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Appendix 1

List of potential MSc projects in association with the Broads Authority 2008/09
1.  Introduction

The Broads Authority maintains an evidence-based approach to managing the Broads ecosystem. The findings of monitoring and research over the past three to four years are summarised in this register, which contains details of 26 research projects. A certain amount of this research is relevant to specific questions in The Broads whilst the majority is relevant to management in other wetlands across the world.

This review is complimentary to previous research reviews (1988, 1989-94) along with various Broads Research Advisory Panel seminars, which have brought together the wide range of research in The Broads. 

The purpose of this document is to provide an overview of key research and monitoring that has been undertaken or supported by the Broads Authority over approximately the past three to four year period. Research projects undertaken by partner organisations in the Broads area are not included in this report.
This Register outlines key research results, with ongoing and special monitoring projects listed. As well as this document, a supporting database will provide a bibliography of Broads research and form the first point of call for researchers to be annually updated.
The programme and priorities for future research for 2009/10 are outlined in the final section. This research programme will be updated annually. Longer-term research and monitoring aspirations are summarised in habitat strategies (fens, drained marshes, lakes) and Action Plans (Broads Biodiversity, Sediment Management, Lakes, Trinities, Lound, Barton and Upper Thurne) and are not necessarily duplicated within this document, but serve to inform the annual research programme.
2. Research Reviews
	Title
	The environmental range and tolerance limits of British stoneworts

	Author
	Stephen Lambert - University of East Anglia

	Type
	PhD

	Aim
	The environmental requirements for stonewort growth and reproduction are poorly understood, yet stoneworts are an important conservation feature of the Upper Thurne Broads. The aim was to evaluate the environmental conditions where stoneworts occur in the field and the effect of different chemicals on their growth and reproduction.

	Method
	Water and sediment samples were collected from locations across the UK including Hickling Broad, and laboratory studies investigated the response of stoneworts to different environmental conditions.

	Key Results
	· Chara connivens and Nitellopsis obtusa growth was significantly inhibited (p<0.01) at median salinities of 6.1 mS cm-1. In comparison, Chara intermedia growth rate was significantly higher at this salinity range and appeared to show accelerated growth rate at 12.5 – 50% addition of seawater to Hickling water. However, the increased growth response of the Chara intermedia was not statistically significant across the range due to wide variation in individual plant response.

· All three species would suffer stress, as indicated by a reduction of photosynthetic efficiency at 25% addition of seawater to recent median Hickling Broad salinities.

· Changes in salinity within the Broad are likely to change the stonewort species assemblage.

· Stoneworts in Hickling Broad exhibited a distribution with a lower conductivity limit of around 3600 μS cm-1, although another statistical test (Waller-Duncan ‘k’ test) placed the stonewort species recorded in Hickling Broad into a brackish range of 5456 – 6112 μS cm-1.

· Certain stonewort species show clear salinity tolerance with Chara hispida being recorded growing over the widest chloride range, and Chara intermedia at the highest mean and median concentration.

· In laboratory trials the mean concentration of filterable copper of approximately 100μgl-1 as recorded in the interstitial waters of Hickling Broad in August 2006 caused rhizoid loss and inhibited growth of photosynthetic shoots of Chara intermedia plants grown from apical cuttings.
· Of 124 water bodies, supporting 18 stonewort species, the data showed that there was a statistically significant difference (p<0.01) between the mean nitrate ion concentrations at sites where stoneworts were present and absent, with the upper 95% confidence limit for the presence of stoneworts being <3 mgl-1 nitrate, and whilst outlying data showed a stonewort presence at sites at concentrations up to 19 mgl-1, these outlying populations of Tolypella prolifera, recorded in 2006, were not present at the same ditches in 2007.
·  

	Publications
	PhD Thesis

	Supported by
	Broads Authority, Plant-life International, and the Environment Agency 

	Further research potential
	· The data is a tool for determining the likelihood of success of restoration projects for stonewort sites. The research has highlighted the sensitivity of charophytes to heavy metals, particularly in the interstitial phase. Further research is required as to sources of copper, cobalt and manganese and their effects on biodiversity in standing and slow moving fresh waters. Specific research relevant to the Broads would be to investigate heavy metal availability and its effects upon biota within the interstitial phase.  


	
	· Laboratory studies on Chara connivens, C. virgata and Nitella opaca in an artificial Hickling Broad growth media showed that growth of all three species was significantly reduced above 100 μg/l filterable inorganic phosphate.

· Water quality variables which are required at minimum concentrations – calcium, chloride, magnesium, sodium, sulphate and water redox.

· Water chemistry variables which are predicted to limit the probability of charophytes being present above predicted concentrations - Rank in terms of % negative effect as nitrogen–N (25-30%), copper (5-10%), cobalt (5-10%), manganese (2-5%) and phosphorus (2-5%).

· Physical factors which are predicted to limit the probability of stonewort existence –sediment shear strength of the top 2 cm, canopy % cover and light extinction coefficient.

Phragmites australis, and filamentous algae spp. out-compete stoneworts at raised Nitrate-N availability i.e > 0.5 mgl-1 N.


	Title
	An investigation of macrophyte germination, oospore viability and the current aquatic environments of Hickling, Martham and Trinity Broads

	Author
	Stephen Lambert - University of East Anglia

	Type
	BA report

	Aim
	To investigate reasons for the erratic plant growth patterns, by comparison of  the aquatic environments and the range of vigour and diversity of their plant communities, (1) Hickling broad (previously abundant and diverse but currently absent macrophytes); (2) Martham North and Martham South broads (currently containing abundant and diverse macrophyte communities inclusive of charophytes, and (3) the four Trinity broads, Ormesby, Rollesby, Ormesby Little broads and Filby broad (erratic and seasonally unstable macrophyte community structure comprising mainly of Potamogeton species, with occasional charophytes and Elodea spp).

	Method
	Collection of environmental data, including water depth and PAR extinction co-efficient (Kd), upper sediment depth, upper sediment shear stress and water.

Collection and analysis of filtered interstitial water samples from within the top 2 cm of sediment at the sample points.

Replicated aquarium based germination tests of 10 X 1l sediment samples from each of the seventy sample points. 

Counts of oospore and seed numbers in 10 X 100 ml sediment samples from each site

Comparison of the viability oospore samples from the Martham and Hickling Broads by staining.

	Key Results
	Results to be reported in 2009



	Publications
	

	Supported by
	Broads Authority

	Further research potential
	


	Title
	Understanding the groundwater system of a heavily drained coastal catchment and the implications for salinity management.

	Author
	Trevor Simpson - Cranfield University

	Type
	PhD 

	Aim
	The ecology of the Thurne broads has been changed by draining the marshes over several centuries.  The aim was to determine the amounts of salty water, coloured with iron-rich ‘ochre’, entering the Upper Thurne and the changes that might result from different drainage management in the Upper Thurne.

	Method
	Computer modelling (numerical groundwater model) was used to simulate the effects of the current land drainage management on groundwater and drain water salinity, and to investigate the potential effects of changes in drainage management on salinity.

	Key Results
	· Much of the salinity in the Brograve drainage system enters via the coastal marshes, especially Hempstead marshes;

· Changes to the management of the land drainage systems have the potential to reduce the salinity entering the rivers and broads from the pumps. Three scenarios examined showed:

1. Raising water levels in the Hempstead Marshes by ~ 1 metre might lead to a 15% reduction in the amount of salt being discharged by drainage pumps. This will decrease the overall saline inflow into the whole Thurne catchment from 3081 m3/day to 2822 m3/day;

2. Lining the main drain of the Hempstead Marshes with low permeability material produces a reduction in the saline inflow into the Brograve sub-catchment by around 7%.   The saline inflow into the whole catchment decreases from 3,081 m3/day to 2,958 m3/day;

3. The construction of a coastal interceptor drain could in theory prevent the inflow of saline groundwater into the Brograve system.  However, such a drain would increase the saline inflow across the coastal boundary by around six times (from 3,081 m3/day to 19,750 m3/day), remove large quantities of fresh groundwater from the Pleistocene Crag aquifer and lead to high energy and pumping costs.  

· The work shows that there are partial solutions to reducing the saline inflow into the drainage systems in this lowland coastal catchment, and stresses that any intended alterations must consider other potential impacts, such as changes to flood risk, land management restrictions or hydrodynamic effects on the Thurne River.  

	Publications
	PhD Thesis

	Supported by
	Water Management Alliance as part of the Upper Thurne Research Programme

	Further research potential
	· Model could be used to test different drainage management proposals within the Upper Thurne catchment.


	Title
	Nitrogen dynamics within the Upper Thurne catchment.

	Author
	Faye Horne - University of East Anglia

	Type
	PhD

	Aim
	To understand the dynamics of nitrogen (N) in the Upper Thurne catchment in terms of sources, fluxes and seasonal variations. Nitrous oxide (N2O), a potent greenhouse gas, is also being studied to determine whether there are any significant sources from water bodies or field surfaces within the catchment.

	Method
	A combination of modelling techniques (export coefficient technique), GIS, field work and laboratory analysis. All types of dissolved N were measured including nitrate (NO3-), nitrite (NO2-), ammonium (NH4+), dissolved organic nitrogen (DON), total nitrogen (TN) and nitrous oxide N2O.

	Key Results
	· Cereal production is the biggest source of N from land use, which potentially contributes an estimated 81904 kg N year-1, followed by cattle and then sugar beet, which contribute 49106 and 33394 kg N year-1 respectively. 

· In winter NO3- is the predominant form of N within the river and broads due to the high run-off during this season, although maximum concentrations of 30 mg NO3- l-1, were below the 50 mg NO3- l-1 set by the EC Nitrates Directive.

· In contrast in the summer season, DON, such as urea and amino acids, predominate, as this is when decomposers of organic matter are most active. Proportionately, however, concentrations of DON remain fairly constant throughout the year, as this is largely a biologically unavailable pool of N.

· All the sample sites were found to be sources of N2O, with concentrations lowest in the broads and highest in the pump water.

· N2O concentrations correlated with both NO3- and NH4+ concentrations, indicating that both denitrifying and nitrification are sources of N2O in the Upper Thurne. Therefore, if water N loadings increase the N2O flux would also increase.

· Need update on latest research results

	Publications
	

	Supported by
	Broads Authority as part of the Upper Thurne Research Programme

	Further research potential
	· The GIS model can be used to identify the sites most at risk from N enrichment, as regards N sources and N accumulation, and sites that are potential hotspots for N2O production.
· The levels of greenhouse gases that arise from different types of wetland management could be further investigated.


	Title
	Remote sensing in shallow lake ecology

	Author
	Peter Hunter - University of Stirling

	Type
	PhD

	Aim
	Shallow lakes and wetlands are, by their very nature, complex environments. The aim was to investigate the potential contribution that data from remote sensing instruments may make to the monitoring programs in shallow lake and wetland environments such as The Broads.

	Method
	Data were generated using high resolution satellite images and instruments mounted on an aircraft. 

	Key Results
	· It was demonstrated that semi-empirical algorithms could be formulated from high resolution in-situ and airborne remote sensing data, and used to provide accurate and robust estimations of the concentration of chlorophyll-a in water bodies.
· Biomarker pigments made it possible to differentiate and quantify the abundance of potentially toxic blue-green algae from non-toxic species, 
· Diurnal and seasonal regional-scale time-series of phytoplankton dynamics were able to be constructed.

· The distribution of aquatic plants of shallow lakes were mapped, both around the margins of the broads and, perhaps more importantly, those submerged beneath the water’s surface that are of high conservation interest.

· The method potentially enables early warnings about blue green algal blooms to be given to waterway users.

	Publications
	PhD thesis

	Supported by
	Essex and Suffolk Water as part of the Upper Thurne Research Programme

	Further research potential
	· Remote sensing metrics could be constructed for the quantification of plant vigour. This would be particularly important in understanding the ecophysiological response of Common Reed to lake nutrient enrichment.


	Title
	Modelling the dynamics of the Upper Thurne river system and its influence on Hickling Broad.

	Author
	Sue White, Karen Fisher, IP Holman & Sofia Martinez - Cranfield University

	Type
	PhD (uncompleted, written up as a research report)

	Aim
	Water levels within the River Thurne and its broads are tidally influenced. Normal methods of measuring water flows cannot be used, so the controls on the movement of water and salt in the Thurne system are poorly understood.

	Method
	Hydrological models (ISIS flow and ISIS water quality), developed by Broadland Environmental Services Ltd, were used to model the Upper Thurne system.

	Key Results
	· In a high tide and low flow situation, the saline water comes up to Acle Bridge and sometimes further upstream to Repps and beyond. If salinity is from tidal saline water, salinity can be reduced at Acle Bridge, Repps and Hickling by operating the pumps, due to an increased. 
· In the situation of normal tides and with a variety of river flows, higher saline values at Repps can be caused by the water being pumped from upstream. The impact is diluted by higher river flows. The impact has generally dissipated by the time it reaches Acle Bridge. 
· If there is a sustained period of high tide levels with a low tidal range, the saline water gets trapped and salinity levels at Acle Bridge can remain high until the tide levels drop or the tidal range increases. The sustained levels of salinity seen at Acle Bridge under these circumstances are not repeated at Repps, as the saline water does not get trapped as high up the system. The peak levels of salinity are seen at Repps for very high tides of over 2.5 m ODN (at Great Yarmouth), but they are not sustained in a period of higher tide levels.
· The extreme scenarios of high tides (1 in 200 year tide), and high (1 in 100 year flow) and low river flow, show similar patterns in Hickling Broad and Horsey Mere:
1. The high tide levels cause high levels of salinity even with a high flow,

2. At around 50 hours the impact of the high tide levels causes high levels of salinity, especially when the river flow is low. This reduces as the tidal levels reduce.

