Appendix 2

50 KEY ISSUES FOR MEDITERRANEAN WETLANDS 2020-2050

Accompanying paper: Taylor NG, Grillas P, Al Hreisha H, Balkiz O, Borie M, Boutron O, et al. The future for
Mediterranean wetlands: 50 key issues and 50 important conservation research questions. Reg Environ Change

This list is split into:

e 25 critical issues, most likely to have a large impact on Mediterranean wetlands (high Likelihood x
Impact score in our assessment, i.e. Novelty not taken into account. Size of impact incorporates
both intensity and spatial extent).

e 25 overlooked issues, likely to have a large impact on Mediterranean wetlands, but not currently
well known amongst Mediterranean wetland stakeholders (high Likelihood x Impact x Novelty
score in our assessment, once the critical issues had been removed).

“Mediterranean wetlands” includes all aspects of these systems, including the physical habitat, the
ecology and living organisms, functions, services and cultural values (see Main Paper for full
definition).

Supporting information defines and describes each issue, including past trends and likely future
projections (supported with references, where possible). We also offer suggestions of how each issue
presents a threat and/or opportunity for Mediterranean wetlands in the future. For issues that present
threats, we do not list “avoid or mitigate this threat” as an opportunity: opportunities must arise from
the issue itself. We caution that this supporting information is neither exhaustive nor systematically
collated. Unreferenced statements reflect the best judgement of the assessment panel or participantsin
the original survey.

25 CRITICAL ISSUES

Agriculture and aquaculture

I. Expansion of agriculture

Supporting information: The area of irrigated agricultural land in the Mediterranean doubled between 1965
and 2005" and is projected to increase further in the future, albeit at a slower rate and not in all countries™.
As a more specific example, the area of agricultural land in the catchments of several North African lagoons
has increased in recent decades, with scope for further expansion®. Countries with a projected increase in
agricultural land area between 2015 and 2030 include France, Spain, Greece, Malta and Croatia’. Balkan
countries will be particularly reliant on agricultural expansion, rather than intensification, to increase future
crop production® and meet the needs of a growing human population®.
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How does this issue pose a threat to Mediterranean wetlands? Direct conversion of wetlands to agriculture;
this accounted for around 46% of the area of natural Mediterranean wetlands converted to other land uses
between 1975 and 2005'. Specific examples include the Aveiro Estuary, Portugal, the Karavasta Lagoon,
Albania and the Macta Marshes, Algeria’. Increased abstraction of water, leaving less available for wetlands
[Issue 4]. Pollution of wetlands due to runoff of agricultural chemicals and soil®. Physical, chemical and
biological land degradation, especially as a result of irrigated, mechanised arable agriculture and
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overgrazing .

How does this issue present an opportunity for Mediterranean wetlands? Wetlands can be incorporated
into multifunctional agroecosystems™. Careful management can enhance the ecological value of wetland
sites used for agriculture, e.g. rice fields (especially during the fallow season), seasonal marshes, and
floodplains®”.

1. MWO (2018) Mediterranean Wetlands Outlook 2: solutions for sustainable Mediterranean wetlands. Mediterranean Wetlands
Observatory, Arles

2. Milano M, Ruelland D, Fernandez S, Dezetter A, Fabre J, Servat E, et al. (2013) Current state of Mediterranean water resources and
future trends under climatic and anthropogenic changes. Hydrol Sci J 58:498-518

3. El Mahrad B, Abalansa S, Newton A, Icely JD, Snoussi M, Kacimi | (2020) Social-environmental analysis for the management of
coastal lagoons in North Africa. Front Environ Sci 8:37

4. EU (2018) Trends in the EU agricultural land within 2015-2030. European Union. https://ec.europa.eu/jrc/en/publication/
eur-scientific-and-technical-research-reports/trends-eu-agricultural-land-within-2015-2030. Accessed 12 May 2020

5. van Asselen S, Verburg PH (2013) Land cover change or land-use intensification: simulating land system change with a global-scale
land change model. Glob Change Biol 19:3648-3667

6. World Bank (2020) Population estimates and projections. https://databank.worldbank.org/source/population-estimates-and-
projections. Accessed 10 May 2020

7. MWO (2014) Land cover spatial dynamics in Mediterranean coastal wetlands from 1975 to 2005. Mediterranean Wetlands
Observatory, Arles

8. Paredes |, Ramirez F, Aragonés D, Bravo MA, Forero MG, Green AJ (in press) Ongoing anthropogenic eutrophication of the
catchment area threatens the Dofiana World Heritage Site (south-west Spain). Wetlands Ecol Manag

9. Karamesouti M, Detsis V, Kounalaki A, Vasiliou P, Salvati L, Kosmas C (2015) Land-use and land degradation processes affecting soil
resources: evidence from a traditional Mediterranean cropland (Greece). CATENA 132:45-55

10. Safriel UN (2009) Status of desertification in the Mediterranean region. In: Rubio JL, Safriel U, Daussa R, Blum W, Pedrazzini F (eds)
Water scarcity, land degradation and desertification in the Mediterranean region. Springer Netherlands, Dordrecht, pp 33-73

11. Ramsar Convention Secretariat (2014) Wetlands & agriculture: partners for growth. https://www.ramsar.org/sites/
default/files/wwd14_leaflet_en.pdf. Accessed 10 May 2020

12. Longoni V (2010) Rice fields and waterbirds in the Mediterranean region and the Middle East. Waterbirds 33:83-96

Increasing use of synthetic chemicals in agriculture

Supporting information: Over the next 30 years, North Africa and Western Europe will be particularly
reliant on intensification of agriculture to meet a growing demand for food". Intensification usually involves
greater inputs of chemicals such as fertilisers, herbicides, insecticides and antimicrobials’. Accordingly,
pesticide use in France increased by 25% between 2008 and 2018°. Over the past 50 years, the global
production and diversity of synthetic chemicals have increased at a rate far higher than other recognised
agents of global change, such as population growth, atmospheric CO, concentrations and biodiversity loss’.
However, it is possible that strengthening regulation on the use of synthetic chemicals may temper the future
impact of this issue locally and/or in the long term [cf. Issue 26].

How does this issue pose a threat to Mediterranean wetlands? Pollution into adjacent wetlands™, with
negative impacts on biodiversity, water quality, and ecosystem functions and services® ™. Impacts may arise
from the chemicals themselves or breakdown products, and may persist for many decades’. The collective
impact of a cocktail of chemicals may differ from the impacts of each chemical in isolation.

How does this issue present an opportunity for Mediterranean wetlands? N/A

1. van Asselen S, Verburg PH (2013) Land cover change or land-use intensification: simulating land system change with a global-scale
land change model. Glob Change Biol 19:3648-3667

2. Van Boeckel TP, Brower C, Gilbert M, Grenfell BT, Levin SA, Robinson TP, et al. (2015) Global trends in antimicrobial use in food
animals. Proc Natl Acad Sci USA 112:5649-5654

3. Mandard S, Foucart S (2020) Le recours aux pesticides a connu une hausse spectaculaire en 2018.
https://www.lemonde.fr/planete/article/2020/01/07/le-recours-aux-pesticides-a-connu-une-hausse-spectaculaire-en-2018_
6025101_3244.html. Accessed 16 April 2020
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4. Bernhardt ES, Rosi EJ, Gessner MO (2017) Synthetic chemicals as agents of global change. Front Ecol Environ 15:84-90

El-Sheekh M (2009) River Nile pollutants and their effect on life forms and water quality. In: Dumont HJ (ed) The Nile. Springer

Netherlands, Dordrecht, pp 395-405

Moss B (2008) Water pollution by agriculture. Phil Trans R Soc B 363:659-666

Raggi M, Ronchi D, Sardonini L, Viaggi D (2007) Po Basin case study status report. DEIAGRA, Universita di Bologna

Delorenzo ME, Scott Gl, Ross PE (2001) Toxicity of pesticides to aquatic microorganisms: a review. Environ Toxicol Chem 20:84-98

El Mahrad B, Abalansa S, Newton A, Icely JD, Snoussi M, Kacimi | (2020) Social-environmental analysis for the management of

coastal lagoons in North Africa. Front Environ Sci 8:37

10. Pérez-Ruzafa A, Campillo S, Fernandez-Palacios JM, Garcia-Lacunza A, Garcia-Oliva M, lbafiez H, et al. (2019) Long-term dynamic in
nutrients, chlorophyll a, and water quality parameters in a coastal lagoon during a process of eutrophication for decades, a sudden
break and a relatively rapid recovery. Front Mar Sci 6:26.
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Increasing aquacultural production

Supporting information: Aquaculture refers to the farming of aquatic organisms (e.g. fish, crustaceans,
molluscs, plants) with regular intervention such as stocking, feeding or protection from predators'. By 2004,
aquaculture production in the Mediterranean basin had grown to over 1.5 million tonnes.yr”, over half of
which was in fresh and brackish waters’. This trend is likely to continue as the human population grows but
catches of wild fish are limited by quotas and declining stocks’ and terrestrial agriculture faces competition
from other land uses [e.g. Issue 20]. Increased production may be driven by expansion and/or intensification®.
Currently, Morocco is investing heavily in both inland and coastal aquaculture’ and the European Union is
supporting aquacultural expansion as a means for rural development in Albania®. This issue does not exclude
the possibility of local abandonment of aquaculture facilities.

How does this issue pose a threat to Mediterranean wetlands? Expansion: conversion of natural wetland
habitats; increased sphere of influence. Unsustainable intensification: pollution to neighbouring wetland
habitats; microorganism blooms [Issue 15]; disruption of local food webs in/near stocked wetlands’; increased
pressure on wild populations, if juveniles for stocking are harvested from the wild"®. Aquaculture facilities can
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act as source populations of invasive species, which can escape and spread to adjacent natural habitats™ ™.
Conflicts between aquaculture and other interests (e.g. bird conservation, fishing, farming”*).

How does this issue present an opportunity for Mediterranean wetlands? Could stimulate
restoration/creation of wetlands, providing multiple ecosystem services (e.g. carbon storage, wildlife habitat)
alongside aquacultural production™. Potential to increase economic value of existing wetlands. It is possible
to improve productivity and economic returns, whilst minimising resource inputs and pollution to
surrounding wetlands (e.g. nutrients and toxic additives in fish food*). For example, shellfish and seaweeds
could be placed downstream of fish enclosures, invertebrates (e.g. lobsters or sea urchins) below and/or plants
within®®. Aquaculture may encourage interventions to improve water quality, in the interest of product
quality and safety”. Stocking with appropriate species at appropriate times may itself improve water quality™.

1. FAO (2020) Fishery statistical collections: global aquaculture production. http://www.fao.org/fishery/statistics/global-aquaculture-
production/en. Accessed 16 April 2020

2. UNEP/MAP (2012) State of the Mediterranean marine and coastal environment. United Nations Environment Programme &
Mediterranean Action Plan Barcelona Convention, Athens

3. Shaalan M, El-Mahdy M, Saleh M, El-Matbouli M (2018) Aquaculture in Egypt: insights on the current trends and future
perspectives for sustainable development. Rev Fish Sci Aquac 26:99-110

4. Anon (2020) Morocco to invest $1.4 million into Souss-Massa aquaculture. https://www.moroccoworldnews.com/
2020/09/320918/morocco-to-invest-1-4-million-into-souss-massa-aquaculture/. Accessed 25 November 2020

5. Anon (2018) Investment in aquaculture farms in Albania to receive grants under IPARD II. https://europeanwesternbalkans.com/
2018/01/28/investment-aquaculture-farms-albania-receive-grants-ipard-ii/. Accessed 25 November 2020

6. Boudouresque C-F, Blanfuné A, Pergent G, Pergent-Martini C, Perret-Boudouresque M, Thibaut T (2020) Impacts of marine and
lagoon aquaculture on macrophytes in Mediterranean benthic ecosystems. Front Mar Sci 7:218.

7. Cataudella S, Crosetti D, Massa F (2015) Mediterranean coastal lagoons: sustainable management and interactions among aquaculture,
capture fisheries and the environment. General Fisheries Commission for the Mediterranean Studies and Reviews, No 95. FAO, Rome

8. Kara MH, Quignard J-P (2018) Fishes in lagoons and estuaries in the Mediterranean 1: diversity, bioecology and exploitation. ISTE
Ltd, London, UK and John Wiley & Sons, Hoboken

9. Gozlan RE, Peeler EJ, Longshaw M, St-Hilaire S, Feist SW (2006) Effect of microbial pathogens on the diversity of aquatic
populations, notably in Europe. Microbes Infect 8:1358-1364

10. Segvi¢-Bubié¢ T, Talijanci¢ I, Grubisi¢ L, Izquierdo-Gomez D, Katavi¢ | (2014) Morphological and molecular differentiation of wild and
farmed gilthead sea bream Sparus aurata: implications for management. Aquacult Environ Interact 6:43-54.

11. Zenetos A, Pancucci-Papadopoulou M-A, Zogaris S, Papastergiadou E, Vardakas L, Aligizaki K, et al. (2009) Aquatic alien species in
Greece (2009): tracking sources, patterns and effects on the ecosystem. J Biol Res Thessaloniki 12:135-172
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12. Rodriguez-Pérez H, Florencio M, Gdmez-Rodriguez C, Green AJ, Diaz-Paniagua C, Serrano L (2009) Monitoring the invasion of the
aquatic bug Trichocorixa verticalis verticalis (Hemiptera: Corixidae) in the wetlands of Dofiana National Park (SW Spain).
Hydrobiologia 634:209-217

13. Macintosh DJ (1994) Aquaculture in coastal lagoons. In: Kjerfve B (ed) Coastal lagoon processes. Elsevier, pp 401-442

14. Walton MEM, Vilas C, Cafiavate JP, Gonzalez-Ortegon E, Prieto A, van Bergeijk SA, et al. (2015) A model for the future: ecosystem
services provided by the aquaculture activities of Veta la Palma, Southern Spain. Aquaculture 448:382-390

15. Tsapakis M, Dakanali E, Stephanou EG, Karakassis | (2010) PAHs and n-alkanes in Mediterranean coastal marine sediments:
aquaculture as a significant point source. J Environ Monit 12:958.

16. Chopin T, Buschmann AH, Halling C, Troell M, Kautsky N, Neori A, et al. (2001) Integrating seaweeds into marine aquaculture
systems: a key toward sustainability. J Phycol 37:975-986

17. Lane A, Chatain B, Roque D’Orbcastel E (2018) Aquaculture in Occitanie, France. World Aquac 49:12-17

18. Skov C, Perrow MR, Berg S, Skovgaard H (2002) Changes in the fish community and water quality during seven years of stocking
piscivorous fish in a shallow lake. Freshw Biol 47:2388-2400.

Water and pollution

4.

Increasing water abstraction

Supporting information: This issue includes abstraction from both ground and surface water sources. Under
a business-as-usual scenario, total water withdrawals are expected to increase across most of the
Mediterranean basin through 2050". This will be driven largely by increases in the surface area of irrigated
agricultural land [lssue 1], combined with warmer and drier conditions [Issue 10 & Issue 11]. In 2014,
irrigated agriculture accounted for 66% of total water consumption in the Mediterranean region, and over
80% in countries such as Greece, Libya and Morocco®. Withdrawals are also forecast to increase for domestic,
industrial and touristic use’ — especially in countries with little planned desalination capacity (e.g. Tunisia)
and in the eastern and southern Mediterranean where population growth will be most extreme?,

How does this issue pose a threat to Mediterranean wetlands? Reduced water availability for wetlands
near/downstream of abstraction zones: wetlands may experience drastically reduced hydroperiods or
completely dry out (e.g. dune ponds in Dofiana National Park, Spain®; Gerpotamou Basin, Crete, Greece®) or
experience modifications to water chemistry (e.g. increased salinity’ or pollutant concentrations’).
Subsidence’. Runoff from irrigated land can also lead to unwanted inputs of fresh water to brackish or saline
wetlands’. These physical changes will likely affect biodiversity and ecosystem functions’.

How does this issue present an opportunity for Mediterranean wetlands? Increasing reliance on water
abstraction could strengthen arguments to conserve wetlands and water resources. Provides a stimulus to
increase water storage, including in artificial or restored wetlands [cf. Issue 5]. In some situations,
macrophytes may benefit from reduced water levels in lakes or reservoirs’.

1. Milano M, Ruelland D, Fernandez S, Dezetter A, Fabre J, Servat E, et al. (2013) Current state of Mediterranean water resources and
future trends under climatic and anthropogenic changes. Hydrol Sci J 58:498-518

2. MWO (2018) Mediterranean Wetlands Outlook 2: solutions for sustainable Mediterranean wetlands. Mediterranean Wetlands
Observatory, Arles

3. Green AJ, Alcorlo P, Peeters ET, Morris EP, Espinar JL, Bravo-Utrera MA, et al. (2017) Creating a safe operating space for wetlands in
a changing climate. Front Ecol Environ 15:99-107

4. Ramsar Convention Secretariat (2011) Groundwater replenishment. Wetland ecosystem services factsheet 2. https://www.ramsar.org/
sites/default/files/documents/library/services_02_e.pdf. Accessed 15 May 2020

5. Jeppesen E, Brucet S, Naselli-Flores L, Papastergiadou E, Stefanidis K, Noges T, et al. (2015) Ecological impacts of global warming and
water abstraction on lakes and reservoirs due to changes in water level and related changes in salinity. Hydrobiologia 750:201-227

6. Petrovic M, Ginebreda A, Acufia V, Batalla RJ, Elosegi A, Guasch H, et al. (2011) Combined scenarios of chemical and ecological
quality under water scarcity in Mediterranean rivers. Trends Anal Chem 30:1269-1278

7. Corbau C, Simeoni U, Zoccarato C, Mantovani G, Teatini P (2019) Coupling land use evolution and subsidence in the Po Delta, Italy:
revising the past occurrence and prospecting the future management challenges. Sci Total Environ 654:1196—-1208

8. El-Adawy A, Negm AM, Elzeir MA, Saavedra OC, El-Shinnawy IA, Nadaoka K (2013) Modeling the hydrodynamics and salinity of El-
Burullus Lake (Nile Delta, Northern Egypt). J Clean Energy Tech 157-163

Accumulation of dams/reservoirs, built for water storage and/or energy production

Supporting information: The number of dams built in Mediterranean watersheds has increased rapidly over
the past 70 years, to address increasing demand for water and energy" and sometimes to quell social and
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political tensions’. There are currently over 21,000 hydropower plants in Europe, and over 8,700 are planned
or in construction — with especially high concentrations in the Balkans and the Alps’. Many of these are
small projects, driven by financial incentives, which have a small individual impact but a large cumulative
impact on downstream systems*’. There is also extensive dam construction, both ongoing and planned, in
Turkey”'.

How does this issue pose a threat to Mediterranean wetlands? Flooding of existing wetlands upstream of
dam. Altered flow and flooding regimes downstream of dam, leading to: water and sediment scarcity®;
increased salinity”’; shrinking or loss of wetlands (e.g. the closed-basin Burdur Lake, Turkey" and early-
successional, disturbance-dependent riparian wetlands”). Dam is a barrier to movement of aquatic animals,
e.g. preventing fish from reaching upstream spawning grounds®. Reservoirs may favour invasive alien species,
promoting homogenisation of biodiversity within river basins™ or across the Mediterranean.

