
area for freshwater. The Parc Directorate is very sensitive
of the hydrological needs of the entire system and makes
every effort to manage the hydrological balance (both
groundwater and surface water) for the benefit of the entire
region. The main management purpose is to maintain the
natural Mediterranean pattern of gradual drying out during
the summer months and recharge at other times of year.
However, during periods of prolonged drought the Parc
makes every effort to retain freshwater, aware that the aquifer
extends inland to the agricultural land and beyond, whilst
after heavy periods of rain it channels as much of the excess
as it can directly to the sea to prevent or reduce inundations
extending landwards into the periphery.

3.2. Socio-economic importance of the Parc

The socio-economic relevance of management, whether
to prevent dune erosion or to maintain a healthy water
balance, is often overlooked or is not even perceived (Royo et
al.,2010). Such actions come under the umbrella of ecosystem
services. Nature tourism is another ecosystem service which
has considerable socio-economic value. The Parc registers
between 55,000-65,000 visitors per year (2003-2009 Parc
annual reports). That figure is an underestimate because
studies have revealed that at least 40% do not report to
reception to register. The actual figure is more likely to be in
the range 105,000-120,000 (B. Perell6 pers. comm., 2014).

Being close to a major tourist area, the Parc adds to the
diversity of choice for tourists during the summer months —
particularly during cloudy days when the beach seems less
attractive; and visits are free! It is in spring and autumn that
the value of this protected area is at its greatest. S’Albufera
is famous throughout Europe and beyond amongst
birdwatchers (Owens & Vicens, 2009; Rebassa ez al., 2009).
It is known as a “hot spot” for rare birds, for spectacular
numbers and diversity. The best times are spring and autumn,
when migrant birds add to the interest. The birdwatchers
and other naturalists come then, bringing income to the area
and, most importantly, extending the tourist season for the
accommodation outlets and supporting services.

The Parc manages visitors effectively to ensure that they
can view the birds well without causing disturbance to the
wildlife. Management extends to creating the conditions
and habitats that the birds require. Long-term monitoring
is a necessary part of that process. It provides a cost-effective
early warning system so that measures can be put in place to
address problems for the benefit of the ecosystem generally

and, consequently, the birds which draw so many visitors to
s Albufera and Mallorca.
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The current economic monetary system is an
inappropriate tool for measuring biodiversity because it fails
to take into account non-market values (de Groot, 1992;
Gowdy, 1997; Costanza et al., 1997; de Groot ez al., 2002).
This is a real challenge for biodiversity conservation. TAIB
has identified a role in investigating more deeply the services
that s’Albufera and its ecosystem contribute to human well-
being in order to raise the profile of the non-market values of
biodiversity, particularly in terms of public perception and
awareness of the benefits these services bring.

3.3. Recent focus of monitoring and research

TAIB’s biodiversity studies began as a data collecting
exercise, concentrating on the most popular and better
known groups. One such study, focusing on moths attracted
to light, has turned into one of the longest monitoring
studies in the Mediterranean. Research has revealed
important populations of rare moths, such as Pelosia plumosa
and Eilema rungsi, which are reliant on old reed beds. This
habitat type is itself a rarity in the Mediterranean as reed
beds are often kept in an early stage through burning and
grazing. Studies of Odonata (dragonflies and damselflies)
have also demonstrated the importance of habitat quality,
and generated conservation management recommendations
for this attractive insect group (Sato & Riddiford, 2008).

In recent years studies have extended to other groups
including flies (Diptera), bees and wasps (aculeate
Hymenoptera) and aquatic beetles (Coleoptera). This has
led to many exciting discoveries and expansion of knowledge
for poorly studied groups in the western Mediterranean.
For instance, the Diptera studies added 330 species to the
Balearic list in just one year, 99 of which were also additions
to the Iberian list published by Carles-Tolrd (2002); sixteen
of these were from a single family, Chloropidae (Ebejer,
2006). New fauna for Europe include several moth species,
most notably males of a species previously known only
from females in West Africa (Fibiger & Agassiz, 2001), and
the aquatic beetle Cyphon lindbergi (Foster & Riddiford,
2011). A bat, Pipistrellus pygmaeus, now known to be
commonplace, was confirmed as new to Mallorca (Green &
Riddiford, 2009). A lot of publicity has been given to the
role of bees and their allies as pollinators in light of recent
global declines. The hymenopteran studies have revealed the
importance of s’Albufera for this group. The list of aculeates
currently stands at over 200, including the re-discovery of
the Mallorcan endemic Miscophus belveriensis, not seen since
it was described in 1960 (Baldock, 2014).