3. For the option of the 1 in 100 year flow, at 50 hours the salinity impact from the high tide is less than the options with the low flow, as there is more dilution of the saline water. As the flow subsides, but the tide levels are still high, the salinity rises, as the dilution effect from the freshwater is less.

4. When the pumps are on, the peak salinity levels from the tidal saline intrusion are reduced, as the water from the pumps dilutes the impact of the tidal salinity. Switching the pumps off has the effect of reducing dilution and increases peak salinity concentrations.

	Publications
	Unpublished report

	Supported by
	BA, NE, EA as part of the Upper Thurne Research Programme

	Further research potential
	· The hydrodynamic model could be used to assess wetland and river management scenarios for the Upper Thurne


	Title
	Integrated catchment scale model of a lowland eutrophic lake and river system: Norfolk, UK.

	Author
	Jodie Whitehead -  Cranfield University

	Type
	PhD

	Aim
	The aim of the study was to gain a better understanding of the current nutrient dynamics within the Thurne, Bure and Ant catchments. Using the generated data predictions were made on the effect that climate change could have on the future current and nutrient dynamics within the catchments.

	Method
	Computer modelling (SWAT using UKCIP02 scenarios) were used to investigate the current and future dynamics within the Thurne, Bure and Ant catchments.

	Key Results
	· An increase in rainfall and temperature through climate change increases eutrophication problems for both the rivers and Broads within the Bure and Ant system. This will increase the already high risk of ecological failure in Hickling Broad.

· Both future climate scenarios show increased rainfall, run-off, leaching and infiltration affecting the mobilisation of N. Where infiltration values increase N fluxes to the catchment systems also increase, suggesting the main transfer route for N in the study area is through groundwater.

· For the climate only scenarios the spatial distribution for each output parameter varies depending on the climate input. A spatial relationship between rainfall and run-off cannot be clearly seen. This may be caused by the lack of spatial relationship between the MONARCH grid cells used in the baseline and future scenarios.

· Spatial results do however show that higher P outputs are linked to areas of higher run-off and consequently higher sediment loading; no matter how low the P inputs to the system. Therefore high P source areas can be identified and should be the focus for P reduction activities.

· The effect of the two future socio-economic scenarios (Regional Enterprise - RE, and Global Sustainability – GS) is very different, with the GS scenario decreasing the nutrient loads to the two catchment systems below that of current conditions. Both future socio-economic scenarios also show a substantial increase in potential demand for irrigation due to the increased area of sugar beet and potatoes; this is however assuming unlimited water supplies.

· It is climate change that causes the greatest increases in nutrient, and sediment yield and changes in hydrological dynamics in the study area. To alleviate increased yields and increased river flow to the system erosion control measures can be employed.

· Modelling results suggest that the only sustainable future scenario in terms of land management would be to revert all the agricultural land to grassland. However the feasibility of this in terms of agricultural economics is questionable and needs to be investigated further.

	Publications
	PhD thesis

	Supported by
	BA, NE, EA as part of the Upper Thurne Research Programme

	Further research potential
	· The under estimation of sediment loading and the modelling of all sediment sources with the SWAT model needs to be investigated.

· A better way to represent irrigation depth within SWAT needs to be addressed.

· The increased flood risk within the study area and consequent removal of agricultural land from production should be investigated in SWAT.

· Modelling other erosion control measures with the existing input variables and future scenarios is an interesting area for further research.

· Investigation into a more rigorous water quality sampling regime which is suitable for the complex system of the Broads should be undertaken.

· Research should also be undertaken to investigate whether there are other models possible for modelling of low lying pumped systems.

· Leading on from this work a socio economic analysis investigating the feasibility of current agricultural practices under future scenario conditions should be considered.


	Title
	Ecological change in shallow lakes following antifoulant biocide contamination



	Author
	Dan Hoare – Environmental Change Research Centre, University College London



	Type
	PhD



	Aim
	To reconstruct the changing ecology of two shallow lakes, and determine whether tributyltin (TBT) could have been a contributing factor in the switch from macrophyte to algal-dominated state. Analysis of water and surface sediments for contemporary antifoul biocide concentrations will be carried out to improve understanding of the transport mechanisms that would have been responsible for dilution and dispersion of TBT.



	Method
	Conduct a spatio-temporal assessment of antifoul biocide concentrations in the River Bure waterway, in conjunction with a palaeolimnological approach 



	Key Results
	· Identification of a contamination gradient in organic antifoul paint (AFP)

     biocides within the River Bure and its associated boatyards and broads

· Quantifiable concentrations of TBT and its degradation products were determined from the surface sediments of the River Bure waterway despite there being over 17 years after TBT was banned from use in AFPs on boats within the Broads.

· The concentration ratio of TBT to its primary breakdown product dibutyltin (DBT) within the most contaminated hotspots, indicated a very low rate of degradation, in the order of several decades.

· All sediment cores collected from navigable Broads show that intense TBT contamination occurred between the late 1960s and late 1980’s.

·  AFP biocide contamination was present in sites closed to navigation, but hydrologically connected to the main river system

· The concentration of bioavailable TBT, at time of active usage, was of sufficient concentration to have deleterious effects on a wide range on ecologically important biota   



	Publications
	Sayer,C.D., Hoare,D.J., Simpson,G.L., Henderson,A.C.G., Liptrot,E.R., Jackson,M.J.,Appleby,P.G., Boyle,J.F., Jones,J.I., Waldock,M.J. (2006) TBT causes regime shift in shallow lakes. Environmental Science & Technology, 40, 5269-5275.



	Supported by
	Broads Authority as a CASE partner

	Further research potential
	· PhD student, Jake Laws,  Queen Mary, University of London examining biotic  transfer of TBT within the Broads food web


	Title
	An assessment of Polycyclic Aromatic Hydrocarbon (PAH) contamination of the Norfolk Broads



	Author
	William Rodger – Imperial College



	Type
	MSc



	Aim
	Investigate the significance of PAH contamination throughout the Norfolk Broads,making recommendations as to legislative obligations under the EU Water Framework Directive (2000/60/EC).

	Method
	Fourteen sediment sampling locations were selected according to initial indications of contaminant sources arising from preliminary GIS analysis of data collected following sediment sampling carried out in 2004.  Sediments were analysed for the 16 USEPA list of PAH species.  A hazard assessment was then conducted on the results, identifying sites exceeding the Lowest Effect Level (LEL) thresholds.

	Key Results
	· The River Yare and Waveney valleys, particularly near industrial activity,  provide the majority of the locations where PAH species LELs are exceeded, although there are instances along the River Bure, particularly around Hoveton and Wroxham.

· There were no instances in which the Severe Effects Level (SEL) threshold was exceeded. 

· hazard maps should be treated with caution, since they merely indicate apotential for harm to occur rather than indicating harm that is actually occurring

· there is a reasonably even distribution of pyrolytic sourcesof PAH emissions located throughout the Broads area. This indicates that the source of these pyrolytic PAHs could be either urban runoff or boat engine emissions

· Petrogenic PAHs from fuel spills are common, particularly in boatyards

· Pyrolytic PAHs emerging from sources other than boats may be a major contributing factor towards the overall PAH input into the Broads



	Publications
	

	Supported by
	Broads Authority contributed to student expenses

	Further research potential
	· In order to quantify the overall risk, exposure data would be required


	Title
	An assessment of heavy metal contamination in the Norfolk Broads


	Author
	Alexandra Collins – Imperial College



	Type
	MSc



	Aim
	To analyse heavy metal contamination in the Broads and determine the significance of this.  Make recommendations to the Broads Authority in order to develop options for the management of the risk, posed by heavy metal contamination, to the aquatic environment

	Method
	· Assess the spatial distribution of heavy metals throughout the study area. 
· Develop a conceptual model of heavy metal contamination, identifying the source, pathways and receptors within the Broads catchment. 
· Using the model attempt to identify correlations between heavy metal concentrations and potential sources
· Using the findings suggest mitigation strategies that could be incorporated into catchment management plans to enable the Broads Authority to manage the risk from heavy metals


	Key Results
	· 3, 4, 1 & 1 percent of sites sampled had respective concentrations of copper, lead, mercury and zinc greater than the modeled Severe Effects Level

· Compared to other rivers Cd, Hg, Pb and Cu concentrations are higher than half of other UK rivers investigated
· Longitudinal profiles show that some heavy metal concentrations are increased within 2km of some WWTPs

	Publications
	

	Supported by
	Broads Authority contributed to student expenses

	Further research potential
	Investigate the quality of effluent being discharged at each WWTP to see if this is responsible for difference in patterns in heavy metal levels downstream of plant



	Title
	Peat stratigraphy of Upton Fen.

	Author
	Susan Shaw, Colin Wells & Brian Wheeler – University of Sheffield

	Type
	Contract

	Aim
	It is thought likely that Upton Great and Little Broads are critical to the provision of water to the adjoining fen system, but the extent of water movement within this system is unknown. The aim was, therefore, to determine the occurrence and level (depth) of peat (both floating and in-filled diggings) that would allow water flow, to help identify the likelihood of water transfer between the Little Broad and the Doles.

	Method
	The stratigraphy of the upper horizons (mostly <1.5 m) of the northern side of Little Broad was examined using a series of seven transects, and point sampling along three dykes.  Peat stratigraphy was examined using a 30 mm bore gouge auger.

	Key Results
	· It seems likely that the Little Broad basin once went further than is currently the case, and, as the upper peat layers of the in-filled areas may be relatively permeable, there is obvious potential for water movement from the open water into the terrestrialised areas north of the broad.

· The stratigraphy of the turf ponds within the Doles is variable, but a feature of many cores was the occurrence of relatively unconsolidated layers. These may provide a pathway for sub-surface water flow into these old peat workings from Little Broad. It is not known whether any of the loose turf pond peats connect directly with the loose peat infill of the northern extension of the Broad, but this seems likely. The present stratigraphical investigations found no continuous barrier of low permeability that might prevent sub-surface water flow from the Little Broad (and its associated dykes) into the Doles. Local barriers do occur though, which may mean that water supply from the broad does not, to all intents and purposes, occur, or is so circuitous as to be of little consequence.

· Uncertainties about the hydraulic gradients across the Doles remain. 

· The study, if correct, suggests:
1. That the present state of the Doles is sub-optimal with regard to groundwater supply from the broad;

2. That a reduction in head (i.e. lowering of the broad level) may well make this situation worse, leading to a further reduction in supply of groundwater and to further drying of the fen.

	Publications
	Report

	Supported by
	Broads Authority and Norfolk Wildlife Trust

	Further research potential
	· More data on water tables and surface height across the Doles are required to fully understand the hydraulic gradients.

· The conservation value of the Doles (at least in botanical terms) could perhaps be increased by raising water levels in the broad, and by engineering increased flow into the Doles area.


	Title
	Sediment characterisation survey 

	Author
	Clive Lange and Andy Collins – STL Ltd

	Type
	Contract

	Aim
	Sampling of sediment along the Ant, Thurne, Bure, Yare, Waveney and Chet waterways in order to produce baseline information for the Broads Sediment Management Survey.

	Method
	66 samples were taken at approximately 2 km intervals throughout the Broads representing a wide range of bed materials. The samples were analysed for contaminants, nutrients and physical characteristics.

	Key Results
	· 88% of the samples were Class A sediments. Sediment from these sample areas could go to agricultural disposal.
· 9% of the samples were Class B sediments, or Class C sediments that could be treated. Sediment from these sample areas could be disposed under exemption, including agricultural disposal and set back areas.

· 3% of the samples were Class C sediments. Sediments from these samples would most likely have to be disposed of at a licensed site.

	Publications
	STL Ltd Report
Broads Authority Sediment Management Strategy

	Supported by
	Broads Authority

	Further research potential
	· In the future, material may need to be re-sampled in order to accurately characterise it as inert, non-hazardous or hazardous waste.


	Title
	Fisheries surveys of the isolated Barton Fen and four river connected fens: Cockshoot, Ebb & Flow, Reedham and Woodbastwick.

	Author
	Mark Tomlinson & Martin Perrow – ECON Ecological Consultancy

	Type
	Contract

	Aim
	The aim of the work was to determine the species composition and density (abundance ind. m-2 and biomass g m-2) of the fish community of the four agreed river connected fens at Cockshoot, Ebb & Flow, Reedham and Woodbastwick, and the isolated Barton Fen. A comparison between summer and winter surveys was made to identify possible over-wintering sites for the river connected sites.

	Method
	The surveys were conducted using the point abundance sampling (PASE) by electrofishing technique. A maximum of twenty points (wherever) possible were systematically selected (5 to 6m apart) at each site. Any stunned fish were captured with a hand-net, with all fish identified and measured (fork length) to the nearest mm. The biomass of each species at each point was calculated by a comprehensive series of length-weight regressions held by ECON.