How does this issue present an opportunity for Mediterranean wetlands? A reservoir is a large, new,
permanent wetland, which may create a novel habitat for wetland species” (although these may be invasive
aliens'), a suitable site for aquaculture®, and recreational opportunities (e.g. birdwatching in Arrocampo
Ornithological Park, Spain and boat tours on Komani Lake, Albania). Dams may allow management of flow
and flooding regimes to maintain downstream wetlands, and the services they provide, in the face of threats
such as climate change"’.

1. MWO (2018) Mediterranean Wetlands Outlook 2: solutions for sustainable Mediterranean wetlands. Mediterranean Wetlands
Observatory, Arles

2. Dohrmann M, Hatem R (2014) The impact of hydro-politics on the relations of Turkey, Irag, and Syria. Middle East J 68:567-583

3. Schwarz U (2019) Hydropower pressure on European rivers: the story in numbers. FLUVIUS, WWF, RiverWatch, EuroNatur, GEOTA

4. Fencl JS, Mather ME, Costigan KH, Daniels MD (2015) How big of an effect do small dams have? Using geomorphological footprints
to quantify spatial impact of low-head dams and identify patterns of across-dam variation. PLOS ONE 10:e0141210

5. Miljevi¢ D (2018) Analysis of the socio-economic justification of the existing system of concession fees and incentives for small
hydro power plants in Bosnia and Herzegovina. RiverWatch, Centar za Zivotnu Sredinu, EuroNatur

6. Turkish Water Assembly (2011) HEPP's, dams and the status of nature in Turkey. Turkish Water Assembly

7. Dohrmann M, Hatem R (2014) The impact of hydro-politics on the relations of Turkey, Iraqg, and Syria. Middle East J 68:567-583

8. Kondolf GM, Gao Y, Annandale GW, Morris GL, Jiang E, Zhang J, et al. (2014) Sustainable sediment management in reservoirs and
regulated rivers: experiences from five continents. Earth’s Future 2:256-280

9. GuJ, Chen Z, Salem A (2011) Post-Aswan dam sedimentation rate of lagoons of the Nile Delta, Egypt. Environ Earth Sci 64:1807—
1813

10. Herbert ER, Boon P, Burgin AJ, Neubauer SC, Franklin RB, Ardén M, et al. (2015) A global perspective on wetland salinization:
ecological consequences of a growing threat to freshwater wetlands. Ecosphere 6:art206

11. Green AJ, Fox AD, Hilton G, Hughes B, Yarar M, Salathé T (1996) Threats to Burdur Lake ecosystem, Turkey and its waterbirds,
particularly the white-headed duck Oxyura leucocephala. Biol Conserv 76:241-252

12. MedWet (2020) Briefing note: environmental water requirements of wetlands and their importance for river basin management in
the Mediterranean, including the effects of climate change on natural water flow. MedWet, Arles

13. Granado-Lorencio C (1991) The effect of man on the fish fauna of the River Guadalquivir, Spain. Fish Res 12:91-100

14. Clavero M, Hermoso V (2011) Reservoirs promote the taxonomic homogenization of fish communities within river basins. Biodivers
Conserv 20:41-57

15. Navedo JG, Masero JA, Sdnchez-Guzman JM, Abad-Gémez JM, Gutiérrez JS, Sansén EG, et al. (2012) International importance of
Extremadura, Spain, for overwintering migratory dabbling ducks: a role for reservoirs. Bird Conserv Int 22:316—-327

16. Jenhani ABR, Fathalli A, Djemali I, Changeux T, Romdhane MS (2019) Tunisian reservoirs: diagnosis and biological potentialities.
Aquat Living Resour 32:17

17. Kingsford RT (2011) Conservation management of rivers and wetlands under climate change — a synthesis. Mar Freshw Res 62:217

Increasing agricultural water use efficiency

Supporting information: In 2014, irrigated agriculture accounted for 66% of total water consumption in the
Mediterranean region, and over 80% in countries such as Greece, Libya and Morocco'. Most irrigation water
losses in the Mediterranean are related to inefficient water transport infrastructure®. In the south and east
Mediterranean, most irrigation systems are not equipped with water-saving technologies’. The water use
efficiency of irrigated crop production could be improved by, inter alia: using pipes and drip feeds rather than
sprays and sprinklers; irrigating at night rather than during the day; using more water-efficient crops or
varieties; increasing taxes on water use; or installing smart systems with continual monitoring and real-time
adjustments to water supply’. Mediterranean governments are already beginning to subsidise some of these
more efficient irrigation methods'.



How does this issue pose a threat to Mediterranean wetlands? Improvements may not be sufficient to cope
with increased crop water demand due to climate change, and increased production needs for a larger human
population®. So, there may still be net increase in water abstraction for agriculture [Issue 4]. Increases in
efficiency could mask this from the public and political conscious.

How does this issue present an opportunity for Mediterranean wetlands? Could lead to reduced
abstraction of water from wetlands and aquifers [cf. Issue 4] — meaning there is more, and better quality, water
available for wetlands’. Reduced abstraction could compensate for climate change impacts [Issue 10 & Issue
11], maintaining wetlands in a safe operating space’.

1. MWO (2018) Mediterranean Wetlands Outlook 2: solutions for sustainable Mediterranean wetlands. Mediterranean Wetlands
Observatory, Arles

2. Sowers J, Vengosh A, Weinthal E (2011) Climate change, water resources, and the politics of adaptation in the Middle East and
North Africa. Climatic Change 104:599-627

3. Lloyd Owen DA (2018) Smart water technologies and techniques: data capture and analysis for sustainable water management.
Wiley-Blackwell, Oxford

4. Plan Bleu (2012) Sustainable solutions for water in the Mediterranean: managing scarcity and improving quality. Priority 1:
“Improving water demand management”. Report relating to target n°2 (MED 1-2)

5. Fader M, Shi S, von Bloh W, Bondeau A, Cramer W (2016) Mediterranean irrigation under climate change: more efficient irrigation
needed to compensate for increases in irrigation water requirements. Hydrol Earth Syst Sci 20:953-973

6. Petrovic M, Ginebreda A, Acufia V, Batalla RJ, Elosegi A, Guasch H, et al. (2011) Combined scenarios of chemical and ecological
quality under water scarcity in Mediterranean rivers. Trends Anal Chem 30:1269-1278

7. Green AJ, Alcorlo P, Peeters ET, Morris EP, Espinar JL, Bravo-Utrera MA, et al. (2017) Creating a safe operating space for wetlands in
a changing climate. Front Ecol Environ 15:99-107

Salinisation of freshwater wetlands

Supporting information: Increased salinity in wetlands can be linked to water abstraction® [Issue 4], low river
flows [Issue 5], climatic changes [Issue 10 & Issue 11], dust storms [Issue 30], mass clearance of deep-rooted
perennial vegetation (which reduces evapotranspiration and causes water tables to rise, leading to
concentration of salts near the ground surface?) and irrigation (causing water tables to rise, mobilising salts if
irrigation water drains through saline sediments’, adding salts if irrigation water is brackish/saline, or
concentrating salts if irrigation water is recycled’). In coastal wetlands, storm surges [Issue 12] and sea level
rise [Issue 13] are additional drivers of salinisation. Observed cases include the Jordan River in lsrael’, the
Revano River in Italy’, Tablas de Daimiel National Park in Spain®, and the Axios Delta in Greece’.

How does this issue pose a threat to Mediterranean wetlands? Altered biogeochemical functions and
nutrient cycling, including decreased inorganic nitrogen removal and decreased carbon storage’. Reduced
habitat suitability for freshwater organisms’. Shifts in community composition, with reduced richness and/or
biomass of zooplankton, macroinvertebrates and aquatic plants*®. May cause, or contribute to, collapse of
fisheries'.

How does this issue present an opportunity for Mediterranean wetlands? Increased habitat suitability for
salt-tolerant organisms, and groups such as small wading birds’.

1. SEWCU (2015) The 2nd water catchment management plan for the Malta Water Catchment District 2015-2021. Sustainable Energy
and Water Conservation Unit, Environment and Resources Authority, Malta

2. Herbert ER, Boon P, Burgin AJ, Neubauer SC, Franklin RB, Ardon M, et al. (2015) A global perspective on wetland salinization:
ecological consequences of a growing threat to freshwater wetlands. Ecosphere 6:art206

3. Farber E, Vengosh A, Gavrieli I, Marie A, Bullen TD, Mayer B, et al. (2004) The origin and mechanisms of salinization of the lower
Jordan river. Geochim Cosmochim Acta 68:1989-2006

4. Green AJ, Hamzaoui ME, El Agbani MA, Franchimont J (2002) The conservation status of Moroccan wetlands with particular
reference to waterbirds and to changes since 1978. Biol Conserv 104:71-82

5. Guareschi S, Abellan P, Laini A, Green AJ, Sanchez-Zapata JA, Velasco J, et al. (2015) Cross-taxon congruence in wetlands: assessing
the value of waterbirds as surrogates of macroinvertebrate biodiversity in Mediterranean Ramsar sites. Ecol Indic 49:204-215

6. Jeppesen E, Brucet S, Naselli-Flores L, Papastergiadou E, Stefanidis K, Noges T, et al. (2015) Ecological impacts of global warming and
water abstraction on lakes and reservoirs due to changes in water level and related changes in salinity. Hydrobiologia 750:201-227

7. Shaiek M, Fassatoui C, Romdhane M (2016) Past and present fish species recorded in the estuarine Lake Ichkeul, northern Tunisia.
AfrJ Aquat Sci 41:171-180

8. Ramirez F, Rodriguez C, Seoane J, Figuerola J, Bustamante J (2018) How will climate change affect endangered Mediterranean
waterbirds? PLOS ONE 13:e0192702



8.

Plastic pollution

Supporting information: Globally, the generation of plastic waste is expected to increase approximately five-
fold between 2010 and 2050'. Assuming waste management trends also continue, roughly 12 Gt of plastic
waste will be in the natural environment or landfills by 2050". Wetlands are a natural sink for plastic waste
carried by rivers, waves and currents’, as well as being sites for direct dumping. High population densities,
poor waste management schemes, tourism and transport all contribute to plastic pollution in the
Mediterranean region®. Egypt, Turkey and Italy alone are responsible for two thirds of plastic leakage into
nature in the Mediterranean Sea’, with the River Nile being one of the top 10 rivers in the world for plastic
load®. This issue includes (a) large plastics such as bags, bottles, fishing nets, face masks and gloves (the latter
likely to be a particular problem following the COVID-19 pandemic®’) and (b) microplastics: synthetic
polymers <5 mm long’, created when large plastics break down, when laundering synthetic clothes and when
tyres wear. Most research into microplastics has been carried out in marine environments, but there is
growing evidence of presence and impacts in inland wetlands’.

How does this issue pose a threat to Mediterranean wetlands? Large plastics: direct impacts on wetland
animals, such as entanglement and suffocation. Microplastics: negative impacts on biodiversity (e.g.
mortality through ingestion, reproductive disruption, toxicity of chemicals in plastics or adsorbed
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pollutants™™). Bioaccumulative effects on higher trophic levels, including humans .

How does this issue present an opportunity for Mediterranean wetlands? Plastic pollution is a visible,
tangible, high-profile issue. So, it may provide an opportunity for the public to engage in Mediterranean
wetland conservation, interact with wetlands and learn about them.

Geyer R, Jambeck JR, Law KL (2017) Production, use, and fate of all plastics ever made. Sci Adv 3:e1700782

Paduani M (2020) Microplastics as novel sedimentary particles in coastal wetlands: a review. Mar Pollut Bull 161:111739

Boucher J, Billard G (2020) The Mediterranean: mare plasticum. IUCN, Gland

Dalberg Advisors & WWF Mediterranean Marine Initiative (2019) Stop the flood of plastic: how Mediterranean countries can save

their sea. WWF, Rome

Schmidt C, Krauth T, Wagner S (2017) Export of plastic debris by rivers into the sea. Environ Sci Technol 51:12246-12253

6. Casabianca P-O (2020) Effet déconfinement: sur la Cote d’Azur, masques et gants jetables polluent déja les fonds marins.
https://france3-regions.francetvinfo.fr/provence-alpes-cote-d-azur/alpes-maritimes/antibes/effet-deconfinement-cote-azur-masques-
gants-jetables-polluent-deja-fonds-marins-1832828.html. Accessed 25 November 2020

7. PratalJC, Silva ALP, Walker TR, Duarte AC, Rocha-Santos T (2020) COVID-19 pandemic repercussions on the use and management of
plastics. Environ Sci Technol 54:7760-7765

8. Arthur C, Baker J, Bamford H (2009) Proceedings of the international research workshop on the occurrence, effects and fate of
microplastic marine debris. NOAA Technical Memorandum NOS-OR&R-30.

9. LiJ, Liu H, Chen JP (2018) Microplastics in freshwater systems: a review on occurrence, environmental effects, and methods for
microplastics detection. Water Res 137:362—-374

10. de Souza Machado AA, Kloas W, Zarfl C, Hempel S, Rillig MC (2018) Microplastics as an emerging threat to terrestrial ecosystems.
Glob Change Biol 24:1405-1416

11. D’Souza JM, Windsor FM, Santillo D, Ormerod SJ (2020) Food web transfer of plastics to an apex riverine predator. Glob Change
Biol 26:3846—-3857

12. Wright SL, Kelly FJ (2017) Plastic and human health: a micro issue? Environ Sci Technol 51:6634—6647
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Poor wastewater treatment infrastructure, especially in urban areas

Supporting information: This issue is primarily concerned with domestic and industrial pollution, including
raw sewage, untreated wastewater and stormwater runoff (diffuse pollution from agriculture is considered
within Issue 2). In the Mediterranean, wastewater treatment plants (WWTPs) are often lacking or
substandard: across the region, 37% of large coastal settlements (> 2,000 inhabitants) do not operate a
WWTP? in Albania, operational wastewater treatment plants serve only around 13% of the population®; in
the European Union, many wastewater treatment plants fail to meet regulatory standards’. WWTPs may be
chronically overwhelmed by urban growth (e.g. in Nador, Morocco®), seasonally overwhelmed by an influx of
summer tourists (e.g. Marsa Matrouh Lagoon, Egypt®), or temporarily overwhelmed by extreme rainfall events
[Issue 12]. Discharge of untreated or poorly treated wastewater is a particularly important problem in the
Mediterranean, due to (a) high population densities and human activity; (b) hot, dry summers during which
natural water sources do not dilute wastewater inputs; and (c) low water renewal in many coastal lagoons and


https://france3-regions.francetvinfo.fr/provence-alpes-cote-d-azur/alpes-maritimes/antibes/effet-deconfinement-cote-azur-masques-gants-jetables-polluent-deja-fonds-marins-1832828.html
https://france3-regions.francetvinfo.fr/provence-alpes-cote-d-azur/alpes-maritimes/antibes/effet-deconfinement-cote-azur-masques-gants-jetables-polluent-deja-fonds-marins-1832828.html

associated wetlands’. There is ongoing investment in improving WWTPs, which may ease this problem®’ —
but only gradually, and in conflict with urban growth [Issue 20] and climate change [Issue 11 & Issue 12].
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How does this issue pose a threat to Mediterranean wetlands? Eutrophication®’. Metal pollution
Pollution with domestic and medical residues [Issue 28]. Negative impacts on biodiversity (including wildlife

diseases™") and ecosystem services (e.g. safety of water for drinking or recreation, collapse of fisheries®).

How does this issue present an opportunity for Mediterranean wetlands? Addition of nutrient-rich sewage
could enhance productivity in some naturally nutrient-poor locations®*. Artificial wetlands could be
constructed as a cost-effective water treatment solution; these may simultaneously provide wetland habitat”.

1. Perrin JL, Rais N, Chahinian N, Moulin P, ljjaali M (2014) Water quality assessment of highly polluted rivers in a semi-arid
Mediterranean zone Oued Fez and Sebou River (Morocco). J Hydrol 510:26—34

2. UNEP/MAP (2012) State of the Mediterranean marine and coastal environment. United Nations Environment Programme &
Mediterranean Action Plan Barcelona Convention, Athens

3. Anon (2018) EU keeps supporting clean water in Albania, announces 2 new programs. https://balkangreenenergynews.com/eu-
keeps-supporting-clean-water-albania-announces-2-new-programs/. Accessed 27 April 2020

4. EEA (2019) Urban waste water treatment directive. https://www.eea.europa.eu/themes/water/european-waters/water-use-and-
environmental-pressures/uwwtd. Accessed 17 May 2020

5. El Mahrad B, Abalansa S, Newton A, Icely JD, Snoussi M, Kacimi | (2020) Social-environmental analysis for the management of
coastal lagoons in North Africa. Front Environ Sci 8:37

6. Guittonny-Philippe A, Masotti V, Hohener P, Boudenne J-L, Viglione J, Laffont-Schwob | (2014) Constructed wetlands to reduce

metal pollution from industrial catchments in aquatic Mediterranean ecosystems: a review to overcome obstacles and suggest

potential solutions. Environ Int 64:1-16

AFD (2020) Depolluting the Mediterranean. https://www.afd.fr/en/carte-des-projets/depolluting-mediterranean. Accessed 17 April 2020

8. Houri A, El Jeblawi SW (2007) Water quality assessment of Lebanese coastal rivers during dry season and pollution load into the
Mediterranean Sea. J Water Health 5:615-623

9. Paredes I, Ramirez F, Forero MG, Green AJ (2019) Stable isotopes in helophytes reflect anthropogenic nitrogen pollution in entry
streams at the Dofiana World Heritage Site. Ecol Indic 97:130-140

10. Banana AAS, Mohamed RMSR, Al-Gheethi AAS (2016) Mercury pollution for marine environment at Farwa Island, Libya. J Environ
Health Sci 14:5

11. Chon H-S, Ohandja D-G, Voulvoulis N (2010) Implementation of EU Water Framework Directive: source assessment of metallic
substances at catchment levels. J Environ Monit 12:36-47

12. Maanan M, Ruiz-Fernandez AC, Maanan M, Fattal P, Zourarah B, Sahabi M (2014) A long-term record of land use change impacts
on sediments in Oualidia lagoon, Morocco. Int J Sediment Res 29:1-10

13. Anza |, Vidal D, Feliu J, Crespo E, Mateo R (2016) Differences in the vulnerability of waterbird species to botulism outbreaks in
Mediterranean wetlands: an assessment of ecological and physiological factors. Appl Environ Microbiol 82:3092-3099

14. Cromie RL, Lee R, Delahay RJ, Newth JL, O’Brien MF, Fairlamb HA, et al. (2012) Ramsar wetland disease manual: guidelines for
assessment, monitoring and management of animal disease in wetlands. Ramsar Technical Report No. 7. Ramsar Convention
Secretariat, Gland

15. Oczkowski A, Nixon S (2008) Increasing nutrient concentrations and the rise and fall of a coastal fishery; a review of data from the
Nile Delta, Egypt. Estuar Coast Shelf Sci 77:309-319

16. Romo S, Miracle MR, Villena M-J, Rueda J, Ferriol C, Vicente E (2004) Mesocosm experiments on nutrient and fish effects on
shallow lake food webs in a Mediterranean climate. Freshw Biol 49:1593-1607

17. De Martis G, Mulas B, Malavasi V, Marignani M (2016) Can artificial ecosystems enhance local biodiversity? The case of a
constructed wetland in a Mediterranean urban context. Environ Manag 57:1088-1097
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Physical environment and climate change

10. Increasing average and maximum temperatures

Supporting information: Mean summer and winter temperatures are projected to increase across the
Mediterranean region between 2020 and 2050". For example, in 2046-2065, much of the Mediterranean
landmass will experience summer temperatures 2—-3°C higher than in 1986-2005 (RCP4.5 low-moderate
emissions scenario)’.

