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Review task to consolidate knowledge and understanding of salt marshes, coastal lagoons and restoration methods underway in the Venice Lagoon (with answers)

Short answer quiz and extended answer questions 

Quiz

What is a salt marsh?

A salt marsh is a low-lying coastal wetland with salt tolerant plants that forms under calm water conditions where tides alternately submerge and drain the area.

What is the Venetian term for salt marsh?

Barena (the plural is ‘barene’)

What term is used in ecology for a plant that is salt tolerant?

Halophyte

What is the term used in ecology for the process in which organisms with distinct adaptations (tolerances) colonize an area in a sequence, changing the environmental conditions over time, with ‘pioneer’ species preparing the way for later species?

Plant succession

What is the name of a plant that tends to initiate salt marsh development by colonizing mud flats exposed at low tide?

Cordgrass (Spartina species), could also mention glasswort (Salicornia) and salt grass (Puccinellia)

What is the term for the process by which very small particles (clays and fine silts) suspended in the water clump together, enabling them to fall through the water column and be deposited?

Flocculation

What is meant by the term ‘blue carbon’?

This is the carbon that is sequestered (absorbed) from the atmosphere and stored in marine and coastal ecosystems.

Salt marsh tends to give way to which other type of low-lying coastal ecosystem inside of approximately 25°N and 25°S latitude?

Mangrove forest

What is meant by the term ‘eustatic sea level rise’?

This refers to the sea level rising in relation to the land due to an increasing volume of water in the world’s oceans. Presently, this is happening because of melting glaciers and increasing sea temperature (thermal expansion).

What is a ‘coastal lagoon’?

A shallow body of water sheltered from the open sea by barrier beaches, islands, or reefs.

What is ‘brackish’ water?

Water that has a salinity intermediate between freshwater and sea water. It typically occurs where rivers and the sea mix such as in coastal lagoons and estuaries.

What is the approximate area of the Venice Lagoon?

550 km2

Approximately what percentage of the area of salt marsh in the Venice Lagoon has been lost since the year 1810?

75%

List reasons why high water (acqua alta) events in Venice have become more frequent and severe since the start of the 20th century.

· Global (eustatic) sea level rise.
· Human caused subsidence (about 10 cm) due to groundwater pumping for industry up until 1973.
· Natural ground subsidence (about 3 cm).
· Dredging canals for shipping and loss of salt marsh means tidal flows move in and out of the lagoon more quickly.

What is the abbreviated name for the tidal barrier scheme that was first used to protect Venice from flooding in 2020? (It is made of mobile gates at each of the three inlets that connect the lagoon with the Adriatic Sea.)

The MOSE scheme

What is the forecast height of water above the reference level that triggers closure of the barrier scheme?

110 cm

List some reasons why the tidal barrier scheme is not by itself a long-term, sustainable solution to Venice’s flood risk.

Any of:
· Expensive to operate and maintain.
· Already questionable efficacy in the longer-term with continued sea level rise.
· Too many closures damages the ecology of the lagoon (e.g. daily tidal flows are needed to maintain water quality, dispersing pollutants and preventing nutrient loading and eutrophication).
· Too many closures disrupts shipping, and therefore the local economy.

List some ecosystem services provided by salt marsh.

Any of:
· Carbon sequestration and storage (more effective per area than forests and terrestrial peatlands).
· Coastal protection by slowing tidal flows, absorbing wave energy, so reducing coastal erosion and protecting places inland from flooding and storm surge.
· Supports biodiversity and is an environment that supports about 75% of commercially valuable fish and shellfish (as a nursery and/or food source).
· Buffer for agricultural, industrial, or domestic pollution running off the land, so protecting aquatic ecosystems further offshore.
· Outdoor recreation (e.g. boating, bird watching).
· Cultural value and aesthetic beauty.

List some reasons for the degradation or loss of salt marsh worldwide.

Any of:
· Land reclamation and coastal development (e.g. for agriculture, for industrial, tourist, or residential developments, for infrastructure).
· Pollution (runoff of pollutants from the land, such as agricultural fertilizers or industrial waste, also disasters such as oil spills).
· Invasive species (e.g. introduction of American Smooth cordgrass in the UK and the resultant hybridization with native species).
· Climate change and sea level rise.
· Coastal erosion and developments along the coast that cause lack of space for movement of salt marsh inland to keep pace with sea level rise (the problem of coastal squeeze).

Give the name of one of the WaterLANDS Action Sites in the Venice Lagoon where salt marsh restoration work is taking place.

Lago Bastia Action Site and Sorelle B Action Site are presented in the slide show.

How does the use of fascines help in protecting and restoring salt marsh?

Fascines (fence-like structures made of upright posts and bundles of wood) work to reduce wave energy, yet also to allow water and sediment to pass through the barrier with each tide. This means that erosion rates are reduced, and mud can build up inside the boundary of fascines sufficiently for salt marsh plants to grow.