	Key Results
	· BARTON FEN: This isolated system supports a species poor, low density fish community (0.03 - 0.1 ind. m-2). The PASE survey revealed a fish community of four species (Rudd, Pike, Roach and Ten-spined Stickleback). Successful annual recruitment would therefore probably be crucial to maintain populations of the key species and the overall fish community.

· COCKSHOOT BROAD: The fish community comprised four species (Rudd, Roach, Perch and Ten-spined Stickleback). The overall abundance varied from 0.3 ind. m-2 in summer to 1.2 ind. m-2 in winter. The concentration of fish in the dyke are likely to be riverine in origin, and the dramatic decrease in fish numbers further from the river connection is likely to be a function of macrophyte density rather than distance. Over-wintering fish concentrated in areas where trees lined the banks, which may provide suitable cover from aerial predation.

· EBB & FLOW FEN: This fish community comprised seven species (Roach, Three-spined Stickleback, Perch, Ten-spined Stickleback, Rudd, Pike and, in the winter only, Bream). Fish density estimates were high, at 1.6 – 1.9 ind. m-2. Fish originating from the River Bure utilise the fen on a seasonal basis for spawning, refuge when young, and over-wintering instream and bank vegetation provide good cover for over-wintering fish and, the site has the potential to support greater numbers of over-wintering fish. 

· REEDHAM FEN: The fish community comprised five species (Roach, Perch, Rudd, Ten-spined Stickleback and Pike). Fish density estimates varied from 0.5 ind. m-2 in summer to 0.01 ind. m-2 in winter. Fish appear to be of riverine origin. The ‘open’ nature of the main dyke and the central dyke was unsuitable to support over-wintering fish. The reed margins of the main dykes, however, could provide suitable habitat for spawning fish.

· WODBASTWICK FEN: The fish community comprised eight species (Roach, Perch, Pike, Rudd, Gudgeon, Tench, Ten-spined Stickleback and Eel). Fish density estimates ranged from 0.2 – 0.6 ind. m-2. The fish present in the main dyke seemed unlikely to be seeking refuge from the river during the summer. Over-wintering Roach, Gudgeon, and possibly Rudd are considered to originate from Decoy Broad.

	Publications
	2 Reports (Summer 2007 & August 2008)

	Supported by
	Broads Authority

	Further research potential
	


	Title
	Desk based study of the sediment inputs to the Broads catchment, with the identification of key inputs and recommendations for further targeted research and management to minimise inputs.

	Author
	Sue White, Lynda Deeks, Sabine Apitz, Ann Holden & Mark Freeman

	Type
	Contract

	Aim
	Effective sediment management is a major issue for the viability of the Norfolk Broads. Any sediment management strategy will require an understanding of the distribution, availability and risk of contaminants associated with sediments. The aim of this study was to express currently available data in terms of the Broads Authority Sediment Management Strategy, and identify the most effective path forward.

	Method
	A Drivers-Pressures-State-Impact-Response (DPSIR) diagram was constructed, and a conceptual model of the Broads system and main sediment inputs (natural and man-induced) was developed for qualitative to semi-quantitative analysis. Sediment source risk zones were defined, and trends in past sediment supply and causative factors evaluated.

	Key Results
	· CATCHMENT EROSION: River bed material, bank erosion, algal blooms, organic matter and chemical processes all act as sediment supply sources. The importance of these sources varies seasonally, most likely due to increased boat traffic during the summer months increasing the amount of bank erosion. 

· HEADWATERS: The highest erosion potential is in the headwaters of the Wensum, although there are some smaller areas with comparable potential erosion in the Yare and Waveney headwaters. Land management and land use are major drivers of enhanced erosion in these catchments. Current estimates for sediment inputs from headwater catchments range from 1500 – 15000 t yr-1. In the Thurne catchment the Somerton and Brograve pumps transfer approximately 800 t yr-1 of ochre. Whilst the ochre can be harmful to aquatic systems, but it does act as a binding agent for phosphate.

· INTERNAL CATCHMENTS: Sediment input from erosion of the land surface in the internal catchments can be expected to be considerably lower than inputs from the headwater catchments. Inputs range from 500 – 900 t yr-1.
· BANK EROSION: This is the most studied sediment process and appears to be one of the most important sediment sources. Fluvial and tidal flows, wave action by boats or by wind, bank vegetation, bank material, animal activity and sediment resuspension are all factors contributing to bank erosion.

· PLANTS & PHYTOPLANKTON: High phytoplankton numbers in a management unit are well correlated with high organic matter in sediment. Average values for phytoplankton cells per ml in Broads of 31136 and in rivers of 20176 were calculated.
· SEWAGE TREATMENT WORKS & INDUSTRY: Overall, these appear to be relatively insignificant sources of sediment at the BA scale, although there may be some implications local to outfalls. Sediment inputs from STW’s at Lowestoft, Caistor and Norwich of 506.6, 395.2 and 172.5 t yr-1 respectively were estimated. Industrial and other discharges may contribute of the order of 136-450 t yr-1 over the whole system.

· RESUSPENSION: It is clear that sediment remobilisation from the bed, together with removal of sediment through dredging and flooding, with subsequent re-erosion of this material are very important components of the sediment budget in the river system. Boat numbers, boat speeds, river depth, tidal flow, bed substrate and submerged vegetation are all factors contributing to resuspension.
· Sedimentation has appeared to increase over the past century due to increased agricultural erosion, pumping transferring nutrients and ochre, boats increasing bank erosion and resuspension, high numbers of gulls increasing nutrient and organic matter, population growth increasing sewage and nutrient inputs, and increased phytoplankton growth increasing organic sediment and recycling nutrients.

	Publications
	

	Supported by
	

	Further research potential
	· It is recommended that BA should carry out a comparison of estimated sediment yields in this report with data from the EA-WFD study as far a possible.
· Conduct sediment sampling related to flow in ditches.

· Monitor sediment loads in ditches and from pumps to determine best management practices.

· Survey/monitor and map bank erosion, piling removal, bank structure, tidal and fluvial water level change in a GIS system to identify bank erosion hotspots and prioritise management actions.
· Map boat numbers to allow pressure statistics to be produced for the whole system.

· Investigate bio-markers to identify the sources of organic matter in bed substrates. Survey and map riparian vegetation and macrophytes in a GIS system to better quantify bank erosion and identify high bank erosion sites.
· Measure concentration, velocity, and salinity in the Bure, Waveney and Yare systems to estimate annual fluxes between rivers and the sea. Use data to model future conditions. 

· Develop a database of locations, discharge consents and actual monitored concentrations of suspended sediment, phosphate and nitrate for all major discharges into the Broads area.

· Develop a GIS system detailing dredge material in a spatial, temporal and volumetric perspective for historical data. Could include information on contaminant levels and sediment texture.

· Use geofabric mats in key floodplain areas to evaluate sediment removal due to flooding.


	Title
	Correlation between chlorophyll-a data and phytoplankton contribution to sediment.

	Author
	Ann-Marie Gray, Cranfield University

	Type
	Research

	Aim
	There is a complex relationship between macrophytes and phytoplankton, where shallow lakes are known to exist in alternative states, either phytoplankton or macrophyte dominate. Through eutrophication the ecological state of the majority of Broads has degraded to one of phytoplankton domination where the water is turbid. The phytoplankton cells contribute to sediment deposition by persisting in the sediment after cell death. Their abundance coupled with the dissolution resistant silica walls result in mass sedimentary accumulations. This study provides an overview of the taxonomic composition, abundance, sinking rates and sedimentation losses of the major phytoplankton species and groups in the Norfolk Broads.

	Method
	This was a desk-based study that analysed data gathered by the Environment Agency between 1988 and 1996 on the phytoplankton within the Broads. Phytoplankton had been identified and the most important species groups with respect to sedimentation selected for analysis. Groups were furthered split according to the season when algal blooms occur.

	Key results
	· The mean sinking rate for Bacillariophycean (diatoms) was 0.3073 – 0.8935 m day-1; Chlorophycean: 0.0684 – 0.6263 m day-1; Chrysophycean: 0.2684 m day-1 and Synurophycean: 0.0164 – 0.0409 m day-1. The diatom’s high sinking rate and abundance made them the highest contributors to the sediment. 

· The lower sedimentation rate ranges from 1.56 x 10-4 to 5.66 x 10-2 g/cm2/month (Upton and Cockshoot Broads respectively) and the upper sedimentation rate ranges from 8.19 x 10-4 to 1.24 x 10-1 g/cm2/month. The sedimentation rate (from all sources) for Broads connected to rivers ranges from 0.005 to 0.031 g/cm2/month. The majority of estimated phytoplankton contribution falls within this range and is therefore a promising method to determine phytoplankton contribution 

· Phytoplankton composition and abundance varies between and within Broads. Variation is linked to water quality, grazing potential, hydraulic washout and retention time (18 – 27 days minimum up to 250 days maximum). 
· The mean sedimentation rate ranges from 4.3 x10-4 to 9 x10-2 g/cm2/month. 
· The chlorophyll a concentration ranges from 8.0 to 94.3 μg l-1. High Chlorophyll-a concentrations may be caused by recording Chlorophyll-a in attached algae (such as periphyton) as well as phytoplankton. Alternatively, Chlorophyll-a measurements may include recently sedimented phytoplankton that has been re-suspended.
· The proportion of planktonic-phytoplankton in each broad varies depending on the phytoplankton community present. In the majority of Broads planktonic-phytoplankton is a large component of the total phytoplankton sedimentation rate (>65%). Conversely in Upton, Ormesby and Cockshoot Broad the planktonic-phytoplankton sedimentation rate is considerably less (<15%). 

	Publications
	MSc thesis

	Further reading
	

	Supported by
	

	Further research potential
	· The organic matter data originates from mean River and Broad data, whereas the phytoplankton estimates use weighted averages to take size into consideration and do not include riverine phytoplankton data. It would be useful to have an estimate of phytoplankton sedimentation from riverine inputs and then compare it to organic matter percentages for each site. 
· Regular phytoplankton sampling will strengthen estimates of composition and density. Furthermore, the application of methods used in this study on a monthly basis thought out the year will provide more reliable estimates of phytoplankton contribution. 


	Title
	Palaeoecological investigation of the past biological structure and function of the Trinity Broads

	Author
	Tom Davidson, Gina Clarke, David Morley, Neil Rose, Simon Turner & Carl Sayer (ENSIS Ltd., Environmental Change Research Centre, University College London)

	Type
	Technical research report

	Aim
	The aim of the project was to employ palaeoecological techniques to investigate the past biological structure and function of the Broads, in particular the past aquatic flora. 

	Method
	Sediment cores were taken from semi-littoral areas of each of the Broads in March 2007. The cores were extruded in the field, stratigraphic changes were noted and the percentage dry weight and organic matter content of each core were subsequently determined in the laboratory. In order to date the cores sediment samples were analysed for sphaeroidal carbonaceous particles (SCPs) and reasonable chronologies were established. 

      Samples from each core were analysed for the plant and animal macrofossil and the cladoceran remains were also analysed. The results from the former provide a good indication of changes in the submerged flora of the Broads and the latter can provide insights into how the ecological functioning of a lake changes over time, providing an explanation of why the macrophytes flora changed.

	Key results
	· The macrofossil and cladoceran profiles from each of the cores showed broadly similar patterns across the four Broads. At the base of each sequence there was a period with diverse, abundant macrofossil remains, characterised by a number of Potamogeton species and large numbers of stonewort (Chara & Nitella) remains, known as oospores. At this time the fauna of the sites, both cladoceran and molluscan, reflected a community dominated by benthic species. 

· After this initial period, which is likely to have lasted many hundred years, species such as Callitriche and Ranunculus sect. Batrachium (Water crowfoots) appeared in the record and the number and diversity of Chara remains declined. This second phase in submerged flora was accompanied by a shift to more pelagic cladoceran species and a decline in mollusc diversity and abundance. 

· The final stage in the sequence of changes, reflected by each core, was a shift to an assemblage dominated by fine leaved Potamogeton leaf fragment, Nymphaeaceae remains and Zanichellia palustris leaves and seeds. All the cores reflected a further shift to pelagic cladoceran species at this time, with large bodied Daphnia species dominant in the final phase. There were, however, some changes towards the surface of the core, in particular in the Ormesby cores, as some of the more plant associated species increased in relative abundance. This may reflect a recent (last 10 years) increase in macrophyte abundance. The changes, both in the submerged flora and the cladoceran fauna, that have occurred at all the Trinity Broads over the last 150 years or almost certainly a reflection of the progressive, chronic, eutrophication of the system. 

· The timing of the changes between the sites appeared to vary with a sequence of impact from North to South. Ormesby Broad being the first to be impacted and then the effects of eutrophication cascading down the system. Each Broad in turn having acted as a buffer to eutrophication to its downstream neighbour until some critical point at which the buffering capacity failed. Thus, Filby Broad maintained a macrophytes community dominated by Chara perhaps 80 years longer than Ormesby Broad. 