How does this issue pose a threat to Mediterranean wetlands? Increased rates of evaporation from wetlands
and evapotranspiration from catchments, with effects on the quantity and quality of water in wetlands™.
Increased stress on wetland organisms — many of which are already at their physiological limits in hot
Mediterranean summers’ or will reach their physiological limits at mountain summits’. Increased
photosynthetic rates could contribute to aquatic plant invasions [Issue 14] and cyanobacterial blooms [Issue
15]. Likely to promote human migration, especially to the cooler northern Mediterranean and coastal
regions’, intensifying human impacts on wetlands in these areas [e.g. Issue 4 & Issue 20].

8


https://balkangreenenergynews.com/eu-keeps-supporting-clean-water-albania-announces-2-new-programs/
https://balkangreenenergynews.com/eu-keeps-supporting-clean-water-albania-announces-2-new-programs/
https://www.eea.europa.eu/themes/water/european-waters/water-use-and-environmental-pressures/uwwtd
https://www.eea.europa.eu/themes/water/european-waters/water-use-and-environmental-pressures/uwwtd
https://www.afd.fr/en/carte-des-projets/depolluting-mediterranean

How does this issue present an opportunity for Mediterranean wetlands? Could increase productivity,
especially of photosynthetic organisms’ — as long as there is sufficient water available [cf. Issue 11].

1. IPCC (2013) Annex I: atlas of global and regional climate projections. In: Stocker TF, Qin D, Plattner G-K, Tignor M, Allen SK, Boschung
J., et al. (eds) Climate change 2013: the physical science basis. Contribution of Working Group | to the Fifth Assessment Report of
the Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge and New York

2. Jeppesen E, Brucet S, Naselli-Flores L, Papastergiadou E, Stefanidis K, Noges T, et al. (2015) Ecological impacts of global warming and
water abstraction on lakes and reservoirs due to changes in water level and related changes in salinity. Hydrobiologia 750:201-227

3. Coppens J, Trolle D, Jeppesen E, Beklioglu M (2020) The impact of climate change on a Mediterranean shallow lake: insights based
on catchment and lake modelling. Reg Environ Change 20:62

4. Sara G, Milanese M, Prusina I, Sara A, Angel DL, Glamuzina B, et al. (2014) The impact of climate change on Mediterranean intertidal
communities: losses in coastal ecosystem integrity and services. Reg Environ Change 14:5-17

5. Sauer J, Domisch S, Nowak C, Haase P (2011) Low mountain ranges: summit traps for montane freshwater species under climate
change. Biodivers Conserv 20:3133-3146

6. Xu C, Kohler TA, Lenton TM, Svenning J-C, Scheffer M (2020) Future of the human climate niche. Proc Natl Acad Sci USA 117:11350—
11355

7. Kirwan ML, Guntenspergen GR, Morris JT (2009) Latitudinal trends in Spartina alterniflora productivity and the response of coastal
marshes to global change. Glob Change Biol 15:1982-1989

Declining total precipitation, increased drought severity and desertification

Supporting information: Total precipitation, in both summer and winter, is projected to decline across much
of the Mediterranean region between 2020 and 2050 — although in most areas this is within the range of
natural variability’. The average length of dry spells is expected to increase, especially on the lberian
Peninsula and in the Maghreb’. Observed trends of reduced flood discharges are likely to continue’.
Desertification refers to the process of land degradation in dry regions, resulting from both climatic changes
and human actions (e.g. intensive agriculture [Issue 1] and water abstraction [Issue 4]) and involving a
persistent reduction in biological productivity*®. Parts of North Africa and southern Europe are likely to be
heading towards desertification within the next 30 years’.

How does this issue pose a threat to Mediterranean wetlands? Precipitation and/or flooding are essential to
recharge many wetlands. Wetlands may have reduced water levels, remain drier for longer, or completely dry
out”; droughts could be used as justification for constructing dams’ [Issue 5]. Exacerbation of water conflicts
between regions or countries, as each attempts to secure its own water supply [Issue 44]. Shift in location of
seasonally flooded wetlands, to currently wetter areas’. Declines in water quality, because nutrients and
pollutants become more concentrated’. Salinisation of freshwater wetlands [Issue 7]. Increased fire risk [Issue

10,11

31]. Changes in biological communities, reflecting shifts in the competitive balance between species .
Decline in wetland functions and services". However, there may be some resilience in wetland habitats to
reduced annual precipitation, especially where there are local increases in winter precipitation®.

How does this issue present an opportunity for Mediterranean wetlands? Reductions in runoff could
reduce chronic nutrient loading to wetlands’ — but more extreme storms could lead to acute inputs [Issue 12].
Temporary drying of wetlands could eradicate aquatic invasive species, allowing pre-invasion communities to
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reassemble ™.

1. IPCC (2013) Annex I: atlas of global and regional climate projections. In: Stocker TF, Qin D, Plattner G-K, Tignor M, Allen SK,
Boschung J., et al. (eds) Climate change 2013: the physical science basis. Contribution of Working Group | to the Fifth Assessment
Report of the Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge and New York

2. Quintana-Segui P, Martin E, Sdnchez E, Zribi M, Vennetier M, Vicente-Serrano S, et al. (2016) Drought: observed trends, future
projections. In: Moatti J-P, Thiébault S (eds) The Mediterranean region under climate change. IRD Editions, Marseille, pp 123-131

3. Bloschl G, Hall J, Viglione A, Perdigdo RAP, Parajka J, Merz B, et al. (2019) Changing climate both increases and decreases European
river floods. Nature 573:108-111

4. Safriel UN (2009) Status of desertification in the Mediterranean region. In: Rubio JL, Safriel U, Daussa R, Blum W, Pedrazzini F (eds)
Water scarcity, land degradation and desertification in the Mediterranean region. Springer Netherlands, Dordrecht, pp 33-73

5. UNCCD (2020) About the Convention. https://www.unccd.int/convention/about-convention. Accessed 17 April 2020

6. Guiot J, Cramer W (2016) Climate change: the 2015 Paris Agreement thresholds and Mediterranean basin ecosystems. Science
354:465-468

7. Coppens J, Trolle D, Jeppesen E, Beklioglu M (2020) The impact of climate change on a Mediterranean shallow lake: insights based
on catchment and lake modelling. Reg Environ Change 20:62

8. Ramsar Convention on Wetlands (2018) Global Wetland Outlook: state of the world’s wetlands and their services to people.
Ramsar Convention Secretariat, Gland
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9. Johnson WC, Millett BV, Gilmanov T, Voldseth RA, Guntenspergen GR, Naugle DE (2005) Vulnerability of northern prairie wetlands
to climate change. BioScience 55:863—872

10. Di Paola A, Valentini R, Paparella F (2012) Climate change threatens coexistence within communities of Mediterranean forested
wetlands. PLOS ONE 7:e44727

11. Jeppesen E, Brucet S, Naselli-Flores L, Papastergiadou E, Stefanidis K, N&ges T, et al. (2015) Ecological impacts of global warming and
water abstraction on lakes and reservoirs due to changes in water level and related changes in salinity. Hydrobiologia 750:201-227

12. Lefebvre G, Redmond L, Germain C, Palazzi E, Terzago S, Willm L, et al. (2019) Predicting the vulnerability of seasonally-flooded
wetlands to climate change across the Mediterranean basin. Sci Total Environ 692:546-555

13. Florian N, Lopez-Luque R, Ospina-Alvarez N, Hufnagel L, Green AJ (2016) Influence of a carp invasion on the zooplankton
community in Laguna Medina, a Mediterranean shallow lake. Limnetica 35:397-411

14. Maceda-Veiga A, Lépez R, Green AJ (2017) Dramatic impact of alien carp Cyprinus carpio on globally threatened diving ducks and
other waterbirds in Mediterranean shallow lakes. Biol Conserv 212:74-85

12. Increasing frequency and intensity of storms

Supporting information: Although the Mediterranean will become drier on average over the next 30 years
[Issue 11], storms may become locally more frequent and/or intense. Models suggest that extreme rainfall
events will become (a) more frequent in the south and east Mediterranean® and in the winter’, and (b) more
intense in southern Europe and Turkey in the winter, and in the Balkans in the summer®. Medicanes
(Mediterranean hurricanes) are likely to become less common but more intense and longer-lasting’.

How does this issue pose a threat to Mediterranean wetlands? Possible increased occurrence and intensity
of flash flooding® (linked also to increasingly sealed surfaces in urban areas’). Increased engineering of rivers
and floodplains, intended to reduce the risk of floods to humans. Increased inputs of sediment, nutrients and
other pollutants to wetlands, in runoff’. Excess inputs of fresh water can effectively pollute saline systems.
Hydromorphological changes (erosion, elevation of coastal wetlands®*®). Mass mortality of biodiversity: in
2008, a severe storm off the coast of Catalonia, Spain, killed around half of the sea urchins in seagrass beds".

How does this issue present an opportunity for Mediterranean wetlands? Intense rainfall events could lead
to spontaneous restoration of floodplain wetlands. Increased flood risk could discourage development in
floodplains and on floodplain wetlands.

1. Tramblay Y, Somot S (2018) Future evolution of extreme precipitation in the Mediterranean. Climatic Change 151:289-302

2. Hertig E, Seubert S, Paxian A, Vogt G, Paeth H, Jacobeit J (2014) Statistical modelling of extreme precipitation indices for the
Mediterranean area under future climate change: statistical modelling of extreme precipitation. Int J Climatol 34:1132-1156

3. Paxian A, Hertig E, Seubert S, Vogt G, Jacobeit J, Paeth H (2015) Present-day and future Mediterranean precipitation extremes
assessed by different statistical approaches. Clim Dynam 44:845-860

4. Gonzélez-Aleman JJ, Pascale S, Gutierrez-Fernandez J, Murakami H, Gaertner MA, Vecchi GA (2019) Potential Increase in hazard
from Mediterranean hurricane activity with global warming. Geophys Res Lett 46:1754-1764

5. Gauthier M (2020) Crues dans le Sud-Est: “Ce type de phénomeéne est sans aucun doute lié au changement climatique.”
https://www.europel.fr/societe/crues-dans-le-sud-est-ce-type-de-phenomene-est-sans-aucun-doute-lie-au-changement-
climatique-3996020. Accessed 25 November 2020

6. Cramer W, Guiot J, Fader M, Garrabou J, Gattuso J-P, Iglesias A, et al. (2018) Climate change and interconnected risks to
sustainable development in the Mediterranean. Nat Clim Change 8:972-980

7. Moran-Ordoéiiez A, Duane A, Gil-Tena A, Caceres MD, Aquilué N, Guerra CA, et al. (2020) Future impact of climate extremes in the
Mediterranean: soil erosion projections when fire and extreme rainfall meet. Land Degrad Dev 31:3040-3054

8. Cahoon DR (2006) A review of major storm impacts on coastal wetland elevations. Estuaries Coasts 29:889-898

9. Reimann L, Vafeidis AT, Brown S, Hinkel J, Tol RSJ (2018) Mediterranean UNESCO World Heritage at risk from coastal flooding and
erosion due to sea-level rise. Nat Commun 9:4161

10. Pages JF, Gera A, Romero J, Farina S, Garcia-Rubies A, Hereu B, et al. (2013) The Mediterranean benthic herbivores show diverse
responses to extreme storm disturbances. PLOS ONE 8:e62719

13.Sea level rise

Supporting information: Coastal wetlands are critically important in the Mediterranean, in terms of surface
area, biodiversity support and ecosystem service provision®. The level of the Mediterranean Sea is predicted
to rise by approximately 25 cm, under a range of climate change scenarios, by 2050°. Wetlands around the
micro-tidal Mediterranean Sea may be particularly vulnerable to sea level rise, compared to wetlands around
macro-tidal seas’. Flat, low-lying delta areas (e.g. Rhone, Nile, Ebro, Neretva) are at the greatest risk of
inundation. Management of coastal land will need to plan for retreat.
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How does this issue pose a threat to Mediterranean wetlands? Loss of coastal wetlands through flooding
and erosion®*, especially where development hinders migration inland [Issue 19 & Issue 20] and sediment
supplies are reduced [Issue 5]. Includes damage/loss to cultural landscapes involving wetlands (e.g. Venice
and its lagoon, Italy; Po Delta near Ferrara, Italy®). Salinisation of inland wetlands, through inundation and
intrusion of salt water into aquifers’.

How does this issue present an opportunity for Mediterranean wetlands? Potential gain of new coastal
wetlands further inland, as long as these are not squeezed out by development and sediment supplies are
maintained®. Opportunity for managed retreat, restoration or rewilding of wetlands (e.g. management of
sediment inputs to deltas’; abandonment of former saltworks in the Camargue, France®).

1. PAP/RAC (2019) The governance of coastal wetlands in the Mediterranean: a handbook. Priority Action Programme/Regional
Activity Centre, Split

2. Marcos M, Jorda G, Cozannet GL (2016) Sea level rise and its impacts on the Mediterranean. In: Moatti J-P, Thiébault S (eds) The
Mediterranean region under climate change. IRD Editions, Marseille, pp 265-275

3. Spencer T, Schuerch M, Nicholls RJ, Hinkel J, Lincke D, Vafeidis AT, et al. (2016) Global coastal wetland change under sea-level rise
and related stresses: the DIVA Wetland Change Model. Glob Planet Change 139:15-30

4. Schuerch M, Spencer T, Temmerman S, Kirwan ML, Wolff C, Lincke D, et al. (2018) Future response of global coastal wetlands to sea-
level rise. Nature 561:231-234

5. Reimann L, Vafeidis AT, Brown S, Hinkel J, Tol RSJ (2018) Mediterranean UNESCO World Heritage at risk from coastal flooding and
erosion due to sea-level rise. Nat Commun 9:4161

6. Sherif M (1999) Nile Delta Aquifer in Egypt. In: Bear J, Cheng AH-D, Sorek S, Ouazar D, Herrera | (eds) Seawater intrusion in coastal
aquifers — concepts, methods and practices. Springer Netherlands, Dordrecht, pp 559-590

7. Ibafez C, Day JW, Reyes E (2014) The response of deltas to sea-level rise: natural mechanisms and management options to adapt to
high-end scenarios. Ecol Eng 65:122-130

8. Segura L, Thibault M, Poulin B (2018) Nature based solutions: lessons learned from the restoration of the former saltworks in
southern France. Tour du Valat, Arles

Biotic environment, ecology, biodiversity

4. Increasing number and expanding distribution of alien species

Supporting information: Globally, the number of established alien species is increasing and shows no sign of
slowing'. The same is true in many Mediterranean wetlands (e.g. The Camargue, France®). Following the
opening of the Suez Canal, marine species from the Red Sea have flooded into the Mediterranean®. New
trade links may create more opportunities for invasion® (e.g. Morocco opened the Mediterranean's largest
container port in June 2019°% Turkey, Italy and Tunisia are linked by the ongoing Motorway of the Sea
project’). Other pathways for introduction include deliberate release (e.g. for angling, for biocontrol, of
unwanted pets) and escapes (e.g. from aquaculture facilities or ornamental wetlands)®’. Wetlands disturbed
by other forces — such as pollution, fire or storms — may be more vulnerable to invasion’*". Many
Mediterranean wetlands occur on islands, and island biodiversity is especially vulnerable to invasive alien
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species .

How does this issue pose a threat to Mediterranean wetlands? Some alien species will become invasive and
have negative impacts on the environment and/or people. Threats to native species: competition, predation,
hybridisation, extinction*“*. Formation of harmful microorganism blooms® [Issue 15]. Impacts on ecosystem
services” (e.g. recreation® and rice production®). Interference with human activities in wetlands (e.g.
clogging fishing nets, consuming bait). Loss of heritage value. Management consumes conservation resources,
and can have negative side effects (e.g. pesticide toxicity).

How does this issue present an opportunity for Mediterranean wetlands? Possible increases in local species
richness — but may not be desirable species, and within the context of reduced diversity at a Mediterranean-
wide scale. Alien species may provide novel resources for humans® or wildlife™.