What other protection and restoration techniques exist in addition to the use of fascines?

Any of:
· Barriers made from wooden pilings, coir logs, and/or textiles.
· ‘Maxi-fascines’ which are larger and wider structures than ordinary fascines.
· Planting salt tolerant (halophyte) plants on mud flats.
· Using dredged sediment from elsewhere in the lagoon as infill in defined areas for establishing new salt marsh.

Extended answer questions

Past A Level exam questions (AQA, Edexcel, Eduqas, OCR) in which discussion of coastal wetlands is relevant

Using Figure 12 and your own knowledge, assess the potential impact of human activity on this food web. (9 marks, from AQA Paper 1 Ecosystems under stress, May 2024)
(Figure 12 is a food web diagram of the Venice lagoon.)

This is a good example of a question that involves interpreting a schematic diagram and bringing in knowledge about how different living and non-living components of a coastal lagoon ecosystem are interconnected. Human activity can include direct impacts on the ecosystem (such as through the fishing industry and through the dredging and other artificial movements of sediment) and indirect impacts related to runoff of pollutants from the land and effects of human-caused climate change.

‘Sustainable approaches to coastal flood and erosion risk are the only way forward in managing coasts.’ With reference to a local scale coastal environment you have studied, how far do you agree with this statement? (20 marks, from AQA AS Paper 1 Coastal systems and landscapes, May 2023)

The Venice Lagoon can be applied to this question as the named local scale environment, with the evaluation involving a critique of the MOSE tidal barrier scheme and discussion of how salt marsh restoration is a sustainable and essential approach (and a nature-based solution) to reducing erosion and the local flood risk for Venice and the other inhabited islands of the lagoon.

With reference to a coastal landscape from beyond the UK, assess the role of human intervention in shaping the physical environment. (20 marks, from AQA Paper 1 Coastal systems and landscapes, May 2022)

Human intervention over centuries has played a huge role in shaping the physical environment of the Venice Lagoon. Assessment in the response could include discussion of how people have altered the natural movements of sediment within the lagoon. Diversion of rivers around the lagoon to prevent silting up started as early as the 14th century. Over the past century, the dredging of shipping canals and removal of salt marsh for development has led to more sediment loss, coupled with increasing erosion and flood risk. An evaluative point is that sea level rise exacerbates the problems caused by recent human intervention.

Explain the development of saltmarsh environments. (4 marks, from AQA Paper 1 Coastal systems and landscapes, May 2019)

This question can be answered with reference to salt marsh in the Venice Lagoon. As an ‘explain question’, the focus is on the processes: e.g. low energy environments, deposition of fine-grained sediments, intertidal elevational range, colonization by halophytic plants, and plant succession.

Evaluate the view that without hard engineering there is little future for coastal communities threatened by coastal recession and flooding. (20 marks, from Edexcel Paper 1 Coastal Landscapes and Change, May 2023)

The Venice Lagoon lends itself well as an example for evaluative questions of this type. The evaluation here would include arguments against hard engineering as being the only solution, with detail on issues surrounding the MOSE tidal barrier scheme. Restoration of salt marshes and forms of adaptation by the affected communities will be just as important (if not more important).

Explain the importance of vegetation in stabilising coastal landscapes. (8 marks, from Edexcel Paper 1 Coastal Landscapes and Change, May 2021)

This is a wide-ranging question, and the answer would need discussion of more than one place and ecosystem. Mud flat and salt marsh succession in the Venice lagoon could be one example, alongside discussion of mangrove and sand dune environments.

Evaluate the view that coastal flood risks are increasing mainly because of rising sea levels. (20 marks, from Edexcel Paper 1 Coastal Landscapes and Change, May 2019)

While rising sea levels are one reason why coastal flood risks are increasing, an evaluative response needs to consider other factors, an important one being the loss of coastal wetlands that would otherwise act as a natural form of coastal defence. The example of the heightened flood risk for Venice allows for evaluation of multiple factors, including loss of salt marsh in the lagoon and the subsidence caused by former groundwater pumping. 

Discuss the view that human activity has a greater impact on coastal landscapes than natural processes. (15 marks, from Eduqas AS Component 1 Coastal Landscapes, May 2023)

The answer requires recognition that it depends on the time scale under consideration. Over relatively short time scales, human activity can often be seen to have the greater impact, and the historical modifications of the Venice Lagoon (and recent construction of the MOSE tidal barrier) exemplify this. However over longer time scales, natural processes tend to dominate. Coastal lagoons are dynamic and relatively short-lived environments over geological time scales, evolving to become new areas of land, or bays of the sea, depending on sea level and the sediment budget.