	Publications
	Research Report No 122
Report to the Trinity Broads Partnership, March 2008

	Further reading
	

	Supported by
	

	Further research potential
	


	Title
	Trinity Broads Macrophyte Seed Study Report

	Author
	Liz Scott (ESW)

	Type
	MSc

	Aim
	To confirm the presence or absence of inocula or viable seed within Broad sediment through: a. the collection of sediment samples from each of the Trinity Broads; and b. the germination and growth of macrophytes from each of the above sediment samples.

	Method
	Sediment cores were taken down to the peat layer from three points within each of the Trinity Broads. The samples were emptied into plastic tubs, vigorously mixed for around 15 seconds to split any seed cases that may require mechanical stress to germinate, filled with tap water and kept in a sheltered, sunny area over the ensuing winter, spring and summer. The tubs were periodically cleared of Spirogyra and Chladophora macro-algae, and the water level topped up when necessary.

	Key results
	· Despite the fact that the Trinity Broads sediment samples were placed in optimal conditions for macrophyte germination and growth, only sediment from Ormesby Broad contained viable seeds and/or propagative material that subsequently produced macrophytes. No macrophyte growth was observed in the sediment samples taken from Rollesby Broad, Ormesby Little Broad or Filby Broad.

· Natural re-colonisation of macrophytes may have been prevented due to:

i. Destruction by birds;

ii. Sediment conditions prevent their development – physical nature, degree of disturbance or chemistry.

iii. Natural inocula are absent and must be reintroduced. 

· In the case of the Trinity Broads all three may in part be responsible. For example, the sediment in Rollesby Broad, Ormesby Little Broad, Lily Broad and Filby Broad is likely to have been laid down under phytoplankton-dominated conditions, so is fluid and lacks the fibrous material that binds together the sediments laid down under plant-dominated communities. This creates difficult conditions for macrophytes to establish, with small plants easily dislodged by water movements or uprooted by birds such as coot.

· Additionally, a bathymetric survey shows that Ormesby Broad is the shallowest of the lakes with the majority of the water being no deeper than 2m. Water depth corresponds to the gradient in macrophyte abundance, with Filby Broad having the greatest proportion of water greater than 3m deep and the lowest abundance and coverage of macrophytes. However, the depth of all the Broads should not be inhibitory to germination and growth in the shallower peripheral margins.

· While macrophyte surveys have shown that natural inocula is present in some areas of Filby Broad, Rollesby Broad and Ormesby Little Broad, the results of the pilot study suggest that inocula is absent in other areas. This may be because macrophytes have always been limited or absent, or because unfavourable conditions have prevailed for too long. Consequently, seeds and propagules may have died or been buried too deeply across large areas of the Broads. Where natural inocula are absent, it could be postulated that an improvement in water quality alone may not lead to an increase in macrophyte coverage and that a manual re-introduction of seed and/or propagative material is required.

	Publications
	ESW Trinity Broads AMP4 National Environment Programme – Volume 2: Appendix (2007)

	Further reading
	

	Supported by
	ESW

	Further research potential
	


	Title
	Trinity Broads Nutrient Budget Report

	Author
	Liz Scott (ESW)

	Type
	MSc

	Aim
	To confirm nutrient gains and losses within the Trinity Broads and to assess whether a balance in nutrient concentrations exists.

	Method
	Water sampling, flow gauging and development of a nutrient budget.

	Key results
	· Water balance calculations show consistent loss of water from the system between March and July, followed by gains in water between August and February. This is not necessarily a natural pattern because operation of the Muckfleet Sluice affects outflows.

· All inflows monitored except Spring dyke and the WTW discharge exceeded 100ug/l of phosphorus, which is significantly higher than open water concentrations. Therefore catchment management is essential.

· It appears that phosphorus increases in Ormesby, Ormesby Little and Filby broads are caused by algae die back, although sediment release may also have an impact on phosphorus concentrations. Macrophytes may regulate phosphorus concentrations in open water, perhaps explaining why Ormesby has lower phosphorus levels.

· Filby broad and Ormesby broad have similar concentrations of phosphorus, yet Filby probably releases more due to the lower concentration of iron within the sediment (40% lower than Ormesby), and a higher concentration of organic content (40% more).

· Groundwater represents a significant source of nutrients, especially nitrate, to the Trinity Broads.

	Publications
	ESW Trinity Broads AMP4 National Environment Programme – Volume 2: Appendix (2007)

	Further reading
	

	Supported by
	ESW

	Further research potential
	


	Title
	Trinity Broads Sediment Survey Report

	Author
	Liz Scott (ESW)

	Type
	MSc

	Aim
	To assess and compare the relative concentrations of TP, TFe and organic content in each of the sediment samples from Ormesby Broad and Filby Broad.
      To assess the relative size of the phosphorus ‘sink’ present in Ormesby Broad and Filby Broad in order to ascertain whether the sediments could be responsible for the difference in phosphorus concentration observed in each of the Broads.

	Method
	To collect sediment samples from Ormesby Broad and Filby Broad and analyse each of the sediment samples for total phosphorus (TP), total iron (TFe) and organic content (loss on ignition).

	Key results
	· There are differences in chemical and environmental characteristics between Ormesby Broad and Filby Broad that can help explain the difference in phosphorus concentration in the open water.

· Ormesby Broad sediments have a higher Fe:P ratio than Filby Broad sediments, suggesting Ormesby Broad sediment can retain a greater amount of phosphorus in insoluble compounds.

· Filby Broad sediment contained 40% more organic material than Ormesby Broad sediment, which represents a large store of phosphorus.

· Environmental factors in Ormesby Broad may reduce the release of phosphorus from sediments. These may include a higher nitrate concentration in the Broad water, a reduced benthivorous fish population, protection from wind action from the peripheral woodland and a shallower water depth.

·  There are four management strategies that can be used to reduce the internal load of phosphorus from sediments. These include sediment removal, biomanipulation and chemical sealing. Individually, it is questionable whether these are successful in the long term. However, it is suggested that the reduction of point source and diffuse inputs of phosphorus together with sediment removal and biomanipulation can collectively contribute to the restoration of shallow lakes. Biomanipulation of Ormesby Broad has already had some success and this may in part be due to the effect of a reduced benthivorous fish population and the associated reduction in sediment disturbance release of phosphorus.

	Publications
	ESW Trinity Broads AMP4 National Environment Programme – Volume 2: Appendix (2007)

	Further reading
	

	Supported by
	ESW

	Further research potential
	


	Title
	Trinity Broads wetland bird survey: data analysis from 1997 - 2007

	Author
	Claire Fowler & Hannah Gray, Environment Agency  & Broads Authority

	Type
	Research

	Aim
	The aim of the project was to carry out a desk-based study of wildfowl trends on the Trinity Broads.

	Method
	Existing WeBS data and higher resolution data collected from more recent surveys. Data were analysed Broad by Broad, and then variations in zones within individual Broads were compared.

	Key results
	· The Reservoir consistently has the highest density of birds (c. 10 – 150 birds/Ha between 1997 and 2007), with elevated densities during the winter months. There is minimal to no human disturbance around the reservoir and it may be more sheltered from harsh winter conditions. Reduced densities since 2004 may be due to milder winter conditions reducing the number of birds seeking refuge, or less successful breeding.

·  Ormesby and Filby Broads have also shown a decrease in bird numbers and fluctuations. As the peak density counts decrease, the counts are becoming more stable, implying that possibly reduced bird competition. Within the broads, bird densities were highest in zones closest to the inner Broads than in zones at the outer edges. These inner areas are closer to the boat hirers, sailing boats and fishing platforms, implying that public activity disturbs birds and displaces them to the outlying bays of these broads. This supports the theory of designating sensitive areas and also supports the location of these areas. The sensitive areas have shown some success in raising bird densities. 
· It has also been interesting to see that the non-sensitive zones that neighbour the restricted zones show the highest fluctuation in density values for the broads. Because of these trends, it is suggested that the birds like having the mix of the protection of the restricted zones, where timid species can easily access safety, but also like to have the option of roaming into other areas. 

· By directly comparing both the inner broads of Rollesby (non-restricted broad) and Lily (fully restricted Broad), it is seen that Lily has an overall higher population, which is emphasised after 2006. They also show that connecting broads are closely interlinked. 
· The data suggests that the overall bird population of the Trinity Broads is dropping, most noticeably in the Reservoir and the outer broads. However, there are pockets in some of the broads which show an increase. This indicates that the sensitive areas are helping the bird populations more in areas where high public activity is occurring. The birds also enjoy the variety of the neighbouring zones, where timid birds can still find safety quickly and easily while the larger birds have more open space to venture in. 

	Publications
	Report

	Further reading
	

	Supported by
	

	Further research potential
	· Additional work on the breeding success of birds within the Broads could be undertaken to see if this is having an influence on the decreasing density pattern.


	Title
	Trinity Broads aquatic macrophyte survey 2007

	Author
	Hannah Gray, Broads Authority

	Type
	Research

	Aim
	Macrophytes within the Trinity Broads have been monitored since 1997. This report summarises the findings of macrophyte surveys conducted in the summer of 2007. The findings are related to the 2006 surveys to determine the stability of the macrophyte communities within the Trinity Broads.

	Method
	Surveys were conducted at sample points that were established in 1997. Sample points were located using GPS readings. Methods as outlined in Schutten (2001).

	Key results
	· The conclusions to draw from the 2007 survey are similar to 2006 with the exception of the August decline of Ormesby Broad. The abundance in Ormesby Broad was lower than 2006, even in June. It is difficult to explain the lack of plants in August, because it was anticipated that there would at least be come decomposing plant material from earlier in the season. The weather conditions may have been a factor, with less sunlight hours and cooler temperatures hampering establishment in early summer, and stormy conditions uprooting plants during the summer. In addition water levels were the highest on Essex & Suffolk Water’s August records in Ormesby Broad, which may have reduced light penetration further. In the summer 2007 fish surveys (ECON, 2007) no bream were captured, and ECON conclude that bream appear to be a less prominent part of the fish community in Ormesby Broad year on year, so it is difficult to draw conclusions about the affect of bream on aquatic macrophytes in 2007. 

· Despite the decline in abundance of plants in Ormesby Broad in 2007, it is meeting one of the key targets set out in the Common Standards Monitoring guidance (JNCC, 2005), in that 94% of sample points contain a characteristic species. In contrast to the other broads, many of these species are at good abundances where found, particularly P. freisii, P. pusillus and P. pectinatus.  Unfortunately neither the point or transect surveys recorded Holly-leaved naiad (Najas marina), a rare species which has occurred towards the end of the summer in Ormesby Broad in previous years, including 2006.
· The remaining broads are a stark contrast in terms of abundance, with an order of magnitude lower percentage cover and wet weight when macro-algae abundances are excluded from the analysis.  The remaining broads had large blooms of Aphanizomenon (cut-grass algae) throughout the water column in August, suggesting the system accommodates both polarities of the macrophyte dominance and phytoplankton dominance spectrum of shallow lakes. However, to a greater extent than 2006, the remaining broads do have substantial species counts, so a reasonable degree of diversity is present, but the plants in these broads do not establish to substantial abundances. 

· In Rollesby, Ormesby Little and Filby Broads there are some areas, usually along the shallow sandy/gravel margins, where various plants including Chara spp. establish in reasonable amounts. This suggests these plant communities may be limited by depth, wind disturbance or sediment type. Lily Broad is less likely to be limited by wind or depth due to its size and location, and may be affected by higher nutrient levels because eutrophic-loving species like Z. palustris and algal species dominate here. It has been suggested on many occasions that the increasing nutrient and depth gradient down through the system from Ormesby to Filby Broad may explain the difference in aquatic macrophytes.

	Publications
	Report

	Further reading
	

	Supported by
	

	Further research potential
	· Additional work on the breeding success of birds within the Broads could be undertaken to see if this is having an influence on the decreasing density pattern.


	Title
	An ecosystem services approach for The Broads

	Author
	Tiziana Liusetta, UEA

	Type
	Consultant

	Aim
	The Broads, as the UK's largest lowland wetland, is visited by six million people annually. It also provides a home for around 6,000 people and a livelihood, directly and indirectly, for thousands of people. The semi-natural characteristics of The Broads present a complex set of management challenges. Management costs are counterbalanced by the range of benefits that The Broads provide to society, including: recreation opportunities, biodiversity, water-related services and others. The aim of the ecosystem services approach is to provide an analytical framework for assessing the value to society provided by a sustainable management regime. This “ecosystem services approach” is being adopted in order to provide a more quantified evidence base for future management activities. 

	Method
	A range of valuation methods were used to provide as full a valuation as was practicable. Given the limited availability of locally applicable data it has been necessary to supplement this data set with value estimates for similar ecosystem services located elsewhere. 

	Key results
	· The analysis indicates that substantial financial flows and economic benefits are provided by The Broads. 

· Visitors to The Broads generate some £320 million per annum, which has a significant economic multiplier effect in the area. 

· Drinking water generates at least £17 million.

· The environmental benefit of sequestering and storing carbon within The Broads marshes is between £50000 and £240000 per year. 

· When questioned in a survey, a random sample of people said that they were willing to pay up to nearly £100 per household per year to conserve The Broads environment. 