1. Seebens H, Blackburn TM, Dyer EE, Genovesi P, Hulme PE, Jeschke JM, et al. (2017) No saturation in the accumulation of alien
species worldwide. Nat Commun 8:14435

2. Fraixedas S, Galewski T, Ribeiro-Lopes S, Loh J, Blondel J, Fontés H, et al. (2019) Estimating biodiversity changes in the Camargue
wetlands: an expert knowledge approach. PLOS ONE 14:e0224235
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3. Galil B, Marchini A, Occhipinti-Ambrogi A, Ojaveer H (2017) The enlargement of the Suez Canal—Erythraean introductions and
management challenges. Manag Biol Invasions 8:141-152

4. Hiddink JG, Ben Rais Lasram F, Cantrill J, Davies AJ (2012) Keeping pace with climate change: what can we learn from the spread of
Lessepsian migrants? Glob Change Biol 18:2161-2172

5. Hulme PE (2009) Trade, transport and trouble: managing invasive species pathways in an era of globalization. J Appl Ecol 46:10-18

6. Anon (2019) Morocco opens Mediterranean largest container port. http://northafricapost.com/32210-morocco-opens-
mediterranean-largest-container-port.html. Accessed 26 July 2020

7. UfM (2020) Motorway of the Sea (MoS) Turkey-Italy-Tunisia Project. https://ufmsecretariat.org/project/motorway-of-the-sea-mos-
turkey-italy-tunisia-project/. Accessed 18 April 2020

8. Nunes A, Tricarico E, Panov V, Cardoso A, Katsanevakis S (2015) Pathways and gateways of freshwater invasions in Europe. Aquat
Invasions 10:359-370

9. Tricarico E (2012) A review on pathways and drivers of use regarding non-native freshwater fish introductions in the
Mediterranean region. Fish Manag Ecol 19:133-141

10. Amezaga JM, Santamaria L, Green AJ (2002) Biotic wetland connectivity—supporting a new approach for wetland policy. Acta
Oecol 23:213-222

11. Johnstone IM (1986) Plant invasion windows: a time-based classification of invasion potential. Biol Rev 61:369-394

12. Russell JC, Meyer J-Y, Holmes ND, Pagad S (2017) Invasive alien species on islands: impacts, distribution, interactions and
management. Environ Conserv 44:359-370

13. Bellard C, Cassey P, Blackburn TM (2016) Alien species as a driver of recent extinctions. Biol Lett 12:20150623

14. Lockwood JL, Hoopes MF, Marchetti MP (2013) Invasion ecology, 2nd edition. Wiley-Blackwell, Chichester

15. Gallardo B, Clavero M, Sanchez M, Vila M (2016) Global ecological impacts of invasive species in aquatic ecosystems. Glob Change
Biol 22:151-163

16. Ignatiades L, Gotsis-Skretas O (2010) A review on toxic and harmful algae in Greek coastal waters (E. Mediterranean Sea). Toxins
2:1019-1037

17. Charles H, Dukes JS (2007) Impacts of invasive species on ecosystem services. In: Nentwig W (ed) Biological invasions. Springer
Berlin Heidelberg, pp 217-237

18. Ghermandi A, Galil B, Gowdy J, Nunes PALD (2015) Jellyfish outbreak impacts on recreation in the Mediterranean Sea: welfare
estimates from a socioeconomic pilot survey in Israel. Ecosyst Serv 11:140-147

19. EC (2013) Final report of an audit carried out in Spain from 16 to 20 September 2013 in order to evaluate the control measures
applied for Pomacea. European Commission Report DG(SANCO) 2013-6803 - MR FINAL

20. Mancinelli G, Chainho P, Cilenti L, Falco S, Kapiris K, Katselis G, et al. (2017) On the Atlantic blue crab (Callinectes sapidus Rathbun
1896) in southern European coastal waters: time to turn a threat into a resource? Fish Res 194:1-8

21. Poulin B, Lefebvre G, Crivelli AJ (2007) The invasive red swamp crayfish as a predictor of Eurasian bittern density in the Camargue,
France. ) Zool 273:98-105

Increased frequency, intensity and distribution of algal blooms

Supporting information: Sudden proliferations of microalgae or cyanobacteria can have a negative impact
on human activities and/or biodiversity. The frequency, intensity and distribution of such blooms have
increased over recent years, in both coastal and inland wetlands, and are likely to increase further'’. Some
wetlands have also experienced shifts from harmless to harmful blooming species’. These trends are driven by
many of the other issues listed in this document. For example, storms [Issue 12] and urban wastewater [lssue
9] can add nutrients to wetlands, which may become more concentrated due to reduced water availability
[Issue 4 & Issue 11]. Expansion of agriculture in watersheds [Issue 1] and increased use of fertilisers [Issue 2]
can increase nutrient inputs to wetlands. Increased temperatures [Issue 10] can also favour blooms, by
increasing growth rates and expanding the realised niche of bloom-forming algae‘. Locally, other factors can
add nutrients to wetlands and stimulate algal blooms, e.g. guano of gulls feeding in landfills but roosting in
Fuente de Piedra Lake, Spain®.

How does this issue pose a threat to Mediterranean wetlands? Impacts on ecosystem service provision and
biodiversity related to the large algal biomass: blooms are unsightly, and block out light/reduce oxygen
availability with cascading effects through the ecosystem®. Impacts on ecosystem services and biodiversity
related to production of algal toxins*®*. Likely to act as a co-stressor, especially with climate change®.

How does this issue present an opportunity for Mediterranean wetlands? N/A

1. Naselli-Flores L, Barone R, Chorus |, Kurmayer R (2007) Toxic cyanobacterial blooms in reservoirs under a semiarid Mediterranean
climate: the magnification of a problem. Environ Toxicol 22:399-404

2. Templado J (2014) Future trends of Mediterranean biodiversity. In: Goffredo S, Dubinsky Z (eds) The Mediterranean Sea. Springer
Netherlands, Dordrecht, pp 479-498

3. Garcés E, Camp J (2012) Habitat changes in the Mediterranean Sea and the consequences for harmful algal blooms formation. In:
Stambler N (ed) Life in the Mediterranean Sea: a Look at habitat changes. Nova Science, Hauppauge, NY, pp 519-541

4. Griffith AW, Gobler CJ (2020) Harmful algal blooms: a climate change co-stressor in marine and freshwater ecosystems. Harmful
Algae 91:101590
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17.

5. Martin-Vélez V, Sanchez MI, Shamoun-Baranes J, Thaxter CB, Stienen EWM, Camphuysen KCJ, et al. (2019) Quantifying nutrient
inputs by gulls to a fluctuating lake, aided by movement ecology methods. Freshw Biol 64:1821-1832

6. Ferrante M, Conti GO, Fiore M, Rapisarda V, Ledda C (2012) Harmful algal blooms in the Mediterranean Sea: effects on human
health. Euromediterranean Biomed J 8:25-34

7. lloul H, Hernandez FR, Vila M, Adjas N, Younes AA, Bournissa M, et al. (2012) The genus Ostreopsis along the Algerian coastal waters
(SW Mediterranean Sea) associated with a human respiratory intoxication episode. Cryptogamie Algol 33:209-216

8. Lopez-Rodas V, Maneiro E, Lanzarot MP, Perdigones N, Costas E (2008) Mass wildlife mortality due to cyanobacteria in the Dofiana
National Park, Spain. Vet Record 162:317-318

Declining populations, and extinctions, of Mediterranean wetland species

Supporting information: In the Mediterranean, the abundance of wetland-dependent amphibians, reptiles,
mammals and fish was around 35% lower in 2013 than it was in 1990". In the Camargue in southern France,
amphibians, odonates and orthopterans experienced sharp population declines between the 1970s and the
2010s". Around 36% of species dependent on Mediterranean wetlands are threatened with global extinction®.
At least 20% of utilised freshwater plants in North Africa are threatened with regional extinction’.

How does this issue pose a threat to Mediterranean wetlands? Loss of functions and services linked to
wetland biodiversity (e.g. pest control, bioindicators, fish stocks’, cultural and other services associated with
waterbirds’). Reduced value of wetlands, increasing their vulnerability to conversion to other land uses.

How does this issue present an opportunity for Mediterranean wetlands? Potential to use population
declines and extinctions, both observed and potential, as a “call to arms” for wetland conservation®. Potential
to use rare or threatened species as “flagships” to conserve entire ecosystem (e.g. white headed-duck Oxyura
leucocephala as a flagship for lake conservation in Turkey and Spain’). Wetlands containing rare species may
become more valuable, for example as birdwatching sites’.

1. MWO (2018) Mediterranean Wetlands Outlook 2: solutions for sustainable Mediterranean wetlands. Mediterranean Wetlands
Observatory, Arles

2. Fraixedas S, Galewski T, Ribeiro-Lopes S, Loh J, Blondel J, Fontés H, et al. (2019) Estimating biodiversity changes in the Camargue
wetlands: an expert knowledge approach. PLOS ONE 14:e0224235

3. Juffe-Bignoli D, Rhazi L, Grillas P (2012) The socio-economic value of aquatic plants. In: Juffe-Bignoli D, Darwall WRT (eds)
Assessment of the socio-economic value of freshwater species for the Northern African region. International Union for Conservation
of Nature, Gland, pp 41-65

4. Aalto E, Capoccioni F, Terradez Mas J, Schiavina M, Leone C, De Leo G (2016) Quantifying 60 years of declining European eel
(Anguilla anguilla L., 1758) fishery yields in Mediterranean coastal lagoons. ICES J Mar Sci 73:101-110

5. Green AJ, EImberg J (2014) Ecosystem services provided by waterbirds. Biol Rev 89:105-122

6. Wearn OR, Reuman DC, Ewers RM (2012) Extinction debt and windows of conservation opportunity in the Brazilian Amazon. Science
337:228

7. Green A, Hughes B (1996) Action plan for white-headed duck (Oxyura leucocephala) in Europe. In: Heredia B, Rose L, Painter M (eds)
Globally threatened birds in Europe: action plans. Council of Europe Publishing, Strasbourg, pp 119-146

8. Geijzendorffer IR, Galewski T, Guelmami A, Perennou C, Popoff N, Grillas P (2019) Mediterranean wetlands: a gradient from natural
resilience to a fragile social-ecosystem. In: Schroter M, Bonn A, Klotz S, Seppelt R, Baessler C (eds) Atlas of ecosystem services.
Springer International Publishing, Cham, pp 83-89

Fragmentation of wetland habitats

Supporting information: Wetlands may become fragmented (size of individual patches reduced, physical or
ecological distance between remaining patches increased™”) by processes such as urbanisation, agricultural
expansion, dam construction or climate change. Fragmentation can occur at multiple scales, from loss of
wetland area within a wetland complex’ to division of habitats within an individual wetland (e.g. the road La
Goulette bisecting Tunis Lagoon, Tunisia®). Amongst European countries, Croatia, Portugal and Greece
experienced particularly large proportional increases in the area of strongly fragmented landscapes between
2009 and 2015°.

How does this issue pose a threat to Mediterranean wetlands? Negative impacts on ecosystem functions
and services (e.g. fish stocks, pollination, water supply). Smaller, more isolated populations have a greater
extinction risk due to environmental, demographic and genetic stochasticity"®’. Possible extinction of
metapopulations’. Break up of dispersal or migration corridors” due to complete loss of wetlands (wetlands no
longer present), shortened hydroperiods (wetlands not present at the right time), changes in water quality
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(e.g. salinisation), or construction of barriers such as dams (functional connectivity of habitat reduced).
These threats apply to both the species dispersing (e.g. waterbirds) and the organisms they transport (e.g.
plants)®. Increased conflict between humans and wetland wildlife, for example if waterbirds feed in
agricultural land instead of wetlands’.

How does this issue present an opportunity for Mediterranean wetlands? Fragmentation, or the threat of
it, could strengthen arguments for protection, restoration or creation of wetlands in strategic sites.

1. Cosentino BJ, Schooley RL (2018) Dispersal and wetland fragmentation. In: Finlayson CM, Everard M, Irvine K, Mclnnes RJ,
Middleton BA, van Dam AA, Davidson NC (eds) The wetland book. Springer Netherlands, Dordrecht, pp 105-111

2. Fuller MR, Doyle MW, Strayer DL (2015) Causes and consequences of habitat fragmentation in river networks: river fragmentation.
Ann NY Acad Sci 1355:31-51

3. Benassi G, Battisti C, Luiselli L (2007) Area effect on bird species richness of an archipelago of wetland fragments in Central Italy.
Community Ecol 8:229-237

4. El Mahrad B, Abalansa S, Newton A, Icely JD, Snoussi M, Kacimi | (2020) Social-environmental analysis for the management of
coastal lagoons in North Africa. Front Environ Sci 8:37

5. EEA (2019) Landscape fragmentation pressure and trends in Europe. https://www.eea.europa.eu/data-and-maps/
indicators/mobility-and-urbanisation-pressure-on-ecosystems-2/assessment. Accessed 18 April 2020

6. Amezaga JM, Santamaria L, Green AJ (2002) Biotic wetland connectivity—supporting a new approach for wetland policy. Acta
Oecol 23:213-222

7. Lienert J, Fischer M (2003) Habitat fragmentation affects the common wetland specialist Primula farinosa in north-east
Switzerland. J Ecol 91:587-599

8. MacArthur RH, Wilson EO (1967) The theory of island biogeography. Princeton University Press, Princeton, NJ

9. Kallimanis AS, Kunin WE, Halley JM, Sgardelis SP (2005) Metapopulation extinction risk under spatially autocorrelated disturbance.
Conserv Biol 19:534-546

10. Haig SM, Murphy SP, Matthews JH, Arismendi |, Safeeq M (2019) Climate-altered wetlands challenge waterbird use and migratory
connectivity in arid landscapes. Sci Rep 9:4666

Ecosystem services and use of wetlands

18. Traditional livelihoods, that use wetlands sustainably, become less common

Supporting information: Across the Mediterranean, traditional and sustainable uses of wetlands are in
decline, in favour of intensification or abandonment. This may be related to declining yields and economic
returns, emergence of more economically lucrative opportunities, cultural shifts towards a homogeneous
global model, increased availability of industrially manufactured alternatives, or environmental changes'. For
example, in the Macta Marshes, Algeria, conversion of wetlands to agricultural land was associated with a
cultural shift from nomadic to sedentary lifestyles’. Reed harvesting in the Camargue, France has been
increasingly intensified and mechanised to meet increasing demand from northern Europe’. Artisanal
fisheries in Venice Lagoon, Italy may collapse as valuable target species cannot tolerate warming waters".

How does this issue pose a threat to Mediterranean wetlands? Wetland degradation or loss under more
intensive management®’, or conversion to other land uses after abandonment. For example, when low
intensity, nature-friendly salt production in the Ulcinj Salina, Montenegro, stopped in 2013, there was
pressure to convert the site into a luxury resort®. Loss, or homogenisation, of cultural practices across the
Mediterranean’.

How does this issue present an opportunity for Mediterranean wetlands? Potential for wetland
conservation through continued, or resumed, sustainable use (e.g. under the Hima system in Lebanon®). May
be driven by tourist demand".

1. Papayannis T (2008) Action for culture in Mediterranean wetlands. Med-INA, Athens

2. MWO (2014) Land cover spatial dynamics in Mediterranean coastal wetlands from 1975 to 2005. Mediterranean Wetlands
Observatory, Arles

3. Mathevet R, Peluso NL, Couespel A, Robbins P (2015) Using historical political ecology to understand the present: water, reeds, and
biodiversity in the Camargue Biosphere Reserve, southern France. Ecol Soc 20:art17

4. Pranovi F, Caccin A, Franzoi P, Malavasi S, Zucchetta M, Torricelli P (2013) Vulnerability of artisanal fisheries to climate change in the
Venice Lagoon. J Fish Biol 83:847-864

5. Save Salina (2020) The greed for money — the story of Ulcinj Salina. https://savesalina.net/the-story/. Accessed 20 April 2020

6. SPNL (2020) Hima. Society for the Protection of Nature in Lebanon. https://www.spnl.org/hima/. Accessed 20 April 2020
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Socioeconomics

19. Increasing tourist numbers

Supporting information: The Mediterranean region is one of the world's tourism hotspots: Mediterranean
countries received around 398 million international visitors in 2017 (30% of the world's total)’. About half
of these arrivals visit coastal areas’. In 2018, France and Spain were the two most visited countries in the
world, with Italy fifth*. Across the Mediterranean, visitor numbers are forecast to reach around 500 million
by 2030%: around the same size as the resident population®. However, note that the COVID-19 pandemic has
caused a severe decline in tourism in 2020, which is likely to continue in the short term (months to years)**.
Experiences during the pandemic could encourage people to remain closer to home for vacations when they
become commonplace again, tempering the magnitude and seasonality of visitor numbers in the
Mediterranean’.

How does this issue pose a threat to Mediterranean wetlands? Damage to habitats and disturbance of
wildlife through construction of tourism infrastructure (“land grabs”, especially in coastal areas)®,
recreational use' and management of natural systems for the benefit of tourists™. Pressure on already limited
water resources: water is used in tourist accommodation and to maintain infrastructure such as swimming
pools, golf courses and water parks”. Production of waste (e.g. plastics, sewage), which is not always well
managed*. Exclusion of local people. Reduction in wilderness value, affecting cultural ecosystem services in
sites valued for their naturalness (e.g. Palm Island, Lebanon and Wadi Mujib, Jordan'*). Enhancement of
climate change on a global scale, associated with travel (especially flying) and construction of concrete-based
infrastructure®.

How does this issue present an opportunity for Mediterranean wetlands? Revenue from taxes and fees
(whether from tourists visiting wetlands or other areas) could support investment in wetland conservation®.
Potential to develop sustainable tourism activities that value natural and cultural heritage (e.g. creation or
infrastructure, or even wetlands, for birdwatchers®). Potential to educate tourists about wetlands and inspire
them to get involved in wetland conservation. Provides incentive and funding to maintain social heritage of
wetlands (e.g. gondolas in Venice Lagoon, Italy). Ensures wetlands have an economic value, as an argument
against conversion to other land uses.

1. UNWTO (2019) International tourism highlights, 2019 Edition. United Nations World Tourism Organization, Madrid

2. UNEP/MAP (2017) 2017 Mediterranean quality status report. United Nations Environment Programme & Mediterranean Action
Plan Barcelona Convention, Athens

3. UNEP/MAP (2012) State of the Mediterranean marine and coastal environment. United Nations Environment Programme &
Mediterranean Action Plan Barcelona Convention, Athens

4. Faus J (2020) This is how coronavirus could affect the travel and tourism industry. https://www.weforum.org/agenda/
2020/03/world-travel-coronavirus-covid19-jobs-pandemic-tourism-aviation/. Accessed 11 May 2020

5. TheysJ (2020) COVID 19 et Méditerranée: les trois temps de la crise. Plan Bleu, Sophia Antipolis

6. OECD (2020) Rebuilding tourism for the future: COVID-19 policy responses and recovery. http://www.oecd.org/coronavirus/policy-
responses/rebuilding-tourism-for-the-future-covid-19-policy-responses-and-recovery-bced9859/. Accessed 25 November 2020

7. de las Cuevas | (2020) Opinidén: ¢El turismo post-pandemia? https://www.diaridetarragona.com/economia/Opinion-El-turismo-
post-pandemia-20200420-0059.html. Accessed 20 April 2020

8. MWO (2014) Land cover spatial dynamics in Mediterranean coastal wetlands from 1975 to 2005. Mediterranean Wetlands
Observatory, Arles

9. Mediterranean Wetlands Alliance (2020) Urgent action needed to protect the wetlands of the Erimitis peninsula.
https://tourduvalat.org/actualites/appel-a-la-protection-des-zones-humides-sur-la-peninsule-derimitis/. Accessed 25 November 2020

10. McFadden TN, Herrera AG, Navedo JG (2017) Waterbird responses to regular passage of a birdwatching tour boat: implications for
wetland management. J Nat Conserv 40:42—-48

11. De Falco G, Simeone S, Baroli M (2008) Management of beach-cast Posidonia oceanica seagrass on the island of Sardinia (Italy,
western Mediterranean). J Coast Res 4:69-75

12. De Stefano L (2004) Freshwater and tourism in the Mediterranean. WWF Mediterranean Programme, Rome

13. Ramsar Convention on Wetlands (2012) Wetland tourism: a great experience. https://www.ramsar.org/sites/default/files/
documents/library/ramsar-wwd2012-leaflet-en.pdf. Accessed 11 May 2020

14. Chazée L, Requier-Desjardins M, Ribeiro-Lopes S (2020) Monitoring of recreational and educational services provided by
Mediterranean wetlands: synthesis for decision-makers and managers. Mediterranean Wetlands Observatory, Arles

15. Lehne J, Preston F (2018) Making concrete change: innovation in low-carbon cement and concrete. Chatham House Report. The
Royal Institute of International Affairs, London

16. Anon (2020) The “Hotspot for Birdwatchers” Project. http://kuklawetlands.com/project.html. Accessed 22 May 2020
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20.

21.