3.4. Alien species

A number of additions will be naturally occurring species
previously overlooked. However, an increasing number can
be considered newcomers to Mallorca. These fit into two
categories: species moving north from Africa and introduced
species.

Many of the species moving north are from North
Africa but others probably arrive from farther south. These
arrivals often coincide with spells of Saharan dust falling on
Mallorca; Honey ez al. (2007) postulated that they are swept
up by rapidly rising air in extreme conditions of heat south of

the Sahara and carried northwards on the consequent winds.
Thus their arrival may have been through inadvertent rather
than intentional migration. This type of arrival relates to a
singular climate event but the continued arrival, sometimes
in increasing numbers, of others may be the result of
expanding populations related to climate change.

This has implications for society. Names such as the
Egyptian bollworm (Earias insulana), African cotton
leafworm (Spodoptera littoralis) and maize wainscot (Sesamia
nonagrioides) highlight the risks some of these biota could
hold for agriculture north of the Mediterranean.

TAIB’s long-term light trapping programme has detected
an alarming growth in the occurrence and numbers of
introduced species. The tomato leaf miner Tuta absoluta
challenged our identification skills when first caught in 2008
but by November 2013 was consistently the commonest
moth in the trap. A similar pattern was recorded for the
citrus flatid planthopper Mezcalfa pruinosa. The tomato leaf
miner originates from South America and can devastate
tomato crops (Desneux ez al., 2010; van der Straten ez al.,
2011). Metcalfa is from North America where it causes
problems amongst fig, grape, citrus and other fruit crops
(Bagnoli & Lucchi 2000; Pons ez al., 2002). In 2011 TAIB
caught the first harlequin ladybird Harmonia axyridis for the
Balearic Islands. In 2013 it caught three more — in one night.
This beetle, originally from eastern Asia, can do enormous
damage as it emits a distasteful liquid which taints fruit and
wine and, when large numbers overwinter in houses, can
drive the occupants out with the same noxious smell (Koch,
2003; 1SC, s/d).

The TUCN recognises invasive species as the second most
important cause of biodiversity loss after habitat destruction
(CBD, s/d). Invasive species have also been identified as
one of the leading and most rapidly growing threats to food
security and animal health (ISSG, s/d). All administrations
and especially those of islands should be aware of the potential
dangers of introductions not just for the biodiversity — which
on small islands often includes important endemisms — but
also for the unforeseen social and financial impacts on their
citizens.

3.5. Preparing future managers and communicators

For administrations to act, they must know about the
consequences and the steps required to put things right.
TAIB annual reports take on the responsibility of making this
information available by detailing the issues and their risks;
and by making recommendations regarding the measures
required to manage those risks. These annual reports,
complete with the recommendations, are also made available
to the public at large through TAIB’s website (TAIB, 2014).

This is just the beginning of the dissemination process.
Communication needs communicators: this is where the
capacity building aspect dovetails comfortably with the
field science. By 2012 participants had taken part from 50
countries. For all, it was an introduction to the value of
knowledge, as a continuous process, not just in protected
area management but in conveying that information to
others.
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The courses seek to instil in the participants a confidence
in the application of field methodologies and other
biodiversity conservation measures, skills which they can
take back to their own area or country. But the dissemination
element is never lost from view. TAIB’s success in this area
was demonstrated during a course focused entirely on the
practicalities of environmental education, set up for educators
from the Cape Verde Islands. The course included workshops
with staff from the various environmental education outlets
active in Mallorca, governmental and independent; it was
noteworthy that a large proportion had passed through a
TAIB capacity building course prior to entering into the
environmental education system.

TAIB’s policy of integrating local volunteers into the
training process has seen impressive dividends. A stream
of young Balearic and Spanish post graduates has passed
through the project. A considerable number are now working
in conservation and the environment, including at the
international level, and making a difference in safeguarding
the natural world. Many of the personnel now working in
Balearic conservation circles had their first environmental
training experience with TAIB.

This mix of local people with those from abroad, and
students still to graduate with those already involved in
conservation management, works extremely well; and it
extends to TAIB’s scientific team. A team that was largely
British in 1989 is now a mix of international experts and
talented home-grown scientists from the Balearic Islands
and mainland Spain who have graduated from University
and from the capacity building experience with TAIB. These
graduates came with large amounts of enthusiasm and
willingness to learn but were generally inexperienced and
without in-depth knowledge of environmental field research.
One of the greatest satisfactions for the scientific team, and
one which has drawn members to return time and again,
has been to witness these graduates build their capacity and
skills: a number are now experts in their own right.