· While these valuation estimates are only indicative, together they represent a strong case in favour of continued conservation and management expenditure. This financial/economic evidence should not, however, be seen as an alternative to reasoning based on science and/or moral propositions. Rather, the ecosystem services concept and approach, and the monetary benefits estimates it can generate, provides a useful additional argument, alongside scientific and moral reasoning, for continued protected area investments. 

	Publications
	Report 

Appendix 6 – Broads Restoration 
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	Title
	Control of ecosystem state in a shallow, brackish lake: implications for the conservation of Stonewort communities

	Author
	Tom Barker, Keith Hatton, Michael O’Connor, Les Connor, Lee Bagnell, & Brian Moss – Liverpool University

	Type
	Research report

	Aim
	Aquatic plant growth in Hickling Broad as varied considerably since the 1970s. This was linked increased nutrient inputs, but since 2000 plant growth has shown irregular declines despite nutrient loadings and other conventional chemical drivers remaining steady. This study aimed to determine whether the unstable nature of the plant community at Hickling Broad was due to high salinity, and investigate whether lower salinities would encourage vigorous and reliable growth.

	Method
	Pools were constructed at Liverpool University using material collected from Hickling Broad and the River Thurne area to test the effect of salinity on aquatic plant growth. The development and persistence of the macrophytes communities within the pools over a two year period was then studied.

	Key results
	· Daphnia generally disappeared in the mesocosms above 600 mg Cl L-1 salinities, despite laboratory tests showing greater resilience to higher salinities.

· Salinities straddling the current values in Hickling Broad (1600 - 2500 mg Cl L-1) led to declines in plant biomass, macrophyte species richness and macrophyte Shannon-Weaver diversity through increased release of phosphorus from the sediments, increased algal turbidity and reduction of zooplankton grazer activity. 
· Modest reductions in salinity, to around 1600 – 1800 mg CL L-1 may have a substantial effect on total phosphorus and chlorophyll, and hence on the potential for plant growth. 
· Stabilization of the plant community of Hickling Broad through a reduction in present salinities by about 20% could be achieved using existing Environmentally Sensitive Area arrangements or diversion of some pumped drainage water to the sea.

· There remain uncertainties about the future of Hickling Broad due to the threat of rising sea levels.
· Increasing salinity inhibits reproduction of different zooplankters at different concentrations, but the threshold of salinity on reproduction depends on the predation by fish – more predation, leading to greater vulnerability to salinity.

	Publications
	Journal paper: Aquatic Conservation: Marine and Freshwater Ecosystems 16: 1 – 20 (2007)



	Further reading
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	Title
	Greenhouse gas emissions measurement and reporting for different land management techniques used by the Broads Authority.

	Author
	Elena Olloqui – University of East Anglia

	Type
	MSc 

	Aim
	CO2 emissions due to human activities contribute, together with other greenhouse gases, to an increase in global warming. In addition to initiatives involving CO2 reduction targets and trading schemes, organisations and individuals are expressing an interest in understanding the contribution of their activities to this problem. The objective of this work is to develop a carbon audit model to carry out measurement of greenhouse gas emissions of different physical activities undertaken by the Broads Authority within its land conservation and restoration strategy. It focuses on the energy usage and transportation activities required to carry out each different land management technique. 

	Method
	A review of tools and guidelines for measuring and reporting on greenhouse gas emissions is carried out in order to develop a carbon audit model suitable to the land management techniques used by the Broads Authority in the Norfolk and Suffolk fens. The model is applied to four techniques, and carbon audits for these are produced to allow the Broads Authority to compare their emission levels. 

	Key results
	· The commercial reed & sedge industry demonstrated itself to be the ‘cleanest’ method of fen management by far, as a result of using small, low fuel consumption machinery, worked by local people travelling small distances to their reed & sedge beds.

· Conservation cutting using volunteers was the next most carbon-efficient method of fen management; the larger carbon footprint being due primarily to the relatively higher mileage travelled by the Broads Authority Landrover in collecting and dropping off volunteers. 

· The fen harvester had a similar carbon footprint to the conservation volunteers when material is dumped directly from the harvester onto adjacent farmland; but if the blower is used to get material off-site into a trailer, and if the material is then driven away by road to a composting site, the fen harvester and blower become the most carbon-costly fen management method there is.

· Rotational scrub clearance using large-scale machinery is also extremely costly in terms of being ‘carbon dirty’; having a similar carbon footprint to the harvester when the blower and tractor and trailer are used. The additional factor which wasn’t looked at was the impact of sudden large-scale carbon release through burning of the cut timber that takes place during this rotational scrub clearance.

· The clear message from the work thus far, is that commercial reed & sedge management is beneficial, not only to helping maintain the fen in open condition and supporting a traditional industry, but that it is the most sustainable long-term option for managing commercially viable fen.

	Publications
	MSc thesis
Members bulletin

	Further reading
	

	Supported by
	

	Further research potential
	· The audit should be extended further to consider additional management techniques, such as extensive grazing. This may require new partnerships to be built with organisations that have developed more detailed carbon audit models.


	Title
	Fen Ecological Project – Plant Survey

	Author
	ELP – Mike Harding

	Type
	Contractor

	Aim
	To undertake a detailed survey of all the fen vegetation resource(c.1600ha) in the Broads. The survey will have several outputs:

· Ascertain the effectiveness and value for money of fen restoration and management

· Provide comprehensive baseline information about the vegetation and ecology of the Broads fens to inform future management and strategy, particularly in relation to climate change

· Inform future fen survey and research

· Provide information for dissemination to and education of the wider public



	Method
	Stand Selection

· For each site aerial photographs will be scrutinised to assist in the planning, and movement around site

· Areas of dense scrub/non-fen habitat will not be surveyed

· Where hard stand boundaries are difficult to discern, define core areas of variation that are clearly different from the other areas and sample these. Work outwards from these areas to define areas of transition and determine if any further sampling is needed

· Where sites cannot be divided into stands, these should be mapped as a mosaic of the samples recorded, with some indication of the relative proportions

· Where stand boundaries are not definable, sampling should focus on recording representative plots of core vegetation  types

Number of Samples

· Density of samples is selected for each site – in general two samples should be taken per stand

· Discrete stands in species rich areas, or sites of importance aim for 3-5 samples per stand

· For rare fen communities (M9, M13, M24, S24) with poor representation, take 3-5 samples per stand

· Where stands are fragmented, and fragments are distributed throughout the site, these should be treated as one stand. Extensive stands may need more than 2 samples to cover the range of variation

Recording

· Sample size is determined by

· Fen meadow and short mire 2mx2m 

· Species rich fen 4mx4m

· Very species poor fen 10mx10m

· At each site all species are identified and abundance is recoded according to the DOMIN scale. Also recorded is average sward height, percentage total litter, bryophyte cover, herb cover, bare ground, cover of water, GPS, habitat management information 

Analysis

· Data will be entered into a spreadsheet and sorted by eye into stands of similar floristic groups

· Data will be entered into a spreadsheet and ordinated using TWINSPAN, and visually represented using CANOCO. 

· Stands are labelled according to the NVC and the Rarity weighted principle fen species score (RWPFSS) is calculated



	Key Results
	Results will be available in 2010 
Vegetation has been recorded in over 6000 quadrats (2007-2008) 

	Publications
	

	Supported by
	Broads Authority, Natural England, Environment Agency

	Further research potential
	 


	Title
	Trinity Broads Aquatic Macrophyte Survey 2008

	Author
	Hannah Gray

	Type
	Report

	Aim
	To summarise the monitoring of aquatic plants in the Trinity Broads in the summer of 2008.

	Method
	Surveys were conducted at sample points that were established in 1997. Sample points were located using GPS readings. Methods as outlined in Schutten (2001).

	Key results
	· The main conclusion to draw from the 2008 survey is that Rollesby and Ormesby Little Broad have shown dramatic signs of recovery in aquatic macrophytes. Species diversity has been good within these two broads for some years, but previously the abundance has always been low, certainly in comparison with Ormesby Broad. This year species diversity was also good, and abundance increased by an order of magnitude.

· An interesting point to note about these broads is that the August abundances are significantly higher than the June abundances, which is the opposite of what is usually seen in Ormesby Broad. There has been great debate about why abundance drops off in the late summer in Ormesby, and that perhaps there is some mechanism causing this to happen. This year’s survey shows that it can’t be weather or water quality as these factors are relatively constant throughout the whole system. Perhaps it is merely a function of the species of plants within the different broads; that Ormesby seems to favour fine-leaved pondweeds, whereas Rollesby and Ormesby Little have larger amounts of stoneworts and macrophyte species such as Elodea sp. and Ceratophyllum demersum that appear slightly later and persist for longer.

· The distribution of plants within Rollesby and Ormesby Little Broads seems to be generally growing from the edges of the broad into the centre, with the greatest abundances found in shallow and protected bays. For some reason, this year many species of plant were able to become established in the deeper more exposed areas of both these broads for the first time since these surveys began. 

· One of the key targets set out in the Common Standards Monitoring guidance (JNCC, 2005), is that 60% of sample points should contain a characteristic species of natural eutrophic lake communities. In 2008 all of the broads within the system reached this target, with Ormesby and Lily reaching 100%, and Rollesby close behind with 96.5%. Another target that all the broads met was that they all recorded less than 10% benthic algae.

· These results have also prompted a review of the condition assessment of the open water units of the Trinity Broads, as this data suggests that Rollesby and Ormesby Little Broad are now in unfavourable recovering condition as well as Ormesby Broad. 

· In 2009 the status of all open water units in the Trinity Broads SSSI has been changed to unfavourable recovering condition due to the results of this study, with the exception of Filby Broad which is still unfavourable no change.

	Publications
	Report to Trinity Broads Technical Group

	Further reading
	Trend analysis of aquatic macrophytes within the Trinity Broads – 1997-2008

	Supported by
	Essex & Suffolk Water

	Further research potential
	


	Title
	Status of fish populations in Ormesby Broad and the wider Trinity system in 2006, 2007, 2008

	Author
	Mark Tomlinson and Martin Perrow, ECON

	Type
	Consultant

	Aim
	Following the biomanipulation (removal of bream and roach) from Ormesby Broad in 1995, regular surveys of the fish community in the Trinity Broads system has been carried out to monitor change.

	Method
	Fisheries works undertaken on Ormesby Broad by ECON on an annual basis comprises a bream spawning removal operation and subsequent summer survey to evaluate recruitment success of all species, and a winter fish survey of Ormesby and the wider Trinity system (Rollesby, Lily, Ormesby Little and Filby Broads and associated dyke systems).

	Key results
	The aim of biomanipulation of Ormesby Broad was to shift the fish community from one dominated by roach and bream to one that was more diverse, containing a high proportion of piscivores such as pike and perch, as well as species such as tench and rudd.

· Roach are still at low levels 14 years after the biomanipulation. Roach feature prominently in the winter survey of Ormesby Broad, overwintering in the dykes, but it is thought these fish migrate over the fish barrier in the winter and go back to the main system in the spring to spawn, therefore they do not have a major detrimental influence on macrophytes in Ormesby.

· Bream are also at low levels. For a number of years the spawn removal operation has failed because they appear to be spawning elsewhere in Ormesby. This leads to high densities of young of the year fish being seen in the summer. However, for the past few years no bream have been caught in the winter survey, implying high mortality. 

· Rudd are now considered an established and dominant part of the fish community in Ormesby Broad, making the most of the well maintained reedbeds. 

· Tench have also increased since biomanipulation in Ormesby Broad.

· Perch populations are improving year on year, the last survey finding a range of age classes.

· Pike went through a concerning period when virtually no recruitment was happening in Ormesby Broad. In recent years this has changed, with young fish surviving through to large specimens being caught. It is now considered a healthy population.

In the wider system the fish populations have been subject to variation through fish kills (sewage overflows) or losses over the Muckfleet sluice. The fish community is more akin to a roach and bream dominated system, but at fairly low density, and is showing signs of change as tench and rudd feature more prominently in surveys and fishermen’s catches. The dykes and the Muckfleet are important overwintering sites, but each year varies in where the fish go. Water levels also have an impact, as high water levels over the winter enable overwintering in the reedbed margins. 

Following another failure to catch bream spawn in 2008 it was agreed by the technical group to cease the bream spawn operation in the future and concentrate on the surveys instead.

	Publications
	Report to Trinity Broads Technical Group

	Further reading
	

	Supported by
	Essex & Suffolk Water finance the summer surveys, Broads Authority finance the winter surveys.

	Further research potential
	


	Title
	An appraisal of the Trinity Broads aquatic macrophyte surveys, including an analysis of the current data (1999-2008) to advise on minimum effort required to maintain integrity.

	Author
	Stephen Lambert, University of East Anglia

	Type
	Consultant

	Aim
	To analyse the survey data provided (1999-2008) to determine an optimal and statistically justified sampling strategy which will:

a. Minimize the effort required to carry out the survey without compromising the continuation of the valuable dataset;

b. Maximize the ability of the survey to accurately represent the attributes of the aquatic macrophyte communities in the Trinity Broads each year;

c. Optimize the ability of the survey to report on JNCC common standards monitoring targets.

	Method
	The software package SPSS was used to analyse the data, including comparisons between mean values and associations between variables.