Urban growth

Supporting information: This issue is about the increasing area occupied by cities or towns. Urban areas
covered over 33,000 ha (1.6%) of the Mediterranean basin in 2000. This is projected to increase to over
127,000 ha (5.9%) by 2030, with the largest increases in the south and east Mediterranean® and in coastal
zones’. Growth of urban areas may be driven by a combination of overall population growth® and
depopulation of rural areas’ — which may in turn be linked to climate change and drought (e.g. rural exodus
associated with drought conditions in Morocco between 1980 and 1990°). The urban population in the
Mediterranean is predicted to increase from 315 million in 2010 to 385 million in 2025°. Between 2018 and
2030, the fastest growing cities will include: Aleppo, Damascus and Homs in Syria (3.2-4.5% projected
annual population increase); Tanger, Morocco (2.6%); Cairo, Egypt (2.0%); Alexandria, Egypt (1.9%); and
Antalya, Turkey (1.9%)°.

How does this issue pose a threat to Mediterranean wetlands? Direct conversion of wetlands (e.g. around
Izmir, Turkey’ and in Tunis Lagoon, Tunisia®®): responsible for 5% of natural wetland conversions across the
Mediterranean 1975-2005°. Fragmentation of wetland habitats [Issue 17]. Lower quality and quantity of
water available for wetlands® [Issue 4 & lIssue 9]. Increased cover of impermeable surfaces, including on
floodplains, exacerbates flash flooding™". Source of invasive alien species® [Issue 14]. Loss of open habitats as
shrubs and trees colonise abandoned rural areas (including wetlands), with implications for species
dependent on open habitats™". Loss of wetland cultural landscapes in abandoned rural areas™.

How does this issue present an opportunity for Mediterranean wetlands? Wetlands can be incorporated
into urban areas, providing benefits to both people and nature®*’. Reduced pressure on rural areas may open
up opportunities there for wetland restoration, creation and rewilding.

1. Guneralp B, McDonald RI, Fragkias M, Goodness J, Marcotullio PJ, Seto KC (2013) Urbanization forecasts, effects on land use,
biodiversity, and ecosystem services. In: EImqvist T, Fragkias M, Goodness J, Glineralp B, Marcotullio PJ, McDonald R, et al. (eds)
Urbanization, biodiversity and ecosystem services: challenges and opportunities. Springer Netherlands, Dordrecht, pp 437-452

2. MWO (2018) Mediterranean Wetlands Outlook 2: solutions for sustainable Mediterranean wetlands. Mediterranean Wetlands
Observatory, Arles

3. UNEP/MAP (2012) State of the Mediterranean marine and coastal environment. United Nations Environment Programme &
Mediterranean Action Plan Barcelona Convention, Athens

4. Weissteiner CJ, Boschetti M, Béttcher K, Carrara P, Bordogna G, Brivio PA (2011) Spatial explicit assessment of rural land
abandonment in the Mediterranean area. Glob Planet Change 79:20-36

5. Hervieu B, Thibault H-L (2009) Mediterra 2009: rethinking rural development in the Mediterranean. International Centre for
Advanced Mediterranean Agronomic Studies and Blue Plan, Presses de Sciences Po, Paris

6. UNDESA (2018) The world’s cities in 2018. United Nations Department of Economic and Social Affairs, New York, NY

7. Hepcan S, Hepcan CC, Kilicaslan C, Ozkan MB, Kocan N (2012) Analyzing landscape change and urban sprawl in a Mediterranean
coastal landscape: a case study from Izmir, Turkey. Journal of Coastal Research 29:301-310

8. El Mahrad B, Abalansa S, Newton A, Icely JD, Snoussi M, Kacimi | (2020) Social-environmental analysis for the management of
coastal lagoons in North Africa. Front Environ Sci 8:37

9. Anon (2020) Le dossier Sama Dubai en Tunisie sera tranché. https://www.tuniscope.com/article/202798/actualites/tunisie/sama-
dubai-220312. Accessed 29 May 2020

10. Walsh CJ (2000) Urban impacts on the ecology of receiving waters: a framework for assessment, conservation and restoration.
Hydrobiologia 431:107-114

11. Mellouk K, Aroua N (2015) Le lac Fetzara, une zone humide fragile, menacée par I'extension urbaine de la ville d’Annaba (littoral
est algérien). Méditerranée 125:133-140

12. McLean P, Gallien L, Wilson JRU, Gaertner M, Richardson DM (2017) Small urban centres as launching sites for plant invasions in
natural areas: insights from South Africa. Biol Invasions 19:3541-3555

13. Preiss E, Martin J-L, Debussche M (1997) Rural depopulation and recent landscape changes in a Mediterranean region:
consequences to the breeding avifauna. Landsc Ecol 12:51-61

14. Xystrakis F, Theodoropoulos K, Eleftheriadou E, Samaras DA, Damianidis C, Papadopoulos T (2014) Succession rates and patterns
twelve years after land use abandonment in the estuary of the River Aliakmon, N. Greece. Acta Bot Croat 73:251-265

15. Papayannis T (2008) Action for culture in Mediterranean wetlands. Med-INA, Athens

16. Boyer T, Polasky S (2004) Valuing urban wetlands: a review of non-market valuation studies. Wetlands 24:744-755

17. Mclnnes R (2013) Towards the wise use of urban and peri-urban wetlands. Ramsar Convention on Wetlands Briefing Note No. 6

Socioeconomic impacts of climate change

Supporting information: The climate has a pervasive influence on human society and economics’. In the
Mediterranean, higher temperatures [Issue 10] and changes in precipitation [Issue 11 & Issue 12] could
reduce economic and agricultural productivity and per capita incomes'. Climate change and extreme weather
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events will displace human settlements — temporarily, if not permanently”® [see also Issue 20]. Socioeconomic
instability could lead to increased conflict, migration and state failure’. For example, in Syria in the early
2010s, extreme droughts stimulated rural-urban migration, social tensions and the outbreak of civil war®. The
impact of this issue is likely to be especially strong in the south and east Mediterranean.

How does this issue pose a threat to Mediterranean wetlands? Weakened economies will have fewer
resources available for wetland conservation®. Faced with instability, national policy and action may focus on
proximate human needs and desires (e.g. food supply, economic growth) and areas with the greatest
perceived socioeconomic value (e.g. cities), rather than conservation of the environment and wetlands.
Migration is likely to increase pressure on coastal areas, where the Mediterranean population is already
concentrated”’.

How does this issue present an opportunity for Mediterranean wetlands? As tangible social and economic
impacts of climate change develop, the perceived value of wetlands for climate change adaptation and
mitigation increases’. Increased opportunity to sell wetlands as nature-based solutions to climate change.

1. Carleton TA, Hsiang SM (2016) Social and economic impacts of climate. Science 353:aad9837

2. Charef M, Dorai K (2016) Human migration and climate change in the Mediterranean region. In: Moatti J-P, Thiébault S (eds) The
Mediterranean region under climate change. IRD Editions, Marseille, pp 439-444

3. Hervieu B, Thibault H-L (2009) Mediterra 2009: rethinking rural development in the Mediterranean. International Centre for
Advanced Mediterranean Agronomic Studies and Blue Plan, Presses de Sciences Po, Paris

4. Youness MA (2015) How climate change contributed to the conflicts in the Middle East and North Africa.
https://blogs.worldbank.org/arabvoices/climate-change-conflict-mena. Accessed 30 November 2020

5. Bakker VJ, Baum JK, Brodie JF, Salomon AK, Dickson BG, Gibbs HK, et al. (2010) The changing landscape of conservation science
funding in the United States: conservation science funding. Conserv Lett 3:435-444

6. MWO (2018) Mediterranean Wetlands Outlook 2: solutions for sustainable Mediterranean wetlands. Mediterranean Wetlands
Observatory, Arles

7. IUCN French Committee (2019) Nature-based solutions for climate change adaptation & disaster risk reduction. International Union
for Conservation of Nature, Paris

Governance

22. Weak and ineffective governance

Supporting information: Governance is about “who decides and how”. Who are the authorities in a country
or region? How, and how effectively, do they manage policies, institutions, processes and power? To varying
degrees across the Mediterranean, environmental conservation is limited by political structures (e.g.
centralisation of power and weak local departments, or poor integration of environmental and other
ministries), ineffective decision-making mechanisms, complex bureaucratic procedures, corruption,
unenforced laws and protections, and a weak civil society that cannot hold the authorities to account®®. In
2018, three Mediterranean countries ranked amongst the top 50 (and two amongst the top 13) in the world
for perceived corruption in the public sector’. Efforts to coordinate environmental governance at a
supranational level, for example in the context of the Barcelona Convention (1976) and its Protocols, can be
hampered by ideological divisions between countries (e.g. debates over migration policy or national
borders) .

How does this issue pose a threat to Mediterranean wetlands? Poor environmental governance can lead to
over-use, illegal use, inequitable distribution and general mismanagement of resources’ — including water,
wetland habitats and wetland biodiversity. For example, along the Alfeios River in Greece, illegal gravel
extractions are facilitated by poor law enforcement at weekends and cartel pressure on local politicians’. A
recent global analysis found that effective governance was strongly related to the effectiveness of waterbird
conservation actions™.

How does this issue present an opportunity for Mediterranean wetlands? Civil society can take
responsibility for conservation of Mediterranean wetlands, leading to a sense of community ownership that
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may improve long-term conservation success .

17


https://blogs.worldbank.org/arabvoices/climate-change-conflict-mena

23.
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Mediterranean Programme

5. Meéndez PF, Isendahl N, Amezaga JM, Santamaria L (2012) Facilitating transitional processes in rigid institutional regimes for water
management and wetland conservation: experience from the Guadalquivir Estuary. Ecol Soc 17:art26

6. Transparency International (2020) Corruption Perceptions Index 2019. Transparency International, Berlin

7. Seeberg P (2010) Union for the Mediterranean—pragmatic multilateralism and the depoliticization of EU-Middle Eastern relations.
Middle East Crit 19:287-302

8. Zapata-Barrero R (2020) Editorial: “Mediterranean thinking” for mapping a Mediterranean migration research agenda. Comp Migr
Stud 8:6

9. Podimata MV, Yannopoulos PC (2016) A conceptual approach to model sand—gravel extraction from rivers based on a game theory
perspective. J Environ Plan Manag 59:120-141

10. Amano T, Székely T, Sandel B, Nagy S, Mundkur T, Langendoen T, et al. (2018) Successful conservation of global waterbird
populations depends on effective governance. Nature 553:199-202

11. Horwich R, Lyon J, Bose A (2011) What Belize can teach us about grassroots conservation. Solutions J 2:51-58

12. WWF (2011) Voice of civil society seen as cornerstone of sustainable future for the Mediterranean.
https://wwf.panda.org/es/?200830/1er-Congreso-Internacional-Forestal-y-Viverista. Accessed 21 April 2020

Creation of weak laws regarding conservation or wise use of Mediterranean wetlands

Supporting information: Environmental laws may be weak or toothless if they are fragmented, incomplete,
outdated or littered with loopholes and exemptions’. General environmental legislation may not refer
specifically to wetlands, fostering uncertainty amongst wetland owners, managers and users'. In some cases,
weak laws may reflect a lack of knowledge and data about wetlands. In other cases, weak laws may be created
deliberately, perhaps driven by conflicting interests of governments. For example, it has been suggested that
the Turkish Draft Act on Nature and Biodiversity Conservation was “cynically and decidedly pro-
development™. Even in the EU, a need for compromise amongst member states means that environmental
laws can contain loopholes and exemptions, to allow local interpretation of the law*’. Note that this issue
refers to the creation of inherently weak laws, rather than poor enforcement of laws [cf. Issue 22].

How does this issue pose a threat to Mediterranean wetlands? Weak laws offer little real protection even if
enforced. Threats (e.g. hunting, development) are allowed to continue, with the excuse that they are legal.

How does this issue present an opportunity for Mediterranean wetlands? N/A

1. Shine C, de Klemm C (1999) Wetlands, water and the law: using law to advance wetland conservation and wise use. IUCN
Environmental Policy and Law Paper No. 38. International Union for Conservation of Nature, Gland, Cambridge and Bonn
2. Sekercioglu CH, Anderson S, Akgcay E, Bilgin R, Can OF, Semiz G, et al. (2011) Turkey’s globally important biodiversity in crisis. Biol
Conserv 144:2752-2769
. Burns C, Eckersley P, Tobin P (2020) EU environmental policy in times of crisis. J Eur Public Policy 27:1-19
4. Brock TC, Arts GH, Maltby L, Van den Brink PJ (2006) Aquatic risks of pesticides, ecological protection goals, and common aims in
European Union legislation. Integr Environ Assess Manag 2:e20-e46

w

Subsidies, even those intended to be environmentally beneficial, encourage
degradation or conversion of Mediterranean wetlands

Supporting information: Financial subsidies can contribute to environmental degradation and over-
exploitation of resources™. For example, the EU Common Agricultural Policy encourages conversion of
wetlands to land in "good agricultural condition" in order to receive subsidies (Regulation (EU) 1307/2013).
Seventy per cent of the cost of wetland drainage in France during the 1970s was met by EU agricultural
support grants’. Some subsidies intended to benefit the environment can damage it in practice. The EU
Renewable Energy Directive 2009/28/EC set a target of 10% biofuels in transport fuels by 2020, potentially
encouraging growth of biofuel crops in wetlands or displacing food crops into wetlands. In France, tax
exemptions for land planted with trees could encourage drainage and afforestation of wetlands'. In the future,
it is not unlikely that new subsidies harmful to wetlands will be created (e.g. for large-scale afforestation
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aiming to combat climate change®) or that existing subsidies become damaging (e.g. if incentives lag behind
stocks and/or demand). Vested interests may underpin the creation of environmentally-damaging subsidies’.

How does this issue pose a threat to Mediterranean wetlands? Subsidies could encourage wetland
degradation or loss. Perverse subsidies, which have adverse economic effects as well as adverse environmental
effects’, could reduce the perceived value of wetlands to local people.

How does this issue present an opportunity for Mediterranean wetlands? N/A

1. Myers N, Kent J (2001) Perverse subsidies: how tax dollars can undercut the environment and the economy. Island Press, Washington, DC

2. IPBES (2019) Summary for policymakers of the global assessment report on biodiversity and ecosystem services of the
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services. IPBES secretariat, Bonn

3. Allen HD (2001) Mediterranean ecogeography. Prentice Hall, Harlow and New York, NY

4. Sainteny G, Salles J-M, Duboucher P, Ducos G, Marcus V, Paul E, et al. (2011) Public subsidies harmful to biodiversity. Report of the
commission chaired by Guillaume Sainteny. Centre d’analyse stratégique, République Frangaise

5. EC (2020) EU Biodiversity Strategy for 2030: bringing nature back into our lives. https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=CELEX:52020DC0380. Accessed 30 November 2020

Management and monitoring

25. Artificialisation of Mediterranean wetlands

Supporting information: This issue includes changes to wetland hydrology and/or structure, through human
interventions such as increased water management, channelisation, diking, inlet construction, harbour
construction, and conversion to rice fields, fish ponds or salt pans™. Loss of natural wetland area in the
Mediterranean has been accompanied by parallel increase, of similar magnitude, in the area of artificial
wetlands’. Currently, around 23% of Mediterranean wetlands are entirely artificial (approximately twice the
global average)®. However, most Mediterranean wetlands are arguably already artificial to some extent, given
widespread management or alteration of hydrology®. Issue 1 and Issue 20 relate to the conversion of wetlands
to non-wetland land uses.

How does this issue pose a threat to Mediterranean wetlands? Loss of wetlands (e.g. floodplain wetlands
along diked rivers). Disruption of natural systems (e.g. pools outside Dofiana National Park, Spain, are
unnaturally wet due to irrigation whereas those in the park are unnaturally dry due to groundwater
depletion®; hydrological and sediment regimes in Nador Lagoon, Morocco were altered by construction of
new inlets"). Reduced value of remaining wetlands for wildlife and people: artificial or artificialised wetlands

8-10

may support smaller populations, fewer species and different communities compared to natural wetlands™ .

11,12

Artificial wetlands can favour alien species, and facilitate their spread to natural wetlands™™.

How does this issue present an opportunity for Mediterranean wetlands? Increased provision of some
ecosystem services (e.g. if wetlands become more accessible for recreation). Potential for increased resilience
against climatic changes, as long as management continues. Artificial wetlands may provide complementary
habitats to natural wetlands™®. They could provide refuges from climate change and extreme weather
events”.

1. El Mahrad B, Abalansa S, Newton A, Icely JD, Snoussi M, Kacimi | (2020) Social-environmental analysis for the management of
coastal lagoons in North Africa. Front Environ Sci 8:37

2. PNRC (2012) Contrat de delta: Camargue. Dossier définitif 2012—2017. Parc Naturel Régional de Camargue, Arles

3. Provansal M, Dufour S, Sabatier F, Anthony EJ, Raccasi G, Robresco S (2014) The geomorphic evolution and sediment balance of the lower
Rhone River (southern France) over the last 130 years: hydropower dams versus other control factors. Geomorphology 219:27-41

4. MWO (2018) Mediterranean Wetlands Outlook 2: solutions for sustainable Mediterranean wetlands. Mediterranean Wetlands
Observatory, Arles

5. Perennou C, Beltrame C, Guelmami A, Tomas Vives P, Caessteker P (2012) Existing areas and past changes of wetland extent in the
Mediterranean region: an overview. Ecol Mediterr 38:53-66

6. Bustamante J, Aragonés D, Afan | (2016) Effect of protection level in the hydroperiod of water bodies on Dofiana’s aeolian sands.
Remote Sens 8:867

7. Boyauzan A, Irzi Z (2015) Effets des aménagements sur les dynamiques morphosédimentaires de I'ile barriere de la lagune Nador
(Nord-Est du Maroc, région de I'Oriental). Méditerranée 125:85-94

8. Papastergiadou E, Stefanidis K, Dorflinger G, Giannouris E, Kostara K, Manolaki P (2014) Exploring biodiversity in riparian corridors
of a Mediterranean island: plant communities and environmental parameters in Cyprus rivers. Plant Biosyst 150:91-103
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10. Shaiek M, Fassatoui C, Romdhane M (2016) Past and present fish species recorded in the estuarine Lake Ichkeul, northern Tunisia.
AfrJ Aquat Sci 41:171-180

11. Clavero M, Hermoso V (2011) Reservoirs promote the taxonomic homogenization of fish communities within river basins. Biodivers
Conserv 20:41-57

12. Valls L, Rueda J, Mesquita-Joanes F (2014) Rice fields as facilitators of freshwater invasions in protected wetlands: the case of
Ostracoda (Crustacea) in the Albufera Natural Park (E Spain). Zool Stud 53:68

13. Fasola M, Ruiz X (1996) The value of rice fields as substitutes for natural wetlands for waterbirds in the Mediterranean region.
Colon Waterbird 19:122-128

14. Chester ET, Robson BJ (2013) Anthropogenic refuges for freshwater biodiversity: their ecological characteristics and management.
Biol Conserv 166:64—75

25 OVERLOOKED ISSUES

Agriculture and aquaculture

26. Increasing regulation (e.g. bans) on pesticide use

Supporting information: Increasing recognition of the negative impacts of pesticides (e.g. herbicides,
insecticides, bactericides) on human health and non-target biodiversity may lead to introduction or
strengthening of regulation against their use. The EU currently outlines eight principles of integrated pest
management, including use of less, and less harmful, pesticides'. In Israel, several harmful chemicals have
been phased out in recent years’. Note that regulation differs between Mediterranean countries, and may be
weak [Issue 23] or poorly enforced [Issue 22] even where it does exist’.