Assess the success of one strategy used to manage the interaction between human activity and coastal processes and/or landscapes. (15 marks, from Eduqas Component 1 Coastal Landscapes, May 2022)

The methods of salt marsh restoration being applied in the Venice Lagoon provide an example of the type of strategy described in the question. Among a variety of human activities in the lagoon, shipping is one of the most significant in terms of impacts, and restoration of salt marsh is an effective, nature-based solution for mitigating the erosion and sediment loss caused by the shipping industry. While any amount of salt marsh restoration is better than none, for assessing the success of the strategy, it can be noted that more time is needed before the full benefits will be seen and that there is a need to scale up these efforts.

Using a case study, assess the extent to which landforms within a low energy coastal environment are inter-related. (16 marks, from OCR Component 1 Coastal Landscapes, November 2020)

The Venice Lagoon can be applied as a case study for this question as it is a low energy coastal environment, with the typical lagoon landforms such as mud flats, salt marshes, islands, barrier islands and beaches. The landforms are all related through the flows of water and sediment through the lagoon and the exchange with the Adriatic Sea. One example of a link is that between salt marsh and rates of erosion. More salt marsh means lower wave energy, which in turn protects islands and beaches from erosion. In recent times, rates of coastal erosion and sediment loss from the lagoon have increased because of the drastic reduction in salt marsh area. The barrier islands (such as Lido) can also be discussed as important for maintaining the more sheltered environment needed for wetland development within the lagoon.

General extended answer questions to review the coastal wetlands unit

Explain the environmental conditions that allow for the development of salt marsh.

Salt marsh needs to be defined and discussed in the context of a low energy coastal environment. Relevant factors include the intertidal range, relatively low wave energy, a supply of sediment, and the presence of halophytic plants to colonize mud flats.

Discuss the different ecosystem services provided by salt marsh.

A broad question in which the range of the response is important. For example, there should be consideration of benefits related to coastal protection, to habitats and biodiversity, to pollution control, to carbon accumulation, and to recreation and culture.

To what extent do you agree that salt marshes are a first line of defence against coastal flooding?

An evaluative question without a clearcut answer. While salt marsh is very significant for protection against coastal flooding, the extent varies in different coastal environments. There are other natural features that reduce coastal flood risk, and in some cases, artificial structures are needed to provide full protection. A nuanced answer would involve discussion of how sustainable methods of coastal defence usually require a combination of nature-based (e.g. salt marsh) and hard engineering solutions, especially in view of sea level rise due to global warming.

Evaluate the importance of coastal wetlands within the global carbon cycle.

This answer should include a definition of ‘blue carbon’ and statistics on how much carbon is taken up by coastal wetlands (mangroves, sea grass meadows, salt marshes) compared with other ecosystems. On a per area basis, coastal wetlands are far more effective carbon sinks than forests, and even terrestrial peatlands. As an evaluative question, the degree of importance depends on factors affecting their future, such as sea level rise and how humans manage coasts.

Describe different methods of salt marsh restoration and explain how they work.

This requires study of the methods being applied at the Venice Lagoon Action Sites. The question could be edited to ask for an evaluation of the relative effectiveness of the different methods (for example, different structures and materials being used to protect existing salt marsh or create new salt marsh from infills). If evaluating, the answer should comment on how methods need to be applied in combination for the best chance of success (e.g. infilling, fascines, and planting).

Using the example of the Venice Lagoon, assess the importance of involving the local community for salt marsh restoration.

The involvement of local ‘stakeholders’ is a crucial element in any attempt at environment/ecosystem restoration, and the work in the Venice Lagoon provides an effective example of this. Success requires achieving a balance between the different environmental, economic, social, and cultural needs and uses; so all parties with ‘a stake’ in the outcome should have an input in, and take some ownership of, the restoration efforts. People are unlikely to value what they do not understand or have experience of, and therefore engagement with the local community (e.g. through educational programmes, citizen science, and art) is essential for raising awareness and motivation to protect and restore.

The motto of the organization We are here Venice is “Venice is the lagoon” (Venezia è laguna). Discuss how the future of Venice and its lagoon are inextricably linked.

This question is perfect for exploring the links between physical and human geography and for showing how a geographical (holistic) approach is essential for tackling the problems that Venice faces. Being one of the world’s most beautiful and unique cities, with an incredible artistic and architectural heritage, it goes without saying that its protection should be a priority. The response should discuss how any attempt to safeguard the city must take into account the processes and health of the wider lagoon system in which the city sits. Specific examples of this include discussion of the role of salt marsh as a nature-based solution to reducing the city’s flood risk, and the fact that the MOSE tidal barrier scheme by itself is not a sustainable long-term solution. Frequent blocking off the lagoon from the Adriatic Sea would lead to severe ecosystem change, pollution, and eutrophication, as well as have costly economic impacts. A healthy lagoon ecosystem benefits the resident population of Venice and the other inhabited islands, for a variety of social, economic, and cultural reasons that can be developed in the response.
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