	Key results
	The analysis had many interesting findings, including:

· Effort is not applied evenly according to unit area in each of the broads, Lily effectively being over-sampled, and Filby undersampled compared to the average.

· Effort is not applied evenly according to depth categories of the broads, those depths between 50-150cm being favoured in the current methodology.

· When there were few plants in the broads, the survey was skewed towards sample points with low species richness. In 2008, with the large growth of plants, the survey had a normal distribution in terms of species richness.

· There is no significant difference in mean species richness per sample point throw orientation (i.e. N, S. E or W) in any of the broads in any year, or in any depth category.

	Publications
	Report to Trinity Broads Technical Group

	Further reading
	

	Supported by
	Essex & Suffolk Water project funding

	Further research potential
	The dataset analysed in this report is extensive, and many different desk-based studies could be carried out.


	Title
	Trend analysis of aquatic macrophytes within the Trinity Broads – 1997-2008

	Author
	Hannah Gray

	Type
	Report

	Aim
	The trend analysis seeks to map and monitor changes in aquatic plant abundance and distribution over the years that the Trinity Broads aquatic macrophyte point survey has been carried out.

	Method
	Firstly Excel was used for data storage and manipulation, using pivot tables to generate summary data from each year of the survey. Secondly, Surfer was used to generate the maps, mapping the summary data copied from Excel against the grid references for each sample point. A map for each year was produced, both for percentage cover and wet weight. 

	Key results
	Both the percentage cover and wet weight data show a clear transition from low abundance and distribution in the first years of the survey, through to high abundance and wide distribution in 2008. 

Wet weight maps:

Ormesby Broad was the quickest broad in the system to progress through this trend. In 1997 some areas had low weights of plants, but many areas contained virtually no plants. This slowly improved until 2001, when higher weights and a wider distribution of plants throughout most the broad were achieved. 2002 showed a slight drop back to previous levels, but from 2003 until the present day the trend has continued, with high plant abundance and distribution being consistent in Ormesby Broad.

The remaining broads in the system appear to be on a similar trend, but this is happening at a slower rate. They were first surveyed in 1999, and until 2003 most of the open water was devoid of plant life, with only low abundances occurring in bays around the margins of Rollesby and Ormesby Little Broads. In 2005 Filby and Lily Broads also had low abundances of plants in some marginal points. In 2006, this pattern continued, with the exception that Rollesby Broad had a wider distribution of plants in the northern section, and Lily Broad also had a noticeable increase in plant abundance and distribution.

In 2007, all of the remaining broads had an expansion of plants around the margins, with many large bays recording high abundances of plants (over 1kg) for the first time. However, the deeper water areas of all these broads were still devoid of plants. 

In 2008, there was a significant shift in Rollesby Broad - the majority of sample points contained a good abundance of plants, including the deeper water central areas. In this year, the plant abundance and distribution in Rollesby Broad resemble Ormesby Broad for the first time. Lily Broad and Ormesby Little also make significant advances in terms of plant distribution and abundance on previous years, though some deep water areas in Ormesby Little are still at low abundance. 

Filby Broad hasn’t made a great improvement on previous years, and still seems to be at the stage of low abundance around the margins.

Percentage cover maps:

The percentage cover data show similar trends to the wet weight data, but at a lower resolution. There are also many gaps in the dataset where a value for percentage cover could not be recorded due to the turbidity of the water. Therefore the percentage cover maps are not as useful for this analysis, but provide a ratification of the general trend.

Discussion

The maps show a clear recovery of Ormesby Broad, to the point where it appears to have stable aquatic plant communities year on year. The maps also show a slow recovery for the remaining broads, which seems to be happening on a north-south gradient. In other words, Rollesby is recovering quickest after Ormesby Broad, followed by Lily and Ormesby Little, with Filby lagging behind.

The pattern of recovery has been the same in each broad. Initially plants have become established in the shallow marginal bays, and each year these abundances have increased, and the distribution has spread from these stronghold areas. In 2008 Rollesby Broad switched from the pattern of plants just surviving in the margins, to what has become normal for Ormesby Broad, i.e. high abundance of plant throughout the whole water-body. In fact, Rollesby Broad exceeded Ormesby Broad in terms of abundance in 2008. What is more, Ormesby Little Broad and Lily Broad appear to be close behind Rollesby Broad in their recovery, as both these broads made a significant improvement in 2008.

	Publications
	Report to Trinity Broads Technical Group

	Further reading
	Annual Aquatic Macrophyte Survey reports

An appraisal of the Trinity Broads aquatic macrophyte surveys (Stephen Lambert)

	Supported by
	Essex & Suffolk Water provided access to Surfer software

	Further research potential
	This study has only looked at abundance attributes of the plant survey data. There are many other attributes to the data which could be analysed in a similar manner, including plant height, algal abundance and species diversity. 


3. List of Monitoring 

List of routine monitoring currently funded and staffed by the Broads Authority.

Trinity Broads 
· Aquatic macrophytes

· Desmoulin’s Whorl Snail

· Butterfly/Dragonfly

· Wetland Birds

· Other birds

· Fish surveys (winter and summer)

· Bat surveys

· Moth trapping

· Presence of key mammal species (mink, otter, water vole)

Lound Lakes
· Butterfly/Dragonfly

· Wetland Birds

· Other birds

· Reptile and amphibian.

· Fungi

· Presence of key mammal species (mink, otter, water vole)

In 2009 breeding birds, moths and bats will also be monitored.
Woodland

· Phase 1 woodland survey 

A phase 1 survey of non-SSSI woodland areas has been undertaken in Yare, Waveney and Bure valleys in the winter of 2007/08 and 2008/09. This will continue in winter 2009/10 looking at the Ant and Thurne valleys. Woodland areas to survey were identified using aerial photographs and included anything bigger than a field screen (line of trees single tree depth).

The purpose of the survey is to gain an understanding of the quality and structure of the woodlands within the Broads Executive Area.
Each area of woodland was visited by Jane Harris under contract to the Broads Authority and the following parameters recorded:

Dominant tree species, age, structure, species of shrub, amount of dead wood, water table, soil type, visible woodland management techniques, any conservation features.
The data will be input into a database, mapped and kept for reference purposes. Any woodlands of high conservation value will be noted and management techniques discussed with the landowner.
Grazing marshes

· Invertebrate and aquatic plant monitoring – specific sites undertaken by contractors

Reedbeds
· Reed strength assessment

Sampling is undertaken in the Broads by the Broads Authority for Dr. Sylvia Haslam at the School of Biological Sciences, Cambridge University. 
The purpose is to measure hardness of reed with a view to understanding optimum conditions for healthy growth. It is done from a biological rather than a commercial view point and has established that there has been no steady decline in reed strength but strength can vary dramatically from year to year. Dr. Haslam feels that genetic variation is importnat, but as yet has insufficient funding to explore this.
Sampling is undertaken from January to early March. Eight sites are visited but some are split into different ‘sub-sites’. They are as follows:

How Hill BA: Fisherman’s Field, Turf Fen, Commercial Bed, Reedham Marsh
Hickling NWT: (all one site)

Cley Mill: (3 sites)

Strumpshaw Fen RSPB: Lackford Run, Fen Hide, River Yare
Walberswick NE (all one site)

Dunwich NE (all one site)

Wicken Fen NT (all one site)

Ranworth Flood (all one site)

Samples are taken as randomly as possible from standing one year reed or from undressed bundles. The time spent at each site is determined by: 

· whether the reed is cut or standing

· whether it is single or double weyl (sorting required)

· distance between sub-sites (close by at Cley, much walking at How Hill, Strumpshaw)
Sixty samples are taken from each site, so at Strumpshaw Fen, for example, 20 samples are taken from each of the three sub-sites.

Each sample consists of 30 stalks of reed. A stalk of reed in this context is the bottom 12 inches of the entire stalk of the previous summers growth, this being the most important part of the reed in thatching. The reed is cut with secateurs.  

Samples are delivered Dr. Haslam’s, usually before the end of June along with a brief report on reed hardness as it was found on the bed (and other points of interest) to see how it compares with laboratory testing which is undertaken August/September. A summary of daily weather recordings from Robin Jefferies home in Sutton, Norfolk is also provided by Robin who undertakes the sampling on behalf of the Broads Authority.

Fens 

· Butterfly/Dragonfly

· Moth trapping

· Bittern

· Aquatic macrophytes
· Invertebrates
· Fen plant
· Pony welfare monitoring

The Broads Authority own a number of Konik and Welsh ponies which graze the marshes and fens in the Broads. The Broads Authority were interested in low intervention grazing systems to explore how well the animals coped by being allowed to become semi-feral or ‘de-domesticated’.  
Konik ponies were chosen as they are an extremely hardy breed of good constitution and are well suited to extensive grazing within nature conservation situations. Research undertaken on other breeds such as the Exmoor, has shown that herds kept extensively will dung on definite latrine areas and will not graze these areas, thus avoiding infestations by worms; this has found to be the largely the case with the Koniks.
The Welsh ponies were chosen as they are also a hardy breed and have adapted to doing well on poor quality forage. However, these herds do not have definite latrine areas, and do not seem so good at regulating their worm burdens.
 

The Konik ponies obtained by the BA have no history of intervention through worming. Owing to this and their grazing behaviour as noted above, a decision was taken not to worm them, but to monitor their internal worm burdens, to ensure that they do not suffer as a result of parasites.

Worm burdens are calculated for each individual (where possible) every 8 weeks. A sample of dung is collected from each individual, and then the number of eggs per sample are calculated using a McMaster methodology.

The McMaster technique uses a counting chamber which enables a known volume of faecal suspension (2 x 0.15 ml) to be examined microscopically. Thus, if a known weight of faeces and a known volume of flotation fluid are used to prepare the suspension, then the number of worm eggs per gram of faeces (e.p.g.) can be calculated. The quantities are chosen so that the faecal egg-count can be easily derived by multiplying the number of eggs under the marked areas by a simple conversion factor. The McMaster chamber has two compartments, each with a grid etched onto the upper surface. When filled with a suspension of faeces in saturated salt solution, much of the debris will sink while the salt causes the eggs float to the surface, where they can easily be seen and those under the grid counted.

Numbers of individual Konik ponies have varied over the years to births and deaths, but we have data for the majority of individuals since October 2000. This dataset is possibly the largest of its kind in the UK. There is a need to get this dataset analysed and interpreted to find more about the parasites and the genetic adaptations of the Konik breed. Some of this can be undertaken in-house, while research links with the University of Liverpool and Moredun Research Institute are currently being investigated.
·  Conductivity in fen dykes

Following a Broads Authority workshop on ecohydrology on 18.11.2002, and further discussions with Bryan Wheeler, there was concern that there was insufficient baseline data on the effect of river water on the dyke systems of fen dykes.

The aim of the monitoring would be to try and assess the level of influence river water had on fen dykes and how far into the fen dykes that influence reached. Also to try and monitor how this effect changed in periods of different water levels, low and high, and flood events.

A suggested easy, effective, and efficient way of carrying out such monitoring would be to take conductivity readings at a number of fen sites on a regular basis and also during prolonged periods of high and low water levels, and during periods of flooding.

A number of sites were identified as being suitable for such monitoring, and from these monitoring of 6 sites commenced in January 2004.

For each site regular monitoring points were chosen at regular intervals, usually c.50m apart around the dyke system for the site, with where possible monitoring points on the nearby river system for comparison. Also where possible the water level was measured against a fixed point.

At each monitoring point a conductivity reading is taken. Initially the sites were monitored monthly for the first 3 years, since then readings have been collected quarterly, and where possible readings taken during very high water levels.

The data has started to be entered on an Excel document, but formal interpretation has not yet been undertaken.

The 6 sites monitored are Woodbastwick, Catfield Fen, Sutton Fen, Horning Marsh Farm, Ebb & Flow, Reedham Marshes.
Rivers and Broads

· Aquatic macrophytes
1. Transect survey annually at 30-40 sites (26 years of data)
2. Point survey (twice a year at Trinity Broads)
3. Hydroacoustic surveys at Barton, Trinity and Upper Thurne as required (3 seasons of data for Barton)
Data from the Broads annual water plant survey is the longest time series and most complete water plant data set for a group of shallow lakes in the UK.  

The rivers and broads are sampled using a rake trawl method, with water plant species identified and their abundances scored on a five-point scale.  This methodology has been proved to be simple, low-tech and easy to replicate both spatially and temporally and involves partner organisations in the process.  The results clearly show changes in water plant species diversity and abundance and are a rapid way of assessing the ecological status of lakes.

Surveys of river stretches have been incorporated into the annual monitoring programme since 2005. These surveys provide valuable data on the biological response in the river channels to the various on-going Broads-wide nutrient reduction schemes and also gives an indication of necessity for water plant management.

Data generated by the Broads Authority hydro-acoustic survey equipment now routinely reported.  Sonar technology is used to generate quantitative data on submerged water plant abundance and distribution. Plant parameters that are now able to be measured accurately and quickly include plant height from the lake bed, area of bed covered by plants and the volume of plant matter within the water body. 