How does this issue pose a threat to Mediterranean wetlands? Agricultural production quality and/or yield
may be reduced, which may encourage expansion of agriculture into wetlands to maintain profits and meet
demand”.

How does this issue present an opportunity for Mediterranean wetlands? Assuming regulations are strong
and are enforced: reduced inputs of pesticides into wetlands, via runoff from agricultural, domestic and
recreational areas. This would reduce the negative impacts of pesticides on water quality and wetland biota’
[cf. Issue 2]

1. Barzman M, Barberi P, Birch ANE, Boonekamp P, Dachbrodt-Saaydeh S, Graf B, et al. (2015) Eight principles of integrated pest
management. Agron Sustain Dev 35:1199-1215

2. EHF/MoH (2017) Environmental health in Israel 2017. Environment and Health Fund and Ministry of Health, Jerusalem

3. Kasraoui S (2018) Three banned pesticides are being sold in Morocco: ONSSA. https://www.moroccoworldnews.com/2018/
02/240040/three-banned-pesticides-sold-morocco-onssa/. Accessed 23 April 2020

4. Cooper J, Dobson H (2007) The benefits of pesticides to mankind and the environment. Crop Prot 26:1337-1348

5. Delorenzo ME, Scott Gl, Ross PE (2001) Toxicity of pesticides to aquatic microorganisms: a review. Environ Toxicol Chem 20:84-98

Water and pollution

27. Increasing desalination capacity

Supporting information: The number and capacity of desalination plants in the Mediterranean is likely to
increase over the next 30 years, as countries attempt to secure fresh water supplies for a growing population
in the face of climate change'. Desalination may be particularly important on islands and in the south and
east Mediterranean™, but even Spanish policy has shifted towards desalination rather than river regulation or
water transfers™. Israel expects desalination to meet 40% of national drinking water demand by 2025, and
60% by 2050°. However, note that uptake may be limited by the high financial cost (of raw materials and
energy’) and concerns over waste brine disposal’.
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28.

How does this issue pose a threat to Mediterranean wetlands? Pollution from warm, concentrated brine in
coastal/marine wetlands®™. Potential construction of hydropower facilities to help meet the high energy
demand of desalination plants’ [see Issue 5]. lllusion of water abundance could reduce uptake of water-saving
practices. Reduced area of brackish/saline wetlands, if attempts are made to convert these into freshwater
wetlands using desalinised water.

How does this issue present an opportunity for Mediterranean wetlands? Reduced pressure on depleted
surface and underground fresh water resources’ [Issue 4]. Potential to use desalinised water, in emergencies, to
supplement existing freshwater wetlands.

1. Boyé H (2008) Water, energy, desalination & climate change in the Mediterranean. Blue Plan Regional Activity Center, Sophia
Antipolis

2. Plan Bleu (2010) Sea water desalination: to what extent is it a freshwater solution in the Mediterranean? Blue Plan Notes No. 16.
Blue Plan Regional Activity Center, Sophia Antipolis

3. March H, Sauri D, Rico-Amords AM (2014) The end of scarcity? Water desalination as the new cornucopia for Mediterranean Spain. J
Hydrol 519:2642-2651

4. Ministry of Foreign Affairs (2018) Israel: a global leader in water management and technology. State of Israel Ministry of Foreign
Affairs, Jerusalem

5. Alshahri F (2017) Heavy metal contamination in sand and sediments near to disposal site of reject brine from desalination plant,
Arabian Gulf: assessment of environmental pollution. Environ Sci Pollut Res 24:1821-1831

6. UNEP/MAP/MED POL (2003) Sea water desalination in the Mediterranean: assessment and guidelines. MAP Technical Reports
Series No. 139. United Nations Environment Programme & Mediterranean Action Plan Barcelona Convention, Athens

7. Ganora D, Dorati C, Huld TA, Udias A, Pistocchi A (2019) An assessment of energy storage options for large-scale PV-RO desalination
in the extended Mediterranean region. Sci Rep 9:16234

8. Milano M, Ruelland D, Fernandez S, Dezetter A, Fabre J, Servat E, et al. (2013) Current state of Mediterranean water resources and
future trends under climatic and anthropogenic changes. Hydrol Sci J 58:498-518

Increasing concentrations of domestic and medical pollutants in Mediterranean
wetlands

Supporting information: Includes (a) common domestic chemicals such as caffeine and triclosan, (b)
chemicals with medicinal uses, such as testosterone’, oestrogen, statins, anti-inflammatories (e.g. ibuprofen),
antidepressants (e.g. fluoxetine), anticonvulsants (e.g. carbamazepine) and chemotherapy agents, and (c)
illicit drugs’. Increasing use related to growing populations, ageing populations (increased use of medicines™),
socioeconomic status (e.g. increased drug use after economic crisis in Greece®), war/conflicts (increased
availability of illicit drugs), and behavioural changes during or following the COVID-19 pandemic (e.g.
increased use of disinfectants/hand sanitiser). These chemicals may not be removed by water treatment
processes, and may persist in wetlands’. Examples in the Mediterranean include legal and illegal drugs in the
wastewater of Athens, Greece' and pharmaceuticals beyond toxic concentrations in sediments in Dofiana
National Park, Spain®. This issue interacts with water availability [Issue 4 & Issue 11]: less water in wetlands
will mean chemicals are more concentrated.

How does this issue pose a threat to Mediterranean wetlands? Potential impacts on behaviour, physiology,
reproduction and survival of aquatic organisms”®. These impacts, the doses needed to cause them, and the
interactive effects of an ever expanding cocktail of chemicals remain poorly understood®. Development of
antimicrobial resistant organisms [Issue 33].

How does this issue present an opportunity for Mediterranean wetlands? N/A

1. Handelsman DJ (2013) Global trends in testosterone prescribing, 2000—2011: expanding the spectrum of prescription drug misuse.
Med J Aust 199:548-551

2. European Monitoring Centre for Drugs and Drug Addiction (2019) European drug report 2019: trends and developments.
Publications Office of the European Union, Luxembourg

3. Sutherland WJ, Aveling R, Bennun L, Chapman E, Clout M, Co6té IM, et al. (2012) A horizon scan of global conservation issues for
2012. Trends Ecol Evol 27:12-18

4. Thomaidis NS, Gago-Ferrero P, Ort C, Maragou NC, Alygizakis NA, Borova VL, et al. (2016) Reflection of socioeconomic changes in
wastewater: licit and illicit drug use patterns. Environ Sci Technol 50:10065-10072

5. Thomaidi VS, Stasinakis AS, Borova VL, Thomaidis NS (2015) Is there a risk for the aquatic environment due to the existence of
emerging organic contaminants in treated domestic wastewater? Greece as a case-study. ) Hazard Mater 283:740-747

6. Camacho-Mufioz D, Martin J, Santos JL, Aparicio |, Alonso E (2013) Distribution and risk assessment of pharmaceutical compounds
in river sediments from Dofiana Park (Spain). Water Air Soil Pollut 224:1665

21



7. Di Poi C, Costil K, Bouchart V, Halm-Lemeille M-P (2018) Toxicity assessment of five emerging pollutants, alone and in binary or
ternary mixtures, towards three aquatic organisms. Environ Sci Pollut Res 25:6122-6134

8. Martin JM, Saaristo M, Tan H, Bertram MG, Nagarajan-Radha V, Dowling DK, et al. (2019) Field-realistic antidepressant exposure
disrupts group foraging dynamics in mosquitofish. Biol Lett 15:20190615

9. DeCourten BM, Connon RE, Brander SM (2019) Direct and indirect parental exposure to endocrine disruptors and elevated
temperature influences gene expression across generations in a euryhaline model fish. Peer) 7:e6156

10. Sutherland WJ, Broad S, Caine J, Clout M, Dicks LV, Doran H, et al. (2016) A horizon scan of global conservation issues for 2016.
Trends Ecol Evol 31:44-53

29. Deliberate dumping of solid waste in or near Mediterranean wetlands

Supporting information: This issue is concerned with unregulated waste dumping in Mediterranean
wetlands or their catchments. There are low rates of formal waste collection in many Mediterranean
countries (e.g. 5% and 15% of rural waste in Tunisia and Egypt, respectively, and 31% of urban waste in
Tangier, Morocco®), which can encourage people to dump waste in natural areas. Approximately 53% of
waste in the Middle East and North Africa is disposed of in open dumps (as opposed to regulated landfill,
recycling or composting)’. Unregulated waste dumping may decline in the long term, for example through
improved waste management systems, education, or enforcement [Issue 48], but waste and associated
contaminants can persist in the environment. Episodes of political and socioeconomic stability can also lead
to breakdown of waste management systems [Issue 37]. Mediterranean wetlands affected by unregulated waste
dumping include the Monegros Playa Lakes, Spain® (waste stones from agricultural land), Bilyiikgekmece
Lake, Turkey’ (chemical waste dumped within the watershed), the Ghadir River in Beirut, Lebanon*
(household waste thrown in river due to lack of tips nearby) and Sebkhet Karkura, Libya® (unspecified waste
dumping).

How does this issue pose a threat to Mediterranean wetlands? Chemical pollution, e.g. from industrial
waste’. Physical pollution, e.g. from glass and plastics [Issue 8]. Reduced aesthetic/recreational value of
wetlands. Smothering of vegetation®.

How does this issue present an opportunity for Mediterranean wetlands? N/A

1. Kaza S, Yao L, Bhada-Tata P, Van Woerden F (2018) What a waste 2.0: a global snapshot of solid waste management to 2050. Urban
Development Series. International Bank for Reconstruction and Development/The World Bank, Washington, DC

2. Castafieda C, Herrero J (2008) Assessing the degradation of saline wetlands in an arid agricultural region in Spain. CATENA 72:205-213

3. Dogan News Agency (2018) Chemical waste dumped in Istanbul’s Buylkgekmece Lake. https://www.hurriyetdailynews.com/
chemical-waste-dumped-in-istanbuls-buyukcekmece-lake-130726. Accessed 29 April 2020

4. Anon (2018) A river of waste runs through a Beirut suburb. https://observers.france24.com/en/20180914-river-waste-beirut-
rubbish-pollution. Accessed 29 April 2020

5. Abdulsamad EO, Elbabour MM (2014) Sebkhet Karkura: an example of a semi-arid Mediterranean wetland rich in biotic sediments.
Geophys Res Abstr 16:4342

Physical environment and climate change

30. Increased frequency of dust storms

Supporting information: In several locations around the Mediterranean, from Spain to Israel, the frequency
of dust intrusions increased over the second half of the twentieth century'. Dust storms are likely to become
even more common in the Mediterranean due to land degradation and desertification®. Drivers of land
degradation include climate change [Issue 10 & Issue 11], water abstraction [Issue 4] and intensive agriculture
[Issue 1]. Drained or desiccated wetlands can themselves become a source of dust’.

How does this issue pose a threat to Mediterranean wetlands? Risk of eutrophication in wetlands, because
dust deposition adds nutrients to aquatic environments*. Increase in wetland pH*°. Addition of toxic
chemicals such as heavy metals and polyaromatic hydrocarbons to wetlands where dust is deposited; these
chemicals may be present in the dust source (e.g. sediment of a desiccated wetland") or can accumulate in the
dust cloud as it is moves across the landscape®. Salinisation of freshwater wetlands, if dust originates from salt-
rich sediments (e.g. North African chotts)’.
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31.

How does this issue present an opportunity for Mediterranean wetlands? Increased productivity of algae
and phytoplankton could increase the value of Mediterranean wetlands as carbon sinks’. Dust particles can
act as condensation nuclei®, stimulating local precipitation events that would add water to wetlands.

1. Ganor E, Osetinsky I, Stupp A, Alpert P (2010) Increasing trend of African dust, over 49 years, in the eastern Mediterranean. J
Geophys Res 115:D07201

2. UNEP (2017) Frontiers 2017: emerging issues of environmental concern. United Nations Environment Programme, Nairobi

3. Javadian M, Behrangi A, Sorooshian A (2019) Impact of drought on dust storms: case study over Southwest Iran. Environ Res Lett
14:124029

4. Roda F, Bellot J, Avila A, Escarré A, Pifiol J, Terradas J (1993) Saharan dust and the atmospheric inputs of elements and alkalinity to
Mediterranean ecosystems. Water Air Soil Pollut 66:277-288

5. Wang F, Zhao X, Gerlein-Safdi C, Mu Y, Wang D, Lu Q (2017) Global sources, emissions, transport and deposition of dust and sand
and their effects on the climate and environment: a review. Front Environ Sci Eng 11:13

6. Guo J, Rahn KA, Zhuang G (2004) A mechanism for the increase of pollution elements in dust storms in Beijing. Atmos Environ

38:855-862

. Abuduwaili J, Liu D, Wu G (2010) Saline dust storms and their ecological impacts in arid regions. J Arid Land 2:144-150

8. Levin Z, Ganor E, Gladstein V (1996) The effects of desert particles coated with sulfate on rain formation in the Eastern
Mediterranean. J Appl Meteorol 35:1511-1523
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Increased fire risk within Mediterranean wetlands and their watersheds

Supporting information: The Mediterranean is likely to experience more frequent and more widespread fires
in the future™®. This is related to climate change (hotter, drier summers), abandonment of rural land and
reduced grazing pressure (meaning increased fuel loads), expansion of pine and Eucalyptus plantations, and
increasing sources of ignition (increasing urban-wildland interface, and increased visitor numbers). Fires may
occur within wetlands (e.g. seasonally flooded wetlands) or elsewhere in wetland watersheds.

How does this issue pose a threat to Mediterranean wetlands? Fires within wetlands: effects on soil
chemistry, nutrient availability, exposure to solar radiation, water infiltration*®. Implications for wetland
organisms (e.g. vegetation composition) and aesthetic value. Fires within watersheds: reduced water quality
due to inputs of ash and soil/sediment (increased erosion and runoff from burned slopes)®”.

How does this issue present an opportunity for Mediterranean wetlands? Fires may help to control
vegetation succession, maintaining a more open habitat that favours annual species. Otherwise, abandoned
[Issue 18] or nutrient-enriched [Issue 2 & Issue 30] wetlands may become dominated by woody species’.

1. Keeley JE, Bond WJ, Bradstock RA, Pausas JG, Rundel PW (2012) Fire in Mediterranean ecosystems: ecology, evolution and
management. Cambridge University Press, Cambridge

2. Turco M, Rosa-Cénovas JJ, Bedia J, Jerez S, Montavez JP, Llasat MC, et al. (2018) Exacerbated fires in Mediterranean Europe due to
anthropogenic warming projected with non-stationary climate-fire models. Nat Commun 9:3821

3. Ruffault J, Curt T, Moron V, Trigo R, Mouillot F, Koustias N, et al. (2020) Increased likelihood of heat-induced large wildfires in the
Mediterranean Basin. Sci Rep 10:13790

4. Kotze D (2013) The effects of fire on wetland structure and functioning. Afr J Aquat Sci 38:237-247

5. Zacharias I, Zamparas M (2010) Mediterranean temporary ponds. A disappearing ecosystem. Biodivers Conserv 19:3827-3834

6. Nunes JP, Keesstra S, Doerr S, Pulquério M (2018) Policy brief: impacts of fires on water quality. Results from the
Connecteur/PLACARD workshop on fire impacts on water quality, 14-16 February 2018, Lisbon

7. Moran-Ordéfiez A, Duane A, Gil-Tena A, Caceres MD, Aquilué N, Guerra CA, et al. (2020) Future impact of climate extremes in the
Mediterranean: soil erosion projections when fire and extreme rainfall meet. Land Degrad Dev 31:3040-3054

Biotic environment, ecology, biodiversity

32.

Spread of novel wildlife pathogens and diseases

Supporting information: This issue refers to wildlife diseases new to the Mediterranean region, or whose
range expands in response to environmental changes or human activities*?. Examples of pathogens currently
present in the Mediterranean include chytrid fungus Batrachochytrium dendrobatidis’, crayfish plague
Aphanomyces astaci’ and canker stain of plane trees Ceratocystis platani®. Bacteria, viruses, flatworms,
roundworms and myxozoa can also be high-impact pathogens. Pathogens are often overlooked when horizon
scanning for alien and invasive species’.
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33.

How does this issue pose a threat to Mediterranean wetlands? Large decline or extinctions of single
species, which may be ecologically, culturally or economically important’. Cascading effects on food webs
and ecosystem functions.

How does this issue present an opportunity for Mediterranean wetlands? Pathogens are important
components of healthy ecosystems’. Novel/alien pathogens might help to restore balance to systems invaded
by alien species’.

1. Fisher MC, Henk DA, Briggs CJ, Brownstein JS, Madoff LC, McCraw SL, et al. (2012) Emerging fungal threats to animal, plant and
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Aphanomyces astaci in white clawed crayfish. Dis Aquat Org 89:265-268

5. Ocasio-Morales RG, Tsopelas P, Harrington TC (2007) Origin of Ceratocystis platani on native Platanus orientalis in Greece and Its
impact on natural forests. Plant Dis 91:901-904

6. Roy HE, Hesketh H, Purse BV, Eilenberg J, Santini A, Scalera R, et al. (2017) Alien pathogens on the horizon: opportunities for
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8. Hajek AE, Tobin PC (2011) Introduced pathogens follow the invasion front of a spreading alien host: pathogens following an invasive
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Development of antimicrobial resistance within Mediterranean wetlands

Supporting information: Wetlands may be crucial to the evolution of antimicrobial resistance (AMR) and
the transmission of resistant organisms to humans™. Wetlands often receive sublethal quantities of
antimicrobials and other pollutants that can drive evolution of AMR"®, and may even receive resistant
organisms or resistant genes directly in household, hospital or agricultural waste’. Wetlands are also spaces
where wild animals, domestic animals and humans mix, facilitating transmission of resistant organisms"**.
AMR surveillance systems, critical for facilitating rapid remedial intervention, are missing or weak in several
countries’. Recent records of resistant organisms in Mediterranean wetlands include bacteria from a river,
lake and lagoon near Montpellier, France®, streams in Catalonia, Spain®, and water-treatment wetlands in
Sicily, Italy”. Locally, antimicrobial usage may increase in the near future, for example to increase
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agricultural production in the face of rising demand ™.

How does this issue pose a threat to Mediterranean wetlands? Could encourage direct management of
wetlands (e.g. chemical application, drainage®) or vectors (e.g. killing or scaring waterbirds™"), in an
attempt to control development or transmission of resistant microorganisms. Even if these actions are not
effective, they may be implemented on the basis of misguided policies, or to satiate media or public appetite
for intervention®”. Reduced value of wetlands for recreation. Collapse of aquaculture facilities (and the
economic value they give to wetlands) if they are a source, or perceived source, of resistant microorganisms.