Some have joined the scientific team, making TAIB a
balanced combination of local and international expertise.
This integrated approach has revolutionised knowledge of
the Parc’s important wetland and dune ecosystems; and of
the rich biodiversity of the Parc and its adjacent catchment.
Incorporating local scientists has many benefits, not least
the availability of local team members to undertake studies
or collect data at times of the year outside the fieldwork
periods. Most important of all, it establishes a local identity
for the project.

3.6. Citizen science

The use of volunteers to help the information gathering
process for biodiversity conservation has a long tradition.
Bodies such as the British Trust for Ornithology have
organised national surveys and monitoring schemes for
more than 70 years (BTO, s/d) and countless other national
organisations now do the same (e.g, Vliet ez al, 2013).
Protected areas too work increasingly with volunteers for
specific tasks, including routine monitoring (e.g., RSPB,
2014; SEO, s/d). Volunteers also participate in regional
and site specific environmental data gathering tasks, but

normally restricted to a narrow, easy to recognise suite of
biota such as birds, butterflies or moths (e.g., AEN, 2009).
In this way, once basic skills have been taught, surveys can be
conducted with minimum involvement and intervention by
scientists. There is evidence of greater scientist commitment
to the volunteer sector in recent years (e.g, NHM, s/d).
Models also exist for capacity building in environmental
management (Costa et al., 2013; Echevarria er al., 2013)
though few base the training module in the field rather than
mostly in the classroom or workshop.

TAIB Project S’Albufera remains novel in both its
approach and its extent. It does not need to stand alone. The
visionary Max Nicholson, initiator of major international
conservation bodies such as the World Wide Fund for Nature
(WWE 2003), intended s’Albufera to be the forerunner of
a concept which he hoped would be extended to protected
areas throughout the world. The test of his concept has been
this project and is described here in the hope that others will
derive inspiration from it.

4. CONCLUSIONS

The aim of this paper is to put forward a cost effective
integrated participative model for collecting the data required
to support environmental management in a protected area.
It also demonstrates the absolute need for long-term studies
to understand the ecosystem, how it functions and the wider
implications for society. This model has particular resonance
as many of the issues and impacts will be recognised as
common to protected areas generally.

TAIB’s Project S’Albufera has achieved an enormous
amount at low cost. From the very start the project has
relied heavily on the volunteer sector. For a project to
survive over a long period of time, some administrative
funding is required. In the case of TAIB, funding has met
various expenses, including equipment and materials;
and to pay an honorarium to an administrator working
part-time. The administrator responsibility demands
planning and organisational time outside the fieldwork
and capacity building sessions, amounting in the current
case to approximately three months per annum. This is an
important point to take into account. Very few people would
be able to commit to such a time scale and such sustained
administration commitment without monetary justification.
Without this incentive, similar projects are likely to falter.

Evaluation of the cost effectiveness of such a project
should not overlook the hidden values the programme
provides for society. Some of TAIB’s findings are described in
detail above in order to reveal those hidden values. The paper
uses a number of examples to flag up social and economic
impacts. These need to be known and taken into account
by planners, including government, to avoid negative and
costly future outcomes. The economic value of long-term
monitoring as an early warning system far outweighs the
modest costs. The financial cost to society of inaction could
run into millions.

The issues raised here are particularly relevant to island
situations, but have wider implications too — especially for
the Mediterranean. It is generally accepted in conservation
management that planning should be based on knowledge.
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Long-term studies at s’Albufera indicate that this should
extend to land use and other economic planning as well.
TAIB catchment socio-economic studies indicate that
local people are essential to the planning process and their
inclusion promotes a concept of shared responsibility and
stewardship in caring for the natural environment.

Short-term studies are the norm and long-term studies a
rarity in the environmental conservation world. This is partly
because short-term studies are “affordable” because they are
short - no more than three years and often less - and partly
because the value of long-term studies is not yet appreciated.
This paper challenges that perception. The information and
knowledge which TAIB has accumulated over the years
would not have materialised in a short time-span.

In 2013, TAIB had to survive without funding. The
project had fallen victim of the European financial crisis,
which is particularly severe in Spain. But is this a false
economy? Indeed it is, not just for the project but also for
long-term studies. 7he Albufera Initiative for Biodiversity is a
25-year old model which demonstrates the social, economic
and environmental benefits of knowledge and the potential
costs of management without it. A lot can be achieved for a
liccle outlay: better to spend low now than expensive later.
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