· Reedswamp
· Zebra mussel population survey in Barton Broad (2 years of data)
Non-habitat specific survey

· Bat surveys
In 2008 a set of surveys took place with co-ordinated participation from partners. At five locations (Calthorpe Broad, Hickling, How Hill, Ranworth and Upton Fen) a transect route was walked once each month from May to September inclusive. Surveyors set out in pairs with a Duet Bat Box connected to an Edirol Recorder, and recording form for additional information, such as weather, timing and useful observations. The recordings are later analysed using Bat Sound software, which converts the echo location pulses from the bats to a spectrogram. The spectrogram allows identification to species level or group level and allows for more accurate analysis than relying purely on the ear.

The transect routes are split into sections, allowing for closer inspection of results, for example if bats regularly turn up on a section maybe it indicates the value of the habitat for foraging or that a roost might be close by. The information will be held on a database and allow easy retrieval of data. The 2008 data is currently being analysed, and the 2009 transects being decided.

All British bats are protected by law, their populations having declined considerably over the years due to habitat destruction both of their feeding and roosting sites. The results of the survey will, over a period of years, give an insight into the bat fauna within the Broads and help to determine management strategies.
Future Broads Authority research and monitoring topic areas
Over the next 2 to 3 years (2009-11) the programme and priorities for Broads Authority led research will include the following areas outlined in the table below.
MSc or PhD research into the impact of climate change scenarios on specific Broads species and associated habitat change. Examples of MSc level research are outlined in Appendix 1.

	Topic
	Project detail
	Project origin
	Resources for delivery

	Climate change impact adaptation


	Baseline ecological monitoring of wetland creation areas to determine biodiversity change in terms of habitats and species response to wetter floodplains.


	Wetland Topic Group, Species Action Plans (fen orchid, swallowtail and fens). Wetland Task Group.
	Existing Broads Authority budget for MSc projects



	
	Assessment of Fen Ecological Survey data to determine the current influence of saline environments on invertebrates.


	Recommendation of the Supplement to the Fen Management Strategy. To inform a review of the Fen Management Strategy 2010.
	Partnership funding required for 2009/10 and 2010/11



	
	Monitoring of saline events to determine the penetration of salt water into selected fen sites to link with future assessment of a potential hydrological model to capable of predicting salt concentrations.


	Recommendation of partnership hydro-ecology fen workshops. Complimenting Review of Consents.
	Saline event monitoring by Broads Authority staff

	Long-term monitoring of fens


	Design and pilot in 2009, a long-term routine monitoring of fen sites to determine the impact of vegetation management, climate change and hydrological change on the vegetation and invertebrate community. 


	Recommendation of the Supplement to the Fen Management Strategy.
	Broads Authority budget allocated in 2009/10, for contractor to comment on methodology as required



	
	Survey sites as part of the long-term monitoring of fens, commencing in 2010.
	Recommendation of the Supplement to the Fen Management Strategy.
	Budget to assist with delivery to be determined



	Fen harvesting 
	Investigation of using fen material as soil improver. Assessing the time to compost, the composition and trialling incorporating into commercial agriculture in partnership with local landowner/s.
	Fen Management Strategy and its Supplement.
	Existing Broads Authority budget

	Wetland management and greenhouse gas 


	Desk study of greenhouse gas (GHG) emissions from lowland wetlands comparable to The Broads.


	Carbon Audit Scoping Study. Subject to review following Carbon Audit completion.
	Funding required



	Peat project


	Phase 1: Spatial mapping 2009/10
Peat coring and supplementary vegetation survey (to enhance phase 1 survey already completed) within the mapped peat resource to determine the potential for different land management to capture carbon
	Carbon Audit Scoping Study. Subject to review following Carbon Audit completion.
	National Park burdens payment 

	
	Phase 2: Desk Study 2009/10
To Building on Carbon Audit to provide further detailed desk study on GHG emissions from lowland fens – particularly looking at the effect of elevated sulphur as a result of saline water ingress into fen peats. Collate the result of the phase 1 and 2 surveys.

	Carbon Audit Scoping Study. Subject to review following Carbon Audit completion.
	National Park burdens payment 

	
	Measure the GHG flux before and after restoration at sites such as South Fen and Hickling
	Carbon Audit Scoping Study. Subject to review following Carbon Audit completion. Wetland Task Group.
	Partial funding from existing Broads Authority budget. More funding required

	Use of wetlands by fish and implications for wetland management
	Surveying river connected wetland sites to determine the use by fish, including eels and determining the management prescriptions required to enhance fish populations.
	Lake Restoration Strategy. Connecting Wetlands Project.
	2009/10 Broads Authority budget for Connecting Wetlands

	Rivers and Broads – Water Quality


	Monitor water quality at Hassingham Beck following installation of water control structures to improve sediment trapping and nutrient uptake in the adjacent fen.
	Lake Restoration Strategy. Catchment Sensitive Farming.
	BA contract EA to conduct sampling and analysis

	
	Desk study to increase our understanding of the ecological risk of an increased frequency of salt tides into a connected freshwater lake and river ecosystem.
	Lake Restoration Strategy
	Fund MSc student (see Appendix 1)

	
	Potential use of Phoslock in the Broads – feasibility and trial. 
	Discussed at Trinity Broads Partnership
	Potential partnership project with PhosLok in a non-designated site

	Rivers and Broads – Habitats & Species


	Factors influencing fish populations, community structure and distribution in the Broadland Rivers.
	
	Potential MSc student project utilising BA and EA data.  Requires funding, potential partnership with EA.

	
	Distribution of the Depressed River Mussel (Pseudanodonta complanata) in the rivers Waveney and Yare.
	Discussed at Trinity Broads Partnership
	Contractors programmed for 2009/10

	
	Effects of variable boating activity intensity on Broads habitat quality.
	
	Potential MSc student project utilising BA and EA data

	Rivers and Broads -  Non-Native Invasive Species


	Record native and non-native bivalve species and number captured using the rake survey method for water plants
	Following on from several non-native bivalve surveys
	BA staff to record info during water plant survey.  ID crib sheet required.

	
	Non-native crayfish monitoring in Lound and Fritton Lakes.
	
	Conservation Officers or volunteers 

	
	The role of the Zebra Mussel (Dreissena polymorpha) in Barton Broad.
	Following on from a report from Cambridge University
	Potential MSc or PhD, requires funding

	Rivers and Broads – Sediment Management


	Factors responsible for accelerated bank side sediment erosion. 
	Additional and linked to Sediment Management Strategy
	Potential MSc student project utilising BA, EA and BESL data. Requires funding, potential partnership with EA/BESL.

	
	Review of sediment dredging and disposal practices at private moorings, boatyards and marinas in the Broads.
	
	Volunteer project

	
	Impacts of hydrodynamic dredging in the Broads. 
	Following on from Ecological Assessment of Water Injection Dredging in the lower Yare
	Potential MSc student project utilising BA and EA data.  Requires funding, potential partnership with EA.


Appendix 1

List of potential MSc projects in association with the Broads Authority 2008/09

Identifying measures to conserve and enhance habitat availability for the European eel in the Broads – MSc Student Project

What is the Broads National Park?

The Broads is Britain's largest nationally protected wetland. It consists of rivers, broads (shallow lakes), marshes and fens, which cover 303 km2. It is a unique area, rich in rare habitats, which support myriad plants and animals, making it one of the finest and most important wetlands for nature conservation. As a result 28 Sites of Scientific Interest (SSSIs) have been designated, with one third of SSSIs also designated as National Nature Reserves (NNRs). Virtually the entire SSSI network is designated as internationally important for nature conservation under the European Habitats and Birds Directives, and the Ramsar Convention on Wetlands of International Importance. 

Why assess the availability of eel habitat?
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The Broads - a member of the

National Park family



There is considerable concern regarding the status of the European eel, Anguilla anguilla, with recruitment falling throughout its range of distribution. Eels are integral components of the freshwater coastal marsh ecosystems and inland waterways and are particularly important as prey for piscivores like bittern and otters.  As a result organizations such as the EA, RSPB, NWT are now increasingly interested in eel recruitment and stock levels due the knock-on effect the decline in their numbers may have on their own key species.  The European eel is a listed BAP species and conservation measures are required to be considered by the Broads Authority. While there are a several of factors contributing to this decline in the European eel there is no doubt that production is also restricted due to eels being denied access to suitable habitat by man-made structures and water level management schemes. 

What does this project involve? 

By taking into consideration ecological and conservation processes, stakeholders and other organization’s priorities and best use of resources the project aims to provide advice on how best to maximise the availability of habitat and eel movement in, out and around the Broads. This project will focus on a specific area of the Broads with the results being applied to the rest of the area in due course.  

The project will require extensive liaison with other external organizations such as the RSPB, NWT, EA, IDB. It will also be necessary to undertake site assessments of potential habitat, waterways and water level management structures and reviewing existing data sets. 
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Data collected and collated will be used to create a GIS map identifying and mapping key entry/exit points for eels, movement pathways, habitat availability and relating these to relevant aspects of eel biology and life cycle. Potential mitigation measures will be identified to improve access to habitat and enhancing existing conservation measures to improve the overall status of the eels in the Broads. This will entail balancing and integrating conservation, ecology and essential water level management requirements of other stakeholders, especially with respect to flood defense and agriculture.

What can we offer you?

This project is a great opportunity for anyone looking to get work experience in conservation particularly of aquatic ecosystems. We will be able to provide assistance with contacting external organisations and land owners. Advice will be provided for the assessment of the habitat and water management structures found within the study area. 

Contribution to subsistence and travel will be available.

What skills do you need to do this?

An understanding of aquatic ecology will be very useful, and a desire to learn more. You will need to be prepared to work in all weather conditions. In order to identify and assess barriers to eel movement, you will require your own transport to get to the field sites. All Health and Safety documentation must be completed prior to commencing work. Good communication skills will be required when contacting landowners for permission to access sites and external organisations for information and data. Good computer skills will also be required to collate and interpret your results and a working knowledge of GIS to present the data. 

How to get in touch?

If you would like to take on this project, please contact the Head of Conservation to arrange an informal meeting:

Tel: 01603 756016 / 0776608934. Email: beth.williams@broads-authority.gov.uk. Address: Dragonfly House, 2 Gilders Way, Norwich NR3 1UB (as of 8th December 2008).

Saline events in the Broads – an ecological risk assessment

Where are The Broads?
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The Broads is Britain's largest nationally protected wetland. It consists of rivers, broads (shallow lakes), marshes and fens, which cover 303 km2. It is a unique area, rich in rare habitats, which support myriad plants and animals, making it one of the finest and most important wetlands for nature conservation.  As a result 28 Sites of Scientific Interest (SSSIs) have been designated, with one third of SSSIs also designated as National Nature Reserves (NNRs). Virtually the entire SSSI network is designated as internationally important for nature conservation under the European Habitats and Birds Directives, and the Ramsar Convention on Wetlands of International Importance. 

Why does sea water affect the Broads?

The potential flooding of The Broads from a breach in the sea wall on the north-east Norfolk coast is the most significant long-term threat to this internationally important wetland.  The online freshwater habitats in The Broads are also particularly vulnerable to high tides and salt water surges, as sea water is often forced up the lowland rivers for tens of kilometres.  The ecological impacts of such events can be catastrophic for freshwater fish communities and pose an unknown immediate risk for other aquatic organisms resident in the shallow lakes.  The length of recovery period required to restore pre-existing ecological communities between such salt events is unknown, as are the impacts on ecological functioning and aquatic food-webs.  
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What does this project involve?

This project aims to increase our understanding of the ecological risk of an increased frequency of salt tides into a connected freshwater lake and river ecosystem.   What is sought is a literature review of freshwater organism toxicity data to salinity, generating threshold concentrations of sea water for freshwater and brackish aquatic taxa.  This data would then form part of a Broads based risk assessment of the impacts of saline events, based on the intensity and frequency of saline events in the Broadland rivers.  Collating salinity data from around The Broads will give spatial data with which to assess the frequency and severity of salt incursions.  The experience of site/water managers in the Broads will also be a valuable data source for evaluating the extent of salt water events and the response of aquatic organisms.  Suitable experimental elements could be incorporated into the study, such as tank experiments, whereby flushing with salt and fresh water could be  used to determine at what concentration and exposure duration salinity impacts are observable on different taxa, as there is little existing data on saline tolerances.

What can we offer you?

You will be working in one of the most intensively monitored shallow lake systems in the UK, and will gain invaluable insights into lake management theory and practice, as well as practical skills.  Broads Authority staff will be available to provide direction on the location of local water quality, tidal and river flow data, as well as the contact details of Broads site and water managers.

What skills do you need to do this?

An understanding of aquatic ecology and ecological risk assessments will be very useful, and a desire to learn more.  Access to a wide range of scientific journals is essential, via a University library or electronic subscription to such resources, for the literature review element.  Proficiency in handling large datasets in Excel or Access would be an advantage, as well as statistical interpretation and summary of ecotoxicological data.  Good communication skills will be required when contacting site and water managers.  

How to get in touch?

If you would like to take on this project, please contact the Waterways Conservation Manager to arrange an informal meeting.

Tel: 01603 756043 / 07787 524359. 

Email: dan.hoare@broads-authority.gov.uk. 