How does this issue present an opportunity for Mediterranean wetlands? Awareness of the links between
wetland pollution and public health (via AMR) could encourage action to reduce pollution (e.g. improved
wastewater treatment). Artificial wetlands may be constructed to treat wastewater (remove antimicrobials or
AMR genes™*), but these can also provide habitat for wetland organisms.
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Mar Drugs 15:158

4. Bueno |, Williams-Nguyen J, Hwang H, Sargeant JM, Nault AJ, Singer RS (2018) Systematic review: impact of point sources on
antibiotic-resistant bacteria in the natural environment. Zoonoses Public Health 65:e162—-e184

5. Huijbers PMC, Blaak H, de Jong MCM, Graat EAM, Vandenbroucke-Grauls CMJE, de Roda Husman AM (2015) Role of the
environment in the transmission of antimicrobial resistance to humans: a review. Environ Sci Technol 49:11993-12004
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performance and microbial response. Environ Pollut 254:112996

Spread of mosquito-borne diseases

Supporting information: The human health risk posed by mosquito-borne diseases is likely to increase in
parts of the Mediterranean over the next 30 years. The region is already home to mosquito vectors and
mosquito-borne pathogens (e.g. dengue’, malaria® and West Nile virus’). However, there is a risk of
mosquitoes and/or pathogens spreading to and within the Mediterranean due to climatic changes, and
movement of goods and people*. Where mosquito-borne diseases already circulate, transmission risk may
also be increased by climatic changes and their effects on the duration of incubation and transmission periods
(e.g. on parts of the North African coast’ and in southern Europe*’).

How does this issue pose a threat to Mediterranean wetlands? Human health problems fuel negative
attitudes towards wetlands. Direct management of wetlands (e.g. drainage, filling or hydrological
modifications’) or vectors (e.g. spraying insecticides to kill mosquito larvae, introduction of larvivorous fish®)
in an attempt to control zoonotic diseases. Direct and indirect effects of control measures on non-target

wetland organisms’ ™. Interventions may be carried out to alleviate public fear even if not genuinely

effective. Interventions with damaging side effects for wetlands may be carried out if ecological concerns are
trumped by immediate public health concerns™.

How does this issue present an opportunity for Mediterranean wetlands? May provide an incentive to
reduce pollution to Mediterranean wetlands: mosquitoes may benefit from pollution because they are more
tolerant of it than many of their natural predators® or because it can stimulate development of insecticide
resistance™.
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freshwater pools: an experimental investigation of the effects of dung on macroinvertebrate colonisation. J Arid Environ 113:69-76

16. Oliver SV, Brooke BD (2018) The effect of metal pollution on the life history and insecticide resistance phenotype of the major
malaria vector Anopheles arabiensis (Diptera: Culicidae). PLOS ONE 13:e0192551

35. Development of insecticide resistance in mosquitoes

Supporting information: Mosquitoes may develop resistance to insecticides, through mutation and selection,
if one class of insecticides is used repeatedly but each treatment doesnt kill all mosquitoes in the
population*?. Insecticide resistance will become a more important issue with the spread of serious mosquito-
borne diseases [Issue 34].

How does this issue pose a threat to Mediterranean wetlands? Increased management of mosquitoes in
wetlands, potentially with methods that are more environmentally damaging®. Ecological concerns may be
trumped by immediate public health concerns’.

How does this issue present an opportunity for Mediterranean wetlands? Could encourage more judicious
application of available insecticides, as part of integrated pest management strategies’. Could provide a
stimulus to develop alternative control/mitigation technologies with fewer side-effects for wetlands: CO,-
based traps’; genetic engineering/CRISPR (releasing sterile males or introducing a gene for flightless
females’); lasers’; wearable devices that emit electromagnetic signals to mimic storms and repel mosquitoes’.
May provide an incentive to reduce general pollution to Mediterranean wetlands, because pollution can
stimulate development of insecticide resistance™.
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Ecosystem services and use of wetlands

36.Sand and gravel extraction

Supporting information: This issue includes extraction from Mediterranean wetland watersheds or the
wetlands themselves. Rivers in particular are a major source of aggregates for construction, since they contain
pre-ground and sorted, angular material, often close to human settlements’. Sand and gravel extraction is
often poorly regulated, leading to overexploitation of these open, common resources’. For example, on the
Alfeios River in Greece, legal gravel abstractions are supplemented by illegal mining: at the weekend when
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authorities are not fully operational, or due to cartel pressure on local politicians’. Along the Sebaou River,
Algeria, the number of illicit sand and gravel extraction sites increased dramatically between 1987 and 2016".
In Egypt, domestic extraction of non-metallic minerals (including sand and gravel) increased over five-fold
between 1970 and 2010°. Demand for aggregates is likely to increase in the future’, linked to economic
growth, population growth, and construction of urban infrastructure [Issue 20].

How does this issue pose a threat to Mediterranean wetlands? Habitat loss. Changes in wetland
morphology, downstream sediment transport, water quality, water levels, flow regimes™*’. In Terga, Algeria,
sand extraction has affected the stability of the surrounding wetland ecosystem, including an increased flood
risk due to widening of the bed of the El Maleh wadi’. Where downstream sediment supply is reduced’,
accretion in coastal wetlands may suffer, increasing the risk from erosion and submergence’. Note also
indirect impacts to surrounding/downstream wetlands, even when material is extracted from non-wetland
areas™. For example, extraction of beach sand in Morocco exposes coastal wetlands to sedimentation,
salinisation and waves".

How does this issue present an opportunity for Mediterranean wetlands? New wetland habitats could be
created by depositing spoil in deep waters™ or by flooding upland extraction pits®.
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Socioeconomics

37.Political and socioeconomic instability

Supporting information: Political and socioeconomic instability in the Mediterranean may be related to
global economic crises (e.g. 2008 Global Economic Crisis; recession associated with the COVID-19
pandemic’), political tensions (e.g. demands for Catalan independence) or conflicts (e.g. Syrian Civil War
2011-present; Libyan Civil War 2014—present). For socioeconomic effects of climate change, see Issue 21.

How does this issue pose a threat to Mediterranean wetlands? Breakdown of environmental governance at
a national scale [cf. Issue 22]. Difficulties coordinating governance at a supranational scale [cf. Issue 44].
Unregulated waste disposal in wetlands and their watersheds, due to collapse of waste management systems or
poor waste management infrastructure in refugee camps’. Persistent pollution from toxic munitions residues,
which can contaminate groundwater’. Collapsed professional industries replaced by substandard civilian
operations, leading to pollution (e.g. oil waste entering rivers during ongoing Syrian Civil War®). Wetland or
water infrastructure deliberately and tactically damaged (e.g. missile attacks on water treatment infrastructure
in lsrael, 2014; attack on a reservoir near Zintan, Libya, 2015%). Ransacking of protected areas, which are
seen as symbols of oppressive government regimes (e.g. in Tunisia, during the Arab Spring®). Resources
(money and time) are diverted away from wetland conservation towards more immediate human needs’ .
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How does this issue present an opportunity for Mediterranean wetlands? Sustainable development and
wise use of wetlands could be promoted as cost-effective solutions to social, environmental and economic
problems®®. New environmental networks and NGOs may emerge after periods of unrest*’.

1. World Bank (2020) COVID-19 to plunge global economy into worst recession since World War Il. https://www.worldbank.org/en/
news/press-release/2020/06/08/covid-19-to-plunge-global-economy-into-worst-recession-since-world-war-ii. Accessed 28 June 2020

2. Tarvonen HM (2018) Beyond the debris — the environment is a major victim of the Syrian conflict https://crisisandenvironment.com/
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learning-love-nature-again. Accessed 25 April 2020

5. Corlett RT, Primack RB, Devictor V, Maas B, Goswami VR, Bates AE, et al. (2020) Impacts of the coronavirus pandemic on biodiversity
conservation. Biol Conserv 246:108571
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Observatory, Arles
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achieve the Sustainable Development Goals. Ramsar Convention Secretariat, Gland

9. Loschi C (2019) Local mobilisations and the formation of environmental networks in a democratizing Tunisia. Soc Mov Stud 18:93-112
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38. Poverty, especially in south and east Mediterranean countries

Supporting information: Poverty occurs when a person cannot meet a minimum living standard, compared
to other people living in the same place and at the same time. Poverty levels are high in some Mediterranean
countries/regions (e.g. Syria: 35% of population living below national poverty line according to most recent
data available in 2007; West Bank and Gaza: 29% in 2016; Egypt: 28% in 2015; Croatia: 19% in 2017)".
Likely to increase with climate change, water shortages and conflicts. Poverty can lead to social
marginalisation and socio-political instability’ [Issue 37].

How does this issue pose a threat to Mediterranean wetlands? Governments might prefer to spend limited
money on economic development than conservation®, or prefer to exploit species and habitats for short-term
gain; traditional conservation using protected areas is often perceived as competing with economic activities.
Water resources may be a focus for development (e.g. the Southeastern Anatolia Project in Turkey, where
the construction of 22 dams, 19 hydroelectric plants and numerous irrigation systems on the Tigris and
Euphrates Rivers has been written into law’), with impacts on wetlands upstream and downstream [cf. Issue
5]. Poverty-environment trap: a feedback loop between poverty and environmental overexploitation®.

How does this issue present an opportunity for Mediterranean wetlands? Potential to promote sustainable
development and wise use of wetlands, simultaneously tackling the problems of biodiversity conservation and
poverty’. This assumes that conservation of wetlands, which are mostly situated in rural areas, benefits people
in urban areas’.

1. The World Bank (2020) Poverty headcount ratio at national poverty lines (% of population). https://data.worldbank.org/indicator/
SI.POV.NAHC?view=chart. Accessed 25 April 2020

2. Saab N (2015) Green economy for a real Arab Spring. Keynote address, Conference on the Review of the Mediterranean Strategy for
Sustainable Development, Florina, Malta, 17-18 February 2015

3. MWO (2011) Mediterranean wetlands monitoring situation and needs assessment (March 2009—-June 2011). Mediterranean
Wetlands Observatory, Arles
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5. Barrett CB, Travis AJ, Dasgupta P (2011) On biodiversity conservation and poverty traps. Proc Natl Acad Sci USA 108:13907-13912

6. Adams WM, Aveling R, Brockington D, Dickson B, Elliott J, Hutton J, et al. (2004) Biodiversity conservation and the eradication of
poverty. Science 306:1146-1149

7. Redford KH, Levy MA, Sanderson EW, de Sherbinin A (2008) What is the role for conservation organizations in poverty alleviation in
the world’s wild places? Oryx 42:516-528

39. Development of a “blue economy’’ focused on sustainable use of the Mediterranean Sea

Supporting information: The term "blue economy" refers to ocean-based economic development, usually
with a focus on environmental sustainability and social equity’. There are numerous projects and
commitments to development of the blue economy in the Mediterranean®’. This will involve activities such
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40.

as tourism, industrial shipping, offshore wind farming, fishing, harvesting of other biological resources (e.g.
algae and bacteria), and aquaculture [Issue 3].

How does this issue pose a threat to Mediterranean wetlands? Increased development of coastal areas.
Increased exploitation of the coastal/marine environment, even if it has sustainable ambitions, will have
effects on coastal wetlands. Additional burdens on already stressed systems, new forms of development with
unknown risks, cumulative impacts of new and existing uses of the coast/sea, and interactions with other
stressors such as climate change’. Risk that local people are excluded from wetlands if the blue economy
focuses more on economic results than sustainability’.

How does this issue present an opportunity for Mediterranean wetlands? Formal policies and agreements
for the sustainable use of coastal wetlands could bring them into the conservation policy and political arenas.
The blue economy model could drive economic growth to meet the needs of a growing population with
minimal environmental damage, as long as sustainability is maintained as a key principle. There is a role for
protection and restoration of coastal wetlands in a sustainable blue economy’, both to support other activities
and as an economic activity in its own right’. Mediterranean countries can unite around a tangible, shared
resource [cf. Issue 44].

1. Bennett NJ, Cisneros-Montemayor AM, Blythe J, Silver JJ, Singh G, Andrews N, et al. (2019) Towards a sustainable and equitable blue
economy. Nat Sustain 2:991-993
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Accessed 27 April 2020

3. UfM (2015) Within the framework of its global sustainable development strategy the UfM launches a new blue economy cooperation
initiative in the Mediterranean. https://ufmsecretariat.org/within-the-framework-of-its-global-sustainable-development-strategy-the-
ufm-launches-a-new-blue-economy-cooperation-initiative-in-the-mediterranean/. Accessed 27 April 2020
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conservation triangle: the African experience. Front Mar Sci 7:586

Changing attitudes to economic development, with increasing priority to social and
natural capital over financial capital

Supporting information: It is possible that Mediterranean countries will realign their development plans to
place greater value on the environment — including wetlands as ecosystem service providers and nature based
solutions to future challenges. There is an increasing realisation that continued economic growth is not
environmentally sustainable’. Around the world, countries have shifted away from economic growth as the
sole measure of success: Bhutan publishes an annual Gross National Happiness Index’ and in 2019 New
Zealand produced its first Wellbeing Budget®’. The COVID-19 pandemic may offer an opportunity, and a
stimulus, to drastically change development pathways in the Mediterranean™®.

How does this issue pose a threat to Mediterranean wetlands? N/A

How does this issue present an opportunity for Mediterranean wetlands? Policies favouring social and
natural capital in Mediterranean countries could reduce threats to wetlands, e.g. from tourism [Issue 19] and
urban growth [lssue 20]. They could also create opportunities for wetland conservation, based on arguments
about their ecosystem services and contributions to people’.

1. Otero |, Farrell KN, Pueyo S, Kallis G, Kehoe L, Haberl H, et al. (2020) Biodiversity policy beyond economic growth. Conserv Lett e12713

2. Center for Bhutan Studies (2020) Gross National Happiness. http://www.grossnationalhappiness.com/. Accessed 25 April 2020

3. Government of New Zealand (2019) The Wellbeing Budget. https://treasury.govt.nz/publications/wellbeing-budget/wellbeing-
budget-2019. Accessed 25 April 2020

4. Harvey F (2020) COVID-19 economic rescue plans must be green, say environmentalists. https://www.theguardian.com/
environment/2020/mar/24/covid-19-economic-rescue-plans-must-be-green-say-environmentalists. Accessed 25 April 2020

5. Arthus-Bertrand Y, Barrau A, Bourg D, de Rostolan M, Giraud G, Grinberg D, et al. (2020) « Apres le confinement, il nous faudra entrer en
résistance climatique». https://www.lemonde.fr/idees/article/2020/03/19/apres-le-confinement-il-nous-faudra-entrer-en-resistance-
climatique_6033624_3232.html. Accessed 25 April 2020

6. Sandbrook C, Gémez-Baggethun E, Adams WM (in press) Biodiversity conservation in a post-COVID-19 economy. Oryx
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7. Millennium Ecosystem Assessment (2005) Ecosystems and human well-being: wetlands and water synthesis. World Resources
Institute, Washington, DC

41]. Limited funding for conservation of Mediterranean wetlands, especially research and
monitoring

Supporting information: Generally, there is not enough money to support all the actions conservationists
want to do"’. Underfunding — relative to the area needing conservation, threatened biodiversity, costs and
GDP — is particularly severe in Algeria, Morocco, Jordan and France’. Funding for conservation may be
strongly affected by the COVID-19 pandemic, due to regional or national economic recessions and new,
competing priorities for financial resources"”.

How does this issue pose a threat to Mediterranean wetlands? Limited funding for inventories of wetlands
or wetland species makes planning for conservation or wise use difficult”. If there is a lack of robust research
into the effectiveness of conservation interventions, it is more likely that ineffective or even harmful
interventions will be carried out.

How does this issue present an opportunity for Mediterranean wetlands? May encourage more judicious
use of available, limited funding. e.g. focus on proactive rather than reactive intervention, developing and
using only effective and efficient interventions, and implementing interventions only when really necessary.

1. Bottrill MC, Joseph LN, Carwardine J, Bode M, Cook C, Game ET, et al. (2009) Finite conservation funds mean triage is unavoidable.
Trends Ecol Evol 24:183-184
2. Waldron A, Mooers AO, Miller DC, Nibbelink N, Redding D, Kuhn TS, et al. (2013) Targeting global conservation funding to limit
immediate biodiversity declines. Proc Natl Acad Sci USA 110:12144-12148
3. McCarthy DP, Donald PF, Scharlemann JPW, Buchanan GM, Balmford A, Green JMH, et al. (2012) Financial costs of meeting global
biodiversity conservation targets: current spending and unmet needs. Science 338:946-949
4. Bakker VJ, Baum JK, Brodie JF, Salomon AK, Dickson BG, Gibbs HK, et al. (2010) The changing landscape of conservation science
funding in the United States: conservation science funding. Conserv Lett 3:435-444
. Sandbrook C, Gomez-Baggethun E, Adams WM (in press) Biodiversity conservation in a post-COVID-19 economy. Oryx
. Theys J (2020) COVID 19 et Méditerranée: les trois temps de la crise. Plan Bleu, Sophia Antipolis
. Mace GM (2004) The role of taxonomy in species conservation. Phil Trans R Soc Lond B 359:711-719
. Ramsar Convention Secretariat (2010) Wetland inventory: a Ramsar framework for wetland inventory and ecological character
description. Ramsar Handbooks for the Wise Use of Wetlands, 4th edition, Vol. 15. Ramsar Convention Secretariat, Gland

00 N O Un

Governance

42. Missing or inadequate national wetland policies

Supporting information: A policy is a collection of principles outlining intended and acceptable activity,
and future direction, for an organisation or government’. Parties to the Ramsar Convention should create
national wetland policies to support, promote and direct wetland conservation and wise use’. In 2016, only
12 of 26 Mediterranean countries (with adequate data) had adopted a specific national wetlands strategy’.
Even when wetland policies are created, they often fail to consider key elements that affect wetlands
(perception of survey respondent). For example, it is important that policies are linked to all activity sectors
that affect wetlands, including transport, housing, industry and agriculture”.

How does this issue pose a threat to Mediterranean wetlands? In the absence of a national wetland policy,
wetland management (including conservation, wise use, and research) is likely to be uncoordinated, poorly
prioritised, ineffective and wasteful'. Wetlands become forgotten under national resource management
policies with a wider remit e.g. for water, sustainable development or nature conservation'.

How does this issue present an opportunity for Mediterranean wetlands? N/A

1. Ramsar Convention Secretariat (2010) National wetland policies: developing and implementing national wetland policies. Ramsar
Handbooks for the Wise Use of Wetlands, 4th edition, Vol. 2. Ramsar Convention Secretariat, Gland

2. MWO (2018) Mediterranean Wetlands Outlook 2: solutions for sustainable Mediterranean wetlands. Mediterranean Wetlands
Observatory, Arles

3. Anon (1997) ENTREVISTA/INTERVIEW Mike Smart, Ass. Secretay General, Ramsar Bureau. Boletin SEHUMED 1:1-2
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43.Improved communications bring Mediterranean wetlands on to the policy agenda

Supporting information: To date, Mediterranean wetlands have largely been overlooked by policy, due to
inter alia poor communication about wetland protection and wise use, the scarcity of wetlands in terms of
surface area, and the perception of natural resources (including water) as free capital for development®. Well-
framed™’, well-timed (e.g. taking advantage of policy windows’) messages delivered through appropriate
channels may help bring wetlands into the focus of policymakers. Well-framed messages might communicate
the value of wetlands to development and as solutions to societal challenges™. An example of a recent, large-
scale communication project was the MedWet-led ‘Off Your Map’ Campaign”.

How does this issue pose a threat to Mediterranean wetlands? N/A

How does this issue present an opportunity for Mediterranean wetlands? Increased protection and funding
for Mediterranean wetland conservation.

1. MWO (2011) Mediterranean wetlands monitoring situation and needs assessment (March 2009-June 2011). Mediterranean
Wetlands Observatory, Arles

2. Burgman MA (2016) Testing judgements: how to get the best out of experts. Cambridge University Press, Cambridge

3. Durham E, Baker H, Smith M, Moore E, Morgan V (2014) The BiodivERsA stakeholder engagement handbook. BiodivERSA, Paris

4. Rose DC, Mukherjee N, Simmons BI, Tew ER, Robertson RJ, Vadrot ABM, et al. (2017) Policy windows for the environment: tips for
improving the uptake of scientific knowledge. Environ Sci Policy 113:47-54

5. IUCN French Committee (2019) Nature-based solutions for climate change adaptation & disaster risk reduction. International Union
for Conservation of Nature, Paris

6. MedWet (2020) ‘Off Your Map’ communication campaign on Mediterranean coastal wetlands. https://medwet.org/off-your-map-
communication-campaign-on-coastal-wetlands/. Accessed 25 November 2020

Management and monitoring

44. Management of transboundary wetlands

Supporting information: Several important Mediterranean wetlands or watersheds cross national borders:
the River Nile flows through multiple African countries; Lake Prespa straddles Greece, Albania and North
Macedonia; Lake Skadar is shared by Albania and Montenegro; the Hutovo Blato-Neretva Delta crosses
Bosnia-Herzegovina and Croatia; the Rivers Tigris and Euphrates run through Turkey, Syria (and Iraq); and
the Jordan River Basin is shared between Jordan, Lebanon, Syria, Palestine and Israel. In other cases,
collections of wetlands across multiple countries form critical landscapes for biodiversity (e.g. wetlands of
Tunisia and Libya"). Countless Mediterranean wetlands are shared between multiple regions or provinces
within countries.

How does this issue pose a threat to Mediterranean wetlands? Transboundary Mediterranean wetlands or
water resources often lack collaborative management plans’. Successful management in one country or region
could be negated by the actions of their neighbours. For example, Ethiopia's Grand Renaissance Dam will
affect water levels in the River Nile downstream, with implications for irrigation, transport and hydropower
production®. Linguistic, political, legal, economic, cultural and psychological barriers may complicate
coordinated conservation efforts'®. Wetlands may be managed for political gain, with disregard for
biodiversity or ecosystem service provision: in May/June 2014, Turkey reduced the flow of the Euphrates into
Syria, starving Lake Asad of 1.6 billion m® of water and reducing hydropower production’.

How does this issue present an opportunity for Mediterranean wetlands? Potential to foster cooperative
research and management to benefit wetlands and all concerned countries or regions’. For example,
coordinated conservation between all countries containing the Nile Basin could reduce conservation
spending by > $80 million compared to an uncoordinated, business-as-usual scenario’. Transboundary control
of issues such as water abstraction, pollution, fire and poaching can be highly effective®. Potential to conserve
large wetland landscapes to maintain connectivity and metapopulations.

1. CEPF (2017) Ecosystem Profile: Mediterranean Basin Biodiversity Hotspot. Critical Ecosystem Partnership Fund, Arlington, VA
2. Mansourian S (2012) Natural resource governance in North Africa: challenges and opportunities. IUCN Social Policy and IUCN
Mediterranean Programme
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46.

3. Mutahi B (2020) Egypt—Ethiopia row: the trouble over a giant Nile dam. https://www.bbc.com/news/world-africa-50328647.
Accessed 25 April 2020

4. Ganoulis J (2006) Water resources management and environmental security in Mediterranean transboundary river basins. In: Morel
B, Linkov | (eds) Environmental security and environmental management: the role of risk assessment. Kluwer Academic Publishers,
Dordrecht, pp 49-58

5. PAP/RAC (2019) The governance of coastal wetlands in the Mediterranean: a handbook. Priority Action Programme/Regional
Activity Centre, Split

6. von Lossow T, Miehe L, Roll S (2020) Nile conflict: compensation rather than mediation: how Europeans can lead an alternative way
forward. SWP Comment. Stiftung Wissenschaft und Politik, Berlin

7. Dohrmann M, Hatem R (2014) The impact of hydro-politics on the relations of Turkey, Irag, and Syria. Middle East J 68:567-583

8. Kark S, Levin N, Grantham HS, Possingham HP (2009) Between-country collaboration and consideration of costs increase
conservation planning efficiency in the Mediterranean Basin. Proc Natl Acad Sci USA 106:15368-15373

9. Allan JR, Levin N, Jones KR, Abdullah S, Hongoh J, Hermoso V, et al. (2019) Navigating the complexities of coordinated conservation
along the river Nile. Sci Adv 5:eaau7668

Development of eDNA and eRNA technology for monitoring Mediterranean wetlands
and their biodiversity

Supporting information: eDNA and eRNA refer to DNA and RNA, respectively, that is free in the
environment and so can be obtained from environmental samples'’. These molecules can provide
information on species, populations and communities’. eRNA is stable enough in the environment to be
sampled, but less stable than eDNA meaning it is less prone to contamination and may offer a better
indication of the living organisms present in the local environment’. Some remaining methodological and
conceptual issues remain to be resolved before either molecule becomes a viable, widespread tool’. The
development and implementation of eRNA technology currently lags behind that for eDNA®.

How does this issue pose a threat to Mediterranean wetlands? N/A

How does this issue present an opportunity for Mediterranean wetlands? Allows thorough monitoring of
biological communities and functions'. Potentially more cost-effective than other sampling methods®. Avoids
need for destructive sampling (e.g. killing hosts to survey their parasites®). Especially useful for species that
are difficult to sample using traditional means (e.g. species in inaccessible habitats’, rare species’, cryptic
species). Opportunity for citizen engagement during sampling’.

1. Thomsen PF, Willerslev E (2015) Environmental DNA — an emerging tool in conservation for monitoring past and present
biodiversity. Biol Conserv 183:4-18

2. Cristescu ME (2019) Can environmental RNA revolutionize biodiversity science? Trends Ecol Evol 34:694—697

3. Smart AS, Weeks AR, Rooyen AR, Moore A, McCarthy MA, Tingley R (2016) Assessing the cost-efficiency of environmental DNA
sampling. Methods Ecol Evol 7:1291-1298

4. Hartikainen H, Bass D, Briscoe AG, Knipe H, Green AJ, Okamura B (2016) Assessing myxozoan presence and diversity using
environmental DNA. Int J Parasitol 46:781-792

5. Reinhardt T, Schingen M, Windisch HS, Nguyen TQ, Ziegler T, Fink P (2019) Monitoring a loss: detection of the semi-aquatic crocodile
lizard (Shinisaurus crocodilurus) in inaccessible habitats via environmental DNA. Aquatic Conserv: Mar Freshw Ecosyst 29:353-360

6. Jerde CL, Mahon AR, Chadderton WL, Lodge DM (2011) “Sight-unseen” detection of rare aquatic species using environmental DNA:
eDNA surveillance of rare aquatic species. Conserv Lett 4:150-157

7. Biggs J, Ewald N, Valentini A, Gaboriaud C, Dejean T, Griffiths RA, et al. (2015) Using eDNA to develop a national citizen science-
based monitoring programme for the great crested newt (Triturus cristatus). Biol Conserv 183:19-28

Use of artificial intelligence/machine learning to process data

Supporting information: Artificial intelligence (Al) refers to the use of computers to mimic the cognitive
functions of humans. Machine learning is a subset of Al, and involves software modifying algorithms in
response to data and feedback it receives’. Al can allow rapid, consistent processing of large amounts of
interconnected data™’.

How does this issue pose a threat to Mediterranean wetlands? Al algorithms are a black box (the internal
workings are not always clear or easy to understand), increasing the risk of misinterpreting the outputs and
engaging in ineffective or damaging conservation practice (e.g. overlooking rare species’). Inadequate or
biased training data can generate biased or misleading ouputs’. Increased access to Al-based information
could drive overexploitation of resources’.
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How does this issue present an opportunity for Mediterranean wetlands? Increased capacity for analysis of
large, interconnected databases to develop holistic solutions to environmental problems’. Applications
relevant to Mediterranean wetland conservation include: mapping wetlands’; identifying priority wetlands for
restoration’; automatically detecting illegal activities in real time (e.g. fishing https://www.oceanmind.global/
and poaching’); guiding precision agriculture to reduce water and chemical inputs (e.g. https://analytics.ag/);
monitoring and modelling urban watersheds to reduce pollution [Issue 477]; and literature searching (e.g. for
reviews and horizon scans’). Al can support progress towards many of the Sustainable Development Goals’.

1. Venkatesan M (2018) Artificial Intelligence vs. Machine Learning vs. Deep Learning. https://www.datasciencecentral.com/profiles/
blogs/artificial-intelligence-vs-machine-learning-vs-deep-learning. Accessed 25 April 2020

2. Kwok R (2019) Al empowers conservation biology. Nature 567:133-134

3. Vinuesa R, Azizpour H, Leite I, Balaam M, Dignum V, Domisch S, et al. (2020) The role of artificial intelligence in achieving the
Sustainable Development Goals. Nat Commun 11:233

4. Wearn OR, Freeman R, Jacoby DMP (2019) Responsible Al for conservation. Nat Mach Intell 1:72-73

5. Hird J, DeLancey E, McDermid G, Kariyeva J (2017) Google Earth Engine, open-access satellite data, and machine learning in support
of large-area probabilistic wetland mapping. Remote Sensing 9:1315

6. Maleki S, Soffianian AR, Koupaei SS, Baghdadi N, EL-Hajj M, Sheikholeslam F, et al. (2020) Wetland restoration prioritization using
artificial neural networks. Wetlands 40:179-192

7. Bondi E, Fang F, Hamilton M, Kar D, Dmello D, Choi J, et al. (2018) SPOT poachers in action: augmenting conservation drones with
automatic detection in near real time. The Thirtieth AAAI Conference on Innovative Applications of Artificial Intelligence (I1AAI-18)
7741-7746

8. Sutherland WJ, Fleishman E, Clout M, Gibbons DW, Lickorish F, Peck LS, Pretty J, Spalding M, Ockendon N (2019) Ten years on: a
review of the first global conservation horizon scan. Trends Ecol Evol 34:139-153

Smart urban water management

Supporting information: Smart or intelligent urban water management will integrate data monitoring,
transmission, management and use to improve the efficiency of water management’. Smart urban areas will
be equipped with numerous advanced sensors (e.g. for water flow through pipes, water levels in tanks,
pollutant concentrations, precipitation). The data from these sensors can be fed into high-resolution, self-
learning models which produce near real-time outputs’. Development of these systems is/will be facilitated by
improvements in sensor, communication and computing technology*’. Smart urban water management will
become more important as the urban population grows [Issue 20], water becomes more scarce [Issue 10 &
Issue 11] and as storms become more frequent and/or intense [Issue 12]. Smart water management systems are
currently in place, at various stages of development, in many urban areas around the Mediterranean
including Jerusalem, Israel’, Cascais, Portgual’ and Madrid, Spain®. In the future, they will likely expand in
range and effectiveness across the Mediterranean.

How does this issue pose a threat to Mediterranean wetlands? N/A

How does this issue present an opportunity for Mediterranean wetlands? Real-time monitoring and
modelling allow effective, proactive intervention (e.g. diverting stormwater to parts of sewer system with
lower flows) or rapid reactive intervention (e.g. following alerts to blockages in sewers’, pollution events’,
leaks in pipes"* or abnormal water usage™). This could minimise impacts on wetlands or water supplies.

1. Lloyd Owen DA (2018) Smart water technologies and techniques: data capture and analysis for sustainable water management.
Wiley-Blackwell, Oxford

2. Braun T (2018) Intelligent urban watersheds. https://meetingoftheminds.org/intelligent-urban-watersheds-25645. Accessed 26 April 2020

3. Park J, Kim KT, Lee WH (2020) Recent advances in Information and Communications Technology (ICT) and sensor technology for
monitoring water quality. Water 12:510

4. Anon (2020) Saving water with smart management and efficient systems in Spain. https://www.libelium.com/libeliumworld/
success-stories/saving-water-with-smart-management-and-efficient-systems-in-spain/. Accessed 26 April 2020

5. ERI(2020) South Bend, Indiana uses smart sewer technology to monitor and manage increased water levels. https://eri.iu.edu/erit/
case-studies/south-bend-indiana-uses-smart-technology-to-monitor-and-regulate-wastewater-levels.html. Accessed 26 April 2020

Increasing quality and declining cost of drones

Supporting information: Drones (also known as unmanned vehicles or remotely operated vehicles) offer a
relatively risk-free and low-cost option to rapidly and systematically generate high quality data on natural
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49.

phenomena’. Thus, they have become popular tools in environmental research and management™’.
"Increasing quality" refers to factors such as improved image resolution, multispectral sensors, and longer
operation times’.

How does this issue pose a threat to Mediterranean wetlands? Disturbance of wetland animals™. Visual
and acoustic disturbance of local people or tourists, reducing the value of wetlands for them.

How does this issue present an opportunity for Mediterranean wetlands? Drone surveys can be carried out
more quickly and more regularly than manual surveys. Drones allow easier monitoring of areas that are tricky
to access by foot/vehicle, such as wetlands. Applications relevant to Mediterranean wetlands include law
enforcement, monitoring invasive species, monitoring breeding birds, monitoring water quality, monitoring
the effects of restoration interventions, mapping underwater topography, firefighting, distributing seed for

156

restoration and development of educational tools™".

1. Jiménez Lépez J, Mulero-Pazmany M (2019) Drones for conservation in protected areas: present and future. Drones 3:10

2. Pimm SL, Alibhai S, Bergl R, Dehgan A, Giri C, Jewell Z, et al. (2015) Emerging technologies to conserve biodiversity. Trends Ecol Evol
30:685-696

3. Stanley MC, Beggs JR, Bassett IE, Burns BR, Dirks KN, Jones DN, et al. (2015) Emerging threats in urban ecosystems: a horizon
scanning exercise. Front Ecol Environ 13:553-560

4. Vas E, Lescroél A, Duriez O, Boguszewski G, Grémillet D (2015) Approaching birds with drones: first experiments and ethical
guidelines. Biol Lett 11:20140754

5. Afan |, Mafiez M, Diaz-Delgado R (2018) Drone monitoring of breeding waterbird populations: the case of the glossy ibis. Drones
2:42

6. de Lima RLP, Boogaard FC, de Graaf-van Dinther RE (2020) Innovative water quality and ecology monitoring using underwater
unmanned vehicles: field applications, challenges and feedback from water managers. Water 12:1196

Use of social media for tracking human interaction with environment

Supporting information: Media such as Twitter, Facebook, Instagram and Flickr can be used to track human
activities in nature, as well as discourse and debates about the environment*?. For example, in the context of
fisheries, social media data could be used to track fish population trends, fishers’ behaviour, and fishers’
attitudes towards management initiatives’. Social media data are a rich source of information (e.g. text, likes,
photographs, timestamps, networks), but are often heavily biased towards certain user groups and geographic
locations™. New technologies, such as underwater wireless connections, could increase the amount and
quality of data available from wetlands’.

How does this issue pose a threat to Mediterranean wetlands? Could lead to incorrect conclusions and
misguided management if biases are not controlled for. Potential for conflicts between wetland
researchers/managers and the public, if the latter feel their privacy is compromised by analysis of social media
data. Digital data can reveal sensitive information such as the precise location of rare or threatened species,
which could facilitate poaching’.

How does this issue present an opportunity for Mediterranean wetlands? Could allow better
understanding of how people use and value Mediterranean wetlands, then adjustment of management
methods and/or marketing messages to maximise their effectiveness’. Particularly useful in wetlands, where
research may be hindered by limited accessibility and low detectability of species’. Studies using existing
social media data may be less costly than field sampling or social surveys’.

1. Ladle R, Correia RA, Do Y, Joo G-J, Malhado ACM, Proulx R, Roberge J-M, Jepson P (2016) Conservation culturomics. Front Ecol
Environ 14:269-275

2. Toivonen T, Heikinheimo V, Fink C, Hausmann A, Hiippala T, Jarv O, et al. (2019) Social media data for conservation science: a
methodological overview. Biol Conserv 233:298-315

3. Jari¢ I, Roll U, Arlinghaus R, Belmaker J, Chen Y, China V, et al. (2020) Expanding conservation culturomics and iEcology from
terrestrial to aquatic realms. PLOS Biol 18:€3000935

4. Kemp S (2019) Digital 2019: global internet use accelerates. https://wearesocial.com/blog/2019/01/digital-2019-global-internet-
use-accelerates. Accessed 25 April 2020

5. Gosal AS, Geijzendorffer IR, Vaclavik T, Poulin B, Ziv G (2019) Using social media, machine learning and natural language processing
to map multiple recreational beneficiaries. Ecosyst Serv 38:100958
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50.Development of regional networks for sharing knowledge about Mediterranean
wetland management

Supporting information: This issue includes both physical and virtual networks. These incorporate a range

of stakeholders, from researchers to governments and civil society organisations’. Knowledge sharing is

facilitated by improvements in communication technologies: video calls, webinars, social media, co-working

software. Examples of existing networks relevant to Mediterranean wetlands include:

e MedWet (http://metwet.org),

o the Mediterranean Wetlands Alliance (https://tourduvalat.org/en/mediterranean-wetlands/the-mediterranean-
alliance-for-wetlands/),

o the Mediterranean Institute for Nature and Anthropos (https://med-ina.org/),

o the Mediterranean Waterbird Network (https://www.medwaterbirds.net/),

o the Network of Mediterranean Plant Conservation Centres (http://www.genmeda.net/),

e the Union for the Mediterranean (https://ufmsecretariat.org/),

o the Network of Mediterranean Experts on Climate and Environmental Change (https://mwww.medecc.org/).

How does this issue pose a threat to Mediterranean wetlands? Risk of excluding local or traditional
knowledge from high-level networks, and alienating local people.

How does this issue present an opportunity for Mediterranean wetlands? Networks allow sharing of
knowledge and experience about what exists where, and about what works and what doesn't. This can
increase both efficacy and efficiency of management. Ability to coordinate landscape-scale conservation
actions'. Ability to match issues or threats with the institution most capable to address them®.

1. Reed MS, Stringer LC, Fazey |, Evely AC, Kruijsen JHJ (2014) Five principles for the practice of knowledge exchange in environmental
management. Journal of Environmental Management 146:337-345

2. Hill R, Davies J, Bohnet IC, Robinson CJ, Maclean K, Pert PL (2015) Collaboration mobilises institutions with scale-dependent
comparative advantage in landscape-scale biodiversity conservation. Environ Sci Policy 51:267-277
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