Address: Broads Authority, Dragonfly House, 2 Gilders Way, Norwich NR3 1UB 

Trinity Broads Aquatic Plant Survey – Data analysis and mapping (MSc level)

Summary

Each year the Broads Authority undertakes a comprehensive survey of aquatic plants growing in the Trinity Broads. Aquatic plant communities within the broads are highly protected features, and are vulnerable to collapse as a result of elevated nutrients, algal blooms and disturbance from fish, birds and storm events. Monitoring of plant communities in the Trinity Broads has taken place for over a decade and has shown significant change in that time period. This project is a largely desk based study of the existing dataset, and will involve mapping and statistical analysis. It is suitable for a student with GIS and statistical experience. Elements that could be investigated include:

· Map distribution of different plant species over the years and discern trends.

· Compare distribution maps with substrate and depth data to determine any correlations.

· Map seasonal variations in plant communities and determine change over the years. 

· Compare distribution maps with water quality data to determine whether plant species are displaying nutrient tolerance limits.

What are the Trinity Broads?
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The Trinity Broads are located to the north-west of Great Yarmouth, and actually include five broads: Ormesby, Rollesby, Lily, Ormesby Little and Filby. These broads account for 14% of the open water in The Broads National Park. The protected area includes open water, fen and wet woodland, covering approximately 4.5km2.

The Trinity Broads have several nationally and internationally important conservation designations, namely a Site of Special Scientific Interest (SSSI) and a Special Area of Conservation (SAC). They are isolated from the River Bure by a sluice, located in the Muckfleet drainage channel. This protects the Trinity Broads from saline intrusion, and nutrient inputs arising from sewage works. 

Why do we survey the plants in the Trinity Broads?

In 1995 an ‘EU LIFE’-funded project to improve the ecological status of Ormesby Broad was carried out, including biomanipulation of the fish population. This management aimed to create a more diverse fish community, which would allow zooplankton to consume algae, and hence promote clear water. This clear water should in turn support aquatic plants. 

Since 1997, annual surveys of the aquatic plants in the Trinity Broads have been carried out to monitor their status. Most years Ormesby Broad supports a varied and vigorous plant community, with notable scarce species occurring. In contrast, the remaining four broads have sparse plant cover, with a tendency towards algal blooms in late summer. However, in the past few years, our monitoring has shown a general trend of improvement in the distribution and diversity of aquatic plants in some of the other broads.

What does this project involve?

The brief for this project is to conduct analysis of the long-term dataset to develop a more detailed understanding of how the plant communities in the Trinity Broads are changing. The project will involve analysing the data through Excel software and mapping the data through 3D analytical mapping software (e.g. Surfer, provided). It is anticipated that the project will be largely desk-based, though there will be an opportunity to assist with the summer plant survey to gain experience of the methodology and species identification. 

The first part of the project is to map distribution of different plant species over the years. Are there any obvious trends for particular species or groups of species (e.g. pondweeds, stoneworts)? This mapping should then be compared with information about substrate, water depth and sediment depth to determine any correlations.

Another element of the project could be to assess whether the database demonstrates evidence that certain plant species have nutrient tolerance limits. Studies that have been carried out in other shallow lake ecosystems and in experimental mesocosms suggest some aquatic plants are more vulnerable to elevated nutrients than others. The extensive Trinity Broads aquatic plant dataset will provide a useful ‘real-life’ test for some of these models.

Another element of the project could be to map individual species peak densities for each year in order to determine whether perceived seasonal variations in aquatic plant communities are real, and whether certain plant species are more limited in their growth season than others. This analysis should then be compared with similar studies in other sites.  Other parameters that could be investigated include plant height and macroalgae abundance. 

What can we offer you?

This project is a great opportunity for anyone looking to get work experience in nature conservation. You will be working in one of the most intensively monitored shallow lake systems in the UK, and will gain invaluable insights into lake management theory and practice. You will be able to use a computer at a Broads Authority office if required (Fieldbases at Oby or Ludham, Head office in Norwich). Members of the Conservation Team will be on hand to advise during the course of the project, though you will be expected to work on your own and use your own initiative for the majority of the time.

What skills do you need to do this?

An understanding of aquatic ecology will be very useful, and a desire to learn more. You should be considering this project as a Master’s level project. It is essential that you have computer skills, including Excel, Word and GIS mapping. Experience in statistical analysis of large datasets is important, and ability to interpret trends within these datasets and communicate these in a written report will be essential.
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How to get in touch?

If you would like to take on this project, contact the Conservation Officer (Trinity Broads and Lound) to arrange an informal meeting.

Tel: 01493 367814 / 07711 439180. 

Email: hannah.gray@broads-authority.gov.uk. Address: Broads Authority Fieldbase, 

Glebe Farm, Thurne Road, Oby, 

Great Yarmouth, NR29 3BP.

Trinity Broads Aquatic Plant Survey – Survey and analysis (BSc/ MSc level)

Summary

Each year the Broads Authority undertakes a comprehensive survey of aquatic plants growing in the Trinity Broads. Aquatic plant communities within the broads are highly protected features, and are vulnerable to collapse as a result of elevated nutrients, algal blooms and disturbance from fish, birds and storm events. Monitoring of plant communities in the Trinity Broads has taken place for over a decade and has shown significant change in that time period. This project will include assisting with the survey, and analysing the results. There are a number of hypotheses that can be tested during this project including:

· Are perceived seasonal variations in aquatic plant communities real?

· Does variation in water quality impact species diversity and abundance across the site?

· Is depth an important limiting factor in aquatic plant distribution?

What are the Trinity Broads?
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The Trinity Broads are located to the north-west of Great Yarmouth, and actually include five broads: Ormesby, Rollesby, Lily, Ormesby Little and Filby. These broads account for 14% of the open water in The Broads National Park. The protected area includes open water, fen and wet woodland, covering approx. 4.5km2.

The Trinity Broads have several nationally and internationally important conservation designations, namely a Site of Special Scientific Interest (SSSI) and a Special Area of Conservation (SAC). They are isolated from the River Bure by a sluice, located in the Muckfleet drainage channel. This protects the Trinity Broads from saline intrusion, and nutrient inputs arising from sewage treatment works. 

Why survey the plants in the Trinity Broads?

In 1995 a ‘EU LIFE’-funded project to improve the ecological status of Ormesby Broad was carried out, including biomanipulation of the fish population. This management aimed to create a more diverse fish community, which would allow zooplankton to consume algae, and hence promote clear water. This clear water should in turn support aquatic plants. 
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Since 1997, annual surveys of the aquatic plants in the Trinity Broads have been carried out to monitor their status. Most years Ormesby Broad supports a varied and vigorous plant community, with notable scarce species occurring. In contrast, the remaining four broads have sparse plant cover, with a tendency towards algal blooms in late summer. However, in the past few years, our monitoring has shown a general trend of improvement in the distribution and diversity of aquatic plants in some of the other broads.

What does this project involve?

The brief for this project is to assist with the aquatic plant surveys in the summer, to input and analyse the data collected, and to write a report of the results. The survey is carried out on a boat, and involves navigating to fixed points with a GPS, and using a sampling rake to collect plants from the water. At each point the plants are identified and weighed, and environmental measurements are collected. The survey is conducted in June and repeated in August to ensure that early and late emergence species are included. The total amount of survey days is usually about 20 per year. It is anticipated that 10 days of office work would be required post survey to input the data, analyse the data, and write a report. This time is dependant on the volume of data collected in the given year, and the level of detail that a student would need to go into for their particular academic institution’s requirements. There are a number of different questions that could form the direction of your report, for example:

· Are perceived seasonal variations in aquatic plant communities real?

· Does variation in water quality impact species diversity and abundance across the site?

· Is depth an important limiting factor in aquatic plant distribution?
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What can we offer you?

This project is a great opportunity for anyone looking to get work experience in nature conservation. The Conservation Officer for the Trinity Broads will accompany you each day of the survey, because the survey methodology requires two people. This member of staff will provide training in boat handling, GPS use, plant ID skills and methodology.

You will be working in one of the most intensively monitored shallow lake systems in the UK, and will gain invaluable insights into lake management theory and practice, as well as practical skills. All the equipment will be provided, and you will be able to use a computer at the Broads Authority fieldbase at Oby or Ludham for the desk-based part of the project if required.

What skills do you need to do this?

An understanding of aquatic ecology will be very useful, and a desire to learn more. You should be considering this project as a BSc level dissertation or Master’s level project. You will need to be prepared to work in all weather conditions and spend whole days on a small boat. It is essential that you have computer skills, namely Excel and Word. Experience in statistical analysis of large datasets is important, and ability to interpret trends within these datasets and communicate these in a written report will be essential. 

How to get in touch?

If you would like to take on this project, please contact the Conservation Officer (Trinity Broads and Lound) to arrange an informal meeting.

Tel: 01493 367814 / 07711 439180. Email: hannah.gray@broads-authority.gov.uk. Address:

Broads Authority Fieldbase, Glebe Farm, Thurne Road, Oby, Great Yarmouth, NR29 3BP

Assessing the effect of salinity on fen plant growth – MSc Student Project

What is the Broads Authority?

The Broads is Britain's largest nationally protected wetland. It consists of rivers, broads (shallow lakes), marshes and fens, which cover 303 km2. It is a unique area, rich in rare habitats, which support myriad plants and animals, making it one of the finest and most important wetlands for nature conservation. As a result 28 Sites of Scientific Interest (SSSIs) have been designated, with one third of SSSIs also designated as National Nature Reserves (NNRs). Virtually the entire SSSI network is designated as internationally important for nature conservation under the European Habitats and Birds Directives, and the Ramsar Convention on Wetlands of International Importance. 

The Broads have undergone large changes in recent years through nutrient inputs from sewage works and agriculture. This reduced water quality and affected the fragile aquatic communities. Considerable effort has gone into addressing this issue and many broads and rivers have now been, or are in the process of being, restored to give much lower nutrient loads, clearer water and a return to more balanced, thriving aquatic communities. 
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Why assess the effect of salinity on fen plants?
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The Broads are connected to the sea at Great Yarmouth via the Breydon Water estuary, into which all the rivers within the Broads catchment flow. At high tide saline water can be moved up the river valleys and, through flooding and seepage, affect the adjacent freshwater fens and marshes. The River Thurne catchment, particularly Hickling Broad and Horsey Mere, is also influenced by saline leakage through the sea wall and wind-blown sand and salt water entering the system. As sea-level increases (at Lowestoft, mean sea level increased by 2.01 (+/- 0.42) mm per year over the period 1960-1996) saline incursion and flooding are likely to increase. 

Salinity has been shown to influence the communities of many aquatic species and communities. In Hickling Broad, increased salinity has been identified as the most likely factor reducing macrophyte growth, especially of rare Stonewort species. Many fen ditch and dyke communities, such as those dependent on Water Soldier Stratiotes aloides, are also less abundant or lost where saline flooding occurs. Of particular concern are the River Yare and Upper Thurne fens and marshes, the Yare having experienced several damaging flood events in recent years. 

Sites within the River Yare catchment support a number of rare or notable invertebrate species that depend on specific fen and marsh plants for food. In order to manage these species in the future it is important to understand the effects of increased salinity within these areas.

What does this project involve?

In this project bioassays will be used to test the salinity tolerances of key fen plant species. Appropriate plant species will need to determined, but an emphasis should be placed on Milk-parsley Peucedanum palustre, the main larval food plant of the Swallowtail Butterfly Papilio machaon britannicus. Plants will have to be grown or collected, and standard growth conditions established prior to commencing the study. Conductivity data sets collated by the Broads Authority, RSPB, and Environment Agency will be available to establish the tolerance of plants to typical concentrations of chloride (Cl-) and sodium (Na+) that they would naturally be exposed to currently.

What can we offer you?

This project is a great opportunity for anyone looking to get work experience in wetland conservation. You will be working in one of the most intensively monitored shallow lake systems in the UK, and will gain invaluable insights into lake management theory and practice on a wide scale. 

The Head of Conservation for the Broads Authority will be your main point of contact during the project. They will be available to give advice on setting up the study and analysing the results. Any useful literature can be provided. Where necessary it may be possible for a member of the Broads Authority team to help with field work.

Contribution to subsistence and travel will be available.

What skills do you need to do this?

An understanding of wetland systems will be very useful, and a good knowledge of fen and marsh plants would be desirable. In order to collect specimens, you will require your own transport to get to the field sites. All Health and Safety documentation must be completed prior to commencing work. Good communication skills will be required when contacting landowners for permission to access sites. Good computer skills will also be required in analysing and interpreting the data, and communicating the results as a written report.

How to get in touch?

If you would like to take on this project, please contact the Head of Conservation to arrange an informal meeting:

Tel: 01603 756015 / 07711 451503. Email: andrea.kelly@broads-authority.gov.uk. Address: Dragonfly House, 2 Gilders Way, Norwich NR3 1UB (as of 8th December 2008).

Hickling Broad and Horsey Mere with the North Sea clearly visible. Photo© Mike Page





Drainage ditches support many rare species. Photo© Natural England





Swallowtail Butterflies rely on Milk-parsley as a larval food source. Photo© Nick Sampford





Haworth’s Minor moth uses Cotton-grass as a larval food. Photo© Ian Kimber